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Chapter 7: The SYDPIM Project Management Method

7. The SYDPIM Project Management Method

7.1 Introduction

The SYDPIM methodology has two main components: (1) a formal method to
develop and validate a SD project model, and (2) a formal method to use a SD
project model within the conventional project management framework, in a formally
integrated manner with a PERT/CPM model. The first component was just
described in the previous chapter.

This chapter describes the project management method of the SYDPIM
methodology. This method is based on a process framework, which is an
enhancement of the traditional project control cycle: a SD model is embedded within
this process, enhancing the planning and monitoring functions. At the core of the
SYDPIM Project Management Method are the analytical links established between
the SD model and the PERT/CPM model. These links are essential to the formal
integrative nature of the SYDPIM methodology.

7.2 Structure of this chapter

This chapter describes the SYDPIM Project Management Method as a formal
model. This model is composed of four main elements: process logic, objects,
analytical links and activities. The chapter can be considered as divided into four
main parts, each part describing in detail one of these elements. In the end of this
thesis, appendix A presents a definition of the key terms and expressions used
throughout this chapter, appendix B presents various tables, appendix C presents
the formal specification of all SYDPIM objects and appendix D presents the
specification of all SYDPIM analytical links.

The next section 7.3 provides a brief overview of the formal model of the SYDPIM
Project Management Method. The following section 7.4 describes each of its four
elements in great detail. In the last section 7.5, some conclusions about the
conceptual and practical aspects of the methodology are discussed.
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The first element to be described in section 7.4 is the SYDPIM process logic
(section 7.4.1). First, the general principles and assumptions underlying the
SYDPIM process framework are presented. A simplified scenario based on the use
of a single SD project model is then proposed as the basis to describe the SYDPIM
Project Management Method throughout the chapter. The underlying process logic
of fhe traditional PERT/CPM based framework is then described. The process logic
of the SYDPIM framework is developed and is divided into two main sub-
components: monitoring and planning, which are described separately. Overall, the
SYDPIM process logic interconnects and articulates the use of objects, analytical
links and activities.

The specification of the activities requires the use of the analytical links and of the
objects. On the other hand, the formal specification of the analytical links requires
the SD and PERT/CPM models to be specified as objects. Therefore, the next
element of the SYDPIM formal model to be described are the SYDPIM objects.

Objects are defined in section 7.4.2 as data repositories and data processors. Since
the SYDPIM objects need to be specified formally, a specification language is
proposed. This language is simple, accessible to the non-expert, and provides the
required level of formality. The objects are specified as comprising a hierarchical
data-structure which stores data, operators (which provide information about the
object’s state), and conditions of validity (which must be verified for the object to be
usable within SYDPIM). Throughout this detailed description of the SYDPIM
objects, a rationale for the proposed concepts is presented whenever appropriate.
While these rationale discussions can make the description of the objects longer,
the aim is to provide a good conceptual foundation to justify the choices made, as
well as to support the implementation of other alternatives.

In the following section 7.4.3 the analytical links of SYDPIM basic mode are
described in detail, and are formally specified. This specification of the analytical
links requires a full consideration and understanding of all aspects of integrating a
SD project model within the conventional project management process. Therefore,
some basic principles of integration are first discussed. The principles underlying
each of the three types of links proposed (data links, structural links and data-
structural links), are further discussed in more detail. The generic and elementary
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operations within SYDPIM which require the analytical links are identified. This is
followed by a discussion of the dynamic nature of the links, which emphasises that
the links themselves will change over-time in the course of the project. In order to
consolidate all these concepts and principles, some illustrative examples of SYDPIM
|inks are then presented. In the remainder of this section, the analytical links
proposed are presented, discussed, and specified formally. Like with the objects, a
formal specification language is required. The same language used for the objects
is extended to specify the analytical links, which are considered as possibly
comprising three main elements: mathematical relationships, operators and validity
conditions. Since the data and data-structural links are based upon the structural
links, the latter are first specified. An overview of key assumptions is presented,
followed by a separate discussion and presentation of each of the structural links
(work breakdown, organisation breakdown and work dependencies links) — the
specifications of all links can be found in appendix D.1. Where appropriate, formal
algorithms that support the implementation of the links are presented. A summary
of the structural links is presented and this section moves to the data-links. An
overview is presented followed by a discussion of the various types of links that can
be established. This is followed by a discussion of a critical issue for the
establishment of data links: the dis-aggregation of data and the possible automation
of this process. The following sub-sections provide a brief explanation of how the
analytical links relate to the SYDPIM objects, as well as to the SYDPIM process
logic. Since the overall number of data links proposed for SYDPIM basic mode is
large, a summary overview of these links is first presented. The formal specification
language is revised and each individual data link is then presented and specified
formally. The data links are presented in groups, according their type: data
exchange input-input, data exchange output-input, data consistency input-input,
data consistency output-input and data consistency output-output. For each type of
data link, an overview rationale is presented. While these discussions can make the
presentation of the data links longer, the purpose is to provide a basis from which
other alternatives can be implemented and extensions can be developed. Where
appropriate, particular attention is given to explain why certain alternative routes
should not be followed. The formal specification of all links can be found in
appendix D.2. Finally, the data-structural links are presented. An overview rationale
discusses the nature of these links and states some assumptions regarding
SYDPIM basic mode. The potential application of these links within the SYDPIM
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framework is then discussed. The presentation of the specific data-structural links
considered in SYDPIM basic mode is preceded by a rationale discussion, which
explains why and how these links can be established — some algorithms are
presented. The description of these links ends with a discussion about how other
possible links of this type could be useful. A brief summary of all analytical links
déscribed in this section 7.4.3 is presented.

In the following section 7.4.4, each of the activities of the SYDPIM process logic is
described in detail. These activities make use of the SYDPIM objects and analytical
links. The SYDPIM activities are described in a structured manner, making use of
formal algorithms where possible, and considering exceptions and flexibility where
required. The activities of the planning and monitoring functions of project control
are described separately. For the sake of clarity, the sequence chosen to describe
the activities is based on the conventional framework for (re)planning a project
based on the PERT/CPM model, and only one single iteration is considered. The
nine activities of the SYDPIM planning process are described in the sequence
proposed. In order to improve the clarity of the overall process, a global picture of
the SYDPIM planning process is built-up progressively. Some of the branches
within the process logic of SYDPIM planning involve the use of the analytical links.
The required operations within these branches are described. The SYDPIM
planning process also leads to the concept of an integrated SYDPIM project plan,
which merges the information of the two project plans —i.e. the PERT/CPM plan and
the SD plan. This issue is clarified, and the remainder of this section describes the
SYDPIM monitoring activities. This process is the same as for the planning
activities, where a global picture of the monitoring process is progressively built
throughout. The section ends with a brief summary of the SYDPIM activities.

The final section 7.5 of this chapter is aimed at providing a summary and an overall
discussion about the novelty, impacts and constraints of the SYDPIM Project
Management Method, regarding both theory and practice. The SYDPIM
methodology approaches a problem never addressed before: embedding the use of
a SD project model within the conventional framework of project management, while
formally integrating this model with a PERT/CPM model through the implementation
of analytical links. The analytical integration of the two models provides a technical
novelty. The way in which the SD project model is articulated within the
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conventional project management framework, and how this process is re-shaped,
provides a “re-engineering” novelty. But what are the practical impacts of these
novelties? What are the critical requirements to improve performance of project
management in practice, by implementing SYDPIM? What constraints should be
considered? Can further theoretical developments help? What are the priority

ones? Some of these questions are addressed in the final section of this chapter.
7.3 Overview

The SYDPIM Project Management Method describes how a SD project model is
used within the project management control process, integrated with a PERT/CPM
model.

The SYDPIM Project Management Method is here formally described as a

conceptual model, which is composed by the following main elements:

e process logic — a logical flow of activities through which project control is
implemented;

o analytical links — connect the SD model with the PERT/CPM model and are
formally defined through equations, formal conditions and algorithms;

e objects — entities that represent data repositories and data processing elements,
like a metrics database and a simulation model;

e activities — specify the major operations within the process logic.

The process logic consists of a formal step-by-step framework, with branches and
alternative paths, which account for possible constraints. For example, where the
project past behaviour needs to be specified, whether a current PERT/CPM plan is
available or not, this will affect the steps to be taken. The process logic works as a
formal framework, which interconnects and articulates the other elements of the

conceptual model.

The analytical links consist of formal specifications of how the two models (i.e.
PERT/CPM and SD model) are integrated. This involves structure and data.
Depending on the type of link, equations, formal conditions and algorithms can be
used to specify the links. For example, a structural link mapping PERT/CPM tasks
to SD-Tasks can be described trough a matrix type of data-structure, whereas the
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transfer of scheduling data can be specified through attribution type of equations
(e.g. a := ¢ + d). Checking whether the two models are representing the same
project plan can be specified through formal conditions (e.g. a+ d ==b + ¢). Finally,
deriving the work dependencies between two SD-Tasks from the dependencies
among various tasks in the PERT/CPM model, can be described through an
algo'rithm. An analytical link can incorporate various of these relationships between
the models’ elements.

Objects represent what in the real world are data repositories and/or data
processing units. For example, the SD model and the PERT/CPM model are the
most relevant objects of SYDPIM, which work as both data repositories and as
processing units. The project past behaviour, defined as a set of data-patterns over-
time, is another important object, which works as a data-repository only.

Activities are major operations which are carried out at specific stages in the
process logic. These operations may involved several sub-activities which can be
more or less formal, simple or complex. For example, readjusting the PERT/CPM
model to incorporate a project plan specified in the SD model is a complex activity.
Calibrating the SD model to represent the project plan in the PERT/CPM model is
another critical activity. Updating the project past behaviour (an object) from the
PERT/CPM model is a formal but simpler activity. Improving the project plan in the
SD model can be complex and is an informal activity.

The formal specification of these four elements constitutes the formal specification
of the SYDPIM Project Management Method. These specifications are presented in
the following sections. A number of terms and expressions will be used with some
frequency throughout. Definitions of the main terms and expressions employed are
provided in appendix A.

As a formal methodology, SYDPIM proposes a step-by-step and well defined logical
process. However, it is important to note that while the ideal of project management
is a well defined control process, the real world raises various constraints of social
and subjective nature, which must be coped with. Examples are the availability and
reliability of data and the regular update of a detailed PERT/CPM project plan.
While the SYDPIM Project Management Method pursues the ideal of a well
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managed control process, its underlying framework was designed to be flexible and

thereby able to cope with this type of constraints.
7.4 The formal model

7.4.1 The process logic

Introduction

Managing a project is about controlling a complex social system towards desired
targets. Therefore, the traditional project management framework consists of a
control cycle wherein the project status is monitored, compared against the
objectives and, when necessary, the work is re-planned. The process logic of the
SYDPIM model is an enhancement of this cycle. A SD project model is used within
the monitoring and re-planning functions of the project management cycle. The
model is used in a formally integrated manner with a PERT/CPM model thereby
improving these functions.

The ideal of any control process is automation. This means that the activities of
monitoring status and generating corrective actions can be formally specified and
thereby implemented through an automated mechanism. In such a scenario, the
control process is generally effective and stable (though not necessarily perfect).

Likewise, the ideal of the project management control framework is a formal step-by-
step stable process. However, it is well known that the implementation of such a
mechanism to regulate a complex social system is very difficult if not impossible.
Since a project is a complex social system, in practice various constraints of human
nature restrain this desired formality.

The process logic of the SYDPIM model pursues the ideal of a stable control
mechanism. As such, it is specified as a formal process as if it could be automated.
As any other model of the project management control process, this is unlikely to be
achieved. In order to cope with this, the process logic of the SYDPIM model
considers explicitly some of the more relevant constraints, and proposes altemnative
paths as solutions. It is important to stress that this reflects a fundamental principle
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of the SYDPIM methodology: the possibility of being implemented at various levels
of formality and hence feasible within more or less structured management
environments. As it will be seen, the two most important constraints stem from the

way in which the PERT/CPM model is used by management and the availability of
data.

Overview of general principles and assumptions

As mentioned above the process logic of the SYDPIM framework builds upon the
traditional cycle of project control. This cycle consist of two main management
functions: planning and monitoring, wherein a PERT/CPM model is used. In
planning the model is used to develop a work plan. In monitoring the model is
updated with actual results. Based on these results, the model forecasts a new
future and current performance is compared against the targets. The work plan
eventually is revised in the planning function, and the control cycle repeats. This
cycle assumes a period of time for the control process. Depending on the
complexity of the project, this may be longer or shorter, constant or varying. A

typical control cycle in most projects is the month. This traditional control cycle is
described in the figure 7.1 below.

Implementation

Figure 7.1 — The traditional control cycle of PERT/CPM based project management

An important aspect of this traditional control cycle is the time horizon and the detail
of the plan developed in the PERT/CPM model in the planning function. It is
common sense that the further the manager looks into the future the less detail
should be considered. The reason for this is that the further into the future the
higher the uncertainty and hence the more difficult it is to anticipate in great detail.
Such an approach could lead to unproductive efforts. How do managers cope with
this problem in the traditional framework? There is no standard approach. One
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common solution is to develop a work plan within the PERT/CPM model with various
levels of detail. The PERT/CPM plan at the most detailed level will have the
shortest time-horizon (say one month). The more aggregate PERT/CPM model will
cover the whole project life-cycle. In practice, in most cases no more than three
levels are considered. Another common solution is to have only one single
PERT/CPM plan covering the whole project life-cycle but its tasks consider higher
levels of aggregation as one moves into the future. This is an important project
management issue considered in SYDPIM.

The critical path analysis provided proves less useful and less accurate as the level
of aggregation of the tasks increases. There are two reasons for this: (1) as tasks
become more aggregate, their estimated duration and budget encapsulate more
implicit assumptions hence unlikely to be accurate, and (2) the principle behind the
model is to decompose complexity into simple and easily manageable tasks. Once
this is done and the project is decomposed into a logical network with a large
number of tasks (hundreds or thousands), the results from the critical path analysis
are insightful and could not be derived intuitively. The same would not happen with
a simple network with few highly aggregated tasks. The conclusion is that the
highest level of aggregation in the PERT/CPM model, covering the full project life-
cycle, is only useful to provide “an helicopter’ view of the main schedules, project
phases, and milestones. “What-if* critical path analysis is of little use at this level.
This way, for those tasks where a more detailed plan is available their estimates are
generated from below — i.e. the bottom-up approach. Since there will not be a
detailed plan available for the later tasks, an overall reliable estimate based on
“pottom-up” will not be available from the PERT/CPM model. Typically, the later
project phases are scheduled and budgeted to fit the demands of the contract with
the Client. A detailed plan will only be developed for these phases later in the
project, where the circumstances will differ from the beginning of the project.
Interestingly, it is in these later phases that major problems typically emerge. In
summary, the PERT/CPM model can only provide insightful visibility into the short-
term of the project. Its high-level view of the project only informs management
about desired rather than likely schedules, budgets and milestones.

While enhancing the traditional control cycle, the SYDPIM methodology addresses
this issue by considering the possibility of two different SD models being used at
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different levels of aggregation. In this scenario, a more detailed model (referred to
as “operational model”) is used to analyse the specific short-term issues of the
current project phase. The calibration of this model or even its structure does not
cover the full project life-cycle. The time-horizon for the simulation of this model is
restricted to some number of control cycles, wherein reliable data is available to
calibrated the model at that level of detail. Another more aggregated model is used
to cover the full project life-cycle from the beginning of the project (referred to as
“strategic model’). The strategic model is used to analyse the longer term general
issues of the project. Why not to use only one detailed model for the full project life-
cycle? Like with the PERT/CPM model, a detailed SD model will most likely require
data for calibration which is not available or not enough accurate to produce reliable
estimates. Furthermore, management in generally prefer to assess longer-term
issues under a higher-level clearer perspective.

SYDPIM does not require that both models are used. Only one SD project model is
required. In the scenario where the two models are used, “what-if” analysis to
assess the impact of decisions or risks is first carried out in the strategic model to
inform management about the long-term impacts in the whole project. These are
then assessed for shorter-terms impacts in the operational model. As in many real
life situations, the results may differ, and hence what can be a short-term slippage
may prove beneficial at the end of the project. If the two models are used, they
should be integrated as formally as possible, in a similar way in which they will be
integrated with the PERT/CPM model. This requires that at the end of every control
cycle (i.e. after re-planning and prior to implementation) the two models are
calibrated to the same scenario, with their input and output being consistent one

another.

How does the use of the two models relate to the various possible levels of detail in
the PERT/CPM model? Since there is no standard and universal approach to the
number of levels used in the PERT/CPM model, SYDPIM considers the three
classic levels: operational, tactical and strategic. It is assumed that the relevant
usefulness of the critical path analysis of the PERT/CPM can be found at the
operational level. At this level, the model can provide reliable forecasts and can be
used as the basis for re-planning. A logical network at this level will have 100 tasks
or more. At the tactical level, the network will have from 10 to 100 tasks, and at the
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strategic level less than 10 — these numbers are indicative only, and do not attempt
a formal definition. A SD model generally assumes a level of aggregation much
higher than an operational network. The work breakdown is one of the main indices
of aggregation in a project model. A SD model typically dis-aggregates a project
from one task down to 30 tasks maximum. The SD operational model will therefore
lay at the tactical PERT/CPM level, and the SD strategic model will lay at the
strategic PERT/CPM level. This scenario for the combined use of the two types of
models at different levels of detail is shown in the figure 7.2 below.

Low [T

=
? :
o PERT/CPM Tactical Model  SD Operational Model ;
ra) « Specification of Targets « Diagnosis and Forecast ' Not planned
- « Forecast (possibly) * Re-planning 5
> 1
o 4
= TR A
To be planned E
ArEyenext H Not planned
control cycle '
High : >
Project - Project
Time-Horizon :
Start Finish

Figure 7.2 — The complete SYDPIM scenario for using the models

In total five models can be considered, which raises the serious issue of the full
integration of all models. Regarding the PERT/CPM models, most software tools
that implement this type of modelling support the combined use of various plans at
different levels of detail into a single model. The same is not true for the SD
modelling tools which are not specialised in project management models.
Therefore, the integration of the two SD models will have to be ensured by the user.
In SYDPIM it is proposed that this is done through analytical links similar to the ones
used to formally integrate the SD model with to the PERT/CPM model — these will

be described below.
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For the sake of simplicity, the formal model of the SYDPIM process logic will be
described considering a scenario where only two models are used: the PERT/CPM
and the SD model. It will be assumed that the PERT/CPM model will cover the full
life-cycle of the project, including its past segment, and encapsulates the three plans
(strategic, tactical and operational), with their own time-horizons. in this way, the
project past is available at all levels of detail and the full project future is also
available but a different levels of detail over-time. Regarding the SD model, it will
also be assumed that it covers the full project life-cycle and hence it will be a
strategic model. This scenario assumed for the specification of the SYDPIM formal
model is shown in figure 7.3 below:

SD Strategic Model

_ StrtegicPlan  PERTICPM Model

Tactical Plan

Operational Plan
Proiect 3 Project
rojec Har roj
Start Present Tame-Horzan Finish

Figure 7.3 — Simplified SYDPIM scenario assumed in this work

Another very important aspect related with the use of the models is the frequency
with which the model is updated. Ideally, a PERT/PCM model should be
“continuously” updated (i.e. in every control cycle) with actual results before being
used for planning purposes. This is because actual results can have a great impact
on the project future. Re-planning the project future in the PERT/CPM model
disregarding the past results can be misleading: the PERT/CPM analysis is based
on the critical path and on the criticality of activities which is also affected by
resource availability. Delays in the completion of non-critical tasks and consumption
of resources above the planned profile may change the critical path and the
criticality of future tasks. In practice however, there are cases where the
PERT/CPM model is not updated properly or its update is behind the project time-
line. In such cases, the PERT/CPM model becomes a passive mechanism for
recording history. The development a new PERT/CPM plan half-way through the
project disregarding its past is sometimes also considered, but in general that only
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happens when a dramatic major change takes place, as if a new project was being
started — otherwise, keeping a meaningful WBS would be difficult. Finally, in some
cases a PERT/CPM model may only be used to control only a portion of the project
work — i.e. a sub-project.

The assumption in SYDPIM is that the PERT/CPM model is updated with past
results whenever it is used for planning and prior to that. This is regardless of
whether the update and re-planning takes place in constant or varying periods of
time — i.e. whether the period of the control cycle is constant or not. Regarding the
SD model this is also always updated with past resuits before being used for
planning purposes. In SD terms, this update consists in calibrating the model to
reproduce the project past behaviour. Updating the SD model is even more critical
for the accuracy of the forecasts than with the PERT/CPM model. For example, one
of the assumptions of a project model is that a certain amount of defects or rework
remains undiscovered throughout the project life-cycle. Calibrating the SD model to
reproduce the project past up to present is essential to generate the right amount of
undiscovered rework in the project in the present moment. Of course, this will have
a great impact on the project future. The same effect applies to other intangible
model variables, such as “current staff fatigue” — it depends on the past and it will
affect the future.

The process logic of the traditional control cycle

As mentioned, the process logic consists of an underlying step-by-step algorithm
which articulates the other three elements of the SYDPIM model. This will be
described through a simple diagram which interconnects the activities, the objects,
and the analytical links. Let us first describe the process logic underlying the
traditional control cycle. This is shown in figure 7.4.

The notation used is straightforward and will be explained as required. Activities are
represented in green rectangles. They are linked through straight arrows indicating
the process flow and are numbered accordingly. The 3D-rectangle in blue
represents an object which is a model, in this case the PERT/CPM model. The
activities will either read or store information in the objects and this is represented
through dashed curve lines linking an activity to an object. Possible branches
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throughout the path of activities are represented by a yellow box. Points of exit or

points of entry to the process are represented in grey rectangles and are not
numbered.

Develop Initial
Plan

I

1. Re-Plan
-------- Project Future in [¢—
[ PERT/CPM Model

4. Update PERT/CPM Sel 2. PERT/CPM Forecast
model with —=P| and Analysis of Project
result mefrics , Future

3. Collect project Is outcome satisfactory ?
result metrics No

Yes

Implement
Project Plan

Figure 7.4 — The process logic of the traditional project control cycle

The process logic of the traditional control cycle is fairly simple. In planning,
possible alternatives are generated in the PERT/CPM model and their impacts on
the project outcome are analysed through critical path analysis. If the outcome is
not satisfactory, the plan is revised, otherwise it is implemented. Once the control
period elapsed, data about actual results is collected and the past segment of the
PERT/CPM plan is updated accordingly. The impacts of these results on the project

outcome are analysed, again through a critical path analysis. The cycle is repeats
again.
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The process logic of the SYDPIM framework

The process logic of the SYDPIM framework is considerably more complex than the
traditional control cycle. This is because there are now two models exchanging data
and being used for similar purposes. Before describing this process logic in detail,

let us have a look at a high level view of the framework.

Basically, the framework consists in adding the use of a SD project model in both
planning and monitoring. In planning the SD model provides an alternative to re-
plan and forecast the future. Therefore, a plan can be developed and tested in both
models. The resulting process considers that the user should be able to alternate
from one model to the other. In monitoring, the SD model is also updated with
results and used for diagnosis of past performance, a function that generally is not
performed in the PERT/CPM model.

The high level process logic is described in the figure 7.5. Another object was
added to represent the SD model. Where necessary, objects are duplicated using
dashed lines. The principle behind the process logic in planning is that once the
project work plan is revised or developed in one model, it is immediately tested in
the other model. Therefore, a plan is only accepted for implementation if its
outcome was analysed in both models, it is acceptable and the two models are
consistent one another (meaning they are representing the same plan). This
required two new activities that allow for one model to incorporate the project plan
from the other model: (1) the SD model is calibrated for the PERT/CPM plan, or (2)
the PERT/CPM plan is readjusted for the SD plan. These two activities are critical
as they rely on the analytical links established between the two models. These links
are not represented in this diagram. In monitoring, the SD model is used to
diagnose the updated project past. This also required a new activity that makes use
of the analytical links: the SD model is calibrated to reproduce the project past
behaviour as implied in the PERT/CPM model.
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/ Re-plan in SD model or\
PERT/CPM model? )

;/ Is outcome satisfactory \4
and models consistent ? /‘

Figure 7.5 — High-level view of the process logic of the SYDPIM project control cycle

Once monitoring is complete, the process re-enters the planning function where the

new project outcome is analysed and the plan is eventually revised. As the process

logic indicates this should be done in both models. Once they provide a new
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forecast of the project future (eventually different ones), the plan is then revised
using one of the two models and tested on the other. In SYDPIM it is recommended
that re-planning is first carried out in the SD model, but the user may decide
otherwise. This recommendation stems from the fact that the SD model is richer
and likely to provide a more reliable plan — note that only a steady plan is accepted

(i.e. exhibiting stale targets).

This process logic allows for alternative paths to be followed throughout the
activities. The numbering of the activities was adjusted to reflect this. It is also
assumed that SYDPIM is implemented from the beginning of the project. Whenever
SYDPIM is introduced half-way through the project, it is recommended the following
initial steps are implemented:

(1) SYDPIM planning is implemented based on the initial PERT/CPM plan, as if the
project was just starting. This ensures that the SD model will reproduce the
successful implementation of the initial PERT/CPM plan;

(2) SYDPIM monitoring is implemented in the present moment. This ensures that
the SD model will reproduce the whole project past up to present. This is
fundamental for the validity of both diagnosis and future projections produced by
the SD model.

The SYDPIM process can then proceed from activity 7. This diagram does not
show explicitly the use of the analytical links and it also omits other important details
of the process logic. This is now explained in full detail, separately for the

monitoring and planning functions. Let us start with monitoring.
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The process logic of SYDPIM monitoring

As mentioned above, the SD model is used in monitoring to diagnose the project
past behaviour up to the present moment. This requires that the SD model is
calibrated to reproduce this behaviour as reflected in the PERT/CPM model, which
was just updated with actual results. This calibration requires the use of the
SYDPIM analytical links.

An important issue in SYDPIM monitoring is the implementation of the SYDPIM
metrics plan (SYMP), which is proposed in the methodology. The SYMP specifies a
set of metrics to be collected in monitoring together with some other metrics to be
derived from the SD calibration and diagnosis. There are various benefits in
implementing this plan. First, the measurement achieved is per se insightful and
helps in control. Secondly, the metrics database generated provides important
support to the formal implementation of SYDPIM in two ways: (1) it provides a more
comprehensive set of behaviour patterns to describe the project past, and (2) it
provides metrics to support the calibration of the SD model. Both benefits are likely
to improve the validity of the calibration of the SD model and thereby the accuracy of
its diagnosis and forecasts. The implementation of this metrics plan is not
mandatory but it improves considerably the whole SYDPIM project control process.

Another relevant issue is the availability of an updated PERT/CPM plan. When the
project management framework within the organisation is not sufficiently structured,
it may happen that when management wants to use the SD model, the PERT/CPM
model does not contain an updated project plan. Preferably, this should not happen
when SYDPIM is being implemented. The best solution will be to update the
PERT/CPM model up to present — this can be effort consuming. Another alternative
solution is to implement monitoring without using the PERT/CPM model. As it will
be seen, while this is not recommended, it is a possible scenario within the process
logic of SYDPIM monitoring.

The detailed process logic is shown in the figure 7.6.
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Figure 7.6 — Detailed process logic of the SYDPIM monitoring function

Once the current project plan was implemented for the last control period (e.g. a
month), the first step is to collect data and update the PERT/CPM plan, just as in the
traditional control framework. First it is considered whether a current PERT/CPM
plan is available. Preferably this should be the case. If so, result metrics are
collected at the PERT/CPM task level in activity (M1a). In practice, the specific
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metrics to be collected depend on how the PERT/CPM model is used by the
organisation and on the metrics plan being implemented. As it will be seen SYDPM
considers a default set of metrics — this will be discussed in more detail when this
activity is specified. The next step is to update the PERT/CPM model with these
results as well as the SYDPIM metrics database (SYMDB), in case the SYMP is
being implemented. This is done in activity (M2a). Some of the metrics to be stored
in the SYMDB can be derived from the PERT/CPM model. Since these are
considered at the SD-Task level, the use of the analytical links is required. Updating
the PERT/CPM model may also require that the existing analytical links with the SD
model are updated. A typical example is when new tasks were added to, or
removed from the project in the course of implementation during the last control
period. As it will be seen, PERT/CPM tasks are mapped through structural links to
the SD-Tasks. Therefore the PERT/CPM tasks eliminated need to be removed from
the SD-Tasks to which they were mapped to. Similarly, the new PERT/CPM tasks
need to be mapped to a SD-Task. This way, if necessary, the analytical links
between the two models are updated in activity (M3a) — the analytical links are
represented in the diagram as a circle (in red); the dashed lines indicate that the
activity updates the links; the straight lines linking the SD and the PERT/CPM
models (objects) with the analytical links indicate that the links depends on the
current status of these models; therefore, if one of the models is updated, the
analytical links may also need to be updated.

If a current plan is not available in the PERT/CPM model, either the more recent
version is updated up to present through activities (M1a) and (M2a), or the
PERT/CPM model is not used in monitoring (this time). In this case, if the SYMDB
is being implemented, various result metrics are collected in activity (M1b) and the
database is updated in activity (M2b). These two activities differ from activities
(M1a) and (M2a), because they consider explicitly that the PERT/CPM model is not
used. They provide an alternative path within the process logic, to ensure that the
data necessary in the following activities is collected — e.g. to later derive the project
past behaviour and calibrate the SD model for this behaviour. If the SYMDB is also
not being implemented, then the final alternative path is to collect information from
expert judgement (management, technical staff, etc.) in activity (M1c).
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Assuming that the PERT/CPM model was updated in activity (M2a), the next step is
to extract the project past behaviour from the PERT/CPM model in activity (M4).
This activity has two main inputs: the PERT/CPM model and the analytical links, and
it has one output: the PERT/CPM past behaviour (i.e. the project past behaviour as
extracted from the PERT/CPM model). The PERT/CPM model contains the data
necessary to specify the behaviour patterns over-time, and the analytical links
specify formally how these patterns are to be generated. For example, for each SD-
Task, the PERT/CPM tasks mapped to it will provide the necessary data to generate
the cost pattemns. An important factor that affects the behaviour patterns that can be
extracted from the PERT/CPM model, as well as their granularity, is the number of
past versions of PERT/CPM plans available within the PERT/CPM model; in
particular, whether the initial plan is available — this issue will be discussed later
when this activity is described in more detail. The full set of behaviour patterns
extracted from the PERT/CPM model are stored in an object called “PERT/CPM
past behaviour”. A relevant issue in this SYDPIM activity is whether this object is
preserved from one control cycle to the next, or whether it is re-generated whenever
this activity is performed. The difference is that in the first case the “PERT/CPM
past behaviour” is always available and so this activity consists of updating only the
present data-point. In the second case, the pattemns are always re-calculated from
the beginning of the project. If this process is not automated through a software
application, the second scenario can be very time consuming. Both scenarios are
acceptable within SYDPIM.

The next step in activity (M5) is to specify the “project past behaviour”. This is
based on the “PERT/CPM past behaviour” and on the metrics available in the
SYMDB, which, if available, was updated in activities (M2a) or (M2b). The “project
past behaviour” is considered as a more comprehensive set of behaviour patterns
than those that can be extracted from the PERT/CPM model. An example is the
pattern “cumulative number of defects detected”, or the pattern “cumulative effort
spent with rework”, which are not tracked in the PERT/CPM model. The three
inputs to this activity are the “PERT/CPM past behaviour’, the SYMDB and the
analytical links. The output is the object “Project past behaviour’, containing an
updated set of behaviour patterns which characterise the project outcome up to
present. In principle, if the SYMDB is not being implemented this would be the
same as the “PERT/CPM past behaviour”. However, expert judgement and other
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information can be used to derive other patterns of project past behaviour. This is
considered explicitly in activity (M5), in the case neither the PERT/CPM plan is
being implemented nor the current plan in the PERT/CPM model was updated.
However, expert judgement can always be used in activity (M5) to derive other
patterns perceived relevant.

In the next activity (M6), the SD model is re-calibrated to reproduce the project past
behaviour. There are three inputs to this activity: the object “Project past
behaviour”, which provides the set of behaviour patterns to be reproduced by the SD
model; the analytical links, which identify which SD model variables should match
which behaviour pattern extracted from the PERT/CPM model — this is specified
through output-output data consistency links; finally, the SYMDB provides important
process metrics to support the calibration of the model (e.g. observed “defect
detection rate”). The process of calibrating the SD model depends on the specific
model being used. The full formalisation of this activity would imply automated
calibration. Not only this is a “technology’ currently not available, as it would also
depend on the specific model. Some semi-automated guidelines are provided in the
detailed description of this activity.

Once the SD model is reproducing the project past behaviour, it is then used in
activity (M7) for diagnosis. This diagnosis should consider three main type of
analyses:

e explain why the project outcome is as described by the behaviour patterns —
typically this consists in tracing back the causes that affect the shape of the
behaviour patterns. In a project model, the typical relevant causes are the
endogenous effects on productivity, QA activities, defect generation and defect
rework activities;

¢ enhance progress visibility by uncovering metrics about the project status — the
SD model will contain important variables about the project status which are
intangible or which are not measured due to practical constraints. By
uncovering these metrics, the visibility of the current project status can be
considerably improved. For example, by knowing how many defects still remain
undiscovered in the system;

¢ retrospective what-if analysis and process improvement — testing what-if

scenarios in the past allows management to know whether better or worse
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results would have been achieved had other decisions been taken. This type of

analysis can be the basis to identify specific actions for process improvement.

It is important to note that this type of project diagnosis could not be performed
using the PERT/CPM model alone. The only input to this activity is the object “SD
project model”, which provides the required “management laboratory”.

In case the SYDPIM metrics database is being implemented, then metrics about the
project status which were uncovered in activity (M7) are stored in the database for
future use and reference. This is done in the following activity (M8). Some
PERT/CPM software tools allow extra data to be stored in the PERT/CPM tasks for
management information (through the creation of task fields). In this case,
management may also wish to update PERT/CPM tasks with uncovered metrics
(since this is not a SYDPIM requirement, these are not used to specify analytical
links with the SD model). This possibility is represented through the dashed curve
arrow from activity (M8) to the PERT/CPM model.

Overall, the process logic of the SYDPIM monitoring function is based on the
principle of updating the PERT/CPM model with actual results, then extract from this
model the project past behaviour patterns and calibrate the SD model to reproduce
this behaviour, and finally diagnose the project status using the SD model. This is
clearly based on “a link” between the PERT/CPM and the SD model: both have to
produce the same project behaviour. This also emphasises the added value of the
SD model, since this type of diagnosis could not be performed in the PERT/CPM
model. This monitoring process is enhanced with the implementation of a metrics
plan (SYMP), which provides a more comprehensive description of the project past
behaviour and supports the calibration of the SD model. The analytical links are at
the core of the whole process, keeping both models consistent one another. These
links may need to be updated themselves due to possible structural changes in the
PERT/CPM current plan. The SD diagnosis feeds-back uncovered metrics into the
SYMDB (and eventually into the PERT/CPM model) providing an enhanced
recording of the project history. Overall, the formal process logic of SYDPIM
monitoring considers eleven activities, six objects (including the analytical links) and
three possible branches.
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Given the project past behaviour and its diagnosis, the next step is to analyse the
likely outcome of the project. This is done in the SYDPIM planning function
described in the following section, where, once more, the two models are used in an

formally integrated manner.

The process logic of SYDPIM planning

The use of the SD model in planning is primarily aimed at forecasting the outcome
of an existing PERT/CPM plan and improving its performance. This PERT/CPM
plan specifies the project targets and how the work is to be accomplished. The SD
model simulates the implementation of this plan, producing the likely project
outcome. This simulated outcome may or not deviate from the targets. If
unsatisfactory, adjustments to the project plan can be tested in the SD model and
the new plan can be transferred back to the PERT/CPM model. This framework
requires the use of analytical links: first, the initial plan in the PERT/CPM model
needs to be represented in the SD model, and then the improved project plan in the
SD model needs to be transferred back to the PERT/CPM model.

An important issue in SYDPIM planning is that “testing” a project plan in the SD
model is not limited to simulating and forecasting the likely outcome of the project.
Overall, there are four types of “testing” analysis that can be carried out in the SD
model:

o forecasting the likely outcome — this is done by simply simulating the project
plan. The SD model will describe the project’s final results and how the outcome
unfolds over-time (e.g. how the final schedule slippage evolved over-time);

e diagnosing the likely outcome — like in monitoring, the SD model will allow the
user to find out why the likely outcome is as forecasted. Typically, this is done
by identifying what is affecting over-time the key parameters related to the
course of the work. This diagnosis is the starting point for devising re-planning
actions and improve the plan;

e uncovering assumptions — when the SD model is calibrated to reproduce the
project future behaviour as portrayed by the PERT/CPM plan, important
underlying assumptions regarding the work process have to be made explicit
(e.g. productivity, defect generation rate). This analysis provides an assessment
of whether the project plan is based on realistic assumptions;
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« assessing the plan’s sensitivity to risks — various scenarios can be tested in the
model, representing the occurrence of possible risks (e.g. Client changes).
Once the SD model is calibrated to represent these risk conditions, a new
forecast of the project outcome is produced. This analysis provides an
assessment of the plan’s robustness against likely risks;

e testing re-planning actions — various re-planning scenarios, which will often
include mitigating actions against risks, are represented and tested in the model
(e.g. re-scheduling of completion dates). The SD model will forecast the

outcome of the project, thereby assessing the effectiveness of these re-planning
actions.

The general principle underlying SYDPIM planning is that a project plan is first made
available in the PERT/CPM model and is then transferred to the SD model for
testing prior to implementation. The SD model works as an experimental laboratory
to test the PERT/CPM plan. However, the integrated use of the two models within
SYDPIM planning can follow other alternative “paths®. For example, a plan can be
first developed in the SD model and only then transferred to the PERT/CPM model,
in the form of a logical network. SYDPIM provides a flexible planning process logic
where both models can be used to develop a project plan and forecast the project
future, and where the analysis of such plan can alternate from one model to the
other. Whatever the path followed, there are two principles that must be verified in

SYDPIM planning:

(1) mutual testing - once a project plan is developed or readjusted in one model, it
must then be tested in the other model. This ensures that no plan follows to
implementation without being “approved” by the analysis of the two models.
This is important because the two models provide a different perspective about
the project outcome;

(2) model consistency — the two models must represent the same project plan
before implementation proceeds. In particular, it is not enough to test a
PERT/CPM plan in the SD model. The SD model must be calibrated for the
successful implementation of this plan. Of course, this ensures that the
underlying assumptions are uncovered. The two models are consistent when
they represent the successful implementation of a same plan.
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Figure 7.7 — Detailed process logic of the SYDPIM planning function

The detailed process logic of SYDPIM planning is shown in figure 7.7. There are
three possible entry points to the (re)planning process (grey boxes): (i) the models
have just been updated with the actual results in monitoring and (ji) an initial plan is
to be developed in the PERT/CPM model or (iii) in the SD model. If an initial plan is
to be developed using the SD model, then the model is first used to develop high-
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level estimates for the project (e.g. project overall duration) and based on these
estimates a high-level steady plan is proposed. The process logic then follows to
translate and analyse this plan in the PERT/CPM model. If an initial plan is to be
developed using the PERT/CPM model, then possibly a front-end estimating
technique or tool was previously used develop the initial high-level estimates upon
which the PERT/CPM network is developed (e.g. SLIM, KnowledgePLAN; see
chapter 2). The process logic then follows to translate and assess this plan in the
SD model.

When the process is entered from monitoring, the SD model was just calibrated with
the project past (typically, the implementation period of the last control cycle). In
most cases, the PERT/CPM model was also updated with this past (though not
necessarily; see previous discussion in SYDPIM monitoring). The first step in
(re)planning is to forecast and analyse the project future in both models. This is
represented in the “parallel” activities (P1a) and (P1b) (the order is irrelevant). Of
course, activity (P1a) is only performed if a current PERT/CPM plan is available
updated with the past. It is important to note that the analyses of the project future
in these activities should also consider the likely emergence of risks which may
interfere with the project outcome. For example, if a Client has just requested scope
changes then the models should be adjusted to reflect this.

In most cases, when the planning process is entered first time, the outcome of the
project future will be different in the two models. This emphasises that different
aspects of the project are considered in each model. When this happens the
models are not consistent for the future segment of the project. It may also happen
that the project future outcome is not satisfactory. After some re-planning, the
models will become consistent and the project future outcome is satisfactory. When
this is achieved, the planning process exits and the current project plan proceeds to
implementation.

When re-planning is required, there are two possibilities: the plan is either
readjusted in the PERT/CPM model or in the SD model. SYDPIM recommends the
later option because in principle the SD model will provide a more realistic analysis
of the performance of control actions. Re-planning takes place in activities (P2a) or
(P2b) respectively — note that these activities should not be implemented in parallel
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because two “solutions” would be developed separately, eventually leading to
unproductive rework planning efforts. These re-planning activities include the
forecast and diagnosis of the project outcome under various planning scenarios, as
well as the assessment of risks and their impacts.

If re-planning takes place in the SD model the process within activity (P2b) should
finish when a satisfactory and steady plan is developed. A satisfactory plan means
that the outcome is acceptable. The plan being steady means that when the
implementation of the plan is simulated in the SD model, the outcome does not
deviate from the targets. SYDPIM advocates that only a SD plan with steady
behaviour should be considered for implementation. As an output, this activity
adjusts the project plan in the SD model, as shown in the diagram by the dashed
curve arrow.

The next step is to readjust the PERT/CPM model so that it represents the new
project plan developed in the SD model. This takes place in activity (P3b), where
the analytical links are required. Readjusting the PERT/CPM model to become
consistent with the SD model implies that the input data, the output data and the
structure of the models are consistent one another. In most cases, this requires
both data and structural readjustments to the current PERT/CPM plan (changing
resource allocation to the tasks, start and completion dates, dependencies between
tasks, adding or removing tasks, etc.). The ideal of this activity would be an
automated algorithm. Given an existing PERT/CPM plan this would be
automatically readjusted to become consistent with the new SD plan. There are
various critical issues regarding this activity which will be discussed later in more
detail. At this stage it is important to note the following points:

(1) an automated algorithm requires the specification of a particular SD project
model (or at least a very specific set of characteristics), and the specification of a
particular PERT/CPM modelling approach (e.g. are QA tasks considered
explicitly, or is QA effort implicitly incorporated in development tasks);

(2) this process implies dis-aggregation of SD data and structure into a more
detailed level; this is because the PERT/CPM plan assumes a more detailed
view of the project work. The main consequence is that there is more than one
solution at the PERT/CPM plan level for a given SD-plan —i.e. a “one-to-many”
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type of relationship. Automated decomposition requires assumptions which are
unlikely to be correct without the input of human judgement;

(3) re-planning at the operational level in the PERT/CPM model typically involves
many “day-to-day” specific constraints, with which a fully automated algorithm
would hardly cope (e.g. compatibility of team members); again, human

judgement is an essential ingredient to cope with these issues.

Some guide-lines and strategies to a semi-automated process are proposed in the
description of this SYDPIM planning activity. The analytical links are critical to this
process: (i) data consistency links ensure that the models are producing the same
outcome and are based on consistent assumptions; (ii) data transfer links ensure
some level of automation; (iii) by default, structural links are the basis to specify the
data-links and ensure structural consistency; they can also be used to implement
some level of automation; (iv) data-structural links can be used to support some
level of automation. In the diagram, the use of the analytical links is represented
through the dashed arrow.

Readjusting the PERT/CPM model not only requires the analytical links but it may
also imply changes to these links. For example, if new tasks were added to the
PERT/CPM plan in order to represent a scope increase suggested by the SD plan,
then this task will have to be mapped to a SD-Task in the SD model. Similarly, if
precedence relationships were added or removed in the PERT/CPM plan an update
of the analytical links is required. The update of the analytical links takes place in
activity (P5), as shown by the dashed arrow.

Once the current PERT/CPM plan was readjusted to represent the SD plan, the next
step is to analyse the likely project outcome in the PERT/CPM model, based on the
conventional critical-path analysis (CPA). To an extent this could be considered as
part of readjusting the PERT/CPM plan in activity (P3b). However, for the sake of
clarity and discipline, the process logic cycles back to activity (P1a) where a more
comprehensive critical path analysis can be carried out (e.g. Monte Carfo simulation
analysis; see chapter 2).

At this stage in the process logic, a new plan was developed in the SD model and
was then translated to and analysed in the PERT/CPM model. If the project
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outcome is satisfactory under the PERT/CPM analysis, then the process may exit
and the new plan is implemented for the next control cycle. However, it may happen
that a work plan which appeared satisfactory in the SD model may look
inappropriate at the PERT/CPM operational level. For example, short floats overall
and too many near-critical paths may indicate a risky plan. iIn this case, re-planning
is needed once again. This can be done in the SD model or in the PERT/CPM

model.

Let us now consider the path where re-planning takes place in the PERT/CPM
model. This takes place in SYDPIM activity (P2a), which can also be the entry-point
to the planning process, when a project plan is being developed for the first time.
PERT/CPM (re)planning typically consists of scheduling and allocating resources so
that acceptable schedules and costs are achieved for the project major milestones —
typically, a late project is compressed to the left. The output of this activity is the
update of the future segment of the current plan in the PERT/CPM model. As
imposed by the SYDPIM principle of “mutual testing”, this plan should now be tested
in the SD model. Before that it is necessary to check whether the re-planning
actions in the PERT/CPM model require an update of the analytical links. Once
more, new tasks and dependencies might have been added or removed from the
current PERT/CPM plan. This is done by “calling” activity (P5), as shown in the
diagram.

In order to test a PERT/CPM plan, the SD model needs to be calibrated for that
plan. This implies reproducing the project future behaviour implicit in the plan. This
behaviour is “implicit” because in the PERT/CPM approach the concept of “project
behaviour” as a set of over-time continuous patterns is not considered. Most
PERT/CPM tools will not produce a comprehensive set of patterns. The next step is
therefore to extract the project future behaviour portrayed by the PERT/CPM model.
This takes place in the following activity (P3a). As shown in the diagram, the project
future behaviour is stored in an object called “PERT/CPM future behaviour”, which is
the output of this activity. A new set of pattemns (and hence a new object) is
generated whenever the future segment of the current PERT/CPM plan is changed
for re-planning purposes. Like in monitoring, the analytical links are an input to this
activity. Again, some patterns require that more than one plan is available in the
PERT/CPM model - this will be discussed later in the detailed description of this
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activity. It is important to note that the type of project behaviour extracted from the
PERT/CPM model will be steady — i.e. constant targets over-time. This is due to the
nature of a PERT/CPM plan, according to which the project outcome is expected to
be as specified in the plan (unlike in SD modelling where the simulated outcome
may be different).

Once the PERT/CPM future behaviour is specified, the next step is to calibrate the
SD model to reproduce this behaviour. This implies that a steady project behaviour
will be imposed in the SD model. It is therefore critical that a SD project model is
capable of reproducing this type of behaviour. This calibration is done in activity
(P4a) which has as main input the PERT/CPM future behaviour to be reproduced.
Within a formally integrated process, the ideal of this activity would be an automated
calibration of the SD model to the PERT/CPM plan. However, there are again some
barriers to this ideal: first, generic automated calibration of SD models is not
developed yet (only some optimisation and partial calibration); secondly, if possible
to achieve the algorithms would depend in the specific SD project model being used;
and thirdly there will most likely be various possible “calibration solutions” and the
data available in the PERT/CPM model will not be sufficient to select the “correct”
one — e.g. will the schedule be achieved due to high productivity or due to low defect
generation. Once more, human judgement proves essential to ensure that a model
is representing reality as correctly as possible. However, optimisation techniques
and any form of semi-automated calibration can and should support this activity, if
available at all. This activity also makes use of the analytical links which, like in
monitoring, are used to identify which SD model variables should match each
behaviour pattern and provide the criteria to consider when behaviour reproduction
is accurate enough (this is specified through output-output data consistency links).
The output of this activity is the update of the SD model with a project plan
consistent with PERT/CPM current plan.

Based on the principle of “mutual testing” mentioned above, the next step is to test
the performance of the new plan in the SD model. The process re-enters activity
(P1b), where the project future is forecasted and analysed. However, in this
situation the SD model will always forecast a successful outcome for the project.
The reason is simple: the SD model was calibrated to reproduce the steady
behaviour portrayed by the PERT/CPM plan. The SD analysis will therefore focus
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on uncovering the required assumptions underlying this plan, and which may prove
unrealistic. Various risks can also be tested in the SD model to assess the plan’s
robustness. If the plan proves realistic and robust to risks, then the models are
consistent and the outcome is satisfactory. In this case, the process exits and the
plan is implemented for the next period of the control cycle. Otherwise, re-planning
is required and once again this can be done either in the SD model or in the
PERT/CPM model.

According to the SYDPIM planning process logic, re-planning can always take place
in any of the two models. Overall the re-planning process may alternate several
times between the two models until a satisfactory solution is achieved. However,
the recommended path in SYDPIM is that a future plan available in the PERT/CPM
model should always be tested and improved within the SD model, and then
transferred back to the PERT/CPM model. There are various reasons that support
this argument: first the SD model provides a richer analysis and a quicker and more
effective way of identifying a reliable plan (note that the SD model is an
experimentation tool, whereas the PERT/CPM model is more aimed at specifying
the project work in detail); secondly, once developed the SD solution is more likely
to be successful at the PERT/CPM level, where various alternatives exist to
implement the SD aggregate solution, than the other way around.

Before implementation takes place there is still a final planning activity (P6) which
needs to be performed. The purpose is to update target metrics in the SYDPIM
objects SYMDB, “PERT/CPM past behaviour” and “Project past behaviour”. This
update has to do with the fact that the present value of this type of metrics (e.g.
scheduled completion date) depends on both actual results and future plan. This
present value was first collected, or estimated, during SYDPIM monitoring based on
the actual project results and on the “old” plan. Since a new plan was now
generated in SYDPIM planning, these values may need to be updated — this issue
will be discussed later in more detail.

Overall, the planning process logic considers that once the project past was
diagnosed, the impacts on the project future should be immediately assessed in
both models. If the outcome proves unsatisfactory in any of the models, re-planning
should take place in only one of the models, and the new plan should then be tested
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in the other model. This process repeats until a satisfactory planning solution is
developed. The planning process may also be entered where an initial plan needs
to be developed for the project. Whatever the scenario, SYDPIM recommends that
the SD model is used to generate a reliable new plan and that this is then converted
to the PERT/CPM model, where the details of the solution are specified. This
process of generating a solution in one model and then testing it on the other, is
based on the use of the analytical links. Adjusting one model to the other would
ideally be an automated operation but various constraints prevent this to be feasible.
Nevertheless, there is scope for a semi-automated process based on human expert
judgement as an essential input. Whenever the current plan in the PERT/CPM
model is readjusted, the analytical links between the two models may also need to
be updated. Once the two plans are consistent, representing the same project plan
and producing the same project outcome, the plan is implemented for the next
period of the control cycle after which the monitoring process is re-entered again.
Overall, the process logic of SYDPIM planning considers eleven activities, four
objects and three main branches.

As mentioned in the beginning of this section, the formal model of the SYDPIM
framework consists of a formal specification of four main elements: the process
logic, the objects, the analytical links and the activities. The process logic of the
planning and monitoring functions of the SYDPIM project control framework was just
described in some detail, as a step-by-step process comprised of a series of
activities. Within these activities specific operations take place, exchanging data
with the objects and making use of the analytical links. The analytical links depend
on the characteristics of the objects “SD model” and “PERT/CPM model”. This way,
the objects will be specified first in the next section. Following this, the analytical
links and the SYDPIM activities will be specified.
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7.4.2 The SYDPIM objects

Introduction

The formal model of the SYDPM framework considers certain entities that store and
process information. These entities are here referred to as “objects”. The more
important ones were identified in the process logic of the planning and monitoring
functions, like the SD model and the PERT/CPM model. As it will be seen, other
objects will be required in the detailed specification of the activities.

Some objects will have sub-components which is useful to consider as being objects
as well. An object therefore may consist of a hierarchy of sub-objects which can be
specified formally.

Objects store information in the form of numerical data. First, the data contents will
be proposed for each object. Then the object is formally specified as a data-
structure. A formal specification language is required for this. A software
specification language is an appropriate candidate.

Being a data repository, it is normal that certain conditions have to be verified so
that the information is “valid” in light of its meaning and practical application. For
example, the dependencies of a network plan in the PERT/CPM model cannot lead
to circular paths. For the object to be well specified, this type of conditions should
be made explicit through formal specification. Logical expressions using a
mathematical type of notation are the best candidates to implement this
specification.

Objects are also useful to answer certain process queries. For example, it may be
necessary to know how many predecessors a certain task has, or what are the tasks
that currently form the critical path. The ability of an object to answer this type of
queries depends on its data contents and how these are structure. In order to
answer queries an object needs to have operators associated with it. Operators can
be seen as logical processes which have inputs and produce outputs. For example,
a given task can be the input and a set containing the predecessors tasks can be
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the output. Operators will also need to be formally specified. A formal algorithmic

language is an appropriate way to implement such specification.

Overall, the objects require a formal specification language to describe its data
structure, conditions of validity and operators. A formal language is required
because SYDPIM is a formal methodology. The value of this formality is an
unambiguous definition of the SYDPIM process and of its requirements. This
language could well be a formal software specification language used for the
modelling and design of information systems. However, the potential disadvantage
of such level of formality is the barrier to understanding and implementation at the
eyes of the non-software expert. Here, it is important tot note that SYDPIM is a
process framework to be implemented within a social system. It is therefore
required that its formality is well balanced with the methodology’s ability of being
flexible and adaptable to specific situations, persons and environments. For
practical purposes of implementation, it is also important that this formal
specification is accessible to the non-software specialist manager.

As an attempt to balance these opposing objectives, a simple semi-formal language
is proposed. The aim is to provide rigorous and unambiguous definitions which are
easy to understand and implement by a management-type of audience. This
language is now described.

Formal specification language for objects

Objects have three components: (i) a data-structure, (ii) conditions of data-validity

and (jii) operators. The notation used to specify an object’s data-structure is based

on the following principles:

e a data-structure can be composed of a hierarchy of sub-structures down to
elementary data-fields;

o elementary data-fields can be of “primitive” types like a real number, or of
structured types like a time-series of humbers.

The conditions of data validity will be specified using common mathematical notation
with which most managers will be familiar with. The notation used to specify the
operators is also straightforward: it specifies the inputs and the outputs of an
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operator. The specific algorithm is not described since this is an implementation

issue.

For example, let us consider the following simplified specification of the SYDPIM
object “PERT/CPM model”:

PERT/CPM model =
Data-structure =
Project pian =

Tasks : {task}
Dependencies : {(task;, task)}
Resources =

Personal information  : {(resourcey, personal-info)}
Project information =

Allocation : {(resourcey, profile | R+)}
Billing rate R+
Task Alloc : {(resourcey, task;, profile | R+)}

Operators =
Depends_on :taskgxtask> T|F

Validity =

No_circle =
IF Depends_on(tasky, taskj) THEN NOT Depends_on(task;, tasky)

Object variables:

task = PERT/CPM model.Data-structure.Project_plan.Tasks[k]

Data-types:
Personal-info =
Name : string
Phone :integer
Address : string
Task =
Start date : date

Finish date : date

profile = {(;, R+)}

As expected, the object contains three main components: data-structure, operators
and data-validity conditions. Let us analyse first the notation used to specify the

data-structure.
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The data-structure of this object has only one component called Project plan, which
will contain the data that describes a network plan. It is composed by two data-
fields, “Tasks” and “Dependencies”, and by one sub-structure called “Resources”.
The “Tasks” data-field is specified as a set of tasks. The operator “{}’ is used to
define a set and the index “¢’ is used to define various instances of “task” (the
specific number of instances is not relevant). The data-type “task” is specified in
more detail below as a sub-structure of data composed by two data-fields: start date
and finish date, which type is “date”. The “Dependencies” data-field is specified as a
set of couples of tasks. The operator “()” is used to define associations, in this case
couples. The indices “;"and “; “ are used again to identify different instances of
‘task®’. The sub-structure “Resources” is specified as composed by a data-field
“Personal information” and another sub-structure “Project information”. The data-
field “Personal information” is specified as a set of couples composed by the specific
resource and the data element “personal-info” which is specified below. The sub-
structure “Project information”™ contains three data fields. The “Allocation” data-field
associates with each resource an allocation profile or a constant allocation level
(defined as a positive real number “R+”). The operator “|” is used to specify a logical
“exclusive or”. The “profile” data-type is specified below as a time-series of positive
real numbers. This time series is define as a set of couples each formed by a time-
point and a positive real number. The data-field “Task Alloc” specifies the allocation
of the resources to the tasks. This is specified through a set of triplets formed by a
resource, a task and a profile or a constant number.

This simple notation is based on the nesting of data sub-structures, on the use of
the operators “{ }” and “( )" to specify sets and associations, on the use of logical
operators like “ | “, on well-known primitive data-types like “R+”, and finally on the
use of indices to specify instances. The generic variables “t*, “r’, “n” and “y” or “x”,
which may have indices, will be used to specify a time-point, a resource entity, an
integer number, and a real number, respectively. For example, the expression
{(no{(ti, Y)}} specifies a set of resources each with its profile over-time of the data-

type “y*, which will be used when is not adequate to impose a primitive data-type
like “R+",

As it will be seen later, the formal specification of the analytical links and of the
SYDPIM activities requires a direct reference to the contents of the objects’ data-
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structures — i.e. to its variables and components. The proposed specification

language allows this to be done using a simple notation. For example:

e PERT/CPM model.Data-structure.Project_plan.Tasks — accesses the tasks in the
project plan above;

o PERT/CPM model.Data-structure.Project_plan.Tasks[i] — accesses a specific

task “ i “ of the project plan;

o PERT/CPM model.Data-structure.Project_plan.Resources.Project_Information.

Task_Alloclr, i, p[t] ] — accesses the specific amount of the resource “r’
allocated to the task “i” in the moment of time “t”.

This notation is simple and unambiguous but it tends to lead to long names
depending on the level of nesting of the data-structures. In some cases, this may
prevent good readability and easy understanding. To overcome this problem,
shorter equivalent names will be used where necessary. In these cases, the true
long names that specify the object’s contents will also be identified.

The operators are specified as functions with inputs and outputs. The notation used
identifies the operator, its inputs and outputs with names that suggest their meaning.
In this case, the operator specified is called “Depends_on” and takes two specific
tasks as input and produces a logical “True” or “False” as an output. Clearly, this
operator checks whether the first task depends, directly or indirectly, on the second
input task. The specification of the algorithmic process of the operator is not
described — in all cases presented in SYDPIM this algorithm is viable to implement

and does not require any research novelty.

The validity condition specified, called “No circle” imposes that there can be no
circular path of dependencies in the network pian. So if task A depends on B
(directly or indirectly), then B can never depend on A (directly or indirectly). The
notation used is based on well-known logical operators and clauses, and on calling
the operators. This is straightforward to understand.

In most cases, the operators and validity conditions use variables that refer to the
elements within the object’s data-structure. For the sake of simplicity short names
are used to identify these elements but the true long names are identified below in
“Object variables”.
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Both operators and validity conditions can be referenced using the same notation
used to access the elements in the object’s data structure. For example:
o PERT/CPM model.Operators.Depends_on(task;, task;) — calls the operator

“Depends on”;
e PERT/CPM model.Validity.No_circle — calls the validity condition “No circle”.

Once the required specification language was described it is now possible to specify
the SYDPIM objects. There are three major objects used within the SYDPIM
process logic:

(1) the PERT/CPM model;

(2) the SD model;

(3) the SYDPIM metrics database.

There are three additional objects represented explicitly in the process logic:
(4) the PERT/CPM past behaviour;

(5) the project past behaviour;

(6) the PERT/CPM future behaviour.

As it will be seen, objects (4) and (6) are sub-components of the object (1).

The required characteristics of each object depend on the specific circumstances in
which SYDPIM is implemented, like data collection and data availability. Since there
are many possible scenarios, a basic mode of SYDPIM implementation is proposed.
This mode is based on various assumptions which will be described in the definition
of the objects.

The definition of each object is presented in the following way:

e overview — summarises the functionality of the object within the SYDPIM
framework and specifies its requirements within the proposed basic mode of
SYDPIM;

e proposed object hierarchy / data contents — for the objects which are made of
other sub-objects, a structured hierarchy of sub-objects is proposed. For the
objects which work only as data repositories, the data contents are proposed;
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o formal specification — both the object hierarchy and the data contents of the
object are specified formally.

Each of these objects is now defined separately in the order presented above.

The PERT/CPM model

Qverview

The PERT/CPM model will contain one or more project plans. The more important
ones are the “initial PERT/CPM plan” and the “current PERT/CPM plan®. The first
represents the PERT/CPM network plan that is developed for the project before the
implementation starts, and so it can be considered as the project plan at time 0.
This plan does not record any work progress. The current plan represents the
PERT/CPM network plan that is currently being implemented. Unless it coincides
with the initial plan it will record past progress. This way, the current plan is divided
into two sub-components: past segment (work accomplished) and future segment
(work remaining to be accomplished).

There are other plans that may be stored in the PERT/CPM model and represent
past versions of the current plan that were modified as the work was re-planned
over-time. Whenever a control cycle begins, the last current plan becomes a past
plan. A new current plan is then developed from it within the control cycle: in
monitoring actual results are updated and in re-planning the future work may be re-
scheduled.

This dynamic view of a PERT/CPM plan evolving over-time is crucial to the concept
of linking the PERT/CPM model with the SD model. For example, whenever the
PERT/CPM plan is re-planned and its critical path is extended, the variable in the
SD model that represents the planned completion date for the project should
increase. In an ideal application of the PERT/CPM model, this model would contain
a series of historical versions of the PERT/CPM plan from the beginning of the
project up to present. From this series of PERT/CPM plans it is possible to extract
various dynamic patterns of project behaviour considered in a SD model, in
particular management decisions like schedule extensions. In practice, these past
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versions are often not available but a current plan and an initial plan are normally
available. Most PERT/CPM software tools will allow the control of historical versions
of project plans.

As shown in the process logic of SYDPIM monitoring, a set of behaviour patterns
describing the project past are extracted from the PERT/CPM model (see activity
(M4)). This set of behaviour patterns are represented in an object called
“PERT/CPM past behaviour”. Likewise, in SYDPIM planning there is an object
called “PERT/CPM future behaviour”. In SYDPIM these are the two components of
another object of the PERT/CPM model, called “PERT/CPM project behaviour”, and
they represent its past and future segments respectively. In general, the
PERT/CPM software tools available do not provide a “behavioural” perspective of
the project in the form of patterns over-time. At most, they will provide bar-charts
and line-graphs that show few of the relevant patterns. However, because this
object is solely based on data extracted from the PERT/CPM model, it is considered
a sub-component of the model.

Proposed object hierarchy

The overall hierarchy of objects in the PERT/CPM model is represented in figure 7.8

below:
PERT/CPM
Model
L~_]_—__J
[ T T —1
Initial Past Curmrent PERT/ICPM !
{ PERT/CPM Plan ] IPERT/CPM Plans| . PERT/ICPM Plan J Project Behaviour

rPast SegmenEI LFuture Segmenq l Past Segment f Euture Segment!

Figure 7.8 — SYDPIM object hierarchy of the PERT/CPM model

The series of past versions of the PERT/PCM plan in the model is considered as
one single object. This is because, as it will be seen, there is no need to

individualise any of these past versions.
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It is important to understand how this object hierarchy based on the PERT/CPM
model is used within the SYDPIM framework to provide a dynamic view of the
project behaviour, and thereby to establish links with the SD model.

The traditional view of a PERT/CPM plan is one of a network plan being developed
in the beginning of the project. This plan is implemented and continuously revised.
Typically, it is the last version of the plan that matters because that is the one which
specifies what is to be done in the future in order to achieve the current objectives.
In a way, past plans were failed attempts. These versions are generally given little
use if recorded at all. The SYDPIM view is different in this respect: the PERT/CPM
plan is a dynamic entity which evolves over-time. The initial PERT/CPM plan is the
first state of that entity. Whenever the plan is revised a new version is released and
hence a new state has been generated for this entity. The dynamic evolution of the
PERT/CPM plan is the project behaviour as described by the pattems of a SD
model. The SD model will not contain the detailed evolution of the PERT/CPM plan
over-time but it will produce patterns of behaviour that characterise this evolution.
For example, when the SD model produces the pattern “Estimated Completion
Date” changing over-time, this implies that the network plan is evolving (i.e. being
revised), with the duration of its critical path changing according to this pattern.

Figure 7.9 describes this dynamic view of PERT/CPM planning based on the object
hierarchy proposed above for the PERT/CPM model. The initial plan is developed in
the beginning of the project and is stored in the correspondent object. In the
beginning of the next control cycle, in monitoring this plan is updated and in re-
planning it is eventually modified. A second released of the plan then issued and,
for the next control cycle it becomes the “current PERT/CPM plan”, also stored in
the appropriate object. In the beginning of the next control cycle, this second
release becomes a “past PERT/CPM plan® and is stored in the object that will
contain all past version of the PERT/CPM plan. After planning, a third release is
issued becoming the “current PERT/CPM plan®. This process is repeated over-time
throughout the project, with current plans becoming past plans as new releases of
the current plan are issued.
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Figure 7.9 — Use of the PERT/CPM model object hierarchy: the evolution of the project
plan and the project behaviour are stored in the model’s sub-objects

Half-way through the project, at the present moment the current PERT/CPM pian
will contain a past segment with tasks referring to work already accomplished, and a
future segment with tasks that refer to work remaining to be accomplished. These
two segments are stored in the correspondent sub-objects. As new versions of the
PERT/CPM plan are released, new data-points for the patterns of the “past
segment” of the “PERT/CPM project behaviour” can be generated, as shown in
figure 7.9. The data-points for the patterns of behaviour of the “future segment” are
derived from the “current PERT/CPM plan”, and will show a steady behaviour.
These behaviour patterns are stored in the correspondent sub-objects of the
“PERT/CPM Project behaviour”.

It is important to note that the patterns of behaviour generated within the PERT/CPM

model will consist of discrete data-points. In figure 7.9, the pattern “Estimated
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Schedule at Completion — SACIt]” is shown as an example (other patterns will be
generated). Patterns like this one will describe aspects of the project control
decision-making process and will not evolve continuously from one data-point to the
other. Instead, these pattens will evolve as steps. This is because the PERT/CPM
control framework assumes that no re-planning takes place between two
consecutive control points, while the current plan is being implemented (at least in
modelling terms). On the other hand, the patterns that will be generated by the SD
model will be continuous (as suggested by the dashed curve). This is because in a
SD project model it is generally assumed that most, if not all, of the control re-
planning actions are generated endogenously within the model in a continuous
fashion. This highlights the contrast between the PERT/CPM discrete perspective
versus the SD continuous view of the project.

Formal specification

As this framework suggests, the PERT/CPM model will contain sub-objects like
“work plans” and “segments of project behaviour”. It is necessary to define what is
exactly contained within each of these objects. The contents of the work plan will
depend on the specific PERT/CPM tool used, on data availability, and on how the
PERT/CPM model is used. Regarding the project behaviour, the specific patterns to
be considered will also depend on the data-contents of the work plans and their of
availability. While the contents of these objects are relative to tools and procedures,
it is important to establish a set of assumptions. This is because, as it will be seen,
the patterns of behaviour to be derived from the PERT/CPM model will be the basis
to establish data-links with the SD model.

The reality of PERT/CPM based project control is that there is no universal tool and
process commonly applied to implement this model. Therefore, in SYDPIM a
standard mode of implementation is considered. This is based on some proposed
assumptions which will be considered throughout the description of the
methodology. These are as follows:
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(1) components of a work plan — a PERT/CPM work plan will comprise the following
components:

(i) elementary tasks (work packages);

(i) dependencies between every two tasks of type “finish-to-start® — in most

PERT/CPM tools currently available, other types of dependencies can be
established, like start-to-start or even start-to-finish. The type of
dependencies implemented in the PERT/CPM plan will affect the
algorithms of the analytical links to be established with the SD model.
For the sake of simplicity, in the SYDPIM basic mode only finish-to-start
dependencies will be considered, which are the more important ones
anyway. Where appropriate, other possibilities will be discussed,;

(iii) resources — it is considered that resources are defined either as
individuals or as types of resources (e.g. designers);

(iv) profiles of resource availability (per resource group) — most PERT/CPM
tools also support the definition of profiles of resource availability to the

project. These profiles specify the pool of resources available that can
be allocated to the tasks. They are often used as input to optimisation
algorithms. Generally, they do not apply to individual resources (e.g.
amount of “Johns” available) but to some established grouping of these
resources. Resource availability is not the same as resource utilisation,
which is the overall allocation of resources across all tasks. Resource
utilisation cannot exceed resource availability but it can be less.
Resource availability in the project is also sometimes considered as the
resource allocation to the project. It will be assumed that the PERT/CPM
model will have two profiles of resource availability per established
group: the planned and the actual profile. The grouping will correspond
to a certain SD-Resource;

(v) allocation of resources to tasks — within the project, resources are
allocated to each individual task. This allocation can be according to
profiles that vary over time or a constant value;

(vi) a project initial date — typically, there is an initial project start date
considered in the model from where all the elementary tasks are

scheduled, possibly using relative dates (e.g. task x will start in month n);
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(2) types of tasks — SYDPIM considers that there are two main types of work carried

out in the project: engineering work directly related with product development,
and management work related with project control (e.g. monitoring progress,
managing sub-contractors). In the SYDPIM basic mode each task is either an
engineering task or a management task. SYDPIM also considers the possibility
of engineering tasks being split into sub-categories, like “rework”, “QA”,
“development”, “running tests”. While this is not mandatory in SYDPIM basic

mode a discussion of this possibility will be provided where appropriate;

(3) task fields — PERT/CPM tools vary in terms of the task fields allowed in the

model. Some tools even provide blank fields to be defined and applied as
decided by the user. Most of these fields are only informative and/or aimed at
communication with other tools. In SYDPIM basic mode it will be considered
that the following task fields will be available and used:
() schedule fields:
(i.1) planned start date
(i.2) actual start date
(i.3) planned completion date
(i.4) actual completion date
(i.5) planned duration
(i.6) actual duration
(i) effort / cost fields
(ii.1) planned initial budget
(ii.2) actual effort spent to date
(iii) scope fields (*)
(iii.1) planned initial scope
(ii.2) actual scope accomplished to date
(iv) resources fields
(iv.1) planned level / profile by resource
(iv.2) actual level / profile of resources employed to date
It is considered that the fields with planned decisions (e.g. planned start date)
refer to the moment of that version of the PERT/CPM plan — this is not
necessarily the same as the planned decision at the beginning of the project.
The actual values will only be updated once and when appropriate. For
example, the actual start date when the task starts and the actual completion
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date when the task finishes. Once the actual values are updated the
correspondent planned values are never changed again;

(4) availability of initial plan — SYDPIM advocates that the initial plan should always
be available. This initial plan provides the two main targets of cost and schedule
established in the beginning of the project, and also the planned profile of
resources;

(5) availability and recording of past plans — SYDPIM also advocates that whenever
a new version of the current plan is released, the previous version should be
stored as a past plan and will be available throughout the project. In SYDPIM
basic mode it will be considered that this is the preferred scenario but it is not
mandatory. The availability of past version will affect the way in which the
behaviour patterns of the PERT/CPM past behaviour are defined over-time, and
the granularity of these patterns. Where necessary this issue will be clarified,;

(6) types of plans and level of detail — as mentioned previously, within the
PERT/CPM model three integrated plans are maintained at different levels of
detail (operational, tactical, and strategic), and each with different time-horizons.
In SYDPIM basic mode an equivalent single PERT/CPM plan will be considered,
covering the full project life-cycle and with a varying level of detail over-time
(less detail into the far-future).

As it will be seen, these assumptions address issues which affect the specification
of the analytical links between the PERT/CPM and the SD project model. They ailso
affect the detailed processes within each of the activities of the SYDPIM process
logic. The assumptions above are in accordance with the current practice of
PERT/CPM project control within project organisations.

The task fields that refer to scope, marked with (*) above, raise a potential problem
which often in PERT/CPM practice is not addressed properly: what is the definition
of scope and how is it measured? Perhaps in most practical applications scope is
not measure at all in PERT/CPM models. The reason why this measurement is
included in the assumptions above is that scope is an essential input to a SD project
model, upon which many other critical metrics are measured (e.g. productivity,
defect generation index). There are two main reasons why scope is difficult to
measure: it depends on the type of work being performed (and hence on the type of
industry) and possible measurement units are often difficult to implement. While itis
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not the purpose of SYDPIM to propose a final solution for this problem, it is
important to clarify what will be the underlying assumptions for SYDPIM basic mode.
To the author’s experience there are two different perspectives that can be taken to
define scope: (i) it is considered as work to be accomplished or (i) it is considered
as functionality to be delivered. The amount of work is highly related to the
functionality delivered but it is not the same. For example, the technology employed
to develop a certain functionality affects the amount of work required. A good
example from the software industry is the “lines of code” as work and “function
points” as functionality. According to the conventional project management body of
knowledge, the WBS is used to specify the project scope. The WBS breaks down
the project into elementary work tasks which altogether form the project scope.
Therefore, the definition assumed is that scope is “work to be accomplished”. This
will be also assumed for SYDPIM. The second problem has to do with
measurement.  Again, to the author's experience there are two possible
approaches: (a) an absolute measure of scope related to the type of work, or (b) a
relative measure of scope based on the initial budget. Examples of the first
approach are “no. of pages” to measure the scope of a design task, and “lines of
code” to measure the scope of a coding task. The second approaches assumes
that the scope for a task is measured in the scale 0% — 100%, possibly based on the
initially estimated budget for the task measured as effort (person-month). The first
approach is more tangible but makes it difficult to add scope across various tasks
(e.g. adding “no. of pages” to “lines of code”). The assumption in SYDPIM is that it
is the user's responsibility to measure scope as perceived easier and more
appropriate for the specific project and industry. Since in terms of definition it is
assumed that scope is “work”, the only SYDPIM requirement for the measurement
adopted is that, somehow, scope can be added across various PERT/CPM tasks.
In particular, the analytical links will based on this assumption and hence they will
add scope across tasks as if it was measured in the same way in all tasks. If the
assumption regarding the definition had been that scope was “functionality”, the
same analytical links could be established but their mathematics would have to be

readjusted accordingly.

Given the object-hierarchy proposed for the PERT/CPM model and given these
assumptions, it is now possible to provide a formal specification for the SYDPIM
object “PERT/CPM model”.
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Object: PERT/CPM model

PERT/CPM model =

Initial date

Current PERT/CPM plan =
Past segment
Future segment

Initial PERT/CPM plan

Past PERT/CPM plans

: date

. plan-segment
. plan-segment
: plan-segment

: {plan-segmenty}

PERT/CPM project behaviour =

Past segment
Future segment

Data-types:

plan-segment =

Task =

Tasks
Dependencies
Resources

Plan_Resource-availability

: {behaviour-pattern}

: {behaviour-pattern,}

: {task}

: {dependency,}

. {resourcey}

: {(SD-Resourcew{(t.y)})}

Actual_Resource-availability : {{SD-Resourcey,{(ti,y)})}
dependency = (task;, task))
behaviour-pattern = {(t;, y)}

planned start date
actual start date
planned completion date
actual completion date
planned duration

actual duration

planned budget

actual effort spent to date
planned scope

actual scope to date
planned resource profile
actual resource profile
task type

: date
: date
: date
: date
'R+
'R+
'R+
IR+
TR+
IR+

2 {(re n)} or {(ni{(t, Y)1}

s {(r. )} or {(r.{(t, Y)1}
: ENG | MAN

Formal specification of the SYDPIM object “PERT/CPM model”

The next SYDPIM object to be described is the SD model.
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The SD model

Overview

ldeally, the SD project model to be used within the SYDPIM framework will be
developed using the SYDPIM model development and validation method. Such a
model will comply with all the requirements imposed by SYDPIM.

However, the organisation interested in applying this methodology may have
developed its own model in another way, or may aiready have an existing model
available. Whatever the situation, various types of SD project models can be
developed, as shown in the review of chapter 2. SYDPIM is a flexible methodology
and so it tries to accommodate the use of different types of models. It is therefore
necessary to specify explicitly what are the characteristics required from the SD
project model considered in SYDPIM basic mode.

Within the SYDPIM framework the SD model is used for two main generic purposes:
(i) diagnosis of past performance and (ii) simulating the implementation of a
PERT/CPM plan into the future, within various scenarios. In both cases the SD
model will have to reproduce certain patterns of project behaviour which will be
extracted from the PERT/CPM model. In order to accomplish this the model will
have to satisfy the following requirements:
(1) it must input or represent a PERT/CPM project plan — to do this the SD
model must consider explicitly the following inputs:

(1.1) a project schedule with start and completion dates. This
schedule may or not have an explicit break-down within the
model;

(1.2) a project budget which may have or not a break-down within
the model;

(1.3) a project scope which may have or not a break-down within
the model;

(1.4) profiles of resource allocation and availability to the project,
which may have or not break-down per resource category
within the model;
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(2) it must input or represent some conditions within which the project plan is to
be implemented — these conditions may be internal or external to the project
and may be under more or less management influence. A typical example
are risk factors, like product complexity (internal) and Client changes
(external). There is no specific set of conditions that the model will have to
consider;

(3) it must produce output that allows the user to understand why the project is
behaving in a certain way - this is practically required to any proper System
Dynamics model. The outcome must result primarily from the internal
feedback structure and so the feedback effects can be traced within the
model. A typical example are the factors affecting productivity and defect
generation. There is no specific formal condition to define this requirement,
and so this will be considered as an assumption;

(4) it must produce the patterns of project behaviour that will be extracted from
the PERT/CPM model — as it will be seen, this is essential to establish some
of the analytical links with the PERT/CPM model. There is a specific set of
patterns that the SD model must reproduce in basic SYDPIM, which will be
specified in the definition of the analytical links. This set of patterns must
include the evolution over-time of the project objectives of cost and schedule,
and it must also produce a pattern that measures the quality objective (e.g.
defects detected);

(5) it must allow the user to make changes to the project plan - i.e. re-planning
decisions. Because the model will work as a laboratory to test alternative re-
planning scenarios, it would be of no use without this requirement. The
specific set of re-planning decisions that the model will support must cover
all the re-planning decisions that can be implemented in the PERT/CPM
model (though at a different level of aggregation). These are as follows:

(5.1) scope adjustments — increase, decrease and changes;

(5.2) schedule adjustments — extension and compression;

(5.3) budget adjustments — increase and decrease;

(5.4) resources adjustments — changes to the allocation profile;
These re-planning decisions will be imposed exogenously in the model
throughout the project, as the model is used in every control cycle. The
model must be able to record the occurrence of these exogenous decision
over-time.
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(6) it must allow the user to change the conditions specified in (2). Again, this is
essential for the model to perform a “what-if* analysis role, in particular for
the diagnosis of past outcome and risk analysis. The specific set of changes
allowed by the model will depend in the nature of the project conditions
considered in (2). Again, these changes are also exogenous events that
may occur over-time. Like in the previous assumption, the model will have to
be able to record these.

A SD project model developed using the SYDPIM method will satisfy many other
requirements which will improve the formal integration with the PERT/CPM model
and thereby the performance of SYDPIM. An example is the breakdown of the
project work into sub-tasks and the implementation of dynamic work dependencies
within and among these tasks. These dynamic dependencies will allow a much
better representation of the operational characteristics of a PERT/CPM plan.
Another example is the breakdown of the effort expenditure among various types of
work accomplishment activities. The set of requirements specified above provides
the minimum required for any other SD project model to be used in SYDPIM.

Given these requirements, a structure can now be proposed for the object “SD
model’. The SD model contains an internal architecture which specifies the
breakdown of the project work into sub-tasks (if any), the dynamic dependencies
between these tasks, and the resource (types or categories). A project work plan is
specified upon this architecture. In SYDPIM basic mode this plan will consist of
decisions regarding schedule, scope, budget and resource allocation, as mentioned
in the assumptions above. Many other relevant decisions can be considered
depending on the specific SD model being used, like, for example, work
concurrency within and among tasks. The project work plan will contain a past and
a future segment. The past segment of the work plan in the SD model differs
considerably from the PERT/CPM model. This is because it must contain
management re-planning decisions over-time and not just the initial decisions. For
example, if the schedule was extended progressively, then the SD model must
record the evolution of this target. In the PERT/CPM model various past versions of
the PERT/CPM plan are recorded for this purpose. With the SD model, the single
model will have to reproduce how the decision-making process of project control
evolved. The critical issue is that while the SD model generates control decisions

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 383



Chapter 7: The SYDPIM Project Management Method

endogenously within the model, these decisions might not be what management are
willing to implement. The reason for this is that the decision-roles within the model
do not capture all aspects that affect management decision-making in the real world.
As shown in the monitoring process logic, SYDPIM requires that the SD model is re-
calibrated to reproduce the past, including management decisions. Since changing
the endogenous decision-roles in the model might not be sufficient, the SD model
will have to allow the user to impose exogenous management decisions over-time
and record these, as stated in assumption (5) above. It is the combination of
exogenous and endogenous control decisions that will ensure that the model will
reproduce the patterns of past behaviour of the decision-making process.
Therefore, the past segment of the SD plan will contain three elements: (i) the initial
targets, (i) the endogenous decision-roles, and (iii) the exogenous decisions.
Likewise, the future segment of the SD plan will also contain these three elements.
In the case of a steady plan, exogenous decisions are unlikely though possible — for
example, to include mitigating actions that counter the likely occurrence of a risk.
The decisions regarding the initial targets of the future segment are the project
targets at the present moment. These targets must also result from the last
decisions taken in the past segment. For example, if the current decision is to
complete the project in day 100, then the last decisions in the past segment of the
plan must have adjusted the schedule target accordingly.

The project conditions in which the project is implemented are also a relevant
component of the SD model for SYDPIM purposes. Therefore, it needs to be made
explicit in the abstract object structure here proposed. As mentioned before, the
project conditions can be internal or external to the project. Like the project plan,
they will have a past segment (the conditions that occurred) and a future segment
(the conditions that are likely to occur). In the SD model, project conditions can be
modelled through exogenous variables (constants or functions) or through more
complex structures. Both are generally related with the moment in time when they
occur (which can be an instant or a period of time). At the abstract level at which
the SD model object is being defined, these conditions will be considered as input-
parameters to the model.

Finally, the numerical results from the simulation are also a relevant sub-component
of the SD model. These results can be considered as behaviour patterns, since
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practically all the variables within the model are calculated for every time step.
Some of these patterns will correspond to the patterns extracted from the
PERT/CPM model and will be used to establish analytical links between the models.
The set of patterns produced form the project behaviour, which will also have a past

and a future segment.

Proposed object hierarchy

The object hierarchy for the SD model is shown in the figure 7.10 below:

SD Projed
Model
1

[ { T 1
SD Modd SD Pojed Project Project
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' 1 1—"m—| —'— —
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SD-inter-Task
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Figure 7.10 — SYDPIM object hierarchy of SD project model

It is important to note that this particular representation of the SD model is abstract
and tailored to the formal specification of SYDPIM. In any case, it is possible to
establish a correspondence to the structure of the SD model within the tool in which

the model is developed.

Formal specification

The formal specification of the SD project model is shown in appendix C.2.

This specification is according to the object structure proposed for the SD model. It
is considered that a SD plan consists of schedule, budget, scope and resources
decisions. These decisions are split by SD-Task, reflecting the possibility of a
project breakdown within the SD model. For example, each task will have their own
schedules and schedule adjustments policies. It is also considered that the SD plan
will include aggregate decisions at the project level, like the overall project
completion date. In principle, these decisions should be consistent with the
decisions at the SD-Task level. [t could be assumed that the aggregate decisions
are implicit in the SD-Task decisions. However, not only this might not be the case

(e.g. an overall project contingency float may be considered), as it is important to
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make the overall project decision explicit for integration purposes. As it will be seen
in the definition of the analytical links, it is also considered that the resources
decisions at the project level correspond to the profile of overall project resources
availability in the PERT/CPM model.

The sub-object “Project behaviour” will contain all the behaviour patterns produced
by the SD model. In principle, this can include all the variables in the SD model,
which can be plotted against time. Therefore, it will depend on the specific variables
available in the SD model. In the assumptions above, a subset of these variables
was considered explicitly. These refer to the behaviour patterns which will be
extracted from the PERT/CPM model and which any SD model considered will have
to reproduce (see assumption (4) above).

Some of the data-types specified are defined as SD sub-structures, like the complex
decision roles of staff adjustment. It is also considered that decision roles can
incorporate various sub-decision-roles. The project conditions are specified as input
parameters, which can be a constant, a function of time, an endogenous function of
other model variables, or an entire SD sub-structure. An example of an endogenous
function is the impact of work progress on productivity, which consists of a “learning
curve” within the project — the shape and magnitude of this learning curve can vary
according to the type of product, development process and organisation and hence
it will be an internal project condition.

It is considered that the inter-task dependencies (SD-Dependency) will contain the
identification of the predecessor and successor tasks and also a called “progress
curve”, which specifies the work progress that can be accomplished in the
successor task given the progress in the predecessor task . The same type of curve
is also considered explicitly as part of the SD-Task. This curve specifies the amount
of work that can be started given the work progress already accomplished within the
task. This issue regarding work dependencies will be clarified later.

Like the object hierarchy, this formal definition is abstract providing a particular but
convenient view of the SD model. It considers explicitly the elements which are
relevant for the formal specification of SYDPIM. These elements will be further used
in the specification of the analytical links and detailed activities of the SYDPIM

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 386



Chapter 7: The SYDPIM Project Management Method

process logic. Other possible characteristics of the model which are not relevant for
this purpose remain implicit in this specification. For example, the exact decision
role within the model that adjusts the project completion date can be more or less
complex, but is not relevant for the implementation of SYDPIM. Therefore, it is not

specified explicitly in the definition above.

The next object to be formally specified is the SYDPIM metrics database.

The SYDPIM metrics database (SYMDB)

Overview

One of the proposed components of the SYDPIM methodology is a specialised
metrics plan (SYMP). This plan specifies a number of management metrics to be
collected in every control cycle, throughout the project life-cycle. These
management metrics have two major roles within SYDPIM:

(1) they will support the implementation of the SYDPIM process framework:

e providing data to derive the behaviour patterns of the project past, which the
SD model will have to reproduce in monitoring. This is particularly useful if
past versions of the PERT/CPM plan are no being recorded frequently in the
PERT/CPM model;

o providing data that will help calibrating and validating the SD model for both
past and future segments of the project. This will improve the likely accuracy
of the model forecasts;

(2) they will provide extra information that will improve management decision-
making:

e measuring and tracking product and process quality. The quality metrics to
be collected will allow the monitoring and control of quality as a project
objective. This is not provided by the standard use of the PERT/CPM model
alone;

e providing unmeasured or intangible information about work progress and
about the project status. This refers to metrics derived from the project
diagnosis using the SD model. Typical examples are “undetected defects”
and “level of staff fatigue”. These metrics improve management visibility of
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progress, which is a key factor to improve the overall decision-making

process of project control.

The implementation of the SYDPIM metrics plan is not mandatory but it will improve
considerably the whole SYDPIM control process.

The output of implementing the SYMP is a metrics database which will record all the
metrics collected over-time throughout the project life-cycle. As described in the
previous sections, this database is an object within the SYDPIM process logic.

The SYMP groups the metrics to be collected in a set of generic categories. Within
each category a sub-set of specific metrics can be considered. In practice, the
specific metrics to be used depend on four main factors:

(1) the project management information system (PMIS) used by the organisation
must be capable of providing these metrics - i.e. their collection is feasible;

(2) the effort and time required to collect these metrics must be acceptable and
balanced by the perceived benefits;

(3) the metrics should be tailored to the specific type of industry, product
development process, and organisational processes. The metrics must be
meaningful within the context of the specific project ;

(4) the metrics must also be tailored to the specific SD project model in use. This
is because some of the metrics are aimed at supporting the calibration of the
model, while other metrics are derived from the model’s results.

Factor (2) addresses a critical issue in the success of any metrics plan. While this is
a subject of some controversy, it often perceived by organisations that metrics
collection programs often result in considerable investments of effort while the
benefits are not perceived or are minor. One of the key factors for the success of a
metrics program is to ensure that the contents of the metrics plan is driven by the
project needs. The SYMP is tailored to support the implementation of the SYDPIM
project control framework. Project control is a primary need of any project. Other
factors, like the simplicity of the metrics (e.g. definition, measurement), are also
considered as critical. As it will be seen, the metrics proposed in the SYMP are
simple and meaningful for project management purposes.
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Metrics plans are used, more or less commonly, in various industries. They are

commonly used in the hardware industry, and over the last decade they have also

been given particular attention in the software industry. A formal metrics plan can

be specified in different ways and at different levels of detail. In general, a good

metrics plan should specify a list of metrics to be collected and used in the project,

and for each metrics it should specify, at least, the following elements:

(1) definition — meaning and mathematical formulation;

(2) collection mechanism — used to derive the numerical value the metric;

(3) interpretation — how the value of the metric should be interpreted for a certain
purpose;

(4) recommended actions — given the interpretation of the current value of the
metric, what control actions may be recommended.

The SYDPIM metrics plan (SYMP) will not be here specified at this level of detail.
The metrics to be proposed are already used in various industries. Some are part of
the conventional project management approach. Therefore, the four elements
above are already available in the literature or from current practices It is also
important to note that these elements may also depend on the specific industry. A
list of the metrics to be collected in the SYMP is here presented. It will be assumed
that the four elements above will be known or available to the user of SYDPIM.

Different types of metrics can be used for different purposes. There are various
criteria to classify metrics. For example, they are sometimes classified as “direct” or
“indirect’” depending on whether the result from the direct measurement of tangible
characteristics of the product (e.g. size of software measured in “lines of code”). A
classification scheme is very dependent on the specific industry. A possible generic
scheme to classify metrics is to classify them depending on their focus. Three levels
of increasing aggregation within a project are here proposed: (i) product, (e.g. size)
(i) development process (e.g. productivity), and (iii) project (e.g. schedule variance.

The metrics proposed in the SYMP focus essentially at the project and at the
process level. The SYMP considers the following generic categories of metrics:

(1) schedule — planned and actual start and completion dates

(2) effort — planned budgets and actual effort expenditures

(3) resources — planned and actual profiles
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(4) scope — planned, changes and actual scope
(5) quality — based on defect counting
(6) project performance indices — cost and schedule assessment
(7) process metrics —parameters of the development process
(8) uncovered metrics — derived from diagnosis in the SD model
(8.1) quality — process and product, based on defect counting
(8.2) staff related — based staff conditions modelled;
(8.3) effects on process parameters — based on feedback effects modelled.

Categories (1) through (4) refer to metrics which are already collected and used in
the conventional use of the PERT/CPM model. Categories (5) and (7) refer to
metrics which are not commonly used in the conventional PERT/CPM approach.
The lack of quality data in a PERT/CPM plan prevents this model to analyse the
trade-offs against the quality project objective. On the other hand, SD project
models tend to consider quality measurement in some way. A project model
developed using the SYDPIM method will measure this project objective, based on
defect counting. Similarly, process metrics like “productivity” or “defect generation
rate” are not considered in the conventional use of a PERT/CPM model, but are
generally considered in the SD model since this is required to represent the work
accomplishment process within the model. These metrics should be directly related
with input parameters of the SD model and hence are very important for calibration
purposes. Category (6) includes a conventional set of indices used to assess the
project cost and schedule performance, like the eamed value and the schedule
performance index (SPI). These indices are generated from the effort metrics in
category (2) (Nicholas 1990). Some PERT/CPM tools generate these metrics
automatically from a project plan. A SD model can easily produce the calculation of
these indices. Finally, category (8) refers to metrics which are generally not
collected from the real world, but which are relevant to assess the project status and
progress. They are not collected because of lack of procedures, or because they
are intangible. These metrics are produced by the SD model and therefore the
specific metrics to be considered within this category depends on the characteristics
of the SD project model used. Three sub-categories are proposed in basic
SYDPIM, based on project aspects that a good SD project mode! should address
and quantify: undetected quality issues (e.g. undetected defects), staff issues of
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subjective nature (e.g. staff fatigue) and feedback effects on process parameters
(e.g. effect of defect density on cost to detect).

This set of metrics categories should be considered as a basis from which any
organisation may develop their own metrics plan, tailored to their own projects. In
the following section, a specific set of metrics is proposed for each category. This
constitutes the SYMP proposed for SYDPIM basic mode. The author considers that
the critical metrics are identified in this basic plan for SYDPIM purposes. However,
the user of SYDPIM may wish to adjust this plan, for a better fit to the specific
project and SD model in use. More metrics can be considered in each category, or
other categories of metrics can be introduced in the plan.

Proposed data contents

In SYDPIM basic mode, within each metrics category a specific set of metrics is
proposed. This basic metrics plan is consistent with all the assumptions described
so far regarding the requirements of both PERT/CPM model and SD model in the
SYDPIM basic mode. These metrics are to be collected periodically in every control
cycle and are stored in the SYDPIM metrics database. These are presented below.
The comments after each metrics are aimed at illustrating the collection (or
calculation) procedure.

Metrics for SD-Task: whole project

(1) schedule — can be derived from PERT/CPM model
(1.1)  Start date — from current PERT/CPM plan
(1.2)  Finish date (SAC) — from current PERT/CPM plan
(2) effort — can be derived from PERT/CPM model
(2.1) ACWP - effort spent in tasks of current PERT/CPM plan
(2.1.1) engineering effort
(2.1.1.1) spent with defect detection — from QA tasks or estimated
(2.1.1.2) spent with defect rework — from rework tasks or estimated
(2.1.1.3) spent in development — from development tasks or estimated
(2.1.2) management effort
(2.1.2.1) human resource management — from HRM tasks or estimated
(2.1.2.2) project control - from management tasks or estimated
(2.2) BCWP — from initial and current PERT/CPM plan
(2.3) BCWS ~ from initial PERT/CPM plan
(2.4) CTC -~ from current PERT/CPM plan or calculated CTC=CAC-ACWP
(2.5) CAC - from current PERT/CPM plan or calculated CAC=CTC+ACWP
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(3) resources — can be derived from PERT/CPM model
(3.x) resource category x
(3.x.1) ASP - from current PERT/CPM plan
(3.x.2) PSP - from initial PERT/CPM plan
(3.x.3) CASP - from current PERT/CPM plan
(3.x.4) CPSP - from initial PERT/CPM plan
(3.x.5) CSPAC - from current PERT/CPM plan
(4) scope — can be derived from PERT/CPM model
(4.1) SCAC - from current PERT/CPM model
(4.2) CSCC - from initial and current PERT/CPM plans
(4.3) ASCWP - from current PERT/CPM plan or calculated ASCWP=SCAC-SCTC
(4.4) SCTC - from current PERT/CPM plan or calculated SCTC=SCAC-ASCWP
(5) quality — collected from project
(5.1) defects detected — collected
(5.2) defects reworked — collected
(5.3) cumulative defects detected — calculated
(5.4) cumulative defects reworked — calculated
(5.5) defects awaiting rework — calculated
(6) project performance indices — calculated (conventional project management)
(6.1) EV (earned value) - initial budget — CTC
(6.2) CPI (cost performance index) - BCWP/ACWP
(6.2) SPI (schedule performance index) - BCWP/BCWS
(6.3) CV (cost variance) — calculated - ACWP - BCWP
(6.4) SV (schedule variance) — BCWS - BCWP
(6.5) AV (accounting variance) - ACWP - BCWS
(6.6) TV (time variance) - present — t : BCWS[t] = BCWP[present)
(7) process metrics
(7.1) productivity — calculated
(7.1.1) Gross productivity
(7.1.2) Net productivity
(7.2) defect metrics — calculated
(7.2.1) defect detection index
(7.2.2) cost to detect
(7.2.3) cost to rework
(8) uncovered metrics — generated by the SD model
(8.1) defects related
(8.1.1) undetected defects
(8.1.2) cumulative defects generated
(8.1.3) defect generation rate
(8.1.4) current density of undetected defects
(8.1.5) actual cost to detect next defect
(8.5) staff related
(8.5.1) staff fatigue
(8.5.2) staff experience
(8.6) effects on process parameters
(8.6.1) on productivity
(8.6.2) on defect generation
(8.6.3) on defect detection
(8.6.4) on defect rework

Abbreviations:

SAC - schedule at completion

ACWP - actual cost of work performed
BCWP - budgeted cost of work performed
BCWS -~ budgeted cost of work scheduled
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CTC - cost to complete

CAC - cost at completion

ASP - actual staff profile

PSP - planned staff profile

CASP ~ cumulative actual staff profile
CPSP - cumulative planned staff profile
CSPAC - cumulative staff profile at completion
SCAC - scope at completion

CSCC - cumulative scope changes
ASCWP - actual scope of work performed
SCTC - scope to complete

Metrics collected in SYDPIM basic mode

The SYDPIM metrics database will store patterns of these metrics over-time, from
the beginning of the project up to the present moment. The metrics are collected at
the SD-Task level, according to the project work breakdown assumed in the SD
model. Depending on the specific type of tasks considered, some of the metrics
may not be applicable. For example, if the SD model was developed using the
SYDPIM method, the metric “defects detected” is not applicable to a management
type of task. Global metrics for the whole project are also generated from the
metrics at the SD-Task level. As shown, resource metrics are further split
according to the resource types considered in the SD model.

Each metric is collected (or calculated) at a specific stage in the SYDPIM process
logic, according to a specific procedure which will be presented. Some of the
metrics will be derived from the PERT/CPM model, other metrics will have to be
collected from the project, others can be derived analytically from previous ones,
and others will be generated by the SD model — see comments. A more detailed
description of the collection (or calculation) procedure for each metric will be
presented when the activities of the SYDPIM process logic are described in detail.

It is important to note that, in an ideal scenario, many of these metrics will be also
stored within the SD model, in particular metrics in category (7). So why also store
them in the metrics database? There are at least three good reasons for this: first
for historical reasons; secondly, the SD model may not retain this data all the time -
a specific simulation-run must be recorded, and the purpose of the model is not to
work as a database; and finally, the some metrics considered in the SYMP may not

reproduced by the SD model. A database is safer, more appropriate for analysis
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purposes. It will also retain historical metrics in an organised manner, over the

course of various projects — this is useful to apply SYDPIM in future projects.

Formal specification

The formal definition of the SYDPIM object “SYMDB” is presented in appendix C.3.

All metrics stored in the database are decomposed by SD-Task. This important
because in this way the patterns of the project past behaviour will be available within
each task. The database also stores the aggregate behaviour patterns for the
project. Like with the definition of a SD-plan in the SD model object, it could be
argued that these aggregate project patterns could be derived from the patterns at
the task level. However, this might not be the case for all patterns at the project-
level and it is important to have the project patterns explicitly defined. Of course, a
particular implementation of the database could impose consistency and thereby
derive some of the patterns at the project level from the patterns at the task level.

As already mentioned, some of the metrics may only be appropriate for some types
of tasks within the SD model. Again, this is an implementation issue which will
depend on the characteristics of the SD model being used. For example, in some
models defect generation can be considered within a management task, in other
models this might not be the case. The metrics about “effects on process” will show
the impact over-time of certain factors on process parameters. For example, the
effect of error density (factor) on defect generation (process parameter). In the
definition above, an effect is considered a SD model variable which in most cases
will be endogenous.

Other types of metrics or categories of metrics can be considered in the SYMDB, to
support the implementation of the SYDPIM framework. This should depend
primarily on the project issues and management needs, and will be restricted by the
structure of the SD model and its variables. This is particularly true for quality and
process metrics. For example, Burdick et al (1998) propose the quality metrics “no.
of reviews” and “time between reviews”. This is primarily aimed at supporting the
calibration of “rework-cycle” type of models, where these metrics are required. On
the other hand, these models do not consider explicitly the entity “defects” (thus not
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counting them). From experience with working with this and other types of models,
it is the author’s opinion that the metrics proposed above should always be collected
regardless of the type of SD model used. Other additional metrics can be collected
if necessary and useful.

Other objects

The three main objects used to describe the SYDPIM process logic have just been
specified formally: the PERT/CPM model, the SD model, and the SYMDB. There
are three other objects which were used explicitly in the description of the SYDPIM
process logic. “PERT/CPM past behaviour”, “Project past behaviour” and
‘PERT/CPM future behaviour”. These objects have to do with the explicit
representation of the project behaviour as a set of patterns over-time.

These objects are now specified by order of appearance in the process logic. The
object “PERT/CPM past behaviour” is used in monitoring as an output from activity
(M4) and is an input to activity (M5). The object “Project past behaviour” is further
used in monitoring as an output of activity (M5) and is an input to activity (M6).
Finally, the object “PERT/CPM future behaviour” is used in planning as an output of
activity (P3a) and is an input to activity (P4a).

The objects “PERT/CPM past behaviour” and “PERT/CPM future behaviour’ are
sub-components of the object “PERT/CPM model”.

The PERT/CPM past behaviour

Overview

This object is generated and/or updated in activity (M4). It is the sub-component
“PERT/CPM project behaviour.Past Segment” of the PERT/CPM model. It stores
the behaviour patterns the project past which are extracted directly from the
PERT/CPM model, just after this model has been updated with results. The main
aim of this object is to provide the basis for a set of patterns which will have to
reproduced by the SD model.
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The specific patterns to be extracted from the PERT/CPM model depend on three
main factors:

(1) data availability from the PERT/CPM model;

(2) past versions of PERT/CPM plans available;

(3) analytical links with the SD model.

Since the patterns extracted are to be reproduced by the SD model, the analytical
links will establish the level of work and resource breakdown considered. For
example, if the SD model considers only two SD-Tasks, then the project effort
expenditure will be split into those two pattemns. A similar situation applies to
resource categories. The analytical links will specify which specific patterns have to
be reproduced by the SD model and the formal level of “goodness of fit’ required.

Of course, for each pattern to be extracted, the required data must be available in
the PERT/CPM model. In this respect, the basic mode of SYDPIM assumes that a
number of task fields will be available and are updated in the PERT/CPM plan.
These fields were identified in the specification of the object “PERT/CPM model” as
follows: schedule, effort, scope and fields.

The availability of past versions of PERT/CPM plans restrains both the possibility of
some patterns to be extracted and their granularity. The unavailability of the
PERT/CPM plan developed at the beginning of the project (here referred to as
“initial plan”) prevents a number of patterns that depend on initial targets to be
extracted. Again, in the specification of the PERT/CPM project model it was
assumed that this initial plan would preferably be available and if not that the initial
targets of cost and schedule would be available where required.

The availability of other past versions of the PERT/CPM plan within the model
restrains the level of granularity for those behaviour patterns that make use of these
versions. It may also affect the way in which the patterns are extracted. A typical
case, are the pattemns related with control decision-making, like the project targets.
For example, the evolution of the scheduled completion date over-time is extracted
from the series of critical-paths of the past versions of the PERT/CPM plan. For this
type of patterns, each past version of the PERT/CPM is a data-point. Thus, the
higher the number of past versions available the higher the granularity of the pattern

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 396



Chapter 7: The SYDPIM Project Management Method

extracted from the PERT/CPM model. In the specification of the object “PERT/CPM
model”, it was assumed that past versions would preferably be available but this is
not mandatory to implement SYDPIM in basic mode.

There are two more factors that may affect the patterns that can be extracted from
the PERT/CPM model: (1) explicit consideration of different types of tasks in a
PERT/CPM plan, and (2) level of detail of the plans within the PERT/CPM model. |f
different types of tasks are considered, then a split of certain behaviour patterns is
possible. For example, if all QA work and defect rework are allocated only to
activities which are exclusively dedicated to that type of work, then the effort
expenditure pattern can be split into a QA and a rework pattern. In SYDPIM basic
mode it was assumed that only two types of tasks are mandatory: engineering and
management. Therefore, some behaviour patterns will be split among these two
types of work. In the specification of the SYMDB the engineering work was further
split into three sub-types: development, QA and rework. If specialised tasks are
considered in the PERT/CPM plan then the update of the SYMDB can be made
from the PERT/CPM model — this is not mandatory. The level of detail will affect the
granularity of the pattems. If certain past phases of the project were planned and
updated only at the tactical level, fewer data points can be extracted from the
PERT/CPM model for each pattern.

An implementation issue previously raised is whether in activity (M4) the patterns
within this object are simply updated every control cycle or whether they are
generated from the beginning of the project. This will be discussed in more detail in
the specification of activity (M4) and is not relevant for the specification of the object

contents.

Proposed data contents

Based on all previously stated the assumptions about the PERT/CPM model, the
following patterns of behaviour will be extracted directly from the model and will be
stored in the object “PERT/CPM past behaviour”:
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Patterns of SD-Task: whole project

(1) schedule
(1.3) Start date
(1.4) Finish date (SAC)
(2) effort
(2.1) ACWP - actual cost of work performed
(2.1.1) engineering effort
(2.1.1.1) spent with defect detection — from QA tasks or estimated
(2.1.1.2) spent with defect rework — from rework tasks or estimated
(2.1.1.3) spent in development — from development tasks or
estimated
(2.1.2) management effort
(2.1.2.1) human resource management — from HRM tasks or
estimated
(2.1.2.2) project control — from management tasks or estimated
(2.2) BCWP - budgeted cost of work performed
(2.3) BCWS - budgeted cost of work scheduled
(2.4) CTC — cost to complete
(2.5) CAC — cost at completion
(3) resources
(3.x) resource category x
(3.x.1) ASP — actual staff profile
(3.x.2) PSP — planned staff profile
(3.x.3) CASP — cumulative actual staff profile
(3.x.4) CPSP — cumulative planned staff profile
(3.x.5) CSPAC — cumulative staff profile at completion
(4) scope
(4.1) SCAC — scope at completion
(4.2) CSCC - cumulative scope changes
(4.3) ASCWP - actual scope of work performed
(4.4) SCTC — scope to complete

Patterns stored in object “PERT/CPM past behaviour”

These patterns are extracted from the PERT/CPM model for the whole project and
for each SD-Task. The breakdown per SD-Task is based on the analytical links
established between the SD and the PERT/CPM model. A split per resource
category is also considered. The breakdown of the engineering and management
effort is in italic to stress that this is optional, depending on the types of tasks
considered explicitly in the PERT/CPM model.

The patterns above are subset of the metrics considered in the SYMDB. So, why
repeat this? There are various reasons. The SYDPIM process logic of monitoring
considers that neither the PERT/CPM plan is always updated nor the SYMDB is
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always in use. The possible scenarios are as follows: (1) if the PERT/CPM model
has not been updated in this control cycle, then the object “PERT/CPM past
behaviour” will not be updated as well. In this case the SYMDB will be used as the
source of data to derive the project past behaviour to which the SD model will be
calibrated; (2) if the PERT/CPM model has not been updated and the SYMDB is not
in use, the object “PERT/CPM past behaviour” will not be used and expert
judgement will be used to derive the project past behaviour; (3) if PERT/CPM model
was updated and the SYMDB is not in use, then the “PERT/CPM past behaviour”
object will be updated and will be used as the basis to calibrate the SD model;
finally, (4) if the PERT/CPM model was updated but the SYMDB is in use then the
“PERT/CPM past behaviour” will not be generated because its behaviour patterns
are already stored in SYMDB. In summary, the object “PERT/CPM past behaviour”
will only be used if the PERT/CPM model was updated and the SYMDB is not in

use.

Formal specification

The formal specification of the object “PERT/CPM past behaviour” is presented in
appendix C.4.

The patterns stored in this object are used to produce the final set of patterns to be
stored in the object “project past behaviour”.

The project past behaviour

Overview

This object is generated and/or updated in monitoring activity (M5). It is an
independent object and so it is not a sub-component of any other object. It stores
the behaviour patterns used in SYDPIM to describe the full project past behaviour.
In principle, this is a more comprehensive set of patterns than the “PERT/CPM past
behaviour”. It will contain not only those patterns extracted from the PERT/CPM
model but also other patterns derived from the metrics database (SYMDB) and even
from expert judgement. This final set of patterns will have to be reproduced by the
SD model, according to the analytical links established.
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The aim of this object is to provide a most comprehensive and accurate description
of the project past behaviour. This is because the SD model will be calibrated to
reproduce this behaviour and hence the accuracy of subsequent SD analysis will
depend on this description.

The specific set of patterns to be included in this object depend on the following
factors:

(1) the set of pattern stored in the object “PERT/CPM past behaviour”;

(2) the set of metrics recorded in the SYDPIM database;

(3) the patterns derived from expert judgement;

(4) the analytical links with the SD model.

As discussed previously, the analytical links will establish which patterns are to be
reproduced by the SD model and the level of “goodness of fit". As for the other
factors, the ideal is that those patterns that refer to quantitative aspects are taken
from the “PERT/CPM past behaviour” or derived from the SYDPIM metrics
database. The patterns to be derived from expert judgement should refer to non-
quantitative issues.

In the basic mode of SYDPIM it will be assumed that this object will store the
patterns specified in the objects “PERT/CPM past behaviour” and SYMDB, plus
some expert judgement patterns.

The patterns derived from expert judgement are important and will play a distinctive
role. They may be considered in three situations:

o to address important temporary issues that occurred in the project — this may
happen only occasionally. A typical case are the risks. For example, the risk
“Client changes”: if the Client asked for scope changes during a certain period
of time, then it is important that the SD model will reproduce accurately the
shape of these requests and of some related impacts over-time. While the data
from the PERT/CPM model and the metrics in the SYMDB may help to derive
these patterns, in most occasions expert judgement will be necessary;
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e to address intangible issues which management are not able to measure on a
regular basis (or even not willing to measure at all), like “staff motivation”. For
these patterns and ordinal scale 0-1 or a qualitative scale may be preferred;

o finally, if the SYMDB is not being maintained, and/or the PERT/CPM model is

being not updated as assumed in basic SYDPIM, then expert judgement will
have to be used to derive the required patterns.

So, the set of patterns derived from expert judgement can be dynamic and change
over the course of the project (i.e. some patterns are included and other are
excluded). They key requirement to consider this type of patterns is that the SD
model will have to reproduce them.

Like with the object “PERT/CPM past behaviour”, the patterns stored in this object
may by either updated in every control cycle or generated from the beginning of the
project. Once this object contain patterns derived from expert judgement, the first
option is recommended. Again, this is an implementation issue to be considered in
activity (M5) and is not relevant for the specification of the object contents.

Proposed data contents

The patterns proposed in basic SYDPIM for this object are as follows:

Patterns of SD-Task: whole project

IF SYMDB is being maintained THEN
(1) all patterns in SYMDB except category (8)
(2) expert judgement patterns
(2.1) risk-related pattemns
(2.2) intangible-issues patterns
ELSE
IF PERT/CPM model is updated THEN
(1) all patterns in “PERT/CPM past behaviour”
(2) expert judgement patterns
(2.1) SYMDB patterns
(2.1.1) quality patterns (category (5) in SYMDB)
(2.1.2) performance pattemns (category (6) in SYMDB)
(2.1.3) process metrics (category (7) in SYMDB)
(2.2) other patterns
(2.2.1) risk-related patterns
(2.2.2) intangible-issues patterns
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ELSE
(1) expert judgement patterns
(1.1) SYMDB patterns except category (8)
(1.2) other patterns
(1.2.1) risk-related patterns
(1.2.2) intangible-issues pattermns

Patterns stored in object “Project past behaviour”

The IF-THEN-ELSE clauses address the possible scenarios regarding the
implementation of the SYMDB or the update of the PERT/CPM model. Partial
updated of the PERT/CPM model are not considered explicitly but it is implicit that
expert judgement would have to cover the lack of data. The “PERT/CPM past
behaviour” will contain the patterns of data categories (1) to (4) of SYMDB. The
category (8) of SYMDB refers to uncovered metrics using the SD model after
calibration for past behaviour. These patterns are not included in the object “Project
past behaviour’. Two main categories of expert judgement patterns are proposed:
risk related and intangible issues. The specific pattens are to be defined by the
user and must be reproduced by the SD model.

Formal specification

The formal specification of the “Project past behaviour” is presented in appendix
C.5.

The data-type generic-pattern was introduced to allow the expert judgement
patterns to be specified by the user to be project wide, task specific, resource
specific, or task and resource specific. The other patterns derived from the metrics
database and from the PERT/CPM model were specified previously to consider
these possibilities.

The PERT/CPM future behaviour
Overview
This object is generated and/or updated in planning activity (P3a). It is the sub-

component “PERT/CPM project behaviour. Future segment’ of the PERT/CPM
model. It stores the patterns of the project future behaviour which are extracted
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directly from the PERT/CPM model, just after a new plan has been developed or the
current plan has been readjusted for the future. This set of patterns describes the
project future behaviour implicitly forecasted by this plan.

The main aim of this object is to help re-calibrating the SD model for the PERT/CPM
plan. This is done mainly by making the SD model reproduce the project future
behaviour implicit in the PERT/CPM plan.

Whenever the project is re-planned in the PERT/CPM model and thus the future
segment of the PERT/CPM plan is changed, a new project future behaviour is being
anticipated. Therefore, unlike with the object “PERT/CPM past behaviour”, the
patterns in this object will need to be re-generated all the time.

The specific patterns to be considered in this object depend on the following
factors:

(1) data availability from the PERT/CPM model;

(2) past versions of PERT/CPM plans available;

(3) analytical links with the SD model.

The situation is similar to the object “PERT/CPM past behaviour”. The analytical
links establish which patterns must be reproduced by the SD model and their
breakdown across tasks and resources. In basic SYDPIM it is assumed that the
task-fields specified in the description of the object “PERT/CPM model (i.e.
schedule, effort, scope and resources), will be used and updated, in this case only
referring to “planned” type of fields.

The availability of past versions of PERT/CPM plans is only relevant for the initial
PERT/CPM plan, which is required to produce some of the pattemns. Again, it is
assumed that if this plan is not available the initial targets of cost and schedule will
be made available. No other past version of the PERT/CPM plan is required and
their absence has no impact on the granularity of the pattemns to be extracted.

The explicit consideration of different types of tasks in the PERT/CPM plan (e.g.
rework and QA tasks) will affect the possible breakdown of some patterns of future
behaviour, just as discussed previously with the patterns of the “PERT/CPM past
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behaviour”. The level of planning detail of the future segment of the current
PERT/CPM plan will affect the granularity of the patterns produced. Often, future
phases of a project are planned only at the tactical or even strategic level. In this
case, fewer data points can be extracted from the PERT/CPM model for each

pattern.

Proposed data contents

Based on this, the following patterns of future behaviour will be extracted directly
from the PERT/CPM model and will be stored in the object “PERT/CPM future
behaviour”:

Patterns of SD-Task: whole project

(1) schedule - steady
(1.2) Start date
(1.3) Finish date (SAC)
(2) effort
(2.1) ACWP — actual cost of work performed
(2.1.1) engineering effort
(2.1.1.1) spent with defect detection — from QA tasks or estimated
(2.1.1.2) spent with defect rework — from rework tasks or estimated
(2.1.1.3) spent in development — from development tasks or
estimated
(2.1.2) management effort
(2.1.2.1) human resource management — from HRM tasks or
estimated
(2.1.2.2) project control — from management tasks or estimated
(2.2) BCWP - budgeted cost of work performed
(2.3) BCWS - budgeted cost of work scheduled
(2.4) CTC — cost to complete
(2.5) CAC — cost at completion — steady
(3) resources
(3.x) resource category x
(3.x.1) ASP — actual staff profile
(3.x.2) PSP - planned staff profile
(3.x.3) CASP - cumulative actual staff profile
(3.x.4) CPSP — cumulative planned staff profile
(3.x.5) CSPAC - cumulative staff profile at completion — steady
(4) scope
(4.1) SCAC — scope at completion ~ steady
(4.2) CSCC - cumulative scope changes
(4.3) ASCWP - actual scope of work performed
(4.4) SCTC — scope to complete

Patterns stored in object “PERT/CPM future behaviour”
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The patterns are the same as for the PERT/CPM past behaviour. The planned
fields refer to the initial plan. For example, the pattern BCWS refers exclusively to
what is specified in the initial plan. As already mentioned, some patterns will require
the availability of the initial plan. Some patterns must be steady, unlike with the past
behaviour. These are identified above and refer to planning targets: cost, schedule,
scope and resources. This is because a PERT/CPM plan for the future assumes
that the desired targets will be achieved, and the outcome is expected as planned.
Steady patterns consist of targets being constant over-time.

Formal specification

The formal specification of the object “PERT/CPM future behaviour” is presented in
appendix C.6.

Again, a breakdown per SD-Task is considered and will depend on the analytical
links with the SD model. Likewise, a split per resource category is also considered.
These patterns are to be reproduced by the SD model when calibrated for the
PERT/CPM future plan.

Summary

The six main objects used in the SYDPIM process logic were specified. Objects are
considered as individual abstract entities which store and process information within
this process. The three more important objects are the PERT/CPM model, the SD
model, which are integrated, and the SYMDB which supports this integration. The
models work primarily as data processors and have an object hierarchy. The
SYMDB works as the main data repository in SYDPIM. Two sub-objects of the
PERT/CPM model are also used explicitly in the process logic. They store the data
that describes the project past and future behaviours, as implicitly portrayed by the
PERT/CPM model. These sub-objects are the “PERT/CPM past behaviour” and the
“PERT/CPM future behaviour”, which work as data repositories. They can be
generated only temporarily while they are needed in specific steps within the
process logic. Finally, the object “Project past behaviour” is an independent object
which stores the actual behaviour exhibited by the project up to present. It works as
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a data repository which preferably exists throughout the whole project life-cycle and

is continuously updated.

The definition of these objects included the formal specification of their object
hierarchy and data contents. This specification will be used in the definition of the

analytical links and of the activities of the process logic.

7.4.3 Analytical links

Basic principles of integration

Before defining the analytical links proposed in SYDPIM to formally integrate the two

models, it is essential to understand the basic principles behind this concept.

When using SYDPIM, the project manager will quickly be confronted with the
following questions: (1) how is data exchanged between the two models, and (2)
what should be the relationship between the structure of both models? The
scheduled completion date of design has just been changed in the SD model and
the project performance looks fine. Of which tasks in the PERT/CPM plan should
the schedules be changed to get the same plan? Which are the “design” tasks in
the PERT/CPM? Which tasks need to be removed? Do dependencies need to be
changed? How? Answering these questions is critical to the formal and quantitative
integration of the two models. The answers lay in the analytical links that need to be
established between the two models. But what are these analytical links?

Analytical links are the formal bridge through which two models can be integrated.
Both PERT/CPM and System Dynamics models consist of two main elements:
structure and data. The analytical links to be established between the two models
must address these elements and thereby establish structural and data
relationships. Furthermore, throughout their application, the structure and the data
of the models generally change over-time. Therefore, these relationships may need
to be dynamic and thus readjusted whenever required. How should these dynamic
analytical links be established and maintained?

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 406



Chapter 7: The SYDPIM Project Management Method

Each model consists of a particular abstract way of representing a project, according
to human judgement. Therefore, analytical links establish relationships between the
two different forms of representing a common reality. | woulci then appear logical
that the establishment of analytical links also requires human judgement: what in
this model is element “X” corresponds to element “y” in the other model — how to
decide? If the two types of models benefit from formal representational rules then it
couid be expected that analytical links could be formally deduced and hence no
human judgement would be required. However, in this case both models represent
a complex social system. in many cases their level of formality does not allow for
such logical automation. As it will be seen, human judgement is required to
establish and maintain the analytical links

The specific set of analytical links that should be implemented in any particular
implementation of SYDPIM will depend on various factors: data availability in the
PERT/CPM model, way in which the PERT/CPM model is used, structure and
variables of the SD model and other issues related with the two particular models
used. In order to overcome this problem of “relativity” to the models, a basic mode
will be assumed for SYDPIM. In this mode a well defined set of links can be
proposed, within which a core sub-set of links must be established so that formal
integration is achieved.

The scenario of SYDPIM basic mode here described should be used as a reference
to implement links in any other real world scenario that the project manager may
have to face.

As mentioned above, there are two major aspects of model integration in SYDPIM:
(1) structure, and (2) data. This leads to three types of formal links that can be
established:

0] data-links,

(i) structural- links,

(iii) data-structural links.

Let us start with the data issues.
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Principles of data links

Both models consider input and output data. Input data is generally entered by the
user whereas output data is produced by the model. Each of these two sets of data
can be divided into two main sub-sets: data about the project past and data about
the project future. In turn, each of these sub-sets can be further divided into other
two sub-sets: planned fargets, and actual results. As a result, the data used in any
of the models can be classified into eight possible categories, as shown in the table

7.1 below.
Past Future
lnput { (1) —planned (3) — planned
(e.g. scheduled completion of Design) | (e.g. scheduled completion of Coding)
(2) - actual (4) —actual (*
(e.g. actual completion of Design) (e.g. actual completion of Coding)
Output [ (5) - planned (7) - planned
(e.g. project staff profile) (e.g. planned project cumulative cost)
(6) — actual (8) —actual (**
(e.g. actual project staff profile) (e.g. forecasted project cumulative cost)

Table 7.1 - The eight types of data handled by a project model

Category (4) is marked with (*). This is because, in normal conditions, actual results
are not entered in the model unless when used to support certain types of “what-if”
analysis. In a PERT/CPM model a project plan ready to be implemented will not
incorporate this type of data. Instead, the expectations about the future outcome
are specified in category (3). In a SD project model this type of data is not very
common as well and tends to be used only to reflect external influences in the
project, like risks, which are not part of the project plan (e.g. Client changes).

Category (8) is also marked with (**). This is because unless a model carries out
simulation, then the actual project outcome in the future is not produced as an
output. Again, in a basic PERT/CPM model the output produced by the model in the
future is part of the planned expectations (i.e. it is a target). More advanced network
models (e.g. Golenko-Ginzburg 1988, Elmaghraby 1997) carry out simulation, in
which case this type of data may be used. In a SD model, this type of data is used
because the model simulates the project being implemented and an outcome being

unfolded over-time.
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In each of these eight categories, various types of data can be used. For the

PERT/CPM model, various tools consider a wide range of possible data. It is

assumed that in SYDPIM basic mode four types of data are used:

(1) schedules — measured in units of time (e.g. day, month);

(2) effort (budget/cost) — measured in person-time (e.g. person-hour). Sometimes
also transiated into units of currency (e.g. $);

(3) resources — measured in units of resources, typically “person” for human
resources;

(4) scope — measured in units of work (e.g. tasks, lines of code).

A SD project model should consider at least these four types of data, but most likely
will consider many other types of data (e.g. measure of staff experience level,

measures of productivity, etc.)

There are two types of data-links that can be established in SYDPIM between the

two models:

(1) data exchange — this implies that some data can be exchanged between the two
types of models. This can be considered as the “most formal” type of link.
These links can be established between the following data categories:

(i) input-input — the input of one model can be used as an input to the
other model. This may involve inter-relationships among data
categories (1) to (4) of both models;

(i) output-input — the output of one model can be used as an input to the
other model. This may involve inter-relationships between the data
categories (5) to (8) and data categories (1) to (4) of both models;

(2) data consistency — this implies that some data is not exchanged but must be
consistent with other data in the other model. These links can be established
between the data categories:

() input-input — the input of one model must be consistent with the input
of the other model. Again, data categories (1) to (4);

(ii) output-input — the output of one model must be consistent with the
input of the other model (and vice-versa). Again, data categories (5)
to (8) and (1) to (4);
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(iii) output-output — the output of one model must be consistent with the
input of the other model. This may involve inter-relationships
between data categories (5) to (8) of both models;

Overall, five types of data-links can be considered. In order to be established, most
data links require the definition of structural relationships between the two models.

This is, they are built upon structural links.

Principles of structural links

The other aspect of model integration refers to the structure of both models. The
two models are aimed at providing a logical representation of the same project, and
so their structure must be related. SYDPIM considers two types of structural links:
(i) structural correspondence and (i) structural consistency. Structural
correspondence links establish which elements of one model correspond to the
elements of the other model. Two elements should correspond one another when
they represent the same reality. Structural consistency links establish conditions
that must be respect so that structural correspondence links are valid. These two
types of links have sub-types as follows:

(1) structural correspondence:.

0] work breakdown — any work package in one model must be mapped
to another work-package in the other model. This suggests that the
work break down in the two models must be made according to a
common WBS (Rodrigues and Williams 1997);

(i) work dependencies — any work dependency between two work-
packages must be mapped into some form of work dependency in the
other model;

(iii) organisation breakdown — any resource, or resource type, must be
mapped to another resource (or resource type) in the other model.
This suggests that the organisation break down in the two models
must be made according to a common OBS (Rodrigues and Williams
1997);

(3) structural consistency.

(i resource-task allocation — the correspondence established between

tasks and resources in both models must keep the resource
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allocation consistent. If a resource is allocated to a task in one
model, then the correspondent resource in the other model must also
be allocated to the corresponding work task;

(i) work dependencies — like with the resources, the correspondence
established between the work dependencies in both models must

keep the work precedence consistent.

Overall, structural links require a direct and unambiguous mapping between (i) work
packages, (ii) work dependencies, and (iii) resources between the two models. As
already mentioned, structural links are also the basis for the implementation of data
links. For example, if a design phase in the SD model aggregates various design
tasks in the PERT/CPM model, then this mapping will be the basis to check the
consistency of the profiles of designers considered in both models.

In some situations it is also possible to establish a relationship between the structure
of one model with the data in the other model. This leads to the establishment of

data-structural links.

Principles of data-structural links

There is a third type of links considered in SYDPIM: data-structural links. These
links establish that the input or output data from one model must be consistent with
and/or determine the structure of the other model. This is the more difficult link to be
established between the two models. In great part, it results from the fact that the
two types of models assume different levels of aggregation and/or breakdown of
certain aspects of the project. For example, the PERT/CPM model is typically more
detailed in the breakdown of the project work. Consider that the SD project model
splits the whole effort spent in a work package among various continuous activities
over-time: development, review, rework. Consider also that the PERT/CPM model
contains work packages (or tasks) that correspond exclusively to these types of
activities — i.e. development tasks, reviewing tasks, rework tasks. Then the profiles
of “effort expenditure” over-time of these three activities in the SD model will have to
be consistent with the number of these types of tasks, their schedules and
dependencies in the PERT/CPM model.

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 411



Chapter 7: The SYDPIM Project Management Method

Unlike the other links, data-structural links are useful but not mandatory in SYDPIM.
They clearly move the integration of the two models into a more detailed and formal
level, close to automation of model readjustment. Its practical implementation
depends on data availability, formality of the traditional project control system in use,
and on the SD project model used. The establishment of data and structural links is
more important but, as mentioned before, they are also restricted by these factors.
It is the user’s responsibility to determine which type of link can be established and
whether the benefit/cost is worth. The benefits stem from a more rigorous
integration of the two models and hence a more thorough control of the project. The
costs relate to data collection and implementation of the data/structural consistency
and data exchange operations.

The analytical links are used within the SYDPIM process framework as described in
the process logic (see figures 7.6 and 7.7). Some of the activities will use these
links to perform their task. For example, activity (P4a) in planning uses data-
consistency links in order to ensure that the SD model will reproduce accurately the
PERT/CPM future behaviour. In doing so, the SYDPIM activities of the process
logic will perform a set of more elementary activities of model integration, which we
may call operations, like “data exchange®.

SYDPIM elementary operations of model integration

The use of data and structural links are the basis of four distinctive SYDPIM
operations used within the activities of the SYDPIM process logic. These are as
follows:

(A1) data exchange — numerical data is directly transferred from on model to the
other. This can be formally specified by defining, analytically or through an
algorithm, the value of the variables in the receiving model as a function of the
variables in the source model. For example, the planned schedule of a SD-
Task equals the critical path of the PERT/CPM sub-network mapped to that
SD-Task. This activity requires the structural links as an input and uses the
data exchange links as the “channels” to transfer the data.

(A2) data consistency checking — the quantitative data-input or data-output of one
model must respect certain conditions that depend on the input/output data of
the other model. This can be formally specified and verified by defining,
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(A3)

(A4)

(AS)

analytically or through an algorithm, the relationships that must exist between
the variables of the two models —i.e. a formal condition. For example, the staff
profile produced by the SD model for a certain SD-Task must be the same as
the staff profile produced by the PERT/CPM model for the corresponding sub-
network mapped to that task through a structural link. This activity requires the
structural links as an input and uses the data consistency links as the
“windows” to check the data.

structural consistency checking — the structural characteristics of one model
must respect certain conditions that depend on the structural characteristics of
the other model. This can be formally specified and verified by defining,
analytically or through and algorithm, the conditions that must be respected.
For example, “any task in the PERT/CPM model must be mapped to one and
only one SD-Task in the SD model”; or “the work dependencies between two
SD-Tasks in the SD model are derived from the task dependencies between
the corresponding sub-networks in the PERT/CPM plan according to the
following relationship...”. This activity uses the structural links as the
“channels” to check the structure.

structural-data consistency checking — the structure of one model must respect
a certain condition depending on the input and/or output data in the other
model. Depending on the specific data-structural link, this may be more or
less difficult to specify and verify formally. It also depends on the particular
variables used in one model which values represent structural characteristics
or have structural implications on the other model. This activity uses the data-
structural links as the “window” to check the structure of one model based on
the data of the other model.

structural readjustment — the structure of one model and/or the structural links
between the two models are readjusted so that both structural and data
consistency is achieved. This activity assumes that prior to being implemented
the two models are not consistent in terms of structure and/or data. It is
difficult to be specified formally, except for simple situations. This is because
there can be many ways in which one model can be readjusted to satisfy
structural and data consistency with the other. Of course, the “valid” solution
will also have to be consistent with other aspects of the real world, which are
not captured in any of the models. But even considering these restrictions,
there can be several possible solutions. The previous activities (A2), (A3) and
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(A4) check what may be inconsistent. This activity will have to specify how to
change the structure of one model to solve the problem. For example, if the
SD model was re-calibrated to reproduce an alternative plan where the
schedule of a SD-Task was extended, then the PERT/CPM needs to be
readjusted so that the critical path of the corresponding sub-network is also
extended by the same amount — some algorithms that support some level of
automation of this task will be discussed later. Structural readjustment of one
model will often require the updating of structural links, which in turn may also
imply updating the definition of the data links between the two models. These
updates will take place within the activities of the process logic.

The dynamic nature of the links

As considered in the activities (M3a) and (P5) of the SYDPIM process logic, the
analytical links may need to be updated as the structure of one model is changed in
the course of the project. This will happen mainly when the structure of one model
is adjusted either to become consistent with other, as just described in elementary
activity (A5) above, or to reflect actual results. For example, re-planning the project
future in the PERT/CPM model will most likely lead to adding or removing tasks from
the plan and changing dependencies.

Various control actions throughout the project life-cycle will lead to continuous

changes to the project plan and thereby to the structure and data of the two models.

Therefore, the implementation of SYDPIM requires that the analytical links

established between are dynamic. This has to main implications:

(1) the user will have to identify when an update of the analytical links is required
and perform this operation;

(2) this creates the concept of “past versions” of the analytical links. Whenever a
the analytical links are updated, is it necessary to keep a record of the previous
version? If so, for what purpose?

Regarding (1), the structural links will require changes whenever the structure of one
of the models is changed. A structural change in one of the models may require an
update of the mapping of tasks, resources and dependencies between the two
models. For example, if new tasks are added to the PERT/CPM plan, then these
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need to be mapped into a specific SD-Task in the SD model. The new
dependencies created in the PERT/CPM plan may also require an update of the
dynamic dependencies in the SD model. Likewise, if a new SD-Task is added to the
architecture of the SD model then some PERT/CPM tasks may need to be re-
mapped into this SD-Task. Changes in the structural links may also result from
modelling options: for example, the project manager may want to re-map some
PERT/CPM tasks currently mapped into the design SD-Task into the coding SD-
Task.

Once the structural links are changed, the data links may also need to be updated.
For example, if a new SD-Task was added then it is necessary to specify the data-
links to be used with the PERT/CPM model for the activities of (A1) data exchange
and (A2) data-consistency checking. Changes in the structural links may also
require changes in the data-structural links. As it will be shown later, the more
common structural changes are the re-planning adjustments in the PERT/CPM
model: as the plan is updated with actual results and changed for the future, new
tasks are added or removed, and precedence relationships are changed.

Regarding (2), as it will be seen the recording of past versions of the analytical links
is desirable. In SYDPIM basic mode it will be assumed that this is implemented.
Past versions of the analytical links are required so that the relationships between
the two models are interpreted correctly in the past segment of the project. If in a
certain moment in the past, the structure of the two models was different than it is
now then mapping of tasks and resources was probably also different. When
behaviour patterns are extracted to characterise the project past behaviour based
on the past versions of the models, then the analytical links used must be the ones
which were linking those past versions of the models. For example, the planned
duration of the SD-Task “Design” will correspond to the critical path of the
PERT/CPM sub-network mapped to it. If the project is now in month 4 and the
specific PERT/CPM tasks mapped to “Design” has changed from month 1, then in
order to derive the planned duration in month 1, the past version of the analytical
links as specified in that month must be used. Otherwise, the wrong duration could
be derived. As it will be seen, in SYDPIM basic mode the main requirement is the
recording of past versions of the structural links in order to derive output-output
data-consistency links. Nevertheless, as a general principle SYDPIM advocates
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that all links of past versions are recorded (i.e. structural, data, and data-structural).
As a consequence of this, the SYDPIM formal object “Analytical Links” will have to
store various versions of the links over-time.

Overview of SYDPIM basic principles

An overview of the basic principles of model integration as discussed in this section
is presented in figure 7.11 below.

- Structural Links

Network Model SD Project Model
TR Work breakdown (WBS) S
Work dependencies
DC Resources breakdown (OBS) - (oq % .
Resource allocation (WBSxOBS) i o

: Data Links l
Input Output Input Qutput
Bl <; Schedules, Effort / Cost e e
[ 2| Resources, Scope ey g

Figure 7.11 — Overview of SYDPIM principles of model integration

In SYDPIM basics mode, a specific set of analytical links is proposed. Before that,
let us have a look at some illustrative examples of how these links look like and are
used.

lllustrative examples of SYDPIM links

Although the concepts discussed above are extremely important as the basic
principles of SYDPIM, they are also abstract and not easy to understand at a first
reading. In practice, however, data and structural links tend to become meaningful
and more clear. Forthe sake of clarity a brief illustrative example is here presented
as shown in figure 7.12.

As an example of a structural link, the detailed tasks in a PERT/CPM plan (in some
projects there can be thousands!) are grouped and mapped into higher-level SD-
Tasks (in practice, generally no more than 10). So any detailed task in the network
is captured in only one SD-Task in the SD model. This mapping originates
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“clusters” of tasks in the PERT/CPM plan, each corresponding to a single SD-Task
(as shown the figure 7.12). This is an example of a” work breakdown structural link”.

Another example of a structural links are the dynamic dependencies between the
SD-Tasks in the SD model (e.g. see Ford and Sterman 1998 for a discussion).
These can be derived from the elementary precedence relationships in the
PERT/CPM model, or at least must be consistent with these. For example, in figure
7.12, the dynamic relationship between the SD-Tasks C and D should be derived
from (or be consistent with) the two precedence relationships that cross the two
correspondent “clusters” of tasks in the PERT/CPM model. This is an example of a

“work dependencies structural link”.

Examples of a data links are: (1) the profile of resources allocated to a sub-network
(or cluster) of tasks in the PERT/CPM plan, which is an output of the model, must
match the profile specified for the SD-Task in the SD model, which is an input to this
model. This could be an “output-input data exchange link”; (2) the cumulative effort
spend by the resources in the group of tasks in the PERT/CPM plan, which is an
output of the model, must match the pattern produced by the correspondent SD-
Task in the SD model, which is also an output of the model. This could be an
“output-output data consistency link”.

In summary, four types of links were identified:

e work breakdown structural link — detailed PERT/CPM tasks are grouped and
mapped into the higher level SD-Tasks;

e work dependencies structural link — dynamic SD-Task dependencies are
derived from PERT/CPM precedence relationships between the
corresponding sub-networks;

e data exchange link — the resultant resource profile of a group of tasks in the
PERT/CPM plan is an input to the planned resource profile in the SD model;

e data consistency link — when calibrated for a same project plan, the
behaviour produced by both models must be the same.
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Figure 7.12 — An illustrative example of SYDPIM model integration

The analytical links of SYDPIM basic mode

The analytical links proposed in the SYDPIM basic mode are based on a set of
assumptions regarding the PERT/CPM model and the SD model. Most of these
assumptions were already identified when the models were described as objects.

Some further assumptions will be required for the SD model, which are revised in
this section.

The specification of the analytical links requires a formal specification language,
which is also proposed in this section. This is an extension of the notation used for
the specification of the objects. As with the objects, this language must be both

formal and simple enough to be easily understandable by a management audience.

Assumptions for the PERT/CPM model

The following assumptions were proposed when this model was described as an
object:

(1) components of a work plan — a PERT/CPM work plan will comprise the following
six components: tasks, finish-to-start dependencies, resources, profiles of
resources availability, and allocation of resources to tasks;
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(2) types of tasks — there are two main types of tasks considered: engineering and
management. A further breakdown of engineering tasks into sub-types may be
considered in SYDPIM basic mode for illustrative purposes;

(3) task fields — the following fields will be available in each task of a PERT/CPM
plan: schedule dates (planned/actual, start/finish), duration (planned/actual),
effort/cost (planned/actual), scope (planned/actual), resources (planned/actual);

(4) availability of initial plan — the initial plan will always be available in the
PERT/CPM model.

(5) availability of past plans — it will be considered that past versions of the
PERT/CPM plan will be available in the PERT/CPM model. Nevertheless,
where necessary possible ways of handling the lack of these plans will be
proposed;

(6) types of plans and level of detail — a single plan covering the full project life-cycle
will be considered. This plan will aggregate the three planning levels
(operational, tactical, strategic) and may thereby have a varying level of detail

over-time.

The analytical links proposed in this section are based on these assumptions.

Assumptions for the SD model

The following assumptions were proposed when this model was described as an
object:

(1) it is possible to represent a project plan in the SD model as an input, which will
include the following elements: schedule, budget, scope, and resource allocation
and availability profiles. Work and resource break-down may be considered but
this is not mandatory;

(2) it is possible to represent a set of project conditions, like risks, in the SD model
as an input. No specific set of project conditions is required;

(3) when simulated the model will produce some form of diagnosis information;

(4) the model will be able to produce the project behaviour pattemns to be extracted
from the PERT/CPM model (as specified in the data contents of the objects
“PERT/CPM past behaviour” and “PERT/CPM future behaviour”);
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(5) the model will allow the user to make changes to the project plan mentioned in
(1;

(6) the model will allow the user to make changes to the project conditions
mentioned in (2).

Apart from these assumptions, there are two characteristics of the SD model that
have a considerable impact on the number of analytical links that can be established
with the PERT/CPM model: (i) the possible work and resource break-down within
the model, and (i) the internal wok concurrency considered within SD-Tasks.
Regarding these two issues, in order to include some important types of analytical
links in the SYDPIM basic mode which otherwise could not be exemplified, further
assumptions will be considered.

Internal work concurrency has to do with internal work progress within a task
restricting the amount of work that can be started within the same task (i.e. an intra-
Task work-progress dependency; see Chapter 7). If this phenomenon is explicitly
considered in the SD model, then important structural dependency links can be
established with the PERT/CPM model.

The work break-down also leads to the possibility of inter-task work concurrency
being considered (see chapter 7). Work concurrency among tasks determines how
much work can be started in the successor task depending on the work progress in
the predecessor task. Again, if this type of concurrency is considered explicitly in
the SD model, important structural dependency links can be established with the
PERT/CPM model.

Work and resources break-down also lead to other critical structural links which
have to do with the mapping of work packages and resources from one model to the
other.

When work break-down is considered within the SD model, there is another factor
that affects the analytical links: the type of work being accomplished within each
sub-task. This has to do with the mapping of tasks between the models. Two types
of tasks were already assumed for the PERT/CPM model: management and
engineering. The SYDPIM model development method (see chapter 7) proposes
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three types of tasks for a SD project model: engineering, management, and human

resource management.

Considering these issues, the following assumptions will be further considered:

(7) the SD model will consider both work and a resources breakdown. The
specific number of SD-Tasks and type of resources is not relevant;

(8) the SD model will consider explicitly inter-task work-progress dependencies;

(9) the SD model will consider explicitly intra-task work-progress dependencies;

(10) the sub-tasks in the SD model will be classified into three possible types:
engineering, management, and human resource management.

The analytical links proposed are based on these assumptions about the two types
of models.

Formal specification language for analytical links

What is an analytical links and hence what needs to be contained within its
specification? An analytical link is basically a form of relationship between elements
of the two models. The specification of such relationship will make reference to the
relevant elements of the models and will determine how these are related.

The two models have been specified as objects and a specific notation has already
been proposed to make reference to an object’'s components or elements. The
specification of how these elements are related will consist of formal conditions that
must be verified. These conditions will be specified using common mathematical
notation and well-known data structures to which most managers are familiar, with
like a matrix.

Another important feature of the analytical links in SYDPIM is their ability to answer
specific questions. For example, what are the PERT/CPM tasks mapped to a
certain SD-Task? The answer to this type of question can only be achieved through
a process which inspects the conditions and data-structures contained within the
link. Like with the objects these processes are formally specified as operators.
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The third important feature of an analytical link is the “validity” of its conditions. For
example, in the analytical link that maps PERT/CPM tasks to SD-Tasks, a certain
PERT/CPM task cannot be mapped to more than one SD-Task. Like with the
objects, the validity of an analytical link is specified through a set of “validity
conditions”.

In order to illustrate these concepts, let us consider the example of a structural link
that maps the PERT/CPM tasks to the SD-Tasks. This could be specified as
follows:

Structural WBS Link(PERT/CPM Model, SD Model) =
Relationships =
WBS-Map  : {(SD-Task;, {task.})}
Operators =
Is_mapped :taskcx SD-Task;=> T |F
Mapped_to_SD: SD-Task; = {task}
Validity =
No_muiltiple_map =
IF Is_mapped(task,, SD-Task;) THEN
whatever j NOT Is_mapped(task,, SD-Task;)

Obijects variables:

task, = PERT/CPM model.Current PERT/CPM plan.<x>.Tasksk[k]
<x> = Past segment or Future segment

SD-Task,=SD Model.SD model architecture.SD Tasks[k]

This analytical link has two input parameters which are the two models being linked.
Like any other analytical link, this structural link has three components:
relationships, operators and validity conditions. Only one relationship is considered
and this is specified as a set of couples formed by a SD-Task and a set of
PERT/CPM tasks. This is clearly a convenient way to specify that to each SD-Tasks
one or more PERT/CPM tasks are mapped to it. This relationship can easily be
represented in a matrix. The notation used is the same as the one proposed for the
objects.

Two operators are considered. The first checks whether a specific PERT/CPM is
mapped to a specified SD-Task and returns a “True” or “False”. The other operator
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returns the set of PERT/CPM tasks mapped to a specific SD-Task. The notation
used to specify the operators is the same as in the objects and is straightforward: it
specifies the inputs and the outputs and what the operator does is described by its
name — when this name is not clear enough an informal description will be added
below. The specific algorithm that implements an operator is not presented in
SYDPIM because that is a particular implementation issue — of course, all operators
presented are feasible to implement.

Finally, this analytical link considers one condition of validity called
“No_multiple_map”, which imposes that one PERT/CPM task cannot be mapped to
more than one SD-Task. The notation used is based on well-known logical if-
clauses and on calling the operators — the same as in the specification of the
objects.

As mentioned, analytical links make reference to variables in the models and hence
to elements of the correspondent objects. This reference is made by using short
names (to improve readability) and their true long name is identified below in
“Objects variables”.

In order to reference the contents of the analytical links, a similar notation proposed

for the objects can be used. For example:

e Structural WBS Link(PERT/CPM model, SD model).Relationships.WBS-Map —
accesses the data-structure that maps the PERT/CPM task to the SD tasks;

e Structural WBS Link(PERT/CPM model, SD model).Operators.ls_mapped(task,
SD-Task;) — calls the operator “Is_mapped” to check whether tasky is mapped to
SD-Task;.

Like with the objects, this notation is simple and unambiguous but it tends to lead to
long names. In order to improve readability, shorter equivalent names will be used
where necessary. These will be referenced to the true long names that specify the
contents of the analytical links.

Once the assumptions about the two types of models have been revised and a
formal specification language has been proposed, it is now possible to specify the
SYDPIM links. As already mentioned, there are three types of links that can be
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established: structural, data and data-structural links. Since the last two are based

on the structural links, these will be described first.

Structural links

Overview

Structural links establish relationships between the structures of both models. The

structure of each model consists of four main elements: (i) tasks, (ii) dependencies,

(iii) resources and (iv) resource allocation to tasks. However, there are important

differences between these elements of the two models. The following assumptions

will be considered:

(1) tasks — in most cases, the tasks in the PERT/CPM model are defined at a more

()

@)

(4)

detailed level than the tasks in the SD model (referred to as SD-Tasks). For this
reason, it will often happen that a sub-network of tasks in the PERT/CPM
model will correspond to a single SD-Task. While the reverse situation is also
possible, this would imply that the PERT/CPM plan is so aggregated that its
simplistic representation of a work task would be of little use. If this happens,
however, structural links can still be implemented in the reverse way (and in fact
they will be simpler). Comments will be made where appropriate;

resources — a similar scenario applies. It will be assumed that sets of
elementary resources in the PERT/CPM model will correspond to resource
categories in the SD model (referred to as SD-Resources);

dependencies — based on the assumptions that the SD-Tasks are more
aggregated, the dependencies between SD-Tasks will also be more aggregated
than the elementary finish-to-start dependencies in the PERT/CPM model.
Again this will be an assumption. There are also intra-task dependencies
considered explicitly within SD-Tasks but not in PERT/CPM elementary tasks.
Since a SD-Task corresponds to a PERT/CPM sub-network, its intra-task work
dependency will be more aggregated and will correspond to the elementary
dependencies within that sub-network;

resource allocation — resource allocation to a task can be considered in two
ways: as a simple full-time allocation or as a profile over-time. Some
PERT/CPM software tools allow for individual resources to be allocated to
elementary tasks as a profile. However, many tools do not consider this type of
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allocation nor this is a dominant PERT/CPM practice. For the sake of simplicity,
a full-time allocation will be considered. Where appropriate, comments will be
made to explain how a profile could be considered instead. Regarding the SD
model, given the higher level of aggregation, a profile over-time will be
considered. SD project models that do not support this type of allocation are

likely to be over-simplistic for SYDPIM purposes.

Given these assumptions, it is now possible to specify the structural analytical links
of SYDPIM basic mode. Overall there are five types of structural links:

(1) correspondence of work breakdown

(2) correspondence of organisation breakdown

(3) correspondence of work dependencies

(4) consistency of resource allocation

(5) consistency of work dependencies.

These are now described separately.

Work breakdown links (structural correspondence)

Qverview

In both types of models, one of the key elements that represents the project system
is the project work structure. This is particularly relevant for the PERT/CPM model
which is primarily based on the formal specification of the project work break-down
structure (WBS). The WBS is the decomposition of the whole project work into
successive levels of detail, down to elementary tasks. ldeally, these elementary
tasks feed directly the PERT/CPM logical network.

A SD project model also considers the project work explicitly. The dynamics of a
project model typically consider a life-cycle of phases through which various work
units (i.e. elementary work tasks) flow towards completion. However, a SD model
gives less attention to the details of the work decomposition. It decomposes the
project into major work tasks (SD-Tasks), but these are defined at a much more
aggregate level than the PERT/CPM tasks.
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In SYDPIM, the structural links of work breakdown between the two models consist
of a formal mapping of the PERT/CPM tasks into the SD-Tasks. This can be done
using a simple matrix data-structure (Rodrigues and Williams 1997; Rodrigues
1997).

Establishing the links: basic principles

In practice, it is management responsibility to establish this mapping. This way,
management will have to decide to which particular SD-Task should each
elementary task in a PERT/CPM plan be mapped to. Since SD-Tasks are more
aggregated, this relationship is of type “one-to-many” (i.e. one SD-Task to many
PERT/CPM tasks). How to decide about this mapping? In concept, a PERT/CPM
task should be mapped to a SD-Task wherein its work contents, or scope, will be
accomplished. For example, if the SD model contains a SD-Task called “System
Design” representing the accomplishment of the whole design work in the project,
then the PERT/CPM task called “Interface Design” should be mapped to this SD-
Task.

Although this concept is simple, there is a number of issues that need to be

addressed carefully:

e can this mapping be totally arbitrary, depending solely on management views?
Or will it be constrained? And by what factors?

e can this mapping be “partial®? This is, can a PERT/CPM task be mapped to
more than one SD-Task?

Regarding the first question, in general the mapping can be arbitrary as far as the
consistency of the scope contents is respected. For example, the user may want to
consider that a certain design task in the PERT/CPM model is mapped to a SD-Task
called “Coding”. This is because the user knows that this specific design work will
be accomplished in the coding phase of the project. So this mapping is allowed as
far as, in the SD model, the design work of the PERT/CPM task is considered to be
accomplished within that SD-Task. The second question raises the need for the
definition of some basic rules and conditions that must be respected. These are

now discussed.
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Establishing the links: rules and conditions

Scope consistency is the key principle of structural links. Since in both models the
work tasks are classified according to their type of scope contents, it is possible to
define some general rules that will help to prevent undesired mappings. The table

7.2 below shows the proposed rules.

SD Model
Engineering Management HRM
PERT/CPM Model
Management Possibly Yes Yes
Engineering Yes No No

Table 7.2 — Mapping rules for work breakdown structural links

Engineering tasks in the PERT/CPM model represent direct product development
work and hence they can only be mapped to engineering tasks in the SD model. By
definition, the work accomplished in these tasks does not represent any managerial
work of project control. On the other hand, management tasks in the PERT/CPM
model represent this type of work and so can be mapped to “SD Management” or
HRM SD-Tasks. The mapping of PERT/CPM management tasks to engineering
type of SD-Tasks is also considered. This is because some times low-level
management tasks in the PERT/CPM plan may have more to do with internal control
of certain product development work (e.g. team management). Most likely, there will
be no SD management task considered at that level of detail. Therefore, the work of
such PERT/CPM task is better represented as direct product development work and
thereby in a SD Engineering task.

Partial mapping is also a critical issue. It is easy to anticipate that the
implementation of analytical links will be simpler if partial mapping is not allowed.
Partial mapping would appear approprate when the work contents of a PERT/CPM
task are actually accomplished in more than one SD-Task of the SD model.
However, because the level of aggregation of a SD-Task is higher, in principle, this
is unlikely to occur. But if it does occur, because the PERT/CPM task is a small
elementary work package, the impact of ignoring partial mapping would probably be
small. On the other hand, if partial mapping is to be considered, then management
will have to decide how the contents of the PERT/CPM task will be distributed to the
various SD-Tasks in terms of scope, effort, resources and schedule. While
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percentages could be a simple solution to the first two elements, distributing the
schedule and the resources would not be so simple and would probably require a
more complex type of input from the user. Most likely, the mathematics of the
analytical data-links would also become considerably more complex. So if partial
mapping is difficult to implement, can it be safely. “‘ignored”™? The need for partial
mapping is more likely when the work breakdown in the two models follows a
different criteria. There are various possible criteria for work decomposition: product
functionality, organisational structure, organisational geography, structure of the
development process, among others. As an example, if the work decomposition in
the PERT/CPM model is “product oriented” and in the SD model it is “process
oriented”, then the “product tasks” in the PERT/CPM model will contain a work
scope which may be spread throughout the various “process SD-Tasks”. On the
other hand, if the work breakdown in the two models is based on a common WBS,
then most likely partial mapping will not be required. In this case, the mapping
process can even be done automatically: a SD-Task will correspond to a high-level
non-terminal task in the WBS and all the PERT/CPM terminal tasks that derive from
that node will be mapped to it.

For these reasons, partial mapping is not considered in SYDPIM basic mode. It is
also recommended that the work breakdown in the two models follows the same
criteria, preferably based on a common WBS.

Other obvious rules are that :
(1) every PERT/CPM task must be mapped to a certain SD-Task;
(2) at least, one PERT/CPM task must be mapped to a SD-Task.

These two rules impose that no work task should remain unmapped to the other
model. If a certain amount of work is represented in one model, then this work
exists in the project and therefore should also be represented in the other model.
This is, the “work domain” of the two models is the same.

In summary, the rules and conditions to establish work breakdown links of structural

correspondence are as follows:

(a) a PERT/CPM task should be mapped to a SD-Task if the accomplishment of the
work contents of the first is simulated in the second;
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(b) no PERT/CPM task or SD-Task remains unmapped;

(c) PERT/CPM engineering tasks cannot be mapped to management or HRM SD-
Tasks;

(d) PERT/CPM management tasks can be mapped to engineering SD-Tasks when
they stand at a low management level not represented in SD management
tasks;

(e) No partial mapping is allowed: a PERT/CPM task cannot be mapped to more
than one SD-Task.

Implementing the links

As suggested, the work breakdown links of structural correspondence can now be
implemented in a matrix. The generic structure of this matrix is shown in table 7.3.
The PERT/CPM tasks are divided in two main categories: management and
engineering. The SD-Tasks are divided in three categories: engineering,
management and human resource management. Some specific tasks and
mappings are considered as example:

(1) both engineering and management PERT/CPM tasks are mapped to the SD-
Task called “Requirements Specification”. This is because these SD-Tasks will
represent the whole project work of specifying the system requirements,
including low-level management work, like the development of plan for this
requirements work and the periodic review of progress (i.e. tasks “Develop Reqs
Plan” and “Review Regs Status”);

(2) the PERT/CPM tasks of “whitebox and “blackbox” testing of the system
interface are mapped to the SD-Task “System Testing”;

(3) the PERT/CPM task which represents the work of developing test plans is
mapped to the SD management task “Testing Control”, which probably
represents in the SD model the management work of controlling testing
activities;

(4) all other examples are straightforward. As suggested in the proposed mapping
rules, PERT/CPM engineering tasks cannot be mapped to the SD management
tasks.

A matrix like this can be implemented manually or using a computer software tool.
For example, some PERT/CPM tools allow the user to specify extra information
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fields in each PERT/CPM task. This type of fields can be used to specify the SD
task to which each PERT/CPM task is mapped to. Other intermediate tools linked
with the PERT/CPM tool, like a spreadsheet or a database application, can be used
to implement this matrix. As a process methodology, SYDPIM does not depend on
the particular implementation platform.

Once this matrix is specified in the beginning of the project, it may need to be
updated in each control cycle. This update is considered explicitly in activities (M3a)
and (P5) of the SYDPIM process logic (see figures 7.6 and 7.7). For example, if re-
planning is taking in the PERT/CPM model and new tasks are mapped to the
PERT/CPM plan, then before the SD model is calibrated to test this new plan, these
new PERT/CPM task need to be mapped to a SD-Task. As the matrix is updated,
its past version is stored within the object “Analytical links®, which will store the
“dynamic” history of the links.

Formal specification

The formal specification of the structural links of work correspondence (SC-WBS) is
shown in the following box (also in appendix D.1).

The mapping presented in table 7.3 is specified through a set of couples formed by
a SD-Task and a set of PERT/CPM tasks. This specification is based on the
assumption stated above that a SD-Task will aggregate one ore more PERT/CPM
task, while one PERT/CPM task can only be mapped to one SD-Task. As also
discussed previously, while the reverse is conceptually possible, it is not very likely
to be of practical use; adjusting the specification of the links to such scenario would
bring unnecessary complexity. For example, the conditions that would prevent
partial mapping would be:
e for each SD-Task to which more than one PERT/CPM task is mapped, then
each of these PERT/CPM tasks cannot be mapped to another SD-Task;
o for each PERT/CPM task mapped to more than one SD-Task, then each of
these SD-Task cannot have any other PERT/CPM task mapped to it.

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 430



Chapter 7: The SYDPIM Project Management Method

SC-WBS: Structural correspondence of work breakdown

SC-WBS(PERT/CPM Plan, SD Model) =
Relationships =
WBS-Map  : {(SD-Task;, {tasky.})}

Operators =
Is_mapped : task, x SD-Task; > T | F
Mapped_to_SD : SD-Task; > {tasky}
Is_PERT_ENG task > T|F
Is_PERT_MAN ;tasky > T|F
Is_SD_ENG :SD-Tasky> T | F
Is_SD_MAN :SD-Tasky> T | F
Is_SD_HRM :SD-Tasky=2> T|F

Validity =

No_partial_map =
IF Is_mapped(task,, SD-Task;) THEN
WHATEVER SD-Task; NOT Is_mapped(tasky, SD-Task;)
SD_mapping =
FOR EACH SD-Taskx THERE IS AT LEAST ONE task;
SO THAT Is_mapped(SD-Task,, task;)
PERT/CPM _mapping =
FOR EACH task, THERE IS AT LEAST ONE SD-Task;
SO THAT Is_mapped(SD-Task;, tasky)
Task_types:
IF Is_mapped(tasky, SD-Task;) THEN
IF Is_PERT_ENG(tasks) THEN Is_SD_ENG(SD-Task;)

Obijects variables:

taskx = PERT/CPM Plan.<x>.Tasksk[k]
<x> = Past segment or Future segment

SD-Task,=SD Model.SD model architecture.SD Tasks[k]

It would also be a more generic scenario, which would have further impacts in the
specification of other SYDPIM links. Since the benefits are not worth the extra
complexity, this will not be considered in SYDPIM basic mode.

The specification presented above allows for an easy identification of the

PERT/CPM tasks mapped to a specific SD-Task,, as well as to each of these

individual task;, as follows:

e SC-WBS(PERT/CPM Plan, SD Model).Relationships. WBS-Map[k] — accesses
the set of PERT/CPM tasks mapped to SD-Task,

e SC-WBS(PERT/CPM Plan, SD Model).Relationships. WBS-Map[k][i] — accesses
the PERT/CPM task; mapped to the SD-Task,
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The first reference is the output of the operator specified as “Mapped_to_SD".
Other operators are also specified above and their meaning is straightforward. The
four validity conditions specified make use of these operators. These conditions are
no more than the formal translation of the conditions of structural correspondence
already discussed: no task can remain unmapped, there is no partial mapping, and
PERT/CPM engineering tasks can only be mapped to SD engineering type of tasks.

Organisation breakdown links (structural correspondence)

Qverview

Organisation breakdown links are similar to the work breakdown links. Instead of
mapping the project work represented in both models, they map the project
resources.

Project resources are an important element in both types of models. In the
PERT/CPM model, project resources can represent human or material resources
and they can also represent a single resource or a group of resources. While
material resources can be critical in certain types of projects, human resources are
typically the more important ones in design and development projects, for planning
purposes. Most PERT/CPM software tools encourage the user to specify human
resources as specific individuals. Typically, this helps integration with other
Enterprise Resource Planning (ERP) applications in use.

On the other hand, in a SD model the project resources are not considered as
specific discrete individuals or machines. The continuous and aggregate nature of
the SD modelling paradigm encourages the specification of human resources
grouped into categories. For example, “designers”, “coders” or “testers”. These
groups of resources are defined in SYDPIM as SD-Resources. It is not mandatory
that these refer to human resources only, but in most real life situations that will be

the case.
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Establishing the links: basic principles

Like with the work breakdown links, the mapping of resources between the two
models will generate “one-to-many” type of relationships (i.e. one SD-Resource
category to many PERT/CPM individual resources). Again, these relationships can
be implemented in a matrix.

How is this mapping established? Are there any rules that can be proposed to
prevent invalid mapping? Once more, this mapping is of management
responsibility. In principle, there is no major restriction to prevent the mapping a
certain PERT/CPM resource to a SD-Resource category. The grouping of
PERT/CPM individuals into SD-Resources should be consistent with what these
resources are in reality. Generally, SD-Resources represent groups of staff that will
accomplish a certain type of work. The individual PERT/CPM resources mapped to
a certain SD-Resource should accomplish the same type of work. For example, it
will make sense that a specific designer in the PERT/CPM model is mapped to the
SD-Resource category “Designers” and not to the SD-Resource “Testers”. This
general principle also implies some consistency regarding the allocation of the
resource to the work tasks: a PERT/CPM resource should be mapped to a SD-
Resource category which is allocated to the same work in the SD model. However,
this type of consistency is formally addressed by structural consistency links.

Establishing the links: rules and conditions

Like with the work breakdown links, if the resources were to be classified in both
models into certain types, like “Managers” and “Designers”, it would make sense to
propose certain mapping rules like “PERT/CPM Designers cannot be mapped to SD
Testers”. However, unlike with the work tasks, SYDPIM does not impose any
particular classification of resources in any of the two models. Therefore no
particular set of rules can be proposed based on resource classification. SYDPM
does not impose any resource classification because this has not proven useful in
practice. Unlike work tasks, in reality, a same resource can perform many types of
activities and hence a strict classification is more likely to raise difficulties than to

help in the integration process.
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There are only two basic rules that must be respected:
(1) every PERT/CPM resource must be mapped to a certain SD-Task;
(2) at least one PERT/CPM resource must be mapped to a SD-Resource.

No resource can remain unmapped to other model. This implies that the “resources
domain” of the two models is the same.

Partial mapping could again be considered — i.e. a certain PERT/CPM resource
being mapped to more than one resource category. For example, “John Someone”
may work as a designer early in the project and later as a tester. So it needs to be
mapped to both SD-Resource types “Designers” and “Testers” at different periods of
time. It could even happen that such PERT/CPM resource would have to be
mapped to these two SD-Resources in a same period of time. This type of partial
mapping would require extra information regarding the periods of time and the
percentage of mapping. Clearly, it brings more complexity to the specification of
structural consistency links and of data-links. Altemnatively, the need for partial
resource mapping can be overcome in two ways: (i) by considering two or more
PERT/CPM resources to represent a single resource in the real world (e.g. “John
Someone Designer’ and “John Someone Tester”), or (ii) by readjusting resource
allocation in the SD model (e.g. some Designers working in the Testing SD-Task
later in the project). These solutions are simpler to implement and reasonable to be
assumed. Therefore, for the sake of simplicity of the structural and data links,
partial resource mapping will not be considered in SYDPIM basic mode. This type
of mapping can however be considered and implemented in 2 more complex and
detailed implementation of SYDPIM. The SYDPIM basic mode is here proposed as
a starting point.

In summary, the rules and conditions to establish organisation breakdown links of

structural correspondence are as follows:

(a) a PERT/CPM resource should be mapped to a SD-Resource if the work to which
the first is allocated in the PERT/CPM model is the same as the work the SD-
Resource will perform in the SD model;

(b) no PERT/CPM resource or SD-Resource remains unmapped,;
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() no partial mapping is allowed: a PERT/CPM resource cannot be mapped to
more than one SD-Resource.

Implementing the links

A simple matrix like the one presented below can be used to implement the
organisation structural links of SYDPIM basic mode. Because partial mapping is not
considered, each PERT/CPM resource can only be mapped to one SD-Resource. It
is important to note that, in the end, this mapping only classifies PERT/CPM
resources into the SD-Resource categories. There is no explicit implication of
quantities allocated to the project and to the work tasks. For example, this matrix is
not intended to specify how many “Designers” there are in the project and their
allocation profile over-time. As a structural link, this matrix simply establish the
conceptual correspondence between the project resources specified in both models.
For example, “John” who is scheduled to work in a number of tasks in the
PERT/CPM plan, is somewhere in the SD model accumulated in a stock of the life-
cycle of the SD-Resource “Designers”. The examples below refer to human
resources, but the same principles apply to material resources in case these are

considered.
PERT/CPM Resources SD-Resource Categories
Designers Coders Testers
| John v - -
Carl v - -
Peter - v -
Champions (group) - - v

Matrix Specifying Organisation Breakdown Structural Correspondence Links

Again, this matrix can be implemented manually or using a PERT/CPM tool or any
other appropriate application as a software platform.

Being a structural link, this matrix will need to be updated as the project plan is
updated and resources are added, removed or re-scheduled in the project. This
takes place in activities (M3a) and (P5) of the SYDPIM process logic (see figures
7.6 and 7.7). As this matrix is updated, its past version is stored within the object
“Analytical links”, which will store the “dynamic” history of the links.
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Formal specification

The formal specification of the structural links of organisational correspondence
(SC-0OBS) is presented in appendix D.1.

Like with the SC-WBS link, the relationship specified considers that one or more
PERT/CPM resource is mapped to each SD-Resource. Two operators are
specified, one that checks the mapping and the other produces the set of
PERT/CPM resources mapped to a specific SD-Resource. The validity conditions
impose that partial mapping is not allowed and that no resource remains unmapped.

Work dependency links (structural correspondence)

Overview

These links are also of structural correspondence. They specify how the elementary
dependencies in the PERT/CPM plan relate to the work dependencies within the SD
model. The following assumptions were proposed for the SYDPIM basic mode:

(i) only sequential “finish-to-start” dependencies are used in the PERT/CPM
model;

(i) some level of work breakdown is considered in the SD model and inter-task
work dependencies are considered between SD-Tasks. These
dependencies refer only to work progress and can be dynamic (see chapter
7);

(iii) within each SD-Task, intra-task work dependencies are also considered.
These dependencies also refer to work progress and can be dynamic (see
chapter 7).

These assumptions restrict the two models in the following way:
(1) in the PERT/CPM model:
(1.1) no lagged/overiapped dependencies are allowed in the PERT/CPM plan;
(1.2) no other type of elementary dependencies are allowed in the PERT/CPM
plan (e.g. start-to-start);
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(2) in the SD model
(2.1) no other type of inter-task or intra-task dependencies that may be
considered in the SD model (e.g. rework discovery or QA effects; see
chapter 7) will have a correspondence in the PERT/CPM model. This is,
the effects they capture are not represented explicitly in the PERT/CPM

model.
Work dependencies links can be considered in a more complex way to include these
possibilities. However, such links will be more complex and can be derived from the

simpler links proposed in SYDPIM basic mode.

Establishing the links: basic principles

There are two aspects of relating PERT/CPM dependencies to SD dependencies:
(i) which dependencies in one model are represented in what dependencies of the
other model and (ii) how should a dependency of one model be defined
quantitatively given its correspondence to the dependencies of the other model.
The first issue refers to structural correspondence while the second refers to data-
links. It was assumed that the SD dependencies are more aggregated, thereby
corresponding to one or more PERT/CPM dependencies — again, a “one-to-many”
type of relationship. Therefore, issue (i) takes the form of “which PERT/CPM
dependencies are mapped to each SD dependency”, and issues (ii) takes the form
of “how can be a dynamic SD dependency be derived from (or restricted by) the
PERT/CPM task mapped into it". The work dependency links of structural
correspondence address only the first issue.

The specification of these links is once more a mapping process. So, how to decide
which PERT/CPM dependencies should be mapped to each SD dependency?
While this is again a decision of management responsibility, it is highly constrained
by the work breakdown links of structural correspondence defined above. Therefore
the work breakdown links must be specified before the work dependency links.
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Establishing the links: rules and conditions

From the structural links, for each SD dependency it is possible to derive
automatically a set of PERT/CPM dependencies which can potentially be mapped to
it. From this set, management may wish to consider all the PERT/CPM
dependencies or exclude some from the mapping. The following mapping rules are
used to derive this set:

(1) for every SD-Task in the SD model, the set of PERT/CPM dependencies that
can be potentially mapped to its intra-task work dependency are those for which
their successor and predecessor PERT/CPM tasks are mapped to that SD-Task,
according the work breakdown structural correspondence links;

(2) for every SD inter-task dependency in the SD model, the set of PERT/CPM
dependencies that can be potentially mapped to it are those for which, according
to the work breakdown structural correspondence links, their successor
PERT/CPM task is mapped to the SD-Task successor of the SD dependency
and their predecessor PERT/CPM task is mapped to the SD-Task predecessor
of the SD dependency.

These rules can be specified formally in many ways. For example, a formal
software specification language can be used to specify these sets as a data-
structure, or to specify a function/procedure that produces these sets, based on the
formal specification of the models also as data-structures. The following algorithms
provide a semi-formal specification of the use of these rules to implement an
automated mapping, assuming that management will consider all the potential
dependencies:

Algorithm SC-WD-1: {Map PERT/CPM dependencies to SD intra-task dependencies}

FOR each <SD-Task in the SD model> DO
FOR each <PERT/CPM dependency> DO
IF <predecessor PERT/CPM task is mapped to SD-Task> AND
<successor PERT/CPM task is mapped to SD-Task> THEN
Map <PERT/CPM dependency> ta <SD intra-task dependency>
of <SD-Task>
ENDIF
ENDFOR
ENDFOR
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Algorithm SC-WD-2: {Map PERT/CPM dependencies to SD inter-task dependencies}

FOR each <SD inter-task dependency in the SD model> DO
FOR each <PERT/CPM dependency> DO
IF <predecessor PERT/CPM task is mapped to predecessor SD-Task of
SD inter-task dependency> AND <successor PERT/CPM task is
mapped to successor SD-Task of SD inter-task dependency> THEN
Map <PERT/CPM dependency> to <SD Inter-task dependency>
ENDIF
ENDFOR
ENDFOR

As expected these algorithms make use of the structural correspondence links of
work breakdown, which are implicit in the conditions of the type “... PERT/CPM
task is mapped to SD-Task...”. They can be used to develop software routines or

functions that produce the work dependency links as the output.

Once the work dependency links of structural correspondence can be derived
automatically from the work breakdown links, it remains for management to decide
whether some of the potential PERT/CPM dependencies should be excluded from
this mapping. Once excluded, the PERT/CPM dependency cannot be re-mapped to
another SD dependency. The mapping is not arbitrary: it must respect the two rules
proposed above. Also, the mapping cannot be partial (i.e. a PERT/CPM
dependency being mapped to more than one SD dependency), because according
to these rules one PERT/CPM dependency can only belong to one specific SD
dependency. This is true as far as the work breakdown links do not consider partial
mapping. [f this was considered, partial mapping of work dependencies would be
possible and would be a complex issue to handle for now. So management only
have the choice remove a PERT/CPM dependency from the mapping. But in what
circumstances would this be appropriate? The presence of a PERT/CPM
dependency in the work dependency links affects the quantitative definition of the
SD dynamic dependencies. In principle, the more the PERT/CPM dependencies
mapped to a SD dependency, the less the amount of work that can be done in
parallel, thereby restricting more the potential work rate in the SD model. So, if a
PERT/CPM dependency is removed it means that in the SD model the level of
parallelism considered will be higher than in the PERT/CPM model. In principle, this
should not happen because the two models would not be representing the same
reality and hence would not be consistent. In practice however, there may be
occasions where certain “finish-to-start” dependencies are not relevant and not
being considered as restrictive. For example, some of these dependencies may be
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used in the PERT/CPM plan just to represent ideal sequences of work
accomplishment but without being necessarily implemented that way in the real

world.

In summary, the rules and conditions to establish work breakdown links of structural

correspondence are as follows:

(a) a PERT/CPM task dependency can be potentially mapped to a SD intra-task
dependency of a SD-Task if both predecessor and successor tasks of the first
are mapped to that SD-Task. If mapped, the restriction to work accomplishment
represented in the specific PERT/CPM dependency must be captured in the
specific dynamic SD intra-task dependency;

(b) a PERT/CPM task dependency can be potentially mapped to a SD inter-task
dependency if the predecessor and successor tasks of both dependencies are
mapped one another respectively. If mapped, the restriction to work
accomplishment represented in the specific PERT/CPM dependency must be
captured in the specific dynamic SD inter-task dependency;

(c) no partial mapping is allowed: a PERT/CPM dependency cannot be mapped to
more than one SD dependency.

Implementing the links

The links themselves can be represented and stored in a matrix. Separate matrices
are proposed for SD intra-task and SD inter-task dependencies. This is because in
the first case only one SD-Task is involved whereas in the second it is necessary to
identify two SD-Tasks. These two matrixes are exemplified.
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SD Intra-Task Dependency PERT/CPM Dependencies

SD-Task Predecessor Task | Successor Task

Requirements Specification Requirements Clarification Formal Reqs Stage 1
Formal Regs Stage 1 Formal Regs Stage 2
Formal Regs Stage 2 Final Regs Specification

System Design High level design Detail Design Comp A
High level design Detail Design Comp B
High level design Detail Design Comp C
Detail Design Comp A Detail Design Comp B
Detail Design Comp A Review Detail Design A
Detail Design Comp B Review Detail Design B__|
Detail Design Comp C Review Detail Design C
Review Detail Design A Integrated Design
Review Detail Design B Integrated Design
Review Detail Design C Integrated Design

Matrix specifying work dependency links invoiving SD intra-task dependencies

According to this example, the intra-task dependency of the SD-Task “Requirements
Specification” captures all the “finish-to-start” dependencies within the PERT/CPM
sub-network which is composed by a simple sequence of four tasks. In the
structural links of work breakdown, these four PERT/CPM tasks of this sub-network
must be mapped to this SD-Task. Likewise, the intra-task dependency of the SD-
Task “System Design” captures the ten PERT/CPM dependencies of the sub-
network mapped to this SD-Task. In every case, both successor and predecessor
tasks of the PERT/CPM dependency must be mapped to the SD-Task.

SD Inter-task Dependency PERT/CPM Dependency
Predecessor Task Successor Task Predecessor Task  Successor Task
Regs Specification System Design Formal Reqs Stg 2 High level design
Final Regs Spec. Detailed Design A
| Final Regs Spec. Detailed Design B
Final Regs Spec. Detailed Design C
System Design Coding Interface | Review Detail Des A Coding HCI
Review Detail DesB  Coding HCI
Integrated Design Unit test HCI

Matrix specifying work dependency links involving SD inter-task dependencies

The SD inter-task dependency from “Requirements Specification™ to the “System
Design® SD-Tasks captures the “finish-to-start” dependencies which in the
PERT/CPM plan “cross” the two sub-networks mapped to each of these SD-Tasks.
For example, the PERT/CPM task “Formal Reqs Stg2” belongs to the PERT/CPM
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sub-network mapped to the SD-Task “Reqs Specification” and the PERT/CPM task
“High level design” belongs to the sub-network mapped to the SD-Task “System
Design”. Therefore, the “finish-to-start” dependency between these two PERT/CPM
tasks crosses the two sub-networks and so it should be mapped to the SD inter-task
dependency between the two SD-Tasks.

Since the work dependency links are specified upon the work breakdown links of
structural correspondence, whenever these are changed the work dependency links
will also need to be updated. This will happen whenever the PERT/CPM model is
updated with past results and when the future is re-planned — activities (M3a) and
(P5) of SYDPIM process logic.

Formal specification

The formal specification of the structural correspondence links of work dependency
(SC-WD) is presented in appendix D.1.

Two relationships are considered: the mapping of PERT/CPM dependencies to SD
intra-task dependencies, and the mapping of PERT/CPM dependencies to inter-task
dependencies. The first mapping consists of relating PERT/CPM dependencies to
SD-Tasks, since each SD-Task contains its own intra-task dynamic dependency
within its structure. The operators specified check the mapping and produce the set
of PERT/CPM dependencies mapped to a certain SD-Task or SD-Dependency.
The validity conditions are a formal translation of the rules and conditions previously
identified: no partial mapping is allowed and the successor and predecessor tasks in
the two models must be mapped in the SC-WBS link in a consistent manner.

Consistency links

The three types of links proposed above are links of structural correspondence
because their aim is to establish which elements of one model represent the same
reality as certain elements of the other model. This correspondence is based on the
mapping of. work tasks, organisational units (resources) and work dependencies.
For each of these elements one type of link is considered. Some rules and
conditions were proposed to ensure that the links are “valid”, meaning that they
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establish a correspondence between elements in the two models that actually
represent the same reality. The formal integrated use of the two models is based on
the exercise of readjusting both models and the links between them so that
consistency is achieved. Throughout the SYDPIM process logic there will be
situations where the two models will not be consistent and where the links will not be
valid. For example, when a new plan for the future is developed in the PERT/CPM
model, the SD model will need to be re-calibrated and in some occasions the
structural links may also need to be updated. This raises the need for two things: (i)
to identify whether and which links need to be updated and (ji) to identify what needs
to be changed in one model so that it becomes consistent with the other. In order to
support this, SYDPIM considers that structural consistency links are established
between the two models. The role of these links is not to establish correspondence
between the two models but to check whether: (a) the models are consistently
representing the same reality according to the correspondence links currently
established, and (b) the structural correspondence links are consistent one another.
In the later case it is important to note that while the rules and conditions proposed
for the structural correspondence links ensure their individual “validity”, they do not
ensure consistency among them (resource allocation is a typical case). So, if this
checking fails, then either the models are not representing the same reality and so
one model needs to be readjusted, or there is some inconsistency between the
mapping of the structural correspondence links.

There are two types of structural consistency links proposed in SYDPIM basic
mode: the ones that check resource allocation and the ones that check the work
dependencies. These are now described below.

Resource allocation links (structural consistency)

These links check whether the structural correspondence links of work breakdown
and the links of organisational breakdown are consistent one another regarding
resource allocation. For the links to be consistent, the following condition must be
verified for all resources in the PERT/CPM model:
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if a PERT/CPM resource r is allocated to a certain PERT/CPM task ¢ in the
PERT/CPM model, then if. (i) according to the work breakdown structural
correspondence links t is mapped to the SD-Task 7 and (ii) according to the
organisation breakdown structural links r is mapped to the SD-Resource R, then
within the SD model R must be allocated to T.

In practice this means that if “John” is allocated to work in the task “Design HCI” in
the PERT/CPM plan and this task is mapped to the SD-Task “System Design” and
“John” is also mapped to the SD-Resource “Designers”, then in the SD model the
resource “Designers” must be allocated to the SD-Task “System Design”.

So if “Carl” is allocated to “Design HCI®, but “Caril” is mapped to the SD-Resource

“Testers”, which is not allocated to the SD-Task “System Design”, then the mapping

of the work breakdown between the two models is not consistent with the mapping

of the organisation breakdown regarding resource allocation. This consistency link

identifies which resource is causing the problem: in this case it is “Carl”. The four

possible solutions to overcome this inconsistency are:

(@) re-map “Carl” to “Designers”, thereby adjusting the organisation breakdown
link;

(i) re-map a PERT/CPM task where Carl is working to “System Design”,
thereby adjusting the work breakdown link;

(iii) remove “Carl” from working in the task “Design HCI”, thereby adjusting the
PERT/CPM model;

(iv) allocate the resource “Testers” to “System Design®, thereby adjusting the SD
model.

These potential solutions show that a structural inconsistency can have two

distinctive causes:

(a) the structural correspondence links are not consistent one another and hence
need to be adjusted (solutions (i) and (ii) );

(b) the models are inconsistent, not representing the same reality (i.e. project plan),
and so need to be readjusted (solutions (iii) and (iv) ).

The formal definition of a consistency link can be used to develop an algorithm of a
formal procedure that checks structural consistency. The following algorithm
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describes a procedure that checks whether there is consistency between the work
breakdown and the organisation breakdown structural correspondence links in terms
of resource allocation:

Algorithm SCN-RA-1: {consistency-check work and organisation breakdown links
for resource allocation}

FOR each <resource rin PERT/CPM model> DO
FOR each <task t to which ris allocated in PERT/CPM model> DO
IF <tis mapped to SD-Task T in SD-Model> AND
<ris mapped to SD-Resource R in SD model> THEN
IF NOT <R allocated to T in SD model> THEN
<inconsistency: r, t, R, T>
<Ilmplement one possible solution:
(i) re-map rto a SD-Resource allocatedto T
(i) re-map a task t’ where ris allocated, to T
(iii) remove rfrom ¢t
(iv) allocate Rto T >
ENDIF
ENDIF
ENDFOR
ENDFOR

Whenever an inconsistency occurs, the specific tasks and resources of both
PERT/CPM and SD model are identified and a possible solution is proposed. This
algorithm can be used to support and/or implement the SYDIM elementary activities
(A4) and (A5) previously described (see section “SYDPIM operations: the
elementary activities of model integration®). They are also ideal to implement a

software routine to support a semi-automated process.

Formal specification

The formal specification of the structural consistency links of resource allocation
(SC-RA) is presented in appendix D.1.

This type of structural link (i.e. consistency) is only composed by relationships that
impose certain conditions. Although there is no data structure specified within the
link , two operators are specified which check whether a certain resource is
allocated to a certain task. These operators access the data structures of the two
input parameters to the link: the PERT/CPM plan and the SD model.
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Work dependency links (structural consistency)

These links check whether the structural correspondence links of work breakdown
and the links of work dependency are consistent one another. The consistency
required between the two types of links is implicit in the rules already proposed to
specify the work dependency links. The following conditions must be verified for all
dependencies in the PERT/CPM model:

(1) If, according to the work dependency links of structural correspondence, the
dependency d in the PERT/CPM model is mapped to the SD intra-task
dependency D of SD-Task T in the SD model, and fp and ts are the predecessor
and successor tasks of d respectively, then both fp and s must be mappedto T
according to the work breakdown structural correspondence links;

(2) If, according to the work dependency links of structural correspondence, the
dependency d in the PERT/CPM model is mapped to the SD inter-task
dependency D in the SD model, and f{p and ts are the predecessor and
successor tasks of d respectively, and Tp and Ts are the predecessor and
successor SD-Tasks of D respectively, then according to the work breakdown
structural links of correspondence fp must be mapped to Tp and s must be
mapped to Ts.

The first condition refers to the mapping of PERT/CPM dependencies to SD intra-
tasks dependencies. The second condition refers to SD inter-task dependencies.
As mentioned, these conditions are implicit in the rules proposed to specify the work
dependency links. This way, when specific links are specified for the first time, the
mapping established will ensure consistency with the work breakdown links.
However, as the project plans in both models are changed, inconsistencies may
emerge. These consistency links support the process of identifying them and
finding a solution.

If an inconsistency of type (1) above occurs, there are various solutions that can be

followed depending on why the consistency failed. The corrective actions may

imply:

(i) re-mapping the tasks #p and/or ts to the SD-Task T, thereby adjusting the
work breakdown links;
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(ii) re-mapping the dependency d to another SD intra- or inter-task dependency
D’, as appropriate, thereby adjusting the work dependency links.

If an inconsistency of type (2) occurs, there are also various solutions that can be

followed. Again, the corrective actions may imply:

) re-mapping the task tp to the SD-Task Tp and/or the task ts to the SD-Task
Ts, thereby adjusting the work breakdown links;

(i) re-mapping the dependency d to another SD intra- or inter-task dependency
D’ as appropriate, thereby adjusting the work dependency links.

So, if the two types of links are not consistent, one of the links needs to be adjusted
to the other. The user may also adopt other solutions like changing both links,
removing PERT/CPM dependencies from the mapping, or even change/eliminate
the dependencies in the models. Whatever the choice, the two conditions above
must be verified.

Again, formal algorithms for the consistency-checking procedure can be proposed:

Algorithm SCN-WD-1: { consistency-check intra-task work dependency links with work
breakdown links }

FOR each <intra-task dependency D of SD-Task 7 in SD model> DO
FOR each <dependency d in PERT/CPM model mapped to D> DO
IF NOT (<predecessor(d) mapped to 7> AND
<successor(d) mapped to T>) THEN
<inconsistency: d, D>
<Implement one possible solution:
(i) re-map predecessor(d) and/or successor(d) to T
(ii) re-map d to another SD dependency D’
ENDIF
ENDFOR
ENDFOR
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Algorithm SCN-WD-2: {consistency-check inter-task work dependency links with work
breakdown links }

FOR each <inter-task dependency D in SD model> DO
FOR each <dependency d in PERT/CPM model mapped to D> DO
IF NOT (<predecessor(d) mapped to predecessor(D)> AND
<successor(d) mapped to successor(D)> ) THEN
<inconsistency: d, D>
<Implement one possible solution:
(@ re-map predecessor(d) to predecessor(D)
and/or successor(d) to successor(D)
(i) re-map d to another SD dependency D’
ENDIF
ENDFOR
ENDFOR

In both cases, if an inconsistency is detected the dependencies in both models are
identified and the more direct and simpler solutions are proposed. These algorithms
can be used to support and/or implement the SYDIM elementary activities (A4) and
(AS) previously described (see section “SYDPIM operations: the elementary
activities of model integration”). They are also ideal to implement automated or

semi-automated procedures based on a software application.

Formal specification

The formal specification of the structural consistency links of work dependencies
(SC-WD) is presented in appendix D.1. The relationships of this link impose the two
conditions (1) and (2) defined above.

Summary

The structural links of the SYDPIM basic mode have been proposed. There are
three links of structural correspondence which map the following elements
respectively: work tasks, resources and work dependencies. There are two links
which check the consistency of this structural correspondence: consistency between
work and organisation breakdown links in terms of resource allocation, and
consistency between work breakdown and work dependency links. These structural
links are the basis to formally integrate the two models. They ensure that the two
modes are representing the same reality in terms of the structure of the project work
and of the project resources. The other aspect of model integration has to do with
the amounts or quantities associated with each of these three entities. In order to

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 448



Chapter 7: The SYDPIM Project Management Method

ensure that the two models represent the same reality in this dimension, data-links
are required. These are now proposed for the SYDPIM basic mode.

Data links

Overview

If a certain scheduled completion date was input to the SD model, as part of a
project plan, how is this date transferred to the PERT/CPM model? What variables
need to be adjusted and with what values? If certain resources were re-allocated to
certain tasks in the PERT/CPM model, as part of an alternative plan, how should
this be reflected in or transferred to the SD model? What variables need to be
adjusted and with what values? In general, how to be sure that the two models are
calibrated with the right data so that they represent the same project reality (status
and plan)? The SYDPIM data links address these fundamental questions of
quantitative integration.

Data links establish relationships between the data entered in and produced by the
two models. As mentioned previously, overall eight categories of data can be
considered in each model based the three following criteria:

0] input / output,

(i) past / future

(iii) planned / actual.

In each category, both models will contain several variables that store specific data.
How do all these variables inter-relate? Several combinations between different
types of variables can be considered. Are all of these relationships valid? What is
their meaning and what kind of relationship will each combination generate?
Establishing these data relationships between the two models is a complex issue.
In order to cope with this problem, a classification framework for the data-links is
proposed.

There are various factors affecting the specification of data links. In general, the
data links that can be established will depend on the specific characteristics of the
two models. Furthermore, the establishment of data links is primarily based on the
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structural links. Another critical factor is also that many variables in the two models
stand at different levels of aggregation. The consequence is that exchanging data
or checking consistency may imply dis-aggregation. Can this be done? In what
conditions and how?

Before proposing the specific links of SYDPIM basic model, the classification of data
links and the dis-aggregation of data is discussed in more detail. The data-links are
then related with the SYDPIM models’ objects and their usefulness is discussed in
the context of the SYDPIM process logic. An overview of the data-links proposed in
SYDPIM basic mode is presented. A formal specification scheme is proposed and
the data links are then specified.

Classification of data-links

The data handled by the models was classified into eight possible categories.
Assuming that this data can be inter-related across all of these eight categories, 64
potential categories of relationships can be generated. Depending on the specific
SYDPIM scenario, all or only some of these categories will be “populated” with
specific data links. As it will be seen, in SYDPIM basic mode only a few of these
categories will include links. However, it should be noted that in another more

sophisticated SYDPIM scenario, further categories could be considered.

For each category there can be various types of relationships. In some cases data
can be exchanged and in other cases data will just have to be consistent. This
leads to two main types of data relationships identified previously: (1) data exchange
and (2) and data consistency. Data exchange cannot occur between output type of
data.

Conceptually, 64 categories of data consistency links can be considered and 48
categories of data exchange links can also be considered. A total of 112 categories
of data links! a generic classification scheme can help understanding, identifying
and validating the possible data-links. Table 7.4 provides such a framework.
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PERT/ SD Model
CPM Past Future
Model Planned Actual Planned Actual
Input | Output | Input | Output | Input | Output | Input | Output
Past
Planned
Input BEI, DG | DEOI, DCOI | OEL.DCI | DEOI, DGOl | DEL.DGI | DEOLDCOI | DEI,DCI | DEOI, BGOI

Output DEOI, DCOI DCO DEOI, DCOI DCO DEOI, DCOI DCO DEOI, DCOI DCO

Actual

Input DEI,DCI | DEOI,DCOI | DELDCI | DEOI,DCOI | DEI,DCI | DEOI,DCOI | DEIDCI | DEOI, DCOI
Output | DEOL Dol DCO DEOI, DCO DCO DEOI, DCOI Dco DEOI, DCO DCO

Future

Planned
Input DEI,DCI | DEOI,DCOI| DELDCt | DEOI,DCOI | DELDCI | DEOLDCOI § DEI,DCI | DEOI, DCOI
Output | DEOH, bcot DCO DECI, DCOI DCO DEO!, DCOI DCO DEOI, DCO! DCO

Actual

|nput DEI, bCl DEOI, DCOl DEI. DCI DEOI, DCOI DELLDC) DEOI, DCOI DEl, DCI DEOI, DCOI

Output | DEOI, DCOI DCO | DEOI,DCOi | DCO | DEOL,DCOI | DCO | DEOL,DCOI | DGO

Table 7.4 — SYDPIM classification framework for data links

Each cell in the matrix above identifies one of the 64 generic categories of data
relationships. Within each of these cells, the possible data-links are identified as
follows:
e data exchange links (DE):

DEI — data exchange input-input link;

DEOI — data exchange output-input link;
e data consistency links (DC):

DCI - data consistency input-input link;

DCOI - data consistency output-input link;

DCO - data consistency output-output link.

There is another issue to consider: for the data exchange links (DE), there are two
different situations: (a) moving data from the SD model to the PERT/CPM model
and (b) moving data from the PERT/CPM model to the SD model. If this is
considered to differentiate the DE links, then 96 categories of DE relationships can
be generated, raising the overall number of potential types of data-links up to 160!
In some cases, however, the formal relationship used to exchange data from one
model to the other will also work in the opposite direction. For such bi-directional
links the differentiation is not relevant. Whether a DE link is bi-directional or not, it
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will depend on the specific formal relationship. The following notation will be used to
identify unidirectional inks:
e data exchange from SD model to PERT/CPM model:
DEI.SD-PERT
DEOL.SD-PERT
e data exchange from PERT/CPM model to SD model:
DEIL.PERT-SD
DEOI.PERT-SD

This differentiation is not considered explicitly in the matrix above but will be
identified in the formal specification of each specific data-link.

The output-input consistency links can also be split into those that refer to the

PERT/PCM model as the output and the ones where the output comes form the SD

model. Where appropriate these will be identified as follows:

e DCOIL.PERT-SD - the output from the PERT/PCM model consistent with the
input from the SD model,

e DCOIL.SD-PERT - the output from the SD model consistent with the input from
the PERT/CPM model;

Again, this differentiation is not considered explicitly in the matrix above but will be
specified in the formal definition of each specific data-link.

The complexity of this classification can also be increased if it is considered that
some links may involve data from both past and future segments of the project in
one of the models. For example, the expected completion date of a SD-Task may
involve considering the schedules of PERT/CPM tasks of the past segment (already
accomplished) and of the future segment (not started yet). In the matrix above, this
situation is not considered explicitly. Fortunately, as it will be seen, this is not a

major problem to understanding the nature of the links.

Dis-aggregation of data

The need to dis-aggregate data occurs mainly when data is transferred from the SD
model to the PERT/CPM model.
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Most variables representing data common to both models are defined at a higher
level of aggregation in the SD model. This implies that transferring values from the
SD model to the PERT/CPM model requires dis-aggregation. It also implies the
need for a certain criteria of decomposition. In principle, this should be based upon
the structural links. For example, if a certain SD-Task in the SD model has a
planned budget of 100 person-day, then in order to transfer this value to the
PERT/CPM model, the structural links should be used to identify which PERT/CPM
tasks are mapped to that specific SD-Task and hence should receive part of that
budget. The next step would be to distribute this budget among all the PERT/CPM
tasks. This is where a formal decomposition criteria is required.

Dis-aggregation of data is a complex issue. A decomposition criteria can be
determined in two ways:

(1) deduced analytically from the two models and their structural links;

(2) specified as a SYDPIM input by the user.

Unfortunately, the first possibility is not viable because there is no information
available in the models and in their structural links that could lead to /ogical
deduction of the right or a valid criteria. Back to the example, from the structural
links we know that the 100 person-day should be distributed through PERT/CPM
tasks “X*, “y” and “z2”. But there is no other information available in the models that
tells us how much should go to each of these three tasks. It is logical to wonder
about what is needed to answer this question. Some breakthrough can be done: the
profile of effort expenditure over-time of the SD-Task produced by the SD model can
be used to deduce how much is spent in specific periods of time. So if the
PERT/CPM tasks “x*, “y” and “2” are purely sequential, then the problem is resolved:
the solution is analytically deduced and complies with the practical reality of the
project. However, as far as there is some overlap between the tasks (i.e. tasks
taking place simultaneously), there is again the problem of distributing that portion of
the budget which is spent during those periods of time where work in more than one
PERT/CPM task in underway. Fortunately, there is yet another breakthrough that
can be considered: the breakdown of the effort expenditure among the continuous
activities that take place within the SD-Task. In most SD project models, a few
activities modelled as rates will characterise the work processes within a SD-Task.
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it is therefore possible to know, for example, how the budget being spent is due to
“development work”, due to “review work” and due to “rework”. Now, if the tasks in
the PERT/CPM model are classified into categories equivalent to these types of SD-
activities, the problem may again be solved: if the tasks that overlap in the
PERT/CPM model are of different type, then from the breakdown of effort
expenditure by activity within the SD-Tasks it is possible to know how much should
go to each PERT/CPM task. For example, if in a certain month only the mapped
PERT/CPM tasks “Design Interface” and “Review Interface Design” are underway,
then the first task will receive the effort spent by the SD-activity “development” and
the second the effort spent by the SD-activity “review”. This solution has a
requirement: itimposes the important conditions that (1) the tasks of the PERT/CPM
model are classified into work categories and (2) these categories are formally
mapped to intra-task SD-activities. The disadvantage is that imposing a task
classification scheme on the PERT/CPM model may not comply with many
organisations’ practices and is clearly restrictive. The other limitation of this solution
is that if two PERT/CPM tasks of the same type are underway simultaneously,
something which is likely to happen, the problem of dis-aggregation persists once
again. And this time, there is no further data available in the SD model to deduce
how the budget is to be split. From these facts, it is reasonable to accept that a fully
formal dis-aggregation algorithm is not viable and practical. The example above
focused on decomposing a budget. The problem with decomposing the schedule
can be even more complex.

The breakthroughs illustrated above are however valuable and will be used for the
definition of consistency links. Under a “consistency perspective”, these links will
not say “this % portion of the budget should go to task x *, but instead they will state
“this budget should be distributed among these tasks in a way (decided by the user)
that the resultant profile of effort expenditure over-time is the same as in the SD
model. The “consistency approach” is formal in the conditions imposed, but it
leaves the user with the freedom to decide about dis-aggregation in a way which
corresponds to reality.

Let us now consider the second solution: the decomposition criteria is analytically
specified by the user as an input to the SYDPIM process. Unfortunately, this does
not help because of two reasons: first, formal decomposition rules are likely to be
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hard to specify for the project manager; secondly even if they were defined, most
likely they would not reflect what happens in the real world. Why? Because in the
real world high-level budgets are decomposed down to the various PERT/CPM
tasks according to various factors, most of which cannot be modelled formally.
These factors include, for example, deciding on how to combine the specific staff to
form teams, which will depend on the specific individuals available. Such process
can hardly be modelled (and automated) through a formal rule. However, some
breakthrough is possible and simplifications can be considered. For example,
decomposing the budget in proportion to the duration of the PERT/CPM tasks
mapped to the SD-Task. This type of simplifications also have their serious
limitations: in this example one would be assuming the same level of cost per day in

all tasks, which in reality would hardly be the case.

Decomposing aggregate data is not an original problem. Project managers have to
do it all the time when they start decomposing the budget in approved bids to the
project phases. The most formal way available to do this is to use past metrics as a
guidance. This approach is used in empirical estimating tools like the COCOMO
and the KnowledgePLAN packages in the software industry. From a database of
past projects, it is observed, for example, that the design phase of this type of
projects consumes 30% of the budget and so this factor is used to decompose the
project budget. With all the reservations about extrapolation into future projects
(and about the “scientific validity” of empirical regression analysis), this could be a
reasonable solution for SYDPIM as well. In fact, the semi-formal integration of
KnowledgePLAN with MS Project recently developed considers that high-level
estimates are first produced using an empirical estimating engine and are then
“automatically” decomposed down to the PERT/CPM tasks. This “automated”
decomposition is based on two principles: (i) the user chooses up-front a pre-
defined PERT/CPM network plan available within the tool, and (ii) because from
hereon the tool will know which specific tasks are being mapped to the high-level
phases, a database of past metrics is used to decide how much goes into which
task. This approach imposes the use of a pre-defined PERT/CPM network plan,
which in any case does not provide the operational detail required in practice. The
further decomposition of this initial version of the PERT/CPM plan is then carried out
“manually”, to consider all the specifics and uncertainties of the operational world
within the project. This supports the idea advocated in SYDPIM that for this type of
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problem, full automation needs to and should be compromised with human

judgement,

In SYDIPM basic mode, no pre-defined network structure is considered for the
PERT/CPM plan. This way, an automated decomposition process would be even
more difficult to implement because the exact meaning of each PERT/CPM task in
terms of work contents is not available. Furthermore, the possible use of empirical
regression analysis to derive decomposition factors would require a metrics
database with a meaningful number of sample projects. This is not available in most
organisations (if in any at all), and even if it was, the process would not guarantee
the “right” solution for this specific project and specific situation. In most cases, the
result would always need to be “manually” readjusted by managers. Nevertheless,
SYDPIM considers that this type of approach for automated dis-aggregation can be
used, but that is an implementation issue left to be handied by the user.

Based on this discussion, in SYDIM basic mode it is assumed that work
decomposition will not be automated in most cases. Automated decomposition will
only be used in simple cases, as part of the overall process, and where the

algorithm is logically valid.

Data links and the SYDPIM objects

Input and output data are stored in the models’ variables. The data links therefore
establish relationships between these variables. In terms of implementation, the
specific variables and their names will depend on the specific models used. To
overcome this issue, the models were previously specified as abstract objects which
contain the explicit identification of those variables that any model will have to have
in order to be suitable for SYDPIM.

The structural links were previously specified as making reference to the sub-
components of the objects that specify the models. Likewise, the data links will be
formally specified as making reference to the variable names in the models’ objects,
as suggested in the figure 7.13.
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Figure 7.13 — The data links are specified through direct references to the variables in
the models’ objects

The data links and the SYDPIM process logic

As discussed above, overall 160 different types of data links can be established. It
was also mentioned that many of these potential links are of no practical use. In
order to understand the usefulness of the possible links it is important to consider
their roles within the SYDPIM process. This will be better illustrated in the detailed
description of the SYDPIM activities.

However, it is important at this stage to understand some of the relationship

between the possible types of links and their role within the SYDPIM process. The

data links will be used in three main situations:

(1) when the models are set-up to represent the same initial project plan;

(2) when the models are readjusted to represent the same new current plan for the
remaining future of the project;

(3) when the models are readjusted to represent the same actual project status up
to present.

The following algorithm provides a simplified description of the SYDPIM process
logic, where these three scenarios above are identified. For the sake of simplicity, it
is assumed that the project plans are always developed first in the PERT/CPM
model and are then tested and improved in the SD model:
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Algorithm: {Simplified SYDPIM Project Control Process}
Develop initial plan in PERT/CPM model
Analyse initial plan in PERT/CPM model
Improve initial plan in PERT/CPM model
Transfer initial plan to SD model — scenario (1)
Analyse initial plan in SD model
Improve initial plan in SD model
Transfer initial plan to PERT/CPM model — scenario (1)
WHILE Project is not Finished DO
Implement plan for the next control period
Update PERT/CPM model with actuals regarding project status
Analyse project future in PERT/CPM model
Transfer project status to SD model — scenario (3)
Analyse project future in SD model
Develop new future plan in PERT/CPM model
Transfer new future plan to SD model - scenario (2)
Analyse future plan in SD model
Improve future plan in SD model
Transfer new future plan to PERT/CPM model — scenario (2)
ENDWHILE

One of the criteria used to classify the links was whether the type of data handled
was planned or actual. It is now important to differentiate between planned data

regarding the initial plan and planned data regarding the current (new) plan.

The initial plan is particularly important for the SD project model. This plan
establishes the initial project targets which will affect the evolution of the simulated
project. Ideally, in the SD model the project outcome would result from this initial
plan and the endogenous management control actions. Without an initial plan, the
SD model would not be able to simulate management decision-making throughout
the project because their would be no targets. The initial plan is critical for the SD
perspective of a project outcome. Because an initial plan is required by the SD
model it was also considered that an initial plan would be available in the
PERT/CPM model (as often is in reality).

Some of the data links to be established between the two models are aimed
exclusively at transferring the project initial plan from one model to the other —
scenario (1) above.

As the project is implemented new versions of the project plan are produced. A
critical issue with the SD model is that once it has received the required input data to
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represent the targets of the initial project plan, it never receives any further input
data regarding the newly updated targets. ldeally, changes to the initial project
targets should be generated endogenously within the model, with real-life
management decisions being accurately simulated. In practice this is not so easy to
achieve and changes to the targets may need to be “imposed” in the SD model. For
this purpose, exogenous management decisions, which can occur at any stage in
the project life-cycle, are considered as inputs to the SD model (see object
specification). Under a validation perspective, exogenous inputs to the SD model
are acceptable as far as the real causes of the events lay outside the SD model’s
boundary; in these cases the SD model should not be “forced” to reproduce the
desired outcome. So, if a new plan is produced by management in the PERT/PCM
model then the new adjustments to the targets will not be an input to the SD model.
Rather, they will be endogenously produced by the model as an output, eventually
with the help of some exogenously decisions “‘imposed” as inputs. The same
rationale applies to updating the SD model with the actual project outcome: the
results are not imposed in the model as an input but rather they must be produced
by the model as an output — again, exogenous management decisions may be

required.

The consequence of all this is that because management actions which causes
cannot be validly captured by the SD model may be required, exogenous
management decisions will be required as inputs so that the SD model reproduces
well both the project status and new project plan. Some of the data links to be
established are aimed exclusively at generating exogenous decisions to the SD
model. They will support the scenarios (2) and (3) above.

The data links that support the SYDPIM scenario (1) above handle data in both
models that refer to the initial plan. 1t was assumed that both models will contain
this plan — see object specification. On the other hand, the data links that support
the SYDPIM scenarios (2) and (3) above handle data which in the SD model refer to
the “SD plan” and which in the PERT/CPM model refer to the “current PERT/CPM
plan”. Links used in scenario (2) handle mainly data in the future segment of this
plan whereas the links used in scenario (3) handle data in the past segment of the
plan.

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 459



Chapter 7: The SYDPIM Project Management Method

In order to understand the usefulness of each data-link within the SYDPIM process it
is important to identify which scenario the link is addressing. For the sake of clarity,
this scenario will be identified in the specification of each link.

Summary overview of the data-links proposed

Overall 37 data-links are proposed in SYDPIM basic mode, as summarised in table
7.5. These links will be specified formally in the remaining of this section. Before
that, it is useful to understand the overall picture.

The first column of table 7.5 identifies the three generic scenarios where the links
are used. The second column identifies the specific “data item(s)” which will be
transferred or consistency-checked across the two models. The third and fourth
columns identify the data-exchange links that transfer the data-items, from the
PERT/CPM model to the SD model and vice-versa. The fifth column identifies the
data consistency links that check the consistency of the data-items between the two
models. So, for each specific data-item there can be three types of links.

The fact that for each data-item there are both data-exchange and data-consistency
links raises the question of what are the roles of each type of link. The critical issue
in SYDPIM is that the process of adjusting one model to the other is a semi-
automated process. It starts with an initial automated data-transfer, using the data-
exchange links, and is then followed by an iterative manual process of model
readjustment / re-calibration, guided by the consistency links. The consistency links
are used as flags which identify the remaining inconsistencies between the two
models. Once all consistency links are verified, the two models are representing the
same project reality. It is important to note that throughout this iterative process,
some consistency links may altemate between being verified and being violated —
i.e. once link a becomes verified, further model changes to achieve verification of
link B may lead to violation of link A. So the “flags” go up and down throughout the
process until they are all eventually down.

Looking at table 7.5, the data-items considered are the data elements previously
identified as being common to both models (see model assumptions underlying the
object specification of the models). These data elements are as follows:

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 460



Chapter 7: The SYDPIM Project Management Method

« profiles of resources availability for the whole project;

s project start date;

e start and finishing dates of SD-Tasks and project finishing date;
e budget / cost of SD-Tasks / project;

o scope of SD-Tasks / project;

« profiles of resource allocation to SD-Tasks / project.

Some of the data-items presented in table 7.5 consider specific occurrences of
these data-elements — e.g. present level of resources allocated to a SD-Task. It can
be seen that for all data-items there is one data-exchange link from the PERT/CPM
model to the SD model, but the reverse is not always true. This highlights the
problem of data dis-aggregation discussed above. Data-transfer links from the SD
model to the PERT/CPM model refer only to data-items that stand at the same level

of aggregation.

Another important issue is that, as it will be seen, the links that transfer the project
status and the project future plan from the PERT/CPM model to the SD model will
not generate the desired results or targets as inputs to the SD model. Instead, they
will generate exogenous decisions which will contribute to the achievement of these

results and targets.

For all data-items there is a data-consistency link. Therefore, all data that can be
exchanged between the two models can also be checked for consistency. This is

important given the semi-automated nature of the process described above.

The data links that refer to the budget breakdown will be specified, but cannot be
implemented in SYDPIM basic mode — this will be clarified when these links are
presented.

Transferring the project status from the SD model to the PERT/CPM model is not
likely to be required in most cases, because according to the process logic of
SYDPIM monitoring the project past is first updated in the PERT/CPM model and
only after this it is transferred to the SD model.
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Some data-exchange links are presented in both scenarios: transferring the project
status and the project future plan. This happens for those links that adjust the
project targets at the present moment. The present moment can be seen as
belonging to both the project past and the project future segments. For example,
after the past period has been updated in the PERT/CPM model, a new completion
date is forécasted at the present moment for the project — this is the planned
completion date if the future plan is not changed. This present planned completion
date is transferred to the SD model as part of the project status. Still at the present
moment, management produces a new PERT/CPM plan for the future and now the
planned completion date may have changed. This new present planned date is now
transferred to the SD model as part of the future segment. The same link is used for

both cases.

The formal specification and detailed explanation of each of the data-links shown in
table 7.5 is now presented. The actual use of the links will take place in the detailed
description of the SYDPIM activities, but most of the underlying rationale will be
described by then. The “formal” specification language to be used is proposed

below.

Formal specification language

The formal specification of the data links will be implemented using the format
below. The links will be grouped according to the five types identified above and
according to the specific type of data being handled. A sequential number is used to
distinguish between links of same type but which refer to different type of data. An
informal definition of the links is provided followed by a brief description of its usage
and by its formal specification, using the same type of language proposed for the
objects. The links will be “called” (or implemented) within the SYDPIM activities.
Their real names, based on the formal specification, tend to become very long and
so short abbreviations are also proposed. Finally, the models’ variables referenced
in the formal specification are identified using short abbreviations as well. These are
mapped to their true long names in the object specification of the models.
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<Link type>-n: <Link title description>

<Link type> : DEI' | DEOI | DCI | | DCOI | DCO
n : serial integer number
<Link title description> : text description

Definition:
<Informal description of the links group and identification of the individual links>

Usage:

<informal identification of the scenario addressed: transfer initial plan, transfer
project status or transfer current project plan>

Formal specification:

<Formal specification of the link using the same language used to specify the
objects>

Short references:

<Definition of short references to each link used to “call” the link in the description of
the SYDPIM activities >

Obiject variables:

<Mapping of the short-named models’ varniables used in the formal specification
above, to the actual variables in the in the models’ object >

DEI — data exchange input-input links

Overview

These links specify which input data can be exchanged between the two models.
This type of data-transfer takes place when one model is being adjusted to reflect
either the project plan or the actual project status in the other model.

This type of data exchange can happen in both directions, depending on from which
model the project plan or project status is being converted. These two scenarios are

analysed separately.
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SD-input to PERT/CPM-input

This is a situation where dis-aggregation is likely to be required. Most input
parameters that characterise the project in the SD model stand at a higher level of
aggregation than in the PERT/CP model. From the previous discussion about dis-
aggregation, for such input parameters only data-consistency checking is possible.

Therefore, only input parameters that stand at the same level of aggregation in the
two models can potentially be transferred. In SYDPIM basic mode there are only
two SD input variables in this situation:

o the variables that specify the initially planned profiles of resources availability
over-time in the project — it was assumed that the models would consider this
type of variables as an input, both for planned and actual profiles (see object
specification);

¢ the variable that specifies the initial date of the project — it was assumed that in
both models there would be a variable specifying the project’s initial date (see
object specification).

Regarding the first variable, in a PERT/CPM model these profiles generally
aggregate resources into categories. For example, it is not too common to specify a
profile of resource availability for the amount of “John’s” available. Instead, a certain
profile over-time of resource availability will specify the number of “Designers”
available. These profiles are typically used in PERT/CPM tools to perform
automated re-planning operations like resource loading and resource levelling
(Nicholas 1990).

In this way, there can be variables in both models which specify profiles of resource
availability at the same level of aggregation. This happens when a SD-Resource
(which typically aggregates several individuals according to the type of work they
perform), corresponds to a PERT/CPM resource category (which is used in the
definition of the profiles of resource availability). In this case, both the SD-Resource
and the PERT/CPM resource category stand at the same level of aggregation and
incorporate the same elementary resources — an example of this match is the profile

of resources availability which aggregates all the resources in the project. In these
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cases, it is possible to establish a data exchange link that transfers the initially
planned profiles of resource availability from one model to the other. This link is bi-
directional since the transfer can also occur from the PERT/CPM model to the SD
model. In SYDPIM basic model the DEI-1 link implements this formal relationship.
The formal specification of this link is shown below (also in appendix D.2).

DEI-1: Initially Planned Profiles of Resources Availability
Definition:

For those profiles of resource availability defined in the PERT/CPM model at the
same level of aggregation as in the SD model, and in both models these profiles
also incorporate the same elementary PERT/CPM resources, then the following
links can be established:

e transfer initially planned profile of resources availability from PERT/CPM to SD

e transfer initially planned profile of resources availability from SD to PERT/CPM

Usage: transfer initial project plan from one model to the other

Formal specification:

DEI-1(PERT/CPM Model, SD Model) =
Relationships =
SD_to_PERT =
PERT/CPM.Init_Plan _Res_Avai[ri][t] := SD.Init_Plan_Res_Avail[r][t]
PERT_to_SD =
SD.Init_Plan_Res_Avail[ri][t] := PERT/CPM.Init_Plan_Res_Avail[r][t]

Where: r; = SD-Resource]i]

Short references:

DEI-1.SD-PERT = DEI-1().Relationships.SD_to_PERT
DEI-1.PERT-SD = DEI-1().Relationships.PERT_to_SD

Object variables:

PERT/CPM.Init_Plan_Res_Avail [r][t] =
PERT/CPM model.Initial plan.Plan_Resource_availability[r][t]

SD.Init_Plan_Res_Avail [r]{t] =
SD project model.SD plan.Initial plan.Resources.Project Resources|r]t]

The second SD input variable that can be transferred to the PERT/CPM model is the
project initial date. The bi-directional DEI-2 link implements this relationship (see
formal specification in appendix D.2).
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it is important to note that these two links are only used the project initial pan is
being transferred from one model to the other. In principle, this only happens once.
After the models become consistent one another in representing the project initial
plan, there will be no further need to transfer data regarding this plan and so these
links will never be used again. Nevertheless, setting up one model to accurately
represent the initial plan in the other model is one of the initial steps of the SYDPIM

process and it is an important task.

PERT/CPM-input to SD-input

These links are used when a project plan or project status is being converted from
the PERT/CPM model to the SD model. The links DEI-1 and DEI-2 already consider
this type of transfer. The data inputs to the PERT/CPM model are directly
transferred to the SD model. The potential inputs from the PERT/CPM model are
the following:

o profiles of resources availability to the project (per resource category);

e project initial date

e schedules and duration per PERT/CPM task;

e budget / cost per PERT/CPM task;

e scope per PERT/CPM task;

* resource allocation per PERT/CPM task.

The first two inputs were aiready used to specify the bi-directional links DEI-1 and
DEI-2 — the DEI-1 link considers the initially planned resource profiles. All the other
inputs are defined at a lower level of aggregation and therefore cannot be directly
transferred to the SD model. For example, the budget of a SD task will be equals to
the sum of the budgets of the PERT/CPM tasks mapped to it (according to the
structural links). However, this would not be a direct transfer because the sum of
PERT/CPM budgets is not an input to the PERT/CPM model. Rather, it is an output
of the model. So this data-relationship would be an output-input data exchange link
(DEOQI).

So, is there any other type of input-input data-transfer that can take place, other
than the DE1-1 and DEI-2 links? As mentioned previously, when the project status
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or project future plan are transferred from the PERT/CPM model to the SD model, it
might be necessary to impose exogenous management decision in the SD model.
These exogenous decisions are inputs to the SD model. If they can be derived from
the inputs to the PERT/CPM model (which describe the project status and the
project future plan), then a DEI links can be established. There is one link of this
type considered in SYDPIM basic mode, which refers to planned profiles of resource
availability.

The initially planned profiles of resource availability to the project are transferred
between the models using the link DEI-1. By definition of “initially planned”, this
refers to the profiles planned at the beginning of the project. However, the current
PERT/CPM plan contains information about the actual profiles in the past segment
and about the currently planned profiles for the future segment. Both are inputs to
the PERT/CPM model and both may differ from the initially planned profiles — there
are three types of profiles overall. If the current PERT/PCM plan is to be transferred
to the SD model, then both the actual and the currently planned profiles will have to
be reproduced accurately by the SD model. For that to happen, some exogenous
decision may be required. Why? If both the actual profiles and the currently planned
profiles (in the current PERT/CPM plan) differ from what was initially planned, then
management has undertaken corrective re-planning decisions both in the past and
in the present moment regarding the future. When this re-planning can only be
partially reproduced endogenously by the SD model (at least in a valid manner),
exogenous decisions are required. These exogenous decisions need to be imposed
in the SD model as inputs. The DEI links that can be used to derive these decisions
will consider the input from the PERT/CPM model as being the actual and currently
planned profiles and the input to the SD model as being the exogenous decisions
themselves (the movement of the data is of course from the PERT/CPM model to
the SD model).

Let us consider first the transfer of the actual profiles in the past segment. The
current PERT/CPM plan contains the actual profile of resources made available to
the project. In order to represent this project status, the SD model must reproduce
this profile in the past segment. As it will be seen, there is a DCOI link which will
check this consistency. Ideally, the SD model should be re-calibrated to generate a

past profile as close as possible to the target (while ensuring that the calibration is
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“valid’). However, if after this re-calibration there are still significant gaps remaining
at certain points in time, then an exogenous adjustment is appropriate to close
these gaps. The first possible solution would be to simply consider that the
exogenous adjustment would be equals the remaining gap over-time, throughout the
past segment. Unfortunately, this is unlikely to be a good solution. Why? As the
gap is eventually closed at time T by the exogenous adjustment at that time, there
will be a new endogenous reaction for T+1 (different from the one if the new
exogenous decision was not implemented at time T), and so the anticipated
exogenous adjustment for T+1 might not longer generate the desired resource level
— this is just a consequence of the SD model not being a linear model.
Conceptually, several exogenous solutions are possible which, when combined with
the endogenous reaction within the model, will generate the required profile. In
practice, these solutions can be developed manually through a trial-and-error,
iterative re-calibration process. There is one particular route which can be semi-
automated through a DEI link.

First, let us consider the extent of the gap between the profile produced by the SD
model and the one taken from the PERT/CPM model. In the most preferred
SYDPIM scenario, the SD model is reproducing well the past segment up to the
previous time-point, where the models were readjusted one another. In this case,
only the present data-point eventually needs to be adjusted. In this case, if after
careful re-calibration of the SD model, the endogenous solution does not produce a
pattern close enough (the real cause possibly laying outside the model’s boundary),
then an exogenous input solution can be generated to produce a fit for the present
data point. In this case, this would consist of a single-point adjustment of the gap
remaining. This is:
e exogenous adjustment of resource availability[present] = PERT/CPM resource
availability level for present time-point — resource availability level produced by
the SD model for the present time-point

Here, the exogenous adjustment is equals the gap between the present resource
level as in the PERT/CPM current plan and the resource level being produced by
the SD model. Adding this value to the resource level in the SD model eliminates
the gap.
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This relationships leads to the first DEI link. The exogenous adjustment is imposed
on top of the endogenous decisions and will ensure that the profile of resources
availability to the project will be reproduced accurately by the SD model for the
present time-point. The use of this link is based on the assumption that the SD
model is already reproducing well the actual profile for the remaining past segment

of the project.

Let us now consider that the SD model was not updated regularly and is not
reproducing well the profiles of resource availability in the past segment. There are
two approaches to solve this problem. One is to follow an iterative process of
combining exogenous decisions with the endogenous decision-making within the
model — as mentioned previously, several exogenous solutions are possible. A
structured way to implement this approach is to conduct a progressive calibration
from the past to the present, eventually using a constant time-interval. Each time-
point can be considered as a “local’ present time-point. The link previously
mentioned could then be used to ensure a good fit at each of these time-points, after
a careful endogenous re-calibration. The overall exogenous solution achieved with
this approach would consist of periodical exogenous adjustments “added on top” of
the endogenous decisions. This approach is based on a “as endogenous as
possible” solution. The other alternative approach is at the other extreme: an overall
exogenous adjustment is generated, which when added on top of the initially
planned profile will reproduce the actual profile accurately, thereby leaving no need
for endogenous adjustments. The SD model would then be re-calibrated so that this
exogenously imposed actual profile serves the needs of the project and hence,
ideally, no endogenous adjustments would be generated within the model — this is a
“as exogenous as possible” solution. In practice, some further re-calibration may be
required. In order to implement this approach a data exchange link is required to
derive the exogenous adjustment. This would consist of an over-time adjustment as
follows:
e exogenous adjustment of resource availability[t] = PERT/CPM resource
availability level for past segment — initially planned resource availability input to
the SD model for the past segment

The exogenous adjustment is simply the over-time difference between the initially
planned profile for the past segment and the actual resource availability level
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occurred. Implementing this decision, adjusts the initially planned resource

availability for what was really needed over the past segment.

In case only the present data point needs to be readjusted, then the first DEI link
identified above solves the problem. In case, the whole or a large part of the past
segment needs to be readjusted, then one of the two approached can be used. The
first requires an iterative re-calibration process possibly using the first DEI link,
whereas the second requires some re-calibration after the data-transfer. Which of
the approaches is “better” is a matter of which one represents reality better. If the
re-planning decision-making process of adjusting the resource availability level
represented in the model is poor and captures little of what generated the decisions
in the real world, then the second solution is a good approach. Otherwise, if the
model structure can capture the real decisions endogenously, then the model should
generate as much as possible the required adjustments endogenously. The best
solution is of course the one that considers the nature of the changes one-by-one,
evaluates whether their cause is captured within the model feedback structure, and
then decides whether that particular change should be generated endogenously
within the model or whether it should be imposed exogenously. So, the two DEI
links proposed above may or not be used, and should be seen as toois within the
SYDPIM process, as opposed to solutions. They help re-calibrating the SD model
for the actual project outcome as represented in the past segment of the current
PERT/CPM plan.

Let us now consider the transfer of the currently planned profiles regarding the
future segment. The current PERT/CPM plan contains the profile of resource
availability planned for the remaining future of the project. This profile may differ
from the initially planned profile, or even from the profile re-planned in the previous
corrective actions. This implies that new re-planning decisions were implemented
for the future segment of the current PERT/CPM plan. For this new plan to be
transferred to the SD model, it needs to reproduce the new profile of resource
availability. Now, the SD model reproduces two profiles into the future: the initially
planned profile (as planned in the beginning of the project) and the forecasted actual
profile (the one the model suggests is likely to occur). It is the actual profile that will
have to match the planned profile in the current PERT/CPM plan (note that in
SYDPIM, the concept a SD simulation of a PERT/CPM plan implies a steady
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behaviour where the targets are achieved). Like with the past profile, this actual
future profile reproduced by the SD model results from the initially planned profile
and from endogenous and exogenous decisions. Ideally the SD model would be
able to reproduce endogenously the new re-planning decisions just as they were
implemented by management in the current PERT/CPM plan. This way, a proper
re-calibration would ensure the required fit. Once more, it is unlikely that the
decision-making process structure within the SD model will capture all factors
affecting these decisions. In particular, the re-planning decisions implemented in
the current PERT/CPM plan imply the readjustment in the present moment of a
whole profile over-time into the future. Most (if not all) SD project models will not
consider such an over-time profile being dynamically and endogenously readjusted
every time step, according to the needs of the project — in reality, this decision-
making process is a fairly complex issue to model; to the author’s experience, in real
world models used in real projects this was often over-simplified. It is therefore
acceptable that exogenous inputs are used to represent adjustment decisions,
which lay outside the model’s boundary. The approaches that can be followed are
the same as the ones just discussed for the past segment: (i) progressive calibration
based on endogenous decisions corrected at every time-point with an exogenous
decision, or (i) produce an overall exogenous decision and then re-calibrate to
eliminate the need of endogenous decisions. While for the past segment, the
second approach may imply the model’'s endogenous inability to reproduce actual
scenarios, for the future segment the situation is different. Generating an
exogenous decision to produce the currently planned profile of resource availability
is somewhat similar to the exogenous decision “initially planned profile” input to the
model at the beginning of the project. In a way, it is as if the project was going to
start again and a pre-planned profile of resource availability into the future is made
available to the model. Re-calibrating the SD model to eliminate the need for
endogenous decisions results naturally from ensuring that the future segment is
implemented successfully “as planned”. In order to implement the first approach,
the same DEI link mentioned above can be used. To implement the second
approach a new link is required to produce the required exogenous decision:
» exogenous adjustment of resource availability[t] = current PERT/CPM plan
resource availability for the future segment — (initially planned resource
availability input to the SD model for the future segment + (actual resource
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availability level produced by the SD model for the present time-point — initially
planned resource availability input to the SD model for the present time-point))

This exogenous adjustment is basically the over-time difference between the
currently planned resource availability in the future segment in the PERT/CPM
model and the initially planned profile, added by the current gap between the initially
planned level for the present moment and the actual level in the SD model. For
example, if in the SD model at the present moment there are already 10 persons
more than what was initially planned then, if no further staff adjustment takes place,
the resource availability profile for the remaining future would be the initially planned
profile plus these 10 persons. This “adjusted profile” is then subtracted from the
currently planned profile in the PERT/CPM model, to generate the exogenous

decision.

Overall a rationale was proposed for the specification of three DEI links. These links
transfer input data from the PERT/CPM model to the SD model, as part of the
process of adjusting the SD model to represent the current project plan in the
PERT/CPM model - this process will be fully described in the description of the
SYDPIM activities. In SYDPIM basic mode the DEI-3 link implements these
relationships — see formal specification in appendix D.2.

In principle, this link will be used regularly within the SYDPIM process whenever the
project status is updated in the PERT/CPM mode! and is then transferred to the SD
model. It will also be used when a new project plan for the remaining future of the
project is developed in the PERT/CPM model and is then transferred to the SD
model.

DEOQI - data exchange output-input links

Qverview

These links specify the output data from one model that can be directly transferred
to the inputs in the other model. Again, this will happen when a project plan or
project status is being transferred from one model to the other. It can also happen
in both directions.
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PERT/CPM-output to SD-input

There are various inputs to the SD model that can be derived from the PERT/CPM
model output. This transfer of data requires aggregation, which, unlike dis-
aggregation, can be formally deduced from the structural links.

As mentioned previously there are two types of SD input parameters that can be
updated automatically through the data links: (i) “initially planned” type of
parameters, and (i) exogenous re-planning decisions which adjust project targets.
The parameters in (i) are derived from the initial PERT/CPM plan, while the
parameters in (ii) are derived from the current PERT/CPM plan.

The SD input parameters in (i) are as follows:

e initially planned schedules of each SD-Task;

¢ initially planned budget of each SD-Task;

e initially planned profile over-time of resource allocation of each SD-Task;

e initially planned scope of each SD-Task.

If a budget breakdown is considered in the SD model, according to different types of
work (e.g. QA, rework), and the PERT/CPM tasks are also classified according to
the same criteria, then there is another SD input that can be derived from the
PERT/CPM model:

e the initially planned budget breakdown of each SD-Task.

One data link can be established for each type of data. These five data-exchange
links are not bi-directional, since they only work to transfer data from the PERT/CPM
model to the SD model. They refer exclusively to “initially planned” type of data in
the SD model.

The other type of links that can be established refers to exogenous decisions which
correct the planned targets in the SD model at the present time-point. Except for the
resource profiles, these targets refer exclusively to the expected future outcome of
tasks which are currently underway or have not started yet. Regarding the resource
allocation profiles, three links can be established, similarly to the DEI-3 links: one to
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adjust exogenously the actual profiles, another to adjust the present resource level

and another to adjust the future planned profile. Overall, the exogenous decisions

that can be generated are as follows:

¢ adjustment of currently planned start date of SD-Tasks not started yet;

e adjustment of currently planned completion date of SD-Tasks no completed yet;

e adjustment of currently planned cost at completion of SD-Tasks not completed
yet;

¢ adjustment of currently planned scope at compietion of SD-Tasks not completed
yet,

e adjustment of current level of resource allocation in the present moment (for
each SD-Resource allocated to the task) of SD-Tasks underway;

o adjustment of actual resource allocation profile in the past segment of SD-Tasks
completed or underway;;

e adjustment of currently planned resource allocation profile for the future (for
each SD-Resource allocated to the task) of SD-Tasks underway.

Overall four data links can be established, one per data type. The link that refers to
resource allocation will include three sub-links (the three last bullets). The two first
links that refer to the schedules will be aggregated within a single link.

All these links need to be specified formally. Let us start with those that refer to
initially planned type of data.

The initially planned scheduled start and completion dates of each SD-Task can be
derived from the PERT/CPM model, according to the data-link DEOI-1 (see
appendix D.2). The variables referenced in both models refer to the initial plan.
This link includes a validity operator which ensures that the PERT/CPM tasks are
mapped to the SD-Task according to the WBS link of structural correspondence.

It could be argued that the earlier start date and the later finish date of a set of
PERT/CPM tasks are inputs to the PERT/CPM model rather than outputs.
However, in many cases the duration of the tasks is the real input and the fields start
date and finishing date will result from the tasks’ duration and from the elementary
finish-to-start dependencies among them. In this case, the dates will be an output
from the model. In other cases, start dates and/or finishing dates are imposed as
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inputs to the tasks and their duration becomes an output. Whatever the case, the
calculations of the “minimum start date® and “maximum finishing date” are
considered as operations that produce an output. Therefore, for the sake of
simplicity, it is assumed that the derived start and finishing dates of a sub-network of
tasks in the PERT/CPM model are an output from this model.

The initially planned budget of a SD task can be derived from the PERT/CPM model
according to the DEQI-2 link (appendix D.2). Similarly, the initially planned scope of
a SD task can be derived from the PERT/CPM model according to the DEOI-3 link
(appendix D.2). Regarding the initially planned profiles of resource allocation over-
time to a SD-Task, these can also be derived from the PERT/CPM model, for each
SD-Resource type allocated to that task. This is specified in data link DEOI-4
(appendix D.2).

Finally, if a budget breakdown into work activities is considered in the SD model,
then the initially planned breakdown can be derived from the PERT/CPM model,
assuming that the tasks in the PERT/CPM model are also classified according to the
same criteria. In this case, the DEOI-5 link can be established (see appendix D.2).
It is important to note that the object specification of the two models presented
earlier does not consider the required assumptions for this link to be implemented:
in the SD model object, the budget of a SD task is not decomposed into work
activities and in the PERT/CPM model object the tasks are not classified by work
type. This way, the second condition of the validity statement is in italics to
highlight that this is not possible to implement with the current object specification of
the PERT/CPM model — it assumes that the operator /s_Type(<task><work
activity>) is available. In the same way, the mapping of the SD variable used in the
link to the object variable is also in italics to highlight that such SD variable is not
available — the object specified for the SD model decomposes the initial budget by
SD-Task only and not by work activity (the second dimension). Nevertheless, this
specification provides a guidance to the required changes that would have to be
implemented in the models’ object specification. It also illustrates how this link can
be implemented.

The links DEOQOI-1 to DEQI-5 specified above refer exclusively to transferring data
regarding the project initial plan from the PERT/CPM model to the SD model. These
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links will only be used when the SD model is being adjusted to represent the initial
plan in the PERT/CPM model. This is only likely to happen once at the beginning of
the SYDPIM project control process.

Let us now specify the links that refer to exogenous decisions imposed in the SD
model.

The exogenous adjustment of the currently planned start and finishing dates of the
SD-Tasks is specified in link DEOI-6 (appendix D.2). This link produces exogenous
adjustments at the same time for both the currently planned start date and finishing
date of SD-Tasks. It is important to note that validity conditions of this link ensure
that the start date can only be adjusted for tasks not started yet and the finishing
date can only be started for tasks not completed yet. Also, the PERT/CPM tasks
from where the currently planned finishing date of a SD-Task is derived can either
belong to the past or to the future segment. In most cases, the specific PERT/CPM
task which imposes the completion date will be in the future segment, but if it is an
an-going task then it will belong to the past segment. In this link it is also assumed
that the “present” time-point belongs to the past segment — this assumption is
generalised to the whole SYDPIM process logic and will also apply to future links.

The adjustment of the currently planned cost at completion of the SD-Tasks
underway is specified in link DEOI-7 (appendix D.2). The validity condition of this
link ensure that the SD-Task which CAC is being adjusted is not complete yet. Note
that in most cases, the PERT/CPM task that imposed the completion date belongs
to the future segment of the current PERT/CPM plan (hence not started yet), but in
some cases it may belong to the past segment (i.e. underway). This is considered
in the formula of the validity condition.

The adjustment of the currently planned scope at completion of the SD-Tasks
underway is specified in link DEOI-8 (appendix D.2). This link is similar to the DEQI-
7 link, with the currently planned scope at completion being adjusted for the present
moment instead of the cost at completion.

The adjustment of the current resource allocation profiles is specified in the link
DEOI-9 (appendix D.2). This link includes three sub-links which adjust, for each SD-
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Task, (1) the actual profile, the (2) present resource level and (3) the future planned
profile. The logic of the data transfer is based on the same rationale proposed for
the DEI-3 links. There are only two differences: (i) the resource profiles refer to SD-
Tasks instead of the whole project and (ii) the data transferred from the PERT/CPM
model is output data instead of input data. The present moment is considered as
belonging to the project past segment. The validity conditions impose that: (1) the
link that adjusts the past actual profile is only applicable to SD-Tasks which have
started (complete or underway), (2) the link that adjusts the resource level at the
present moment applies only applies to SD-Tasks underway and (3) the link that
adjusts the future planned profile only applies to SD-Tasks not complete yet
(underway or not started). The exogenous decisions of (1) and (2) are implemented
in the past segment and the decision in (3) is implemented in the future segment.

The links DEOI-6 to DEOI-8 refer exclusively to adjusting the SD model to
reproduce at the present moment the currently planned targets in the PERT/CPM
model. This will happen regularly throughout the SYDPIM process, whenever a new
plan for the remaining future of the project is developed in the PERT/CPM model.
The links DEOI-9.1 and DEOI-9.2 are also used to adjust the SD model to the
currently planned targets in the PERT/CPM model and are used in the same
situation. The DEOI-9.3 link is used to adjust the whole past segment of the SD
model to the actual outcome updated in the PERT/CPM model, regarding the
resource allocation profiles. This will only happen when the SD model was not
updated (and used) with actual results during a considerable period of time and
needs to be updated at the present moment.

SD-output to PERT/CPM-input

In SYDPIM basic mode the only SD output data that can be transferred to the
PERT/CPM model as inputs refers to the profiles of resource availability of the
whole project. Once more, all the other SD output-data (tasks’ schedules, budgets /
costs, scope and resources) is defined at a higher level of aggregation than the
inputs of the PERT/CPM model. In order to be transferred to PERT/CPM model,
dis-aggregation would be required. As discussed previously, a formal data link can
only be established if a formal dis-aggregation rule was available (either derived
from the structural links and from other data in the models, or from user input). As
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mentioned previously, based on practical experience, the use of such automated
dis-aggregation rules is not likely to be accurate enough and is not considered in
SYDPIM basic mode.

The actual and currently planned profiles of resource availability in the project are an
output of the SD model. These profiles result from the initially planned profiles (an
input to the model) and from the various endogenous and exogenous adjustments
throughout the project simulation. In case the project status is first updated in the
SD model or a new plan is generated in the SD model, new actual or currently
planned profiles can be generated. If the PERT/CPM model is then to be re-
adjusted to the SD model, these profiles can be transferred directly throughout a
DEOI link. This is specified in link DEOI-10 (appendix D.2). To an extent, the
DEOI-10 sub-links are the opposite of the DEI-3 sub-links — they transfer the actual
and currently planned profiles of resources availability in the opposite direction. The
link DEOI-10.2 is unlikely to be used regularly throughout the SYDPIM process,
because according to the SYDPIM monitoring process logic the first model to be
updated with actual results is the PERT/CPM model. Therefore, the actual profile of
resources availability is first updated in the PERT/CPM model and only after that is
transferred to the SD model, eventually using the DEI-3.3 link. On the other hand,
the DEOI-10.1 link is used whenever a new plan is generated in the SD model and
is then transferred to the PERT/CPM model. This will happen regularly throughout
the SYDPIM process.

DCI - data consistency input-input links

Overview

Within the SYDPIM process logic, data consistency links are primarily used to check
whether the project plan or project status represented in the two models are the
same - i.e. consistent one another. If they are not the same, these links will identify
what are the inconsistencies.

Input-input data consistency links impose conditions between the input data of both
models. This differs from data exchange links because these conditions do not
necessarily specify how the input data from one model is derived from the input data
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of the other model. Only when a data consistency link imposes an equality between
two variables, on from each model, an “equivalent’ data exchange link can be
derived from transforming this equality condition into an attribution. This way, data
exchange links can be seen as deriving from a subset of the data consistency links

which impose an equality condition between input parameters of the two models.

In concept, a data-consistency link is specified through the definition of a
mathematical condition involving variables of the two models. These conditions can
be more or less complex, depending on the specific input parameters considered in
the models. For example, consider that the input parameter “maximum degree of
concurrency” is used in the PERT/CPM model to measure the maximum number of
tasks allowed to be implemented in parallel. This parameter would probably impose
restrictions to the shapes of the intra- and inter-task work dependencies among the
tasks in the SD model. In this situation, the shapes of these curves could not be
directly derived form this PERT/CPM parameter (so no data-transfer link could be
established), but their shape would be restrained, somehow, by this PERT/CPM
input parameter. This would be an input-input data-consistency link.

In SYDPIM basic mode, there are two main situations where the comparison
between variables is required: single values and over-time profiles. For the first
case, a precise equality will be imposed and the operator “==" will be used for this
purpose. For comparing profiles over-time, a precise equality is not the best
approach. This is because these profiles may have different granularities (i.e. no.
of data-points). Furthermore, the profiles produced by the SD model tend to be
continuous whereas the ones produced by the PERT/CPM model tend to be more
discrete. Therefore, the SD model tends to generate smoothed patterns where the
PERT/CPM model generates more stepped type of patterns. To cope with this type
of problem, in System Dynamics, “goodness-of-fit’ criteria are often used (Sterman
1984). The operator “~=" will be used for this purpose, meaning that a “goodness-
of-fit" criteria is satisfied. The formal specification of this criteria will be discussed
later in this chapter.
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Links

In SYDPIM basic mode, the only input-input consistency links considered are the
ones that refer to the equalities underlying the DEI-1 and DEI-2 links previously
specified. These are specified as links DCI-1 and DCI-2 (see appendix D.2).

The role of the DCI-1 link is to verify whether the initially planned profiles of
resources availability to the project are the same in the two models. The role of the
DCI-2 link is to verify whether the actual or planned project start date is also the
same in the two models. It is important to note that in both cases this type of data is
transferred from one model to the other only once, when the receptor model is being
adjusted for the first time to the initial project plan in the other model. Once the two
models become consistent for the initial plan, this consistency will never be affected

again.

However, it can also be argued that if the initial project plan has just been
transferred from one model to the other using the exchange links DEI-1 and DEI-2,
then the DCI-1 and DCI-2 links will automatically be verified. So, what is the
usefulness of these links?

The answer to this question is simple, but important to understand the seem-
automated nature of the SYDPIM integration. Transferring data from one model to
the other using the data exchange links is only part of the process of transferring a
project plan or project status. This data transfer is not sufficient to ensure that the
two models will be representing the same reality. In most cases, further “manual”
adjustments to the receptor model are required.

Once the data is transferred, the data consistency links are used to check what
remains inconsistent between the two models — see SYDPIM operations (A2), (A3)
and (A4) previously described (see section “SYDPIM operations: the elementary
activities of model integration”). If the DEI-1 and DEI-3 links were used, then at this
stage in the process the DCI-1 and DCI-2 links will be verified. However, other
consistency links might not be verified (in particular the output-output consistency),
and so manual changes need to be carried out in the receptor model (e.g. re-
calibrating the SD model, or readjusting the PERT/CPM network). These manual
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changes are not done all at once. Rather, this will be an iterative process. As the
initial changes cause some consistency links to become verified, other links
previously consistent may now become violated (including the DCI-1 and DCI-2
links). For example, if more resources are added to ensure budget consistency, as
a consequence the profile of resources availability may become inconsistent. The
user will need the DCI-1 link to know about this. In this way, the DCI links are
necessary within the iterative process of manual adjustment to ensure that in the
end of the process the models are fully consistent one another. These consistency
links will work as flags which identify possible inconsistencies still remaining and that
need to be resolved. The use of the consistency links in this way will be illustrated
in the detailed description of the individual activities of the SYDPIM process logic.

Unlike the DEI-1 and DEI-2, the DEI-3 link does not originate a DCI link. Why? The
aim of the DEI-3 link is to transfer data from the PERT/PCM model to the SD model
so that the later reproduces the same profiles of resource availability. However, this
“transfer” consists in generating exogenous input decisions to the SD model so that
the profiles it produces as outputs are as required. So, the transfer does not consist
of an equality between input variables with the same meaning in the two models.
Furthermore, the exogenous decisions generated are not the only solution to make
the SD model reproduce the desired profiles and the use of the DEI-3 links is not
mandatory. Therefore, it does not make sense to impose any type of condition
between the input exogenous decisions in the SD model and the input profiles in the
PERT/CPM model.

DCOI - data consistency output-input links

Overview

These data consistency links are also used to check whether the two models are
representing the same plan or project status. According to these links, the output
from one model must be consistent with the input from the other model. Some of
these links can be generated directly from the DEOI links where equalities are
imposed, replacing attributions between similar variables. As described for the DCI
links, these links are used to support the process of adjusting one model to the other
eventually just after the DEOI links have been used. Their usefulness is twofold: (1)
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identify what is different between the project plans or project status represented in
the two models, and (2) work as “flags” to guide the readjustment of one model to
the project plan or project status of the other model.

More or less complex conditions can be considered depending on the specific input
parameters and output data produced by the two models. In SYDPIM basic mode,
most of the DCOI links considered are the ones that impose the equalities
underlying the links DEOI-1 to DEOI-5 and DEOI-10 previously specified. The links
DEOI-6 to DEOI-9 produce input exogenous decisions to the SD model and, as
discussed for the DCI links, they do not originate a DCOI link.

The DCOI links of SYDPIM basic mode are specified in appendix D.2 — see links
DCOI-1 to DCOI-5. Let us consider first the links which output comes form the

PERT/PCM model.

PERT/CPM-output to SD-input

As discussed for the DEOI-5 link, the DCOI-5 links requires the explicit breakdown
of the effort within the SD tasks into work activities. It also requires that the tasks in
the PERT/CPM model are classified according to the same criteria. These
assumptions have not been considered in the proposed object specification of the
two models for SYDPIM basic mode.

All the five links consider that the output is from the PERT/CPM model and so, like
the DEOI links, they are all PERT-SD links. They also refer exclusively to “initially
planned” type of variables in the two models and so their role is to check whether
the initial project plans (developed at the beginning of the project) are represented in
the both models in a consistent manner. In principle, this will happen only once
when the models are set-up to represent the same initial project plan developed in
the beginning of the project. So these links will not be used regularly throughout the
SYDPIM process.
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SD-output to PERT/CPM-input

The only PERT/CPM input data that can be checked for direct consistency against
SD output data refers to the profiles of resources availability for the whole project.
Two outputs are produced by the SD model: the actual profiles as occurred and the
currently planned profiles for the remaining future. These profiles are inputs to the
current project plan in the PERT/CPM model. The DCOI link that checks this
consistency can be considered as originated from the DEOI-10 link previously
specified. This data exchange link transfers the profiles produced by the SD model
to the inputs of the PERT/CPM model. This is implemented in link DCOI-6 (see
appendix D.2). This data consistency link is used whenever the models are
readjusted so that the represent the same project past as occurred and the same
current future plan. This will happen whenever the a new future plan is developed in
one of the models and needs to be transferred to the other model and also when the
project actual outcome is updated in one model and needs to be transferred to the
other model. This will happen regularly throughout the SYDPIM process.

DCO - data consistency output-output links

Overview

These links impose conditions between the output data produced by the two
models. They are important indicators of whether the two models are representing
the same reality. Their underlying concept is based on an intuitive relationship
between the two models: if both are representing the same project, then the results
that they produce must be the same (e.g. final duration and final cost) (Rodrigues
1994a). For example, the duration of the critical path of the current network plan in
the PERT/CPM model must be the same as the value of the variable “scheduled
completion date” in the SD model (at the end of the project simulation).

The output data considered in the DCO links includes both currently planned and
actual data. This implies that for the models to represent the same reality, then both
the current work plan and the results of implementing such plan must be the same.
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The DCO links are used in the SYDPIM planning and monitoring activities. In
monitoring they are used in activity (M6), where the SD model is re-calibrated to
represent the project status as described in the PERT/CPM model. In planning,
these links are used in activity (P3a), where the PERT/CPM model is readjusted to
represent the plan of the SD model, and in activity (P4b) where the SD model is re-
calibrated to represent the project plan of the PERT/CPM model.

Links

Output-output data consistency checking can only be implemented considering
output data which is common to both modeis. In SYDPIM basic mode, the output
data considered for this purpose refers to profiles over-time. In the PERT/CPM
model, these profiles are the ones specified in the objects “PERT/CPM past
behaviour” and “PERT/CPM future behaviour”. In the SD model, these profiles are
the ones specified in its sub-component: “Project behaviour”. For the DCO links the
following profiles of output data are considered in SYDPIM basic mode:

(1) Schedules
(1.1) Whole project
(1.1.1) Finish date (SAC)
(1.2) Per SD-Task
(1.2.1) Start date
(1.2.2) Finish date (SAC)
(2) Effort — whole project and per SD-Task
(2.1) ACWP — actual cost of work performed
(2.1.1) engineering effort
(2.1.2) management effort
(2.2) BCWP - budgeted cost of work performed
(2.3) BCWS - budgeted cost of work scheduled
(2.4) CTC — cost to complete
(2.5) CAC - cost at completion
(3) Resources (allocation) — whole project and per SD-Resource category
(3.1) ASP — actual staff profile
(3.2) PSP - initially planned staff profile
(3.3) CASP — cumulative actual staff profile
(3.4) CPSP — cumulative planned staff profile
(3.5) CSPAC — cumulative staff profile at completion
(4) Scope — whole project and per SD-Task
(4.1) SCAC - scope at completion
(4.2) CSCC ~ cumulative scope changes
(4.3) ASCWP — actual scope of work performed
(4.4) SCTC — scope to complete
Output profiles of over-time data considered in SYDPIM for the DCO links
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The outputs from the PERT/CPM model are not a direct output from a specific
network plan taken from the model (e.g. initial or current plan). Instead, these
outputs are taken from the objects “PERT/CPM past behaviour’ and “PERT/CPM
future behaviour’ and in some cases result from data taken from a set of
PERT/CPM plans stored in the model — the SACIt] is a good example. So, how are
these PERT/CPM output patterns generated? The algorithm will be described within
the SYDPIM monitoring and planning activities where these pattemns are extracted
from the PERT/CPM model.

For each of these outputs, a DCO link is established — a total of 19 links. These are
grouped into four mains links, according to the type of data they handle (schedule,
effort, resources and scope, as numbered above). Each link checks the consistency
of all output variables within the group. These links are specified in appendix D.2 —
see links DCO-1 to DCO-4.

Within each link various patterns are considered. For example, regarding the effort
pattens the following indices were considered: ACWP, BCWS, BCWP, CTC, and
CAC. In principle, one separate sub-link could be considered for each individual
pattern. However, as it will be seen, for the purpose of the SYDPIM process there is
no need to consider such detailed breakdown. As specified above, whenever one of
the four DCO links is implemented all patterns within the link will be checked at the
same time. The only relevant breakdown considered is the split between past and
future segment. This is because the consistency of the patterns is checked at
different stages within the SYDPIM process regarding the past and the future
segments.

The DCO links are based on the fundamental principle that the dynamic patterns of
a project’'s behaviour typically produced by a SD project model are also implicit in a
PERT/CPM model and can be extracted from it. If the two models are representing
the same project reality, then these patterns must be the same. The DCO links are
very important to support the implementation of the whole SYDPIM process and will
be used regularly throughout this process.
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Data-structural links

Overview

As the project is simulated in the SD model and the project schedule eventually slips
by, wouldn’t the project manager want to know exactly how the PERT/CPM network
will evolve? — i.e. a trip into to the future at the operational level. As the project
manager readjusts the project plan in the SD model so that the targets achieved,
wouldn’t the project manager like to have immediately available the correspondent
PERT/CPM network plan? (a considerable amount of effort would be saved). This
is the ideal scenario for integrating the two models. Data-structural links would be
required to provide the project manager with these features. In concept, the
usefulness of these links is of great magnitude. However, in practice they are not so
easy to implement.

Data-structural links establish relationships between the structure of one model and

the data in the other model. Similarly to the data links, there are two types of

relationships that can be considered:

(1) consistency — if the data in one model has certain values, then the structure in
the other model will have to have certain characteristics, and vice-versa.

(2) adjustment or generation — the structure of one model generates data for the
other model, or that the data in one model can be used to generate structural
changes to the other model.

The concept of data-structural links results, in great part, from the models standing
at different levels of aggregation. Structural aggregation often implies converting
structure into data. Therefore, it can be expected that some of the data in the SD
model corresponds to structural characteristics of the PERT/CPM model.

An example of this concept is the forecasted completion date produced by the SD
model (of the whole project or of a SD-Task). Typically, this consists of an output
variable, which evolves throughout the simulation. A varying pattemn implies the
implementation of re-planning decisions or the occurrence of risks, both of which will
change the expected completion date. At the PERT/CPM level this will most likely
correspond to structural changes in the logical network of the project plan, with tasks
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and dependencies being added or removed. More generally, the simulation of the
project implementation in the SD model, represented through changes in data (i.e.
over-time patterns), corresponds in the PERT/CPM model to a “network evolution”
which is characterised by on-going structural changes. This way, data in one model
represents, more or less explicitly, structure in the other model. In SYDPIM, the

data-structural links address these relationships.

It is important to understand the difference between data-structural links and data-
links which are based upon structural links. In the data-structural links, the data
generated from the structure of one model is based only on its structure. Most likely
this data will refer to structural issues (e.g. no. of tasks running pin parallel). Some
data-links make use of the structural links and this may look like that the structure of
one model is generating data for the other model. For example, the budget of a SD-
Task being equals the sum of the budgets of the PERT/CPM tasks mapped to it
requires the SC-WBS link. However, the relationship being established is between
data, and the structural link is only used to support the specification of that
relationship. An example of a data-structural link is a link that counts the number of
dependencies in the PERT/CPM model and generates an index of overall
parallelism. This index would be a data-input (or output) to the SD model.

The formal specification of data-structural links also requires a clear definition of

what is the structure of each model. At a detailed level of specification, the structure

of the models can be considered as data. For example, a PERT/CPM dependency

can be seen as a set of two numbers, each corresponding to the numerical

identifiers of the predecessor and successor tasks. However, the perspective in

SYDPIM is that the structure of a model is a collection of inter-related elements (or

objects) as follows:

(1) structure of the SD model — a collection of SD-Tasks, inter- and intra-tasks
dependencies, and resources;

(2) structure of the PERT/CPM model — a collection of PERT/CPM tasks, tasks
dependencies, and resources.

The data-structural links of SYDPIM basic mode are based on these assumptions.
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Application in the SYDPIM process

The usefulness of these links is to support the automation of two crucial SYDPIM
operations, or elementary activities, which are required several times throughout the
SYDPIM process logic. These were previously described:

(Ad)structural-data consistency checking — the structure of one model must respect
a certain condition depending on the input and/or output data in the other
model. Data-structural links can be used to specify these formal conditions.

(A5)structural readjustment — the structure of one model and/or the structural links
between the two models are readjusted so that both structural and data
consistency are achieved. This operation assumes that, prior to being
implemented, the two models are not consistent in terms of structure and/or
data. Data-structural links can be used to specify formally how the
readjustment takes place based on the data values.

In practice, the activity (A5) of structural readjustment is the more critical one.
Throughout the SYDPIM process, the PERT/CPM model will have to be readjusted
frequently to represent new project plans developed in the SD model. In the
specification of the structural consistency links some algorithms were proposed to
support the automation of this activity. For the data-structural links similar
algorithms can also be proposed as part of the specification of generation /
readjustment links. These will be based on data-structural consistency links.

Links of SYDPIM basic mode

The specific data-structural links that can be established between the two models
depend on the model’s characteristics: structure and data. For SYDPIM basic
mode, this consists of the object specification previously proposed for the two
models.

The first issue to consider is that no specific structural type of data (e.g. no of tasks
running parallel, average number of predecessors) is considered explicitly in any of
the models. The presence of this type of data in the SD model would raise the
possibility of links being established with the structure of the PERT/CPM model. For
that to happen, the SD model would have to contain a numerical description about
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the structure of the PERT/CPM network. This could be a good direction to take in
order to better integrate the two models, but it requires a specific orientation in
developing the SD project model. The SD model would have to be “PERT/CPM
oriented”, explicitly trying to capture and quantify the structural evolution of the
PERT/CPM network. Such a specialised SD project model is not considered in
SYDPIM basic mode. The other possibility would be the PERT/CPM model
containing data that refers to the structural characteristics of the SD model. This is
unlikely to be very useful for two main reasons: (i) most of the PERT/CPM data
stands at a lower level of aggregation hence it will not aggregate structural
characteristics of the SD model, and (ii) the standard use of a PERT/CPM model
does not contemplate the presence of a SD model within the project control process;
this would require a SD-specialised PERT/CPM model and could also be a
direction to take in improving the PERT/CPM models for a better integration. Again,
the PERT/CPM model considered in SYDPIM basic mode is “standard” and so data-
structural links of this type cannot be established.

Developing specialised SD and PERT/CPM models, closer to each other, each
containing data referring explicitly to the structure of the other model, is a good
direction towards the development of more sophisticated SYDPIM modes of
implementation. Since this type of data is not considered explicitly in any of the
models of SYDPIM basic mode, is there any possibility to establish data-structural
links? The possible will have to be based on “unintended” relationships between the
structure and the data of the “standard® models. These relationships would result
from the simple fact that both models are representing common aspects of the
project.

The are only two data-structural links considered in SYDPIM basic model. These

are based on the following relationships:

« the shapes of the intra-task dependencies in the SD model can be derived from
output data of the PERT/CPM model;

o the shapes of the inter-task dependencies in the SD model can be derived from
output data of the PERT/CPM model,;

The SD-dependencies themselves are a structural element (or object) of the SD
model. These elements they contain data within which specifies the dynamic shape
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of the dependency. The perspective assumed in SYDPIM is that this data describes
structure. The data within the SD dependencies describes a “progress curve”. For
the inter-task dependencies this curve specifies how much work can be
accomplished in the successor task given the amount of work already accomplished
in the predecessor task. For the intra-task dependency, this curve describes how
much work can be started given the amount of work already accomplished within the
task. Changing this data is a structural change in the SD model. Therefore,
deriving this data from PERT/CPM output data is a data-structural link.

The “progress curves” of the SD dependencies are considered in SYDPIM as being
part of the project plan. This is because the “progress curves”, which are typically
related with product development issues, impose a dependency which may or not
be respected as the work is carried out within the task. For example, in certain
conditions extreme schedule pressure, more work can be started within the SD-Task
than what the dependency would allow. While doing so is likely to have negative
impacts on quality (the specific impacts considered will depend on the specific SD
model at hand), it can happen.

The links here proposed are used to transfer the project initial plan or the new
current plan from the PERT/CPM model to the SD model. Therefore, the progress
curves of the SD-dependencies are derived only for the initial plan or for the current
plan in the SD model.

The “progress curves” are derived from the shape of the cumulative scope planned
to be accomplished in the SD-Task, according to the project plan in the PERT/CPM
model. This shape is an output from this model, which can be obtained from the
object “PERT/CPM future behaviour” — ASCWPJt] variable. It can be obtained for
both past and future segment of the project. When the progress curves are derived
for the new current plan transferred to the SD model, the “PERT/CPM future
behaviour’ is used as the source. When the progress curves are derived for the
initial plan, the “PERT/CPM future behaviour” will also be the source, assuming that
the project has not started yet (hence the future behaviour covers the full project life-
cycle). If the project has already started and the SD model was not updated at day
zero with the initial PERT/CPM plan, then at the present moment the SD model will
have to calibrated for the past and future segments. Regarding the past segment,
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the behaviour to be produced by the SD model refers to the past and current
PERT/CPM plan. However, regarding the future segment, the future behaviour to
be produced must correspond to the initial PERT/CPM plan. Otherwise, the initially
planned progress curves for the project past segment cannot be derived, and hence
this link cannot be implemented.

The final question is: how to derive the shape of an intra- and inter-task SD-
dependency “progress curve” from the PERT/CPM model? Regarding the intra-task
dependency, the key assumption is that the planned cumulative scope
accomplishment of a SD-Task, as extracted from the PERT/CPM plan, reflects the
shape of the intra-task “progress curve”. This is because typically project plans are
compressed “as much as possible” to cope with tight deadlines. This “as much as
possible” generally reflects how much the project manager is willing to compress the
work within a task, up to the limit of technical feasibility. However, in some cases
the project manager can feel so pressured that even further compression is carried
out for the remaining future of the project. In other cases, the project manager may
have free time to add as contingency to the tasks. The algorithms here proposed for
these links are based on the assumption that the limit of the technical feasibility is
being considered in the PERT/CPM project plan. If that is not the case for a specific
SD-Task , then the “progress curve” produced by the algorithm can be adjusted
manually, being used as a good starting point.

The following algorithm derives the “progress curve” for the intra-task dependency of
a SD-Task. This algorithm assumes that there is an average delay of work
accomplishment within the task — input variable DELAY. This represents how long,
in average, it takes for an elementary work task to be accomplished once started.
This delay encapsulates several characteristics of the product development process
modelled within the SD-Task.
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Algorithm DSR-1-1: {derivation of progress curve for intra-task dependency}

Input parameters:
UT := <time unit assumed in the SD simulation>
DELAY := <expected average delay of work accomplishment within the task>
ASCWPIt] := <planned cumulative scope accomplishment from PERT/CPM>
Planned SCACIt] := <planned scope at completion from PERT/CPM>

Qutput parameters:
Progress_Curve[x%] ==
<% scope that can be started given x% already accomplished>

ASCWP%[t] := ASCWPIt] / Planned SCACI0]
Scope_That_Can_Start[t] :=
IF ASCWP%[t] == 0 THEN ASCWP%[DELAY * UT]
ELSE ASCWP%[t + DELAY * UT]
LET x% : ASCWP%[T] == x%
Progress_Curve[x%] := Scope_That_Can_Start[T]

The input parameters ASCWPJt] and “Planned SCACIt]” are taken as output from
the PERT/CPM model. This output is produced when the PERT/CPM planned
behaviour is extracted from the PERT/CPM model (in the appropriate activity of the
SYDPIM process logic). In this process, the pattern ASCWP[t] will be generated
considering the PERT/CPM dependencies mapped to the SD-Task.

The SYDPIM analytical link DSR-1 derives the SD-intra-task dependencies from the
PERT/CPM future behaviour. This is specified in appendix D.3.

The algorithm used for the inter-task dependencies between two SD-Tasks is
similar. For the same reasons, it is also assumed that the tasks are being
overlapped up to the limit of technical feasibility. The “progress” curve produced by
the algorithm can be adjusted manually if appropriate. The algorithm is as follows:
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Algorithm DSR-2-1: {derivation of progress curve for inter-task dependency}

Input parameters:
UT := <time unit assumed in the SD simulation>
DELAY := <average delay of work accomplishment in successor task>
ASCWP_P[t] := <planned cumulative scope of predecessor task >
ASCWP_SJt] := <planned cumulative scope of successor task >
Planned SCAC_PIt] := <planned scope at completion of predecessor task>
Planned SCAC_SIt] := <planned scope at completion of successor task>

Output parameters:
Progress_Curve[x%] ==
<% scope that can be started in successor task given
x% of scope already accomplished in predecessor task>

ASCWP_P%I[t] := ASCWP_P[t] / Planned SCAC_PI[0]
ASCWP_S%I[t] := ASCWP_S[t] / Planned SCAC_S[0]
Scope_That_Can_Start[t] :=

IF ASCWP_P%[t] == 0 THEN 0

ELSE ASCWP_S%[t + DELAY * UT]
LET x% : ASCWP_P%[T] == x%
Progress_Curve[x%] := Scope_That_Can_Start[T]

Again, the patterns ASCWP_P[t] and ASCWP_S][t] will be generated when the
PERT/CPM planned behaviour is extracted from the PERT/CPM model in the
appropriate activity of the SYDPIM process logic. The pattern ASCWP_S[t] will
consider only the PERT/CPM dependencies mapped to the inter-task SD-
Dependency.

The SYDPIM analytical link DSR-2 derives the SD-inter-task dependencies from the
PERT/CPM future behaviour. This is specified in appendix D.3.

These two data-structural links are links of structural readjustment, where the
structure of the SD model is readjusted based on output data from the PERT/CPM
model. Similar links can be established to check the consistency of these
relationships. The SYDPIM links DSC-1 and DSC-2 implemented this process, and
are formally specified in appendix D.3. These links are used when a project plan is
transferred from the PERT/CPM model to the SD model.

Other data-structural links that would be very useful for the automation of the
SYDPIM process would readjust the structure of the PERT/CPM model based on
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data from the SD model. Such links would be used to transfer new project plans
developed in the SD model. As suggested by SYDPIM, this is the preferred way to
develop new plans. Developing new project plans in the SD model requires less
effort (less amount and detail of input data) and provides more reliable plans (as
they are developed their outcome is tested). However, establishing structural-data
links of this type of links is difficult because of the problem of dis-aggregating data,
as previously discussed for the data links. In this case, data at a more aggregate
level in the SD model would have to be dis-aggregated into structure in the
PERT/CPM model. The difficulty in automating this process is the same as for data:
there are various possible solutions at the detailed level and the real-world factors
that determine the “right” solution are difficult to be captured in any of the models
and are difficult to be specified formally in a link. Any automated solution of this type
is likely to generate structural readjustments that require too much further rework to
be worth implementing.

Structural readjustments to the SD model from PERT/CPM data, other than
changing the shapes of the dependencies, are unlikely to be successful as well.
These would include adding SD-Tasks, SD-Dependencies or SD-Resource
categories. The data considered available from the PERT/CPM model in SYDPIM
basic mode does not provide any basis to derive these adjustments. Tasks,
dependencies and resource categories are introduced in the SD model when the
model is developed first time and are eventually readjusted when the structural links
of work correspondence are developed and updated. In general, this type of
structural readjustment in the SD model is not common and even desired while the
project is underway — a SD structure changing frequently would consume a
considerable amount of effort and could cause calibration problems. These
structural changes are likely to be justified only when major changes in the project
occur, and not from changes in the data of the PERT/CPM model.

Summary

In this section the formal analytical links of SYDPIM basic model were proposed.
This included structural links, data links and data-structural links. A summary of
these links is presented in table 7.6. These links will be used within the activities of
the SYDPIM process logic. They need to be created and updated throughout the
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SYDPIM process. The ideal of the SYDPIM process is to be as automated as
possible in the practical implementation of the links, although human judgement will
always be (and should be) required. In order to support this automation, some
algorithms were also proposed along with the analytical links. These are also
summarised in table 7.7.

7.4.4 The SYDPIM activities

This section describes in detail each of the activities of the SYDPIM process logic
described in section 3.1. There are two main components of this process logic:
SYDPIM planning and SYDPIM monitoring. Within this process logic, the SYDPIM
activities develop, update and make use of the SYDPIM objects described in section
3.2. They also develop, update and invoke the analytical links specified in the
previous section.

The description of this activities in the following sections will make reference to a
series of actions that the “project manager” will have to perform. This is not
intended to imply that in practice the actual person carrying out these actions will be
the project manager. Depending on the complexity of the organisation, the project
manager typically has a team of analysts who perform all the PERT/CPM monitoring
and planning actions. Likewise, these same persons will perform the required
actions within the SYDPIM activities.

SYDPIM planning

The planning process logic has three main entry points: diagnosis of project past
from monitoring, development of initial plan in PERT/CPM model and development
of initial plan in SD model. Other than in the beginning of the project, the entry point
will always be the diagnosis from monitoring. The SYDPIM activities have been
numbered sequentially from this entry point. Various paths can be followed within
the process logic, reflecting different policies for the planning process. The
recommended path in SYDPIM is based on the idea that a reliable high-level plan
can be developed first in the SD model and only then translated into the operational
level in the PERT/CPM model. This leads to the following sequence of activities:
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(P1b) SD forecast and analysis of project future — SYDPIM feature;

(P2b) Re-plan project future in SD model — SYDPIM feature;

(P3b) Readjust PERT/CPM model to SD plan — SYDPIM feature;

(P5) Update analytical links if necessary — SYDPIM feature.

(P1a) PERT/CPM forecast and analysis of project future — conventional feature;
(P2a) Re-plan project future in PERT/CPM model — conventional future;

(P3a) Extract future behaviour from PERT/CPM model — SYDPIM feature;
(P4a) Re-calibrate SD model to PERT/CPM plan — SYDPIM feature;

(P6) Update target metrics — SYDPIM feature

This path gives the major emphasis to the use of the SD model to develop project
plans, and where the PERT/CPM model is only used to sort out the operational
details. This view is not familiar to most project managers. The traditional view is
the one where the PERT/CPM model is at the core of the re-planning process,
which can the be enhanced by other more sophisticated tools or techniques. For
the sake of an easier understanding, the following sequence will be used to describe
the SYDPIM activities.

(P1a) PERT/CPM forecast and analysis of project future — conventional feature;
(P2a) Re-plan project future in PERT/CPM model — conventional future;

(P5) Update analytical links if necessary — SYDPIM feature.

(P3a) Extract future behaviour from PERT/CPM model — SYDPIM feature;
(P4a) Re-calibrate SD model to PERT/CPM plan — SYDPIM feature;

(P1b) SD forecast and analysis of project future — SYDPIM feature;

(P2b) Re-plan project future in SD model — SYDPIM feature,

(P3b) Readjust PERT/CPM model to SD plan — SYDPIM feature;

(P6) Update target metrics — SYDPIM feature

This path gives more emphasis to the traditional use of the PERT/CPM model to
develop or readjust the project plan, and introduces the use of the SD model as a
complement to test and enhance this plan.

Out of the nine activities, only two are a conventional feature of the traditional
project control framework. This highlights the added value of the SYDPIM steps to
the process. Each of these activities is now described separately.
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The SYDPIM process logic also contains some decision-points which determine the
alternative paths that can be followed. The SYPDIM analytical links can be used to
help the project manager in tasking the right decision in these branches. This is
discussed after the description of the SYDPIM activities. The main output of the
SYDPIM planning process is a project plan. This plan is represented in both the
PERT/CPM and SD models. However, while the two models contain similar
information they also contain planning information not present in the other model, or
present in a different level of detail. Therefore, the SYDPIM project plan consists of
all the planning information present in both models. This is integrative view is also
discussed.

(P1a) PERT/CPM forecast and analysis of project future — conventional feature

This activity can be entered in three main scenarios: (a) beginning of the project, (b)
from monitoring or (c) from activity (3b). In all cases there is PERT/CPM plan
available for the future. The purpose of this activity is to forecast the project likely
outcome based on this plan and assess the plan under the conventional critical path
perspective.

If we are at the beginning of the project, there is no project past and so when this
activity is entered only a proposed PERT/CPM initial plan is available. If this activity
is entered from monitoring then the PERT/CPM current plan is updated with the
actual resulits of the project past and the future plan available is the one from the
previous control cycle (i.e. no corrective action implemented yet). The PERT/CPM
model will forecast what will happen if nothing is done. Finally, if this activity is
entered from activity (3b), then the future plan available correspond to a tentative
plan already developed in the SD model. In this case, the PERT/CPM model is
used to provide a more detailed critical-path based perspective of the SD plan - for
example, what appeared a low risk plan in the SD model may result in short floats
and high number of near critical paths.

This activity is a conventional feature. The analyses and forecasts produced are
based on the traditional Critical Path Analysis (CPA). The critical path and the
critical activities are identified. The tasks’ floats are analysed and the near critical
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paths are also identified. This analysis may identify serious risks (e.g. a high
number of near critical paths) and suggest changes to the plan (e.g. transferring

resources from activities with a high float to the near critical activities).

This activity is illustrated in figure 7.14 below. The shaded area of the input/output
data represents data about the project past (when the activity is entered from
monitoring). With the current plan, prior to any corrective re-planning, the future

outcome of the project is forecasted by the PERTC/PM model.

Actual resufts Actual outcome

Network Mode
Current planﬁ : s j\/ Forecasted outcormne

Figure 7.14 — Activity (P1a): PERT/CPM analysis and forecast of project future

(P2a) Re-plan project future in PERT/CPM model — conventional future

This activity is entered either when an existing project future plan has proven
unsatisfactory (by PERT/CPM analysis and/or SD analysis), or when an initial
project plan is to be developed. In the first case, there is a current PERT/CPM plan
available with the past segment updated and with a future segment available. In the

second case there is no plan at all.

If an initial project plan is to be developed, initial estimates will probably be available
(e.g. using SLIM or KnowledgePLAN) for the major project milestones. The purpose
of this activity is then is to develop a PERT/CPM network plan specifying the
detailed tasks, and meeting the targets.

If there is a future plan available that needs to be changed or improved, the project
manager will use the Critical Path Analysis (CPA) features, identifying the critical
path, “crashing” activities, carrying out PERT analysis and do other types of CPA
analysis (Nicholas 1990), until the plan is perceived to be satisfactory.
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This activity is at the core of the conventional project planning process and is shown
in figure 7.15 below. Based on the forecasted critical-path based outcome, a new

plan is developed which ensures the desired objectives.

Network Mode
New plan F ted out
l:: ey :> orecasted outcome
Actual results ﬁ .:@; ﬁ Actual outcome

Figure 7.15 — Activity (P2a): PERT/CPM re-planning of project future

(P5) Update analvtical links if necessary — SYDPIM feature

This activity is a non-conventional feature and is the core step to integrated the
PERT/CPM model with the SD model. The purpose of this activity is to develop or
update the analytical links between the two models.

This activity is entered when a new plan has been developed in the PERT/PM
model. This can happen in two situations: (i) there is already a version of the
analytical links available, and (ii) there are no analytical links available. In the first
case, the SD model has already been used to simulate the project. As a new plan
has been developed in the PERT/CPM model, newly added or modified tasks,
dependencies and resources may require some re-mapping to the SD model. This
may require that some links need to be updated. In the second case, a project plan
is being transferred for the first time to the SD model and the analytical links need to

be created.

The set of links proposed for SYDPIM basic mode includes three types of: structural
links, data links and data-structural links. The last two types are based on the
structural links and do not need to be created or updated. Their purpose is to
ensure that the two models are representing the same project plan. They are
automatically established and changed with the structural links. The only alternative
that the project manager has is to remove some of these links proposed for SYDPIM
basic mode or create new ones. This should be done when the analytical links are

being developed for the first time.
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The structural links establish the mapping between the constituent elements of the
two models: tasks, dependencies and resources. Their purpose is not to ensure
that the models are representing the same plan but to identify what corresponds to
what between the two models. As the PERT/CPM plan is changed, this mapping
may need to be updated. There are two types of structural links: structural
correspondence links and structural consistency. The structural consistency links
are used to check whether there is any inconsistency among the three mappings of
the structural correspondence links.

In this activity, the links of structural correspondence are created or updated and the
links of structural consistency are invoked to check whether there is any
inconsistency.

The first step is to establish or update the links of structural correspondence. This

should be done in the following sequence:

(1) SC-WBS - PERT/CPM tasks are mapped or re-mapped to the SD-Tasks;

(2) SC-OBS — PERT/CPM resources are mapped or re-mapped to the SD-
Resources;

(3) SC-WD - PERT/CPM dependencies are mapped or re-mapped to SD-
Dependencies (both intra- and inter-task). The two algorithms proposed, SC-
WD-1 and SC-WD-2, are available to automatically generate this mapping,
which can then be readjusted manually by the project manager;

In case the analytical links already exist, how does the project manager knows that
an update is required? First, if an update is required, at least one of the validity
conditions specified for each of these three links (see formal specification) is
violated. For example, if a newly added PERT/CPM task has not been mapped to
any SD-Task, then the validity condition PERT/CPM mapping of the SC-WBS link
will be violated. Another possibility where the update of the structural links is
required is when these have become inconsistent one another. For this purpose,
the structural consistency links are called:

(4) SCN-RA - checks whether the SC-WBS and SC-OBS links are consistent one
another regarding resource allocation. The algorithm SCN-RA-1 proposed in the
specification of this link can be used to automatically check this consistency and
proposes possible solutions to eliminate the inconsistency;
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(5) SCN-WD - checks whether the SC-WBS and the SC-WD links are consistent
one another. Again, two algorithms can be used: SCN-WD-1 and SCN-WD-2,
which describe an automated process to check this consistency for intra-task
and inter-task SD-Dependencies, respectively. In case inconsistencies are

detected, both algorithms suggest possible solutions.

In case some inconsistencies are detected, corrections to the links of structural

correspondence should be carried out.

Finally, if the analytical links are being developed for the first time, the project
manager may choose to remove or create data-links or data-structural links,
regarding the default set proposed for SYDPIM basic mode.

Once the analytical links have been created or updated as required the next activity
in the SYDPIM process logic can be implemented.

(P3a) Extract future behaviour from PERT/CPM model — SYDPIM feature

Once a new project plan has been developed for the project future, the following
steps in SYDPIM planning are aimed at allowing this plan to be tested in the SD
model. The purpose of this activity is to extract the project future behaviour from the
PERT/CPM plan. This behaviour consists of a set of dynamic pattens over-time
which will have to be reproduced by the SD model. At this stage in the SYDPIM
planning process, this set of patterns will be stored in the object “PERT/CPM future
behaviour”.

While the conventional PERT/CPM tools produce automatically some project
behaviour patterns (e.g. ACWP vs. BCWP), the concept of project behaviour as
comprising a whole variety of dynamic patterns was introduced by the System
Dynamics approach (Roberts 1964; Richardson and Pugh 1981). The concept of
extracting the dynamic project behaviour from a PERT/CPM plan was introduced by
the SYDPIM approach (Rodrigues and Williams 1997, Rodrigues 1997).

The specific set of pattems to be extracted in this activity was proposed in the formal
specification of the SYDPIM object “PERT/CPM future behaviour”, where these
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patterns will be stored. The technical algorithms required to calculate these
patterns do not present any major difficulty and will not be presented here in detail.

However, there are some particular issues worth clarifying.

Tables 7.8 through 7.11 in appendix B, present all the pattems, grouped per data
type — table 7.8 is shown for illustrative purposes. In the second column the
calculation process is described informally, along with some notes. In the last
column the requirements to implement the calculations are identified. This includes
the PERT/CPM plans required and the analytical links. The specific object variables
of the “PERT/CPM future behaviour” to be updated are not specified in these tables,
but their identification is straightforward. For example, the object variables to be
updated with the pattern SAC[t], for each SD-Task and for the whole project, are as
follows:

o PERT/CPM future behaviour.Schedule.Project schedule.Finish datelt]

e PERT/CPM future behaviour.Schedule.Task schedule.Finish datel[i][t]

Except for the planned start date, all the other patterns are calculated for each SD-
Task and for the whole project. The patterns that refer to resources are also
calculated per SD resource category. The pattemns that refer to final project targets
have constant value over-time and hence their shape will consist of an horizontal
line. This is because a PERT/CPM plan for the project future establishes fixed
targets at the present moment and does not consider that these may change over-
time — if the plan were to be implemented successfully, this is how the project would
behave over-time. The target patterns considered are: planned start date, planned
completion date (SAC), estimated cost at completion (CAC), estimated scope at
completion (SCAC), and estimated cumulative resources applied at completion
(CSPAC). The pattern of cumulative scope changes is also nil throughout the
project, as a consequence of the SCAC target being constant. This implies that the
PERT/CPM plan does not consider explicitly the emergence of further scope
changes into the future.

The patterns for a SD-Task are extracted from the numerical inputs of all the
individual PERT/CPM tasks which are mapped to it, according to the structural link
SC-WBS. The patterns related to resource allocation also require the SC-OBS links
to identify the PERT/CPM resources mapped to each SD-Resource. In some cases,
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numerical fields of the tasks need to be summed-up for all mapped tasks. The SUM
operator is used. Similarly, the SUMT operator is used to add profiles over-time —
this operator returns an over-time pattern. The MIN and MAX operators are used to
select minimum and maximum values of a set. Finally, the operator CUMULATIVE
is used to calculate the cumulative value of an over-time series — this operator

returns an over-time pattern.

In most cases the mapping of the tasks refers to tasks in the future segment of the
current PERT/CPM plan. For some cases however, data is required from tasks in
the initial PERT/CPM plan. For example, the BCWS pattern requires data only from
this plan. The use of the initial plan requires that analytical links for this plan are
available but the current version of the links refers the current PERT/CPM plan. Itis
therefore assumed that the initial version of the links is available - it was assumed
previously that the SYDPIM object “Analytical links” will store all the past versions of
the links. The tasks considered in the initial plan refer to the project future.
Although the initial plan is not explicitly split into past and future segments in the
object “PERT/CPM model”, it is assumed that it is easy to identify the tasks in this
plan which fall the project future (i.e. the ones which start and/or finish date is
beyond the present moment).

The calculation of the BCWP pattern requires data from tasks in both the initial and
the current PERT/CPM plans. This is because the budgeted cost of the work
performed in a task is equals the initially planned budget times the actual % scope
progress. The initially budget is taken from the initial PERT/CPM plan while the %
of scope progress is derived from the current PERT/CPM plan. Furthermore, this
calculation only applies to the PERT/CPM tasks which are present in both the initial
plan and the future segment of the current plan. So the extraction of this pattern
from the PERT/CPM model requires the availability of both plans.

Many of these patterns are cumulative and so they build upon the present value of
the specific variable. For example, the actual cost of work performed (ACWP) is
equals the present value plus the planned effort expenditure in the future segment of
the current PERT/CPM plan. If the project is just starting, the present value of these
variables is nil, otherwise the present value is available from the pattems in the
objects “PERT/CPM past behaviour’ and SYMDB.
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Pattern Calculation Requirements

Schedule

SAC[i] For the whole project and per SD-Task. Current PERT/CPM plan
Constant value — steady behaviour. SC-WBS link

SD-Task: = MAX planned finishing date of all
tasks in the PERT/CPM current plan mapped to
the SD-Task.

Project: = Max SACIt] of all SD-Tasks.

Start Date[t] |For each SD-Task. Current PERT/CPM plan
Constant value — steady behaviour. SC-WBS link

SD-Task: = MIN planned start date of ali tasks in
the PERT/CPM current plan mapped 1o the SD-
Task.

Table 7.8 — Calculation and requirements of the schedule patterns of future behaviour
extracted from the PERT/CPM model.

A simplified example of how some of these patterns would look like after being
extracted from the PERT/CPM model is shown in figure 7.16 below (a software
project is considered). The data collected from the PERT/CPM model tends to be
discrete and so the patterns will consist of data-points which can be linked through
smoothed lines to produce the continuous patterns.

Planned Project Behaviour

' |-+ Planned Schedule
Designers
Coders
Testers

+— Planned Cost

+— Cumulative Cost

—— Cumulative Scope

0 6 12 18 24 30 36
Time

Figure 7.16 — Example of dynamic patterns of a planned project future behaviour
extracted from the PERT/CPM model

As specified in the object “PERT/CPM future behaviour”, in SYDPIM basic mode
there is a global set of patters that describe the behaviour of the whole project and
an individual set of patterns for each SD-Task. In both cases, the resource related
patterns are split by SD-Resource.
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As shown in figure 7.17 below, at the end of this SYDPIM planning activity, the set
of patterns proposed by SYDPIM is extracted from the PERT/CPM model and is
stored in the “PERT/CPM future behaviour” object, using the SYDPIM structural
links of work correspondence. These patterns describe the project future behaviour
implicitly portrayed by the PERT/CPM plan - if the plan is to be implemented

successfully, the project will exhibit this dynamic behaviour.

===

Structural Links:
SC-wBS
SC-08S

|

........

Figure 7.17 — Activity (P3a): extraction of PERT/CPM future behaviour

The analytical links used to extract the patterns of the PERT/CPM future behaviour
are the SC-WBS and the SC-OBS, both actual and initial versions. The PERT/CPM
plans required are the initial plan and the current plan. The SC-WBS links are used
to aggregate the data from the elementary PERT/CPM tasks into the patterns of the
SD-Tasks. The SC-OBS links are used to aggregate the data from the elementary
PERT/CPM resources into the SD-Resources.

(P4a) Re-calibrate SD model to PERT/CPM plan — SYDPIM feature

The purpose of this activity is to readjust the SD model so that it represents the
project future plan developed in the PERT/CPM model. In other words, the
PERT/CPM plan is to be transferred to the SD model. This is basically a SD

calibration exercise.

For the SD model to represent a project plan, two conditions must be verified: (i) the
project outcome produced by the models must be the same, and (ii) the calibration
must be consistent with the assumptions underlying the project plan . Condition (i)
implies that the “PERT/CPM future behaviour” extracted from the PERT/CPM model
in the previous activity is reproduced by the SD model within an acceptable degree

of accuracy . Condition (ii) implies that while various SD calibrations may satisfy
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condition (i), only the ones based on the correct assumptions are accepted — i.e.

reproduction of the right behaviour for the right reasons.

The ideal of this activity would be the automated calibration of the SD model.
Unfortunately, aigorithms for complex models are not available. The route to foliow
in this direction would be optimisation (Coyle 1996). While useful, for complex
models this technique only allows for initial solutions to be refined into a better fit. A
major barrier to a fully automated process is the need to reproduce the desired
behaviour for the “right reasons” — here meaning that the assumptions underlying
the project behaviour are the same in the both SD and PERT/CPM models. In the
SD models, these underlying assumptions are made explicit through the
quantification of certain parameters (e.g. productivity, impact of learning on quality,
etc.). The problem is that in the PERT/CPM model most of these assumptions are
not quantified and remain implicit in the mind of the persons who developed the
plan. Therefore, a fully automated process which would ensure the “right reasons”
is not possible to implement because required inputs are missing from one model.
A longer further discussion about this topic could be presented here, but it falls
outside the scope of this research. Equally, it should be stressed that it is totally
beyond the scope of this research to propose automated algorithms for model
calibration, regarding this or any other SD purpose. Instead, the SYDPIM
perspective is that this process should be iterative and based on human judgement,
which will aiways be required. The process can be enhanced with the support of
tools or algorithms which automate some of its steps. This is the purpose of various
analytical links proposed.

When this activity is entered the structural links are updated and validly established

between the two models (activity (P5) ). The process within the activity consists

mainly of transferring data and readjusting the SD model calibration. SYDPIM
proposes that this is based on the following principles:

(1) in an initial step, some planning data can be automatically transferred from the
PERT/CPM model to the SD model, through the implementation of data-
exchange links and data-structural links;

(2) the project behaviour produced by the SD model can be automatically checked
for accuracy against the “PERT/CPM future behaviour”, through the
implementation of data-consistency links;
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(3) calibrations produced manually for the SD model can be automatically checked
for validity against some of the planning assumptions in the PERT/CPM model,
through the implementation of data-consistency links and data-structural
consistency links.

Based on these principles, a structured process can be proposed wherein the

various analytical links are employed. The following algorithm describes the basic
flow of this process:

Algorithm: { calibration of SD model for PERT/CPM future plan }

1. Transfer planning data from PERT/CPM model to SD model

2. Readjust SD structure (dependencies) from data in PERT/CPM model

3. Simulate project in SD model

4. Check if SD project behaviour fits “PERT/CPM future behaviour”

5. IF SD outcome is satisfactory END

6. Diagnose inconsistencies

7. Re-calibrate SD model manually (update analytical links if structural
changes)

8. Check consistency of new calibration against project plan in PERT/CPM
model

9. IF calibration is not satisfactory THEN diagnose inconsistencies AND GOTO
7

10.GOTO 3

The process starts with the transfer of some basic data that characterises the
project future plan in the PERT/CPM model. A structural readjustment is also
carried out in the SD model, which proposes an initial shape for the SD dynamic
intra- and inter-task dependencies in the SD model (which do not have to be the
final ones). The project is then simulated in the SD model and the resultant project
outcome is checked against the PERT/CPM future behaviour. In most cases, an
acceptable fit will not be achieved. This is because the automated data transfer and
structural readjustment of steps 1 and 2 do not update many other relevant SD
parameters responsible for the project outcome (e.g. productivity, defect generation
rate, etc.) — not only they affect the outcome in the SD model as they also do in the
real world, but are not quantified explicitly in the PERT/CPM model. Therefore, after
diagnosing the inconsistencies in the project outcome, the modeller will have to
adjust these parameters manually — if structural changes are required to the SD
model (which is unlikely), the analytical links should be updated as required. In
order to calibrate the process parameters of the SD model, the modeller can find
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support in the process metrics of the project past stored in the SYMDB, in case this
database is being implemented (see specification in appendix C.3). However, the
modeller cannot just change the model's parameters arbitrarily — the SD model will
have to reproduce the desired behaviour for the right reasons. Ideally, one would
like to check all possible violations to the assumptions in the plan. As previously
mentioned, this is not possible. But there are some parameters that can be checked
and these refer to the targets of the initial plan. These should not be changed, even
though that could lead to the desired behaviour. For example, the currently planned
completion date of an on-going task might now be different according to the
PERT/CPM plan. A solution would be to change in the SD model the initial planned
completion date. However, that does not reflect reality, because the date was
adjusted at the present moment and not in the beginning of the project. Preferably,
this re-planning decision should be generated endogenously within the model for the
present moment. Alternatively, and exogenous decision can also be generated as
an adjustment to the initially planned completion date. Assuming that the new
calibration does not change the initially planned targets, the project is simulated
once again and the process is repeated until the SD model is reproducing accurately
the “PERT/CPM future” behaviour, most likely for the right reasons.

In order to implement this process, various SYDPIM analytical links are used. This
usage consists of “invoking” the links as if they were software routines or
applications which would implement their equations. A more detailed description of
this algorithm is presented, identifying the use of the analytical links.
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Algorithm: { calibration of SD model for PERT/CPM future plan }

1. Transfer planning data from PERT/CPM model to SD model
{ IF beginning of the project THEN invoke links:
DEI-1.PERT-SD : Profiles of Project Resources Availability
DEI-2.PERT-SD : Project Start Date
DEOI-1.PERT-SD : Start and Finish Dates of SD-Tasks
DEOI-2.PERT-SD : Budget of SD-Tasks

DEOI-3.PERT-SD
DEOI-4.PERT-SD
DEOI-5.PERT-SD

ELSE invoke links:

DEI-3.2.PERT-SD
DEOI-9.2.PERT-SD
DEOI-6.PERT-SD
DEOQI-7.PERT-SD
DEOI-8.PERT-SD

: Scope of SD-Tasks
: Profiles of Resource Allocation to SD-Task
: Budget Breakdown of SD-Tasks

: Present Level of Project Resources Availability

: Present Level of Resource Allocation to SD-Task
: Present Planned Start / Finish Dates of SD-Tasks
: Present Planned CAC of SD-Tasks

: Present Planned SCAC of SD-Tasks

<Simulate project in SD model>
DE!-3.1.PERT-SD : Profiles of Project Resources Availability
DEOQOI-9.1.PERT-SD : Profiles of Resource Allocation to SD-Task
Note: the modeller may choose not to invoke these links }

Readjust SD structure (dependencies) from data in PERT/CPM model

{ Invoke links:
DSR-1.PERT-SD: adjust intra-task SD-Dependencies
DSR-2.PERT-SD: adjust inter-task SD-Dependencies
Note: the modeller may choose not to invoke these links }

Simulate project in SD model

Check SD project outcome against “PERT/CPM future behaviour’

{ Invoke links:

DCOI-6.1.SD-PERT : Planned Project Resources Availability

DCO-1.1 : Planned Start / Finish Dates of SD-Tasks
DCO-2.1 : Planned Effort of SD-Tasks

DCO-4.1 : Planned Scope of SD-Tasks

DCO-3.1 : Planned Resource Allocation to SD-Tasks }

IF SD outcome is satisfactory END

{ If none of the consistency links in step 4 is violated }

Diagnose inconsistencies

{ Check which consistency links and respective patterns are violated }
Re-calibrate SD model manually

{ Change the SD input parameters which are likely to eliminate the

inconsistencies above. Consult process metrics in SYMDB if possible. |f structural

changes are made to the SD model, adjust analytical links as required }
Check consistency of new calibration with project plan in PERT/CPM model
{ Invoke following links to check that parameters of the initial plan were not
modified:

DCI-1

DCI-2

DCOI-1.PERT-SD
DCOI-2.PERT-SD
DCOI-3.PERT-SD
DCOI-4.PERT-SD
DCOI-5.PERT-SD

: Profiles of Project Resources Availability

: Project Start Date

. Start and Finish Dates of SD-Tasks

: Budget of SD-Tasks

: Scope of SD-Tasks

: Profiles of Resource Allocation to SD-Task
: Budget Breakdown of SD-Tasks

Invoke the following links to check whether intra- and inter-tasks
SD-Dependencies were modified:
DsC-1 : check intra-task SD-Dependencies
DSC-2 : check inter-task SD-Dependencies }
9. IF calibration is not satisfactory THEN diagnose inconsistencies AND GOTO 7
{ Check which consistency links are violated. Note that modifications to the
parameters that describe the initial plan should not be allowed, whereas
changes to the SD-Dependencies are allowed at the modeller's explicit
preference. }
10. GOTO 3
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In step (1) the data exchange links of type “input-input’” and “output-input’ are
invoked. Depending on which plan is being transferred, the initial or the current
plan, a different set of links is invoked. If we are the beginning of the project, then
the initial plan is transferred. In this case, the links invoked transfer the targets
(schedule, scope, effort, and resources) for the whole project and for each SD-Task,
from the PERT/CPM model to the SD model. If we are half-way through the project,
then the current plan is transferred to the SD model. In this case, the links invoked
generate exogenous decisions in the SD model, which will adjust the project
planned targets at the present moment. It is important to note that these will be
exogenous adjustments to the endogenous decisions generated within the SD
model. Since these adjustments are not the only “valid” way to calibrate the SD
model for the current plan (e.g. other parametric changes may be able to generate
these same decisions endogenously), invoking these links is not mandatory.
However, SYDPIM recommends these links are invoked when there is in reality a
major cause for the decisions which is not captured in the SD model. In case the
modeller chooses this route, there is an intermediate simulation required. This takes
place after the exogenous decisions at the present moment being introduced in the
model and prior to adjusting the planned future profiles of resources availability and
allocation. The reason for this is that the resource decisions introduced in the SD
model at the present moment affect the present level of the resources, which in turn
affects the exogenous decisions to be generated regarding the future profiles. So
the new present level of resources should be generated (via simulation) before links
DEI-3.1 and DEOI-9.1 are invoked. It is important to note that this intermediate
simulation is not aimed at reproducing a desired future behaviour.

In step (2) the data-structural links which adjust the SD-Dependencies are invoked.
These links produce initial shapes for the progress curves of the dependencies,
which are consistent with the planned scope progress over-time in the PERT/CPM
plan. These shapes are not necessarily the “valid” ones, because scope progress is
not just a consequence of these dependencies, and hence may need to be
readjusted by the modeller. However, they will be a good starting point.
Altematively, the modeller may choose not to invoke these links.
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This data transfer and structural readjustment generate an initial calibration for the
SD model in an attempt to reproduce the “PERT/CPM future behaviour”. As the SD
model is simulated in step (3), the next step is to check whether the produced
project outcome fits into this behaviour and if not make the necessary readjustments
in the SD model.

This takes place in steps (4) through (10). In step (4) data consistency links are
invoked to check whether the SD model is reproducing the required patterns. DCO
links play an important roles here since they check the consistency of the output
data produced by both models. Each link checks various patterns of project
behaviour. For example, the link DCO-2.1 checks all pattemns related with the
project effort, which account for a total of 14 patterns — see specification of the links.
A critical issue at this stage is the criteria used within the links to assess whether the
output from both models are “close enough” one another. In this particular case, to
assess how close the patterns from SD model are to the patterns extracted from the
PERT/CPM model. This leads to the more general issue in System Dynamics of
quantitative tests for “goodness of fit". While it is not the purpose of this section to
discuss this topic in great detalil, it is important to provide some basic elements upon
which the data consistency links can be implemented.

Assessing how close the SD model output is to certain desired patterns, calls for
quantitative techniques and was already the subject of study. Sterman (1984)
proposes quantitative indices based on Theil’s statistics of “goodness of fit. These
are as follows:

e RMSPE (Root of the Mean of the Squared Percent Errors) — this is an overall
index measure in percentage. The calculation is applied to the two time series,
the model output and the pattern to be reproduced (the two series must have the
same number of data points). The result gives an overall measure how far the
model output is from the target series (0% meaning a perfect fit). The causes of
this gap are then divided across the following three indices caiculated as
percentage.

* UM (bias) — this index indicates how much of the gap is due to a general bias in
the time series. This bias is detected through a difference in the means of the
two series and visually shows as a vertical shift in the model output.
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¢ US (trend) — this index indicates how much of the gap is due to a general
difference in the trend of the time series. The difference in the trend is detected
through a difference in the standard deviations of the two series and visually
shows as a “rotation” in the model output.

¢ UC (point prediction) — this index indicates how much of the gap is due to a
difference in the series “point by point®. This difference is detected through the
value of the correlation coefficient and the standard deviations of the two series.
Visually it literally shows a lack of overlap of the curves point by point.

Once these statistics have been generally accepted as adequate for SD models
(Barlas), they are used in SYDPIM. In addition there are other indices suggested in
SYDPIM:

e correlation coefficient — this is a classic statistic which assesses whether and
how two series are correlated. A good fit should give a value close to 1 (the
maximum of this statistic);

e absolute and percentage deviations of cumulative results — these indices are
aimed at assessing whether the cumulative result of a certain pattern is close to
reality, regardless of how accurately the model reproduced how it evolved over
time. A good example are the effort expenditures. In some cases, a simplified
model structure may miss some irregular shapes of the evolution of these
curves over time, but the final result may still be accurate. This may be
satisfactory for the model purpose. SYDPIM suggests this analysis for some
relevant patterns, namely: (i) schedule, (ii) effort, (iii) scope, (iv) defects and (v)
process metrics (e.g. productivity, defect generation), these two indices should

be calculated.

Tables 7.12 and 7.13 present an example of the application of these indices taken
from the case-study undertaken during this research (the KDCOM Project). Table
7.12 presents the correlation coefficient and indices proposed by Sterman (1984),
where seven patterns are tested for goodness of fit. A correlation coefficient and a
low RMSPE indicate a good fit of the SD output into the desired patterns. For the
CTC patterns, where the RMSPE is higher this is mostly due to a “point-by-point”
error whereas the average (Bias) and the trend of the patterns is good. These
indices focus on the shape of the patterns. The indices presented on the table 7.13
focus on the cumulative final results at the end of the simulation. It should be noted
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that the accuracy of the final cumulative results is very important in life-cycle type of

systems such as a project — such final results will dictate important objectives like

the project cost and product quality.

“"Goodness of fit" of SD project behaviour (summary)

Metric Correlation RMSPE Bias Trend Point
Prediction
1. Schedule 1,00 0,10%| 7,69% 92,31% 0,00%
2. Effort
2.1 ACWP 1,00 0,17%| 36,95% 45,78%, 17,27%
2.2 CAC 1,00 0,20%| 27,24% 72,76% 0,00%
2.3 BCWP 1,00 0,15%| 0,42% 1,119 98,47%
24CTC 1,00 28,91% 0,42% 1,11% 98,47%
3. Staff 1,00 0,91%| 6,72% 7.77% 116,27%
4. Defects 0,95 37.92%| 59,95% 0,33% 52,05%

Table 7.12 — Example of quantitative assessment of “goodness of fit”: the correlation
coefficient and Theil’s statistics proposed by Sterman.

Accuracy of final results

Metric Actual Simulated Deviation
Absolute| Percentage
1. Schedule 540,00 538,00 -2,00 -0,37%
2. Effort
2.1 Development 352,20 349,87 -2,33 -0,66%
22QA 117,40 117,82 0,42 0,36%
2.3 Rework 117,40 113,23 4,17 -3,55%
2.4 Total 587,00 587,90 0,90 0,15%
3. Defects (index per KLOC)
3.1 Reworked 34,43 34,01 -0,42 -1,21%
3.2 Generated 57,38 53,67 -3,71 -6,46%
4. Productivity (LOC/man-day)
4.1 Overall 32,49 32,44 -0,05 -0,15%
4.2 Development 54,14 54,50 0,36 0,67%

Table 7.13 — Example of quantitative assessment of “goodness of fit”: accuracy of
final cumulative results.

These quantitative indices provide an objective measure of how close the model is
in fitting the desired patterns. Based on the values achieved, the project manager
will decide in step (5) whether the SD outcome is satisfactory. There is no single
value which will determine whether the required “goodness of fit” will be achieved.
An acceptance criteria requires the diagnosis of the values of all the indices and the
likely reasons for the deviations. Depending on the specific model at hand and on
many other factors specific to the project, human judgement and experience is
required to establish this criteria (see Sterman (1984) for a discussion).
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If some patterns are not being reproduced with the required accuracy, then some
data-consistency links will fail. In step (6) the project manager will identify these
inconsistencies and will try to eliminate these through re-calibration of the SD model
in step (7). To support this re-calibration process, the project manager should
consult the process metrics regarding the project past stored in the SYMDB (if in
use). This will help validating the calibration for the project future. If structural
changes are required in the SD model (which is unlikely) the analytical links should
be updated as required. In a project model, a possible way of achieving an effective
calibration in terms of “goodness of fit” is to change the initially planned targets.
This is particularly effective for the patterns that represent the project targets, like
the expected completion date of tasks. This type of parametric changes should not
be allowed because they do not reflect reality: the initially planned target dates were
decided at the beginning of the project and not half-way. In order to ensure that this
type of re-calibration is not implemented, in step (8) data consistency links are
invoked to check whether the initial plan in the SD model is still consistent with the
initial PERT/CPM plan. In this step the DSC links are also invoked to let the user
know whether changes to the progress curves of the intra- and inter-task SD-
Dependencies were made during re-calibration, having become inconsistent with the
scope progress planned in the current PERT/CPM plan. While these changes are
allowed (scope progress is not just a function of these dependencies), it is important
to ensure that this is an explicit calibration option. If the new calibration is not
satisfactory then it should be reviewed again in step (7). This verification takes
place in step (9). If the new calibration is satisfactory, then the project is simulated
once again and the process cycles back to step (3). [f this new valid calibration
reproduces well the PERT/CPM future behaviour portrayed by the current
PERT/CPM plan, then this SYDPIM activity is complete.

During the re-calibration process of steps (4) to (10), the indices of “goodness of fit"
proposed above will be used to check whether the SD model is reproducing well the
desired behaviour. However, it should be noted that this is not the only requirement
for a valid calibration. “Goodness of fit” is not the same as ensuring that the model
is reproducing the desired behaviour for the right reasons. Achieving a valid
calibration is critical because the reliability of the forecasts and diagnosis produced
by the SD model depend upon it — and thereby the usefulness of the whole SYDPIM
process. Establishing an objective or even a quantitative acceptance criteria for the
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validity of the calibration is a more complex issue than just “goodness of fit”.
Because this is basically a validation problem the calibration should be subjected to
formal validation tests as much as possible. For this purpose, the use of the
validation framework of the SYDPIM model development method is proposed (see
chapter 7).

At the end of this activity, data has been transferred from the PERT/CPM mode! to
the SD model through the data-exchange links. The intra- and inter-task SD
dependencies have been readjusted through the data-structural links. The SD
model was re-calibrated to reproduce well the PERT/CPM planned future behaviour,
with the support of data-consistency links and indices of “goodness of fit". The
SYDPIM planning process a the end of this activity is represented in figure 7.18
below. The thick red arrows represent the direct exchange of data between the two
models and the dashed arrows represent the structural readjustment of the SD
model based on PERT/CPM output data (DSR links).
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Figure 7.18 - Activity (P4a): re-calibration of SD model to reproduce the PERT/CPM
planned behaviour.

(P1b) SD forecast and analysis of project future — SYDPIM feature

The purpose of this activity is twofold: (a) forecast the project future and (b) analysis
of the project future plan. The latter includes (i) diagnosis of why is the future likely
to be as forecasted, (i) identify the assumptions underlying the plan and (jii) assess
the plan’s sensitivity to risks.
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The way in which the SD model is used also depends on the scenario within which
the activity is entered. This activity can proceed from SYDPIM monitoring function
or from activity (P4a), where the SD model was just re-calibrated to reproduce the
future segment of the PERT/CPM current plan.

If this activity is entered from monitoring, and the project past went just as planned
then the future behaviour produced by the SD model will be steady and equals the
one shown by the PERT/CPM model. However, in most cases deviations would
have occurred and the project future behaviour produce by the SD model will be
unsteady. This means that the SD simulation is showing a future where the project
targets will change, like the completion date slipping by. In this scenario it is also
very likely that the project future will differ from the one shown by the PERT/CPM
model. Once the to models have just been updated with the project past, because
they consider different factors in different detail they will probably forecast a different
future.

Once the project future is known the next step is to diagnose why the unsteady
outcome is likely to be as forecasted. This diagnosis is based on the analysis of the
individual factors that affect the performance drovers (effects on productivity and
defect generation) and on causal analysis (i.e. which specific feedback loops are
driving the project outcome). On top of this, the project manager may wish to
assess the compounding impacts of risks over the already problematic project
outcome. This is done through the introduction of risks without changing the plan. |t
is important to note that in this activity no re-planning decision will be implemented
in the SD model — this will be done later. Since the outcome is unlikely to be
satisfactory and inconsistent with the one produced by the PETRT/CPM model, the
project manager will have to decide whether the project plan is to be improved in the
PERT/CPM model or in the SD model.

In the other possible scenario, this activity was entered from activity (P4a). A new
project plan was just develop in the PERT/CPM model and the SD model was re-
calibrated to reproduce this plan. Hence, it will produce a steady future behaviour,
which is the same as the one extracted from the future segment of the current
PERT/CPM plan. Therefore, in this scenario there is no need to use the model to
forecast the project future (purpose (a) above). Once the SD model was “forced” to
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reproduce the PERT/CPM plan, it will be used mainly to uncover assumptions
underlying this plan and to identify and assess its sensitivity to risks (i.e. is the plan
realistic? what are the relevant risks? is the plan robust?)

Uncovering assumptions in the project plan is based on the fact that the SD
calibration requires the explicit specification of the expected values of various
performance or process-related metrics — e.g. development productivity (function-
point/man-hour), defect generation rate (defect/function-point), effort to detect
defects (man-hour/defect), and effort to fix a defect (man-hour/defect. A PERT/CPM
plan does not force these assumptions to be made explicit. These metrics can be
assessed for feasibility in three ways: (1) they can be compared against standard
metrics available in the literature, (2) against the calibration of a same or similar SD
model for a past similar projects, or (3) against expert judgement. The comparison
against standard metrics requires that the metrics have similar definitions. The use
of expert judgement also requires that the definition of the metrics is well understood
by the “expert’. Finally, the comparison against past calibrations is the more
powerful means of sanity-checking. However, this also requires validation: the
variables under comparison must have a similar definition and the past project must
be similar. This means of sanity-checking the project plan becomes more practical
and easier if the organisation develops and maintains a database of past
applications ( this can be done while applying SYDPIM to various projects) — this
database would include the SD models used, the calibration metrics, and the
results. Although it requires time and effort, the development of such database is
strongly encouraged by SYDPIM. Apart from sanity-checking future plans, it can
also be used as the basis to evaluate the performance of an on-going project, and
supports the model development through re-usage of full models or model
components.

Where any of the metrics used to calibrate the model for the PERT/CPM plan
proves unrealistic (e.g. error generation rate too low), this indicates an invalid
assumption — these cam be considered as “planning risks”. The SD model can be
used to investigate “what-if” the unrealistic metrics are changed to realistic values. If
in these conditions the project outcome does not meet the targets, the now unsteady
plan needs to be changed. If the project still meets the targets it may well be at the
expense of a less robust plan now more sensitive to external risks.
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Risks can be identified and the plan’s sensitivity can be assessed in the SD model
by changing conditions (internal or external) over which management has no direct
control. The SD project model should incorporate the required variables that
represent changes in these conditions. For example, there may be a variable to
quantify the number of requirements changes over time requested by the Client.
Depending on the plan’s robustness, the outcome may become unsteady with the
targets slipping by. In this way, the project manager can identify important risks (this
quantitative assessment of risks can also be used as input to the existing project risk
management framework eventually in place; e.g. a risk register). This will be useful
information for re-planning. As with the previous scenario, the SD model is also
used to diagnose the impacts of risks and of more realistic assumptions. The
project manager will now have to decide whether the project plan is to be improved
in the PERT/CPM model or in the SD model.

This SYDPIM activity takes place only within the SD model and consists of a
“standard” SD analysis. The links with the PERT/CPM model are not used. The
aim is to forecast the likely project outcome, identify the underlying causes, uncover
unrealistic planning assumptions, and identify the risks and assess its impacts on
the project future. The SYDPIM planning process, after the implementation of this
activity, is shown in figure 7.19 below.
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Figure 7.19 - Activity (P1b): SD analysis of the project future
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(P2b) Re-plan project future in SD model — SYDPIM feature

The purpose of this activity is to develop a realistic and robust plan for the project
future. It can be entered in three different scenarios: (a) development of an initial
plan for the project, (b) readjustment of the current plan, and (c) to improve a new
future plan developed in the PERT/CPM model. In all cases, the main output from
this activity will be a future plan, which exhibits a steady behaviour in the SD model
— no project manager will want to move ahead with a plan which is forecasted to
over-run and hence “doomed to failure®. Another important output will be a list of the
most relevant risks and correspondent mitigating actions.

The development of an initial plan will happen only once at the beginning of the
project. At this moment, the project manager may wish to use the SD model to
develop high-level estimates and a high-level plan for the project before developing
the detailed PERT/CPM plan. SYDPIM considers this possibility. Here the SD
model is used not only as a planning tool but also as a front-end estimating tool to
produce and high-level estimates or verify whether given estimates are realistic.
Past applications show that in some cases, a SD project model can be used in this
way (Abdel-Hamid 1990), like the empirical estimating tools widely used in the
software industry (e.g. COCOMO, SLIM, and KnowledgePLAN). However, a SD
model should only be used for front-end estimating if valid metrics are available for
calibration. The source for these “valid metrics® would be past applications of
SYDPIM, using the same SD project model, and in similar projects. Another
possible source of valid metrics would be the project past history (if the project is
half-way through). However, in most applications of front-end estimating, there is no
project past available to calibrate the model. Another potential problem is the way in
which the SD estimates would compare with estimates produced empirical
estimating tools — this can be controversial. The accuracy of the estimates depends
on the number of past projects available in the databases, the factors considered
explicitly in each of the two types of models, and the “level of tailoring” allowed in
each of the models for the specific project. Overall, most organisations do not have
a significant database of past applications of SD project models, and in particular
clusters of similar projects. Therefore, in these cases, the use of the SD model as a
pure front-end estimating tool in SYDPIM is not recommended (nevertheless, any
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organisation considering the use of SYDPIM should feel encouraged to develop
such database; it will be useful not only to support a SD-based front-end estimating
but also the implementation of SYDPIM in planning and monitoring). An alternative
way of using a SD project model as part of front-end estimating is to verify whether
estimates produced by conventional estimating tools are realistic. This is a similar
to how the SD model is used to assess the PERT/CPM plan in the previous activity.
Used in conjunction with the estimating tool the SD model is used to refine the
estimates and develop an initial plan.

In the other two scenarios, the SD model is has been updated with the project past
from monitoring and is showing a project future which by some reason is not
satisfactory. It may be that given the project past, the project future is now showing
delays and overruns and so the future plan needs to be changed. Or it may be that
if @ new plan was already developed in the PERT/CPM model which appears to
ensure the objectives, the SD model reveals that the underlying assumptions are
unrealistic or that the plan is too sensitive to risks. In any case the SD model
contains a future plan which needs to be changed and improved.

Changing the project plan in the SD model will consist of changes in the schedules,
budgets, scope, resource allocation (as in the PERT/CPM model), changes in other
planning parameters not explicitly considered in the PERT/CPM model (e.g. QA
level), more radical changes to the product development process (e.g. from the
classic life-cycle to incremental development), and changes in various control
policies which are also not considered explicitly in the PERT/CPM model (i.e. how
progress is monitored and re-active actions generated). This last type of change is
important because the SD model assumes that the project outcome depends only
on the specified targets and operational work plan but also on the way in which the
plan is going to be controlled. These changes are made and tested through
simulation. The process consists of “trial-and-assess” what-if analysis. At the end
of the process a project plan with a steady and satisfactory outcome should have

been achieved.

Another very important purpose of this SYDPIM activity is, given a project plan,
identify the relevant risks and correspondent mitigating actions. In order to achieve
this, a list of likely risks is tested in the model to assess their impacts. Mitigating
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actions are tested on top of these risks to assess their effectiveness in countering
the disruptive impacts. The SD model will also provide an estimate for the cost of
these mitigating actions. Used in this way, the SD model provides an excellent tool
for pro-active risk management. This is one of the major benefits of the SYDPIM

methodology.

This SYDPIM activity takes place within the SD model with no linkage to the
PERT/CPM model. It consists of a “standard” SD analysis to improve the system
performance. A the end of this activity the project manager will have developed a
realistic and robust future plan for the project, which exhibits a steady behaviour.
The project manager will also have identified and ranked the relevant risks,
identified the most effective mitigating actions, and imposed some of these actions
over the plan (possibly the ones against the more likely risks). The SYDPIM
planning process after the implementation of this activity is shown in figure 7.20

below.
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Figure 7.20 — Activity (P2b): SD re-planning and risk analysis

(P3b) Readjust PERT/CPM model to SD plan — SYDPIM feature

The purpose of this activity is to readjust the PERT/CPM model to the new future

plan developed in the SD model, in the previous activity. Basically, this consists of
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“transferring” this SD future plan to the PERT/CPM model. As expected, the
SYDPIM analytical links will play an important role in this operation.

There are two different scenarios in which this activity is performed: (a) beginning of
the project and (b) the project is underway. In the first scenario, there can be two
situations: (a) there is already a PERT/CPM plan developed and this needs to be
readjusted for the SD plan, or (b) the PERT/CPM model plan needs to be developed
from scratch. In the second scenario there will always be a future PERT/CPM plan
available. In the first scenario the PERT/CPM plan to be readjusted or developed is
the initial plan, which is considered as the current plan at the beginning of the
project. In the second scenario, the plan to be readjusted or developed is the future
segment of the current PERTC/PM plan.

The ideal of this activity would be the automated readjustment of the PERT/CPM
plan. In the situation where there is no version of the PERT/CPM plan available,
this would consist of an automated generation of a new plan. In SYDPIM this would
be done through the establishment of data-exchange links and of data-structural
adjustment links. As previously discussed when these type of links were proposed
for SYDPIM basic mode, the automated exchange of data from the SD model to the
PERT/CPM model faces the problem of data dis-aggregation. Regarding data-
structural links, it was also concluded that the models considered in SYDPIM basic
mode are “standard” and do not contain data about the structure of the other model.
The data exchange and data structural links already established are the only
automated steps that can be performed within this activity, in SYDPIM basic mode.

A critical issue in this activity is to specify the conditions that determine whether the
PERT/CPM plan represents the SD plan. Since the PERT/CPM model stands at a
lower level of aggregation, there can be various “solutions” at the PERT/CPM level
that represent the SD plan. In SYDPIM, it is considered that there is no single
formal criteria that can dictate the “right” solution. Instead, the plans in the two
models are checked for consistency, using the SYDPIM consistency links, and
based on this information human judgement is required to determine whether the
PERT/CPM solution is satisfactory or not.
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The following principles are proposed to readjust the PERT/CPM plan to the SD

plan:

(1) in an initial step, some planning data can be automatically transferred from the
SD model to the PERT/CPM model, through the implementation of data-
exchange links. Before this is done, the structural links between the two models
must be updated as necessary (by calling activity (P5) );

(2) whenever the PERT/CPM plan is changed, there are two operations that must
be performed: (i) the analytical links are updated as necessary (by calling activity
(P5)) and (ii) the “PERT/CPM future behaviour” should be re-extracted from the
PERT/CPM model (same process as in activity (P3a) );

(3) the consistency of the PERT/CPM plan being readjusted with the SD plan can
be checked on three different ways:

(3.1) if we are at the beginning of the project then the initial PERT/CPM plan can
be checked against the targets of the initial plan in the SD model through the
implementation of data-consistency links;

(3.2) the "PERT/CPM future behaviour” extracted from the PERT/CPM current
plan can be automatically checked for accuracy against the project behaviour
produced by the SD model, through the implementation of data-consistency
links;

(3.3) the PERTCPM plan can be checked for consistency against the SD
dependencies through the implementation of data-structural consistency links.
However, this consistency is not mandatory (see discussion in activity (P4a) ).

The need to extract the “PERT/CPM future” behaviour whenever the PERT/CPM
plan is changed, results from the fact that the changed plan will most likely portray a
different behaviour which needs to be checked against the SD behaviour. This

process of extracting the PERT/CPM behaviour corresponds to the simulation in the
SD model.

The need to update the analytical links at the beginning of the process results from
the fact that the new SD plan developed in activity (P2b), which is now to be
transferred to the PERT/CPM model, may incorporate new SD-Tasks, SD-
Resources and SD-Dependencies, or some of these may have been removed, as
part of re-planning. In these cases, it is necessary to update the mapping of tasks,
resources and dependencies between the two models. The need to update the
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analytical links after the PERT/CPM plan has been changed also results from the
fact that these changes may include adding or removing tasks resources and
dependencies in the PERT/CPM model.

Based on these principles, a structured process can be proposed as described in
the following algorithm:

Algorithm: { readjustment of PERT/CPM model to SD future plan }

1. IF beginning of the project AND there is no PERT/CPM plan available GOTO
10

Call activity (P5) to update structural links as necessary

Transfer planning data from SD model to PERT/CPM model

Extract “PERT/CPM future behaviour” from PERT/CPM model

IF beginning of the project THEN check consistency of initial plan
Check “PERT/CPM future behaviour” against behaviour produced by SD
model

Check consistency of SD dependencies with PERT/CPM plan

IF consistency-checking is satisfactory END

. Diagnose inconsistencies

10. Re-adjust or develop from scratch manually the PERT/CPM future plan
11. Call activity (P5) to update structural links as necessary

12. GOTO 4

ok wN

© oo~

The process basically consists of a loop where the PER/CPM plan is manually
readjusted and checked for consistency against the initial plan in the SD model,
against the future behaviour produced by the SD model and against the SD-
dependencies. Whenever a new version of the PERT/CPM plan is developed, the
analytical links are updated as required.

In order to implement this process, various SYDPIM analytical links are “invoked”. A
more detailed description of this algorithm is presented, identifying the use of the
analytical links.
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Algorithm: { readjustment of PERT/CPM model to SD future pian }

1. IF beginning of the project AND there is no PERTC/PM plan available GOTO 10
2. Call activity (P5) to update structural links as necessary
3. Transfer planning data from SD model to PERT/CPM model
{ IF beginning of the project THEN invoke links:
DEI-1.SD-PERT : Profiles of Project Resources Availability
DE}-2.SD-PERT : Project Start Date
ELSE invoke links:
DEOI-10.1.SD-PERT : Profiles of Project Resources Availability }
4. Extract “PERT/CPM future behaviour” from PERT/CPM model
{ This process is the same as the one previously described in activity (P3a). In case
the initial plan is being re-adjusted / developed, it is assumed that this is at the same
time the future segment of the current PERT/CPM plan, from where the project
behaviour is extracted. }
5. IF beginning of the project THEN check consistency of initial plan
{ Invoke following links:

DCI-1 : Profiles of Project Resources Availability
DCl-2 : Project Start Date
DCOI-1.PERT-SD : Start and Finish Dates of SD-Tasks
DCOI-2.PERT-SD : Budget of SD-Tasks
DCOI-3.PERT-SD : Scope of SD-Tasks
DCOI-4.PERT-SD : Profiles of Resource Allocation to SD-Task
DCOI-5.PERT-SD : Budget Breakdown of SD-Tasks }

6. Check “PERT/CPM future behaviour” against SD project outcome

{ Invoke links:

DCOI-6.1.SD-PERT : Planned Project Resources Availability
DCO-1.1 : Planned Start / Finish Dates of SD-Tasks
DCO-2.1 : Planned Effort of SD-Tasks
DCO-4.1 : Planned Scope of SD-Tasks
DCO-3.1 : Planned Resource Allocation to SD-Tasks }

7. Check PERT/CPM plan against SD structure (dependencies)
{ Invoke links:
DSC-1 : check consistency of intra-task SD-Dependencies
DSC-2 : check consistency of inter-task SD-Dependencies
Note: the modeller may choose not to invoke these links }
8. IF consistency-checking is satisfactory END
{ If any of the consistency links in steps 4 to 7 is not violated }
9. Diagnose inconsistencies
{ Check which consistency links and respective patterns are violated }
10. Re-adjust / develop from scratch manually the PERT/CPM future plan
{ Change the input data and structure of the PERT/CPM network, which are likely to
eliminate the inconsistencies above. }
11. Call activity (P5) to update structural links as necessary
12. GOTO 4

The transfer of the data from the SD model to the PERT/CPM model is limited to the
project start date (in case the project has not started yet) and to the profiles of
resources availability to the project. As discussed when these links were specified,
this is the only data that stands at the same level of aggregation in the two models.
Therefore, no update is made to the data-fields in the individual PERT/CPM tasks
and no readjustment is made to the logical network.

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 525



Chapter 7: The SYDPIM Project Management Method

In step (4), the future behaviour portrayed by the PERT/CPM plan is extracted from
the PERT/CPM model. This process was already described in activity (P3a). It
should be noted that this behaviour patterns are extracted from the future segment
of the current PERT/CPM plan. However, if we are at the beginning of the project it
is the initial PERT/CPM plan that is being developed or readjusted. As previously
mentioned, a the beginning of the project the initial plan and the current plan are the
same.

In steps (5), (6) and (7) the PERT/CPM plan is checked for consistency against the
plan in the SD model. If we are at the beginning of the project, then the targets of
the PERT/CPM plan are checked against the targets of the initial plan in the SD
model. The behaviour extracted from the PERT/CPM plan is then checked for
consistency against the future behaviour produced by the SD model — it is assumed
that a simulation of the SD plan is available from activity (P2b). Finally, the
PERT/CPM plan is checked for consistency against the SD-Dependencies in the SD
model — unlike in steps (5) and (5), while this consistency can be a good indicator of
whether the PERT/CPM plan is representing well the SD plan, this is not mandatory.

In most cases the PERT/CPM plan will not be consistent with the SD plan and
hence it needs to be readjusted manually by the project manager. While this
readjustment is not carried out in an automated manner by the SYDPIM links, the
inconsistencies identified in the previous steps are good indicators of what needs to
be changed in the PERT/CPM plan. Just as two different project managers would
develop different PERT/CPM networks to represent a same project, various
solutions are possible to achieve consistency with the SD model. The principle
behind SYDPIM is that if all the consistency links specified in steps (5), (6) and (7)
are verified, then most likely the PERT/CPM plan provides an acceptable
representation of the SD plan.

Once the PERT/CPM plan is modified manually, the structural links are updated as
necessary — new tasks, resources or dependencies may have been added or
removed and need to be remapped to the SD model. The process then cycles back
to extracting the new project behaviour portrayed by the PERT/CPM plan and
repeats until a satisfactory plan consistent with the plan in the SD model is
achieved. Figure 7.21 shows the SYDPIM planning process after the
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implementation of this activity, identifying the data exchange links used. This
activity closes the re-planning cycle of the SYDPIM process logic, which was
initiated with the PERT/CPM analysis and re-planning of the project future (activities
(P1a) and (P2a) ).
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Figure 7.21 - Activity (P3b): readjusting the PERTC/PM model to the new SD plan

The next step in the SYDPIM planning process logic is to analyse the project future
under a critical path perspective, in the PERT/CPM model, to verify whether it is
satisfactory. This takes place in activity (P1a) already described and closes the loop
of the SYDPIM planning process logic. If the plan is satisfactory then it can be
implemented. Otherwise re-planning can take place once again, either in the
PERTU/CPM model (activity (P2a) ) or in the SD model (activity (P2b) ). If a final
plan is ready to be implemented, then the present value of the various project target
metrics needs to be updated in the SYDPIM objects. This is done in the final
planning activity (P6).

(P6) Update target metrics — SYDPIM feature

This final activity in SYDPIM planning consists simply in an update of the present
value of the target metrics which are eventually being recorded in the following
SYDPIM objects: SYMDB, “PERT/CPM past behaviour” and “Project past
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behaviour’. The SYMDB will be updated if this database is in use. The other two
objects will be updated in case they are being “preserved” throughout the project (as
opposed to being re-generated whenever monitoring takes place).

The present value of the target metrics depends on both actual resuits and on the
future plan. In SYDPIM, the update of the various metrics in the objects, in both
monitoring and (re)planning, takes place in the same time-point (i.e. the present
moment). Therefore, target metrics may have two different values in the present
moment: one at the end of monitoring (when the plan is updated with actual results),
and the other at the end of planning (when the new plan produced). For example, in
the plan of last month the design phase may have been scheduled to finish in day
100. However, given the current progress updated in monitoring, the new indicated
completion date may now be day 110 (i.e. the critical path shifted 10 days to the
right). This new value is based on actual results and assumes that the plan for the
remaining of the project is kept as per last month. The SYDPIM process then
moves to planning, where control decisions are implemented and a new plan is
produced. This new plan may now indicate a completion date of day 105 (the
critical path was “crashed” 5 days). This new present (and final) value of this target
metric is updated at the end of planning, in this activity (P6). This applies to all
target metrics considered.

For the purpose of updating the target metrics, two elements need to be specified in
this SYDPIM activity: the specific metrics to be updated and the calculation process
required. The target metrics are common to the three objects and are identified in
table 7.14. The second column identifies the condition for the metric to be updated
— for example, the completion date of a SD-Task already completed does not need
to be updated because it is not affected by changes in the future plan.

The object variables that correspond to each of these metrics in the objects SYMDB,
“PERT/CPM past behaviour” and “Project past behaviour” are straightforward to
identify. For example, for the project SAC, the variable in each object is as follows:
» SYMDB.PERT/CPM derived metrics.Schedule.Project schedule.Finish date[present]

e PERT/CPM Past behaviour.Schedule.Project schedule.Finish date[present]

o Project past behaviour.Schedule.Project schedule.Finish date[present]
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Target metric Condition
(1) Schedules
(1.1) Planned completion dates (SAC) For the whole project and for each SD-Task
not completed
(1.2) Planned start date For each SD-Task not started yet
(2) Effort
(2.1) Cost at completion (CAC) For the whole project and for each SD-Task
not completed
(2.2) Cost to complete (CTC) For the whole project and for each SD-Task
not completed
(3) Scope
(3.1) Scope at completion (SCAC) For the whole project and for each SD-Task
not completed
(3.2) Scope to complete (SCTC) For the whole project and for each SD-Task

not completed

(4) Resources

(4.2) Cum. staff profile at completion For the whole project and for each SD-Task

(CSPAC) not completed

Table 7.14 — Target metrics to be updated in planning activity (P6)

The calculation process required for these metrics is the same as the one use to
derive the steady patterns of these variables in the “PERT/CPM future behaviour” —
see description of activity (P3a); tables 7.8 through 7.11. These calculations are
the same for the three objects (since the metrics are the same), and assume the
availability of a current PERT/CPM plan, with a future segment just updated in

planning.

This activity consists of a simple metrics update process. Once this has been done
in the three objects, the future plan is used to guide implementation.

The branches of the SYDPIM planning process logic

The SYDPIM planning process logic can be entered in three different points: from
monitoring, development of initial plan in the PERT/CPM model and development of
initial plan in the SD model. Once entered, it can follow various paths depending on
the preferences of the project manager in using the models for re-planning. Once
the project future is forecasted in both models, the project manager may perceived
this either as satisfactory or unsatisfactory. If unsatisfactory, the project manager
can either follow the path of re-planning in the SD model and then transfer the SD
plan to the PERT/CPM model, or the path re-planning in the PERT/CPM model and
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test this plan in the SD model. This generates two decision-points within the
process logic, which are shown in yellow boxes with the following questions:

(Q1) : “Is outcome satisfactory and plans consistent?”

(Q2) : “Re-plan in SD model or PERT/CPM model?”

Regarding the second question, SYDPIM recommends that if the process was just
entered from monitoring then re-planning should be implemented in the SD model.
There are two main reasons for this: (i) it is generally a good idea to change a
project plan first at higher level of aggregation and only then refine into a more
detailed level;, and, more important, (ii) the SD model is conceptually a richer model,
incorporating a wider range of factors and giving a strong importance to the project
past (e.g. amount of undiscovered defects). The SD model therefore provides a
more robust and realistic plan than the PERT/CPM model. However, (Q2) can be
reached after the project has been re-planned in the SD model and then still found
unsatisfactory in the PERT/CPM model perhaps due to detailed critical path and
resources issues. In this case, the required changes in the project plan do not tend
to be of great magnitude and should be implemented first in the PERT/CPM model
and then transferred to the SD model. But if the required changes are perceived of
great magnitude then the SD model should be used first once more.

Regarding the first question, there are two separate issues: the outcome being
satisfactory and the plans in the two models being consistent. The first issue results
from comparing the forecasted outcome to the project objectives. Itis entirely of the
Project Manager’s responsibility to decide whether the outcome is “good enough” or
not. The second issue is very important in terms of SYDPIM process. It results
from the fact that the SYDPIM planning process logic should only be exited if the
project plans in the two model are the same. If (Q2) is entered after re-planning has
been carried out in one of the models then the plans will always be consistent one
another — they were readjusted in activities (P3b) or (P4a). Otherwise, the question
is entered just after SYDPIM planning has been entered from monitoring. In this
case, the project future forecasted by both models may be different and consistency
needs to be verified. This condition has one immediate implication which is that the
future project behaviour produced by the SD model must be steady. This is
because a PERT/CPM plan, by nature, always portrays a steady behaviour. Once
the SD behaviour is steady, the next step is to check whether it represents the same
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future plan as the PERT/CPM model. In order to do this, two conditions must be
verified: (i) the future project behaviours produced by both models must be the
same, and (ii) and this has to be for the right reasons. In order to verify these two
conditions the SYDPIM consistency links are invoked. This consistency-checking
process is similar to the one in activities (P3b) and (P4a). The links help to ensure
that these two conditions are verified but should not be considered as sufficient, and
human judgement is required. The consistency links should be invoked as
described in the following algorithm:

Algorithm: { Check if project future plans are consistent in both models }

1. Check if initial plan is consistent
{ Invoke following links:

DCI-1 : Profiles of Project Resources Availability
DCI-2 : Project Start Date
DCOI-1.PERT-SD . Start and Finish Dates of SD-Tasks
DCOI-2.PERT-SD : Budget of SD-Tasks
DCOI-3.PERT-SD : Scope of SD-Tasks
DCOI-4.PERT-SD : Profiles of Resource Allocation to SD-Task
DCOI-5.PERT-SD : Budget Breakdown of SD-Tasks
If any of these links fail then probably the initial plan has been changed during

the
update of the models in monitoring — this shouid not happen. }
2. Check SD-Dependencies of future plan

{ Invoke links:
DSC-1 : check consistency of intra-task SD-Dependencies
DSC-2 : check consistency of inter-task SD-Dependencies

Note: the modeller may choose not to invoke these links
If any of these links fail then the SD dependencies of the future plan are not
consistent with the planned scope progress in the PERT/CPM future plan. This
is
indicative of some possible mismatch between the two plans but is not
a necessary conditions to fail the consistency. }
3. Extract "PERT/CPM future” behaviour
{ This process is the same as the one described in activity (P3a). }
4. Check that future behaviours are “close enough”

{ Invoke links:
DCO1-6.1.SD-PERT : Planned Project Resources Availability
DCO-1.1 : Planned Start / Finish Dates of SD-Tasks
DCO-2.1 : Planned Effort of SD-Tasks
DCO-4.1 : Planned Scope of SD-Tasks
DCO-3.1 : Planned Resource Allocation to SD-Tasks }

If any of these links fail then the forecasted behaviours of the models are not
*close enough” one another, indicating that the future plans are not the same. }

In order to consistency-check the future project behaviour produced by the two
models, it is necessary to extract the “PERT/CPM future behaviour’ from the
PERT/CPM model. This is done in step (3).
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If this consistency-checking fails then the two models are not representing the same
future plan and hence SYDPIM planning should not be exited — it does not make
sense to exit with two different plans, one in each model. The process should
proceed to activities (2a) or (2b) in order to readjust one of the plans.

The SYDPM project plan: an integrated view

Once the SYPDIM planning cycle is complete, the next step is to implement the
improved project plan. This “project plan” includes not only what is specified in the
PERT/CPM network, but also other type of information and decisions specified in
the SD plan. For example, in a software project the SD analysis may have
suggested that, even in case of delays, unskilled staff should not be hired until the
coding phase is complete (perhaps to prevent the damages of low quality
components being delivered to integration). This is a planning “control policy”,
which should be implemented along with what is specified in the PERT/CPM
network. While some of the planning information is present in both models (e.g.
project schedules), the SD model also adds new information to the project plan
which not considered within the scope of the PERT/CPM model.

The SYDPIM methodology proposes the use of an integrated project plan combining
the planning information contained in both models. The concept of the SYDPIM
integrated plan is represented in figure 7.22. The “SD component” of the project
plan contains mostly strategic information, like the management control policies, and
a high level specification of the schedules, budgets, scope and resources. The
‘PERT/CPM component” contains operational information, specifying in great detail
the scheduling of work tasks, resources and scope. The PERT/CPM component
also contains information not considered in the SD plan, like the elementary
precedence relationships between the detailed tasks.

Once the SYDPIM project plan has been implemented, the next step is to collect
result metrics, monitor progress, assess performance and identify deviations. This
is done in SYDPIM monitoring.
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Figure 7.22 - The SYDPIM Project Plan: an integrated view

SYDPIM monitoring

Project control consists of a closed loop of re-planning, implementation of the plan
and monitoring of the project status. The only entry-point of the SYDPIM monitoring
process logic is after the implementation of the project plan — see figure 7.6. The
SYDPIM activities have been numbered sequentially from this point. There are
various possible paths within the process logic, which reflect different scenarios.
First, it is considered that there might not be a PERT/CPM current plan available.
For example, this can happen in a less structured management environment, where
SYDPIM is going to be implemented in a project half-way through its life-cycle. The
best solution would be to update the PERT/CPM model for the whole past that
remains to be updated. However, even if this is not possible, it is fundamental to
calibrate the SD model for the project past. The second branch considers that, in
addition to the PERT/CPM model not being updated, the SYDPIM metrics plan
(SYMP) and database (SYMDB) might not be in use. This can happen for various
reasons, and it implies that the monitoring metrics proposed by SYMP are not being
collected. In case the PERT/CPM model is being updated every control cycle, the
SYMDB might be in use, or not. For the sake of simplicity, this branch is not
considered explicitly in the SYDPIM monitoring process logic shown in figure 7.6,
but it will be considered in the description of the individual activities.
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The recommended path in SYDPIM monitoring is based on the principle that a

PERT/CPM model is being updated every control cycle and that the SYMDB is

being implemented. The role of the SD model in monitoring is to diagnose the

project past, to explain why it has evolved as observed, and to uncover further

information about the project status in the form of quantitative metrics — e.g. current

amount of undetected defects. This scenario leads to the following sequence of

activities:

(M1a) collect project result metrics — conventional feature and SYDPIM feature;

(M2a) update PERT/CPM model and SYMDB with result metrics — conventional and
SYDPIM feature;

(M3a) update analytical links if necessary — SYDPIM feature;

(M4) extract project past behaviour from PERT/CPM model — SYDPIM feature;

(M5) specify project past behaviour — SYDPIM feature;

(M6) re-calibrate SD model for past behaviour — SYDPIM feature;

(M7) SD diagnosis of project past — SYDPIM feature;

(M8) update SYMDB with uncovered SD metrics — SYDPIM feature.

It is important to note that activity (M3a), where the analytical links are updated,
should be considered as implemented in parallel with the activity (M2a). This is
because of two reasons: the update of the PERT/CPM model may imply structural
changes to the current PERT/CPM plan, and the update of the SYMDB requires the
use of the analytical links. So activity (M3a) is “called” within (M2a), while the
PERT/CPM model is being updated and if necessary.

Out of the eight activities only the first two are a conventional feature. They consist
of collecting data and update the PERT/CPM plan with actual results: resource
allocation and availability, schedules, costs and scope. Once this is done, the
traditional process follows immediately to the critical-path analysis of the project past
in the re-planning function. In SYDPIM a series of other monitoring steps are
followed, leading to the SD diagnosis and uncovering of project status — this is the
main added value of SYDPIM; it should be noted that the diagnosis of the project
past is based on retrospective “‘what-if’ analyses, which can feed important
information into process improvement activities within the organisation.
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In case a current PERT/CPM plan is not available but SYMDB is being
implemented, then the SYDPIM sequence of activities is as follows:

(M1b) collected project result metrics — SYDPIM feature;

(M2b) update SYMDB with result metrics — SYDPIM feature;

(M5) specify project past behaviour — SYDPIM feature;

(M8) re-calibrate SD model for past behaviour — SYDPIM feature;

(M7) SD diagnosis of project past — SYDPIM feature;

(M8) update SYMDB with uncovered SD metrics — SYDPIM feature.

As it will be seen, the set of metrics to collect in activity (M1b) differs from the one in
activity (M1a) — in (M1b) only the metrics specified in SYMP are being collected.
The process then jumps into activity (M5), skipping the steps which required the
PERT/CPM plan. Implemented in this way, the monitoring process becomes a
“stand-alone” mode of the use of the SD model. Whenever monitoring is
implemented in this way, there is no connection with the PERT/CPM model.

In case the SYMDB is not being implemented, the SYDPIM sequence of activities is
as follows:

(M1c) collect information from expert judgement;

(M5) specify project past behaviour — SYDPIM feature;

(M6) re-calibrate SD model for past behaviour — SYDPIM feature;

(M7) SD diagnosis of project past — SYDPIM feature.

In this scenario, no quantitative metrics are collected to help deriving the project
past behaviour to be reproduced by the SD model. Instead, management expert
judgement is used to derive these patterns. All that is related with the PERT/CPM
model is skipped. Since SYMDB is not being implemented, the extra status metrics
uncovered by the SD model are not stored in the database. This is the lead
preferred scenario, since the derived project past behaviour is likely to be less
accurate and thus all the subsequent SD analysis. However, SYDPIM is also
intended to be flexible and thus it provides the project manager with an answer and

alternative routes of action when necessary.

Each of the SYDPIM activities is now described separately in more detail.
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(M13) collect project result metrics — conventional and SYDPIM feature

This activity assumes that there is a current PERT/CPM plan available and that the
SYMDB is being implemented. The purpose of this activity is to collect the
necessary progress data so that the PERT/CPM current plan and the SYMDB are
updated with actual results in the following activity.

In practice, the data to be collected and updated in a PERT/CPM plan depends on
how the PERT/CPM model is used within the organisation. In SYDPIM it is
assumed that certain tasks’ data-fields will always be updated in the PERT/CPM
model — see object specification.

Metrics to be updated in the SYMDB are only collected if the database is in use.
Otherwise the collection of these metrics is skipped in this activity. The specific
metrics to be updated in the SYMDB were identified in the formal object
specification. Some of these metrics will not be collected directly from the project in
this activity, as they can be derived from other metrics or from data in the current
PERT/CPM plan.

Table 7.15 shows the result metrics to be collected in this SYDPIM activity. The
PERT/CPM metrics refer to the data-fields in the current plan which store actual
data. Most of these fields are task specific and thus these metrics will be collected
for each task in the PERT/CPM current plan. This includes new tasks created
during implementation, which will be added to the current plan — however, in general
tasks should be preferably added to the plan in the re-planning function. The
second column identifies the necessary condition for the metric to be collected. For
example, the actual start date of task should only be updated when the work in the
task was already started. The three metrics (2.1), (2.2) and (2.3) are inter-related
and one can be derived or must be consistent with the other two. Coliecting these
metrics to update the PERT/CPM plan is part of the conventional project control
framework.

The SYMDB metrics refer to defect detection and rework. These metrics are
collected for each SD-Task considered in the SD model. The reason why these
metrics are collected at this stage is that they cannot be derived from a PERT/CPM
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plan. The standard use of the PERT/CPM model assumed in SYDPIM does not
consider this type of data. Again, these metrics are only collected if the SYMDB is

in use.

Metric Condition

PERT/CPM metrics

(1) Project

(1.1) initial date If project started
{1.2) resource availability If project started
(2) Tasks
(2.1) actual start date If task started
(2.2) actual completion date If task finished
(2.3) actual duration If task finished = (2.2) - (2.1)
(2.4) actual effort spent to date If task started
(2.5) actual scope to date If task started
(2.6) actual resource allocation If task started

SYMDB metrics

(3) SD-Tasks If SD-Task started
(3.1) defects detected
(3.2) defects reworked
(3.3) cumulative defects detected
(3.4) cumulative defects reworked
(3.5) defects awaiting rework
Table 7.15 — Metrics to be collected in SYDPIM activity (M1a)

When this type of metrics is collected from a project, these are typically recorded in
some kind of periodical metrics report. The next step is to update the PERT/CPM
current plan and the SYMDB. This takes place in the following activity (M2a).

(M2a) update PERT/CPM model and SYMDB with result metrics — conventional and
SYDPIM feature;

This activity updates the PERT/CPM model with the result metrics collected in the
previous activity, just as in the conventional framework, and also updates the
SYMDB with further result metrics (a SYDPIM feature).

The SYMDB is only updated in this activity if this database is in use. The required
metrics are generated in four different ways:

(a) collected — directly from the project, in the previous activity;

(b) derived from PERT/CPM model — from metrics stored in the PERT/CPM model;
(c) calculated — from other metrics already stored in the SYMDB database;
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(d) uncovered — from the SD model, once calibrated to reproduce the project past.

This differentiation is emphasised in the formal specification of the database — see
SYMDB object specification. In this SYDPIM activity, only the first three types of

metrics are updated — uncovered metrics are updated in activity (M8).

The process of updating the PERT/CPM model and the SYMDB follows a logical

sequence of three mains steps:

(1) update the PERT/CPM current plan and SYMDB with the result metrics collected
in activity (M1a);

(2) update the SYMDB with metrics derived from the PERT/CPM model;

(3) update the SYMDB with metrics calculated from other metrics already stored in
the database.

The second part of step (1) and steps (2) and (3) are only implemented if the
SYMDB is in use. Otherwise, monitoring follows to the next activity. In order to
implement these steps, there are two elements that need to be formally specified in
this activity: (i) the object variables to be updated with the metrics, and (ii) any
calculations required to generate the metrics.

The first step consists of feeding directly the result metrics collected in the previous
activity (M1a), onto the PERT/CPM current plan and SYMDB. This process does
not require any calculation. These metrics were identified in table 7.15 (data-fields
of the current PERT/CPM plan and defect metrics in SYMDB), and the
correspondent object variables to be updated in this activity are identified in table
7.16.

In the PERT/CPM model the result metrics are stored in the data-fields of the
current PERT/CPM plan. Most of these are specified at the task level.

In the SYMDB, the metrics are specified at both project level and at the SD-Task
level, and are stored as over-time data-points. Whenever the database is updated,
the present data-point of each metric is updated. In the object specification above,
the “[i]” entry refers to the specific task and the entry “[present]” refers to he present
data-point.
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Metric

Object variable

Update of PERT/CPM model

(1) Project

(1.1) initial date

PERT/CPM model.Initial date

(1.2) resource availability

PERT/CPM model.Current PERT/CPM plan.Past
segment.Actual_Resource-availability[SD-Resource]

(2) Tasks

(2.1) actual start date

PERT/CPM model.Current PERT/CPM plan.Past
segment.Tasks[i].Actual start date

(2.2) actual completion date

PERT/CPM model.Current PERT/CPM plan.Past
segment.Tasks[i].Actual completion date

(2.3) actual duration

PERT/CPM model.Current PERT/CPM plan.Past
segment. Tasksji].Actual duration

(2.4) actual effort spent to date

PERT/CPM model.Current PERT/CPM plan.Past
segment.Tasks[i].Actual effort spent to date

(2.5) actual scope to date

PERT/CPM model.Current PERT/CPM plan.Past
segment. Tasks|i].Actual scope to date

(2.6) actual resource allocation

PERT/CPM model.Current PERT/CPM plan.Past
segment.Tasks][i].Actual resource allocation

Update of SYMDB
Collected metrics

(3) SD-Tasks

(3.1) defects detected

SYMDB.Collected metrics.Quality.
Task Quality.Defects detected[i][present]

(3.2) defects reworked

SYMDB.Collected metrics.Quality.
Task Quality.Defects detected|i][present]

(3.3) cumulative defects detected

SYMDB.Collected metrics.Quality.
Task Quality.Cum defects detected|i][present]

(3.4) cumulative defects reworked

SYMDB.Collected metrics.Quality.
Task Quality.Cum defects reworked][i][present]

(3.5) defects awaiting rework

SYMDB.Collected metrics.Quality.
Task Quality.Defects awaiting rework[i][present]

Table 7.16 — PERT/CPM and SYMDB object variables to be updated in SYDPIM activity
(M2a) from data collected in activity (M1a)

At this stage, and before moving onto the second step, if any structural changes
occurred in the current PERT/CPM plan while being updated, then activity (M3a)
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must be called to update the analytical links. By structural changes it is meant any

adding or removal of tasks, resources and dependencies from the network.

Once the analytical links have been updated in activity (M3a) as required, the
second step consists of updating the SYMDB with metrics derived from the
PERT/CPM model. This process requires calculations and consists mainly in
aggregating the resuit metrics just entered in the PERT/CPM model to the SD level
in the SYMDB. The result metrics to be derived from the PERT/CPM model refer
schedules, effort, scope and resources. The correspondent SYMDB object
variables to be updated are identified in the table 7.17. Since there is a large
number of metrics, for the sake of simplicity these were summarised just to show
how the object variables can be identified — see SYMDB object specification for the
full set. Again, the “[i]” entry specifies the SD-Task and “[present]” specifies the
present moment. The calculation processes for all variables are shown in tables
7.18 through 7.22 (appendix B). The second column explains informally the metric
value is generated from the data stored in the PERT/CPM model. Since in many
cases this will be an aggregation process (tasks to SD-Tasks; resources to SD-
Resources), the SYDPIM analytical links are required to implement the mapping —
as shown in see diagram of figure 7.6, which describes the SYDPIM monitoring
process logic. The third column identifies the SYDPIM elements that will be
required to implement the calculation process. This includes the analytical links and
the PERT/CPM plans within the PERT/CPM model. Most of the metrics refer to past
occurrences and so they are generated solely from data in the past segment of the
current PERT/CPM plan. However, other metrics refer to current targets for the
project (e.g. estimated cost at completion of on-going tasks), and as such their value
depends upon the future plan — marked with (*). Therefore, the process of
calculating the value of these target metrics also requires the future segment of the
current PERT/CPM plan. Finally, some metrics reflect what was specified in the
initial plan and so they required the initial plan.

The third and final step in this activity is to update metrics in the SYMDB from other
metrics just entered in the database. There are three types of metrics in this
situation:

(1) project-wide results — like total cost spent in the project;

(2) performance indices — like the eamed value;
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(3) process metrics — like the productivity and the defect rates.

Project-wide results can be derived from the PERT/CPM model, just as the results
at the SD-Task level were in the previous step. However, the process would be
more laborious and for most of them it is possible and easier to derive their values
from the SD-Task level results. For example, the cost spent to date in the project
(ACWP) is the same as the sum of the ACWP of all SD-Tasks. If derived from the
PERT/CPM model it would be the sum of the effort spent to date in all tasks in the
PERT/CPM current plan. However, not all project-wide results can be derived from
the SD-Tasks results. This is the case of the results which refer to project resources
availability, and were updated in the previous step as shown in table 7.18. Table
7.23 (appendix B) identifies the project results that can be derived from the SD-Task
level results already updated in the database. The second column identifies the
SYMDB object variables and the third column describes informally the calculation
process — except for the completion date, this is simply the sum of the results at the
SD-Task level. The project-wide defect metrics could not have been derived from
the PERT/CPM model but could have also been derived from the metrics collected
in the first step.

The performance indices and the process metrics are shown in tables 7.24 and 7.25
respectively (appendix B). In both cases, these metrics are calculated at both SD-
Task and project levels. The object variables are identified in the second column
and the calculation process is described in the third column. The variables used in
the proposed formulas refer to the SD-Task and project results stored in the
database, as specified in tables 7.18 through 7.23. For example, the index CPI
(Cost Performance Index) at the project level is calculated from the ACWP and
BCWP metrics at the project level specified in table 7.20.

An important issue in this activity is the update of the present data-points of some
metrics in the SYMDB, which may need to be updated later at the end of re-
planning. These particular metrics refer to project targets which depend not only on
what just happened in the project (i.e. the recent past), but also on the project future
plan. For example, the cost at completion (CAC) is equals what was actually spent
in the project so far plus what is the planned remaining expenditure. Once SYDPIM
monitoring is entered from implementation and actual results are updated in
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SYMDB, these target metrics will be calculated based on the existing current
PERT/CPM plan. Therefore, they will reflect what is likely to happen given the
recent past and if no re-planning takes place. For example, say the CAC in the
previous control cycle was 100 person-month. During the last period, there was an
excessive expenditure of 5 person-month. Once the SYMDB is updated, the new
CAC will be 105 person-month the project manager may have found solutions to
reduce the CAC down to 102 person-month. So the value of the present data-point
of this metric may change from 105 in monitoring to 102 at the end of re-planning.
This change takes place within the present moment, because for the purpose of
updating the SYMDB the time elapsed between monitoring and planning it not
considered. The target variables that may need to be updated at the end of
planning in activity (P6) are marked with a (*) in tables 7.18 through 7.22

Another important issue in this activity is that the analytical links may need to be
updated. If necessary, activity (M3a) is called for this purpose

As shown in figure 7.23 below at the end of this activity both the PERT/CPM model
and the SYMDB have been updated with actual results. Some of the metrics stored
in the SYMDB are derived form the PERT/CPM model.

Network Model PERT/CPM
== fmw-z E:{>ﬁ ot it il

Adjustment for
Past Results .

| Actual

{ * tasks

| * schedules

| * costs

{ * scope

| « resources

| + dependencies

Figure 7.23 — Activity (M2a): update of PERT/CPM model and SYMDB with actual
results
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(M3a) update analytical links if necessary — SYDPIM feature

This activity is entered when structural changes took place in the current
PERT/CPM plan while being updated with actual results. Newly added or removed

tasks, dependencies and resources may require some re-mapping to the SD model.

The process within this activity is similar to activity (P5), in planning. The links that
may need to be updated are the structural links. There are two types of structural
links: structural correspondence links and structural consistency. In this activity, the
links of structural correspondence are updated and the links of structural
consistency are invoked to check whether there is any inconsistency.

The first step is to update the links of structural correspondence. As in activity (P5)

This should be done in the following sequence:

(1) SC-WBS — PERT/CPM tasks are re-mapped to the SD-Tasks, as necessary;

(2) SC-OBS — PERT/CPM resources re-mapped to the SD-Resources, as
necessary,;

(3) SC-WD - PERT/CPM dependencies re-mapped to SD-Dependencies (both
intra- and inter-task). The two algorithms proposed, SC-WD-1 and SC-WD-2,
are available to automatically generate this mapping, which can then be
readjusted manually by the project manager,

How does the project manager knows that an update is required? First, at least one
of the validity conditions specified for each of these three links (see formal
specification) will be violated. For example, if a newly added PERT/CPM task has
not been mapped to any SD-Task, then the validity condition PERT/CPM mapping
of the SC-WABS link will be violated. Another possibility where the update of the
structural links is required is when these have become inconsistent one another.

For this purpose, the structural consistency links are invoked:

(4) SCN-RA — checks whether the SC-WBS and SC-OBS links are consistent one
another regarding resource allocation. The algorithm proposed in the
specification of this link , SCN-RA-1, is available to automatically check this
consistency and proposes possible solution to eliminate the inconsistency;

(5) SCN-WD - checks whether the SC-WBS and the SC-WD links are consistent
one another. Again, two algorithms are available: SCN-WD-1 and SCN-WD-2,
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which describe an automated process to check this consistency for intra-task
and inter-task SD-Dependencies, respectively. In case inconsistencies are

detected, both algorithms suggest possible solutions.

In case some inconsistencies are detected, corrections to the links of structural
correspondence should be implemented as appropriate. Once the analytical links
have been updated as required, the next activity is to extract the project past
behaviour from the PERT/CPM model.

(M4) extract project past behaviour from PERT/CPM model - SYDPIM feature

Once actual results have been collected from the project and updated in the
PERT/CPM model and SYMDB, the following steps are aimed at allowing the
project past behaviour to be diagnosed in the SD model. The project past behaviour
will be derived from the PERT/CPM model and from the SYMDB if this database is
in use.

In case the SYMDB is being implemented, all the patterns of past behaviour that can
be extracted from the PERT/CPM model can also be derived from the metrics stored
in this database — in fact, some of these metrics were already derived from the
PERT/CPM model. So in this case, the SYMDB could be used as the only source of
information to specify the project past behaviour to be reproduced by the SD model
in activity (M7). However, the calibration of the SD model in this activity is based on
the analytical links established with the PERT/CPM model and this requires that an
updated version of the “PERT/CPM past behaviour” object is available. Therefore, it
is recommended in SYDPIM that this object is always updated in this activity (M4).

The specific set of patterns to be extracted is identified in the formal specification of
the SYDPIM object “PERT/CPM past behaviour®, where the patterns will be stored.
These patterns are the same as the ones specified for the “PERT/CPM future
behaviour”, which is updated in activity (P3) already described. Like with the future
behaviour, the technical algorithms required for the past behaviour patterns do not
present any major difficulty. However, the calculation process is slightly more
complex than with the future behaviour, in particular regarding those patterns that
refer to project targets.
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Ideally, in SYDPIM the SD model is calibrated to reproduce the whole project past
progressively, as re-calibration for the last period takes place in activity (M7) of
every control cycle. This way, the PERT/CPM past behaviour can also be specified
progressively. In this scenario, only the control period just elapsed needs to be
specified in the present activity (M4) (i.e. from the previous control point up to
present). However, there can be situations where the PERT/CPM past behaviour
has not been updated regularly or when SYDPIM is introduced in half-way in the
project. In other cases, the user may wish not to preserve the “PERT/CPM past
behaviour” object and so the whole past behaviour needs to be regenerated. The
calculations presented in tables 7.26 through 7.29 refer to the generation of the
patterns for the whole project past — table 7.26 is shown for illustrative purposes.
From here, the calculation of the present data-point is straightforward.

The patterns are grouped per data type. In the second column the calculation
process is described informally. In the last column the requirements to implement
the calculations are identified. This includes the PERT/CPM plans required and the
analytical links. Patterns that require the initial plan and other past versions of the
PERT/CPM plan also require the correspondent version of the analytical links.

The “start date” is the only pattern that applies to the SD-Tasks only. All the other
patterns apply to the SD-Tasks and to the whole project. The patterns that refer to
resources are also calculated per SD resource category. The patterns for a SD-
Task are extracted from the numerical inputs of all the individual PERT/CPM tasks
which are mapped to it, according to the structural link SC-WBS. The patterns
related to resources also require the SC-OBS links to identify the PERT/CPM
resources mapped to each SD-Resource. The operators used are the same as in
activity (P3a). The reasoning behind the calculation processes is not the same as
for the “PERT/CPM future behaviour” for all pattens (specially for the target
patterns), but the underlying principles are the same.

Regarding the patterns of project targets (e.g. completion date), these tend to
change throughout the past segment of the project. To each value of the target
corresponds an individual PERT/CPM plan. This is because a single PERT/CPM
plan considers that the targets are fixed over-time, portraying a successful
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implementation of the work. For example, the completion date is imposed by the
critical path in the PERT/CPM network, which is not expected to change. Whenever
the project targets change, the PERT/CPM network is modified and a new plan is
produced. Therefore, patterns that describe project targets need to be extracted
from the whole set of past PERT/CPM plans stored in the PERT/CPM object.

Non-target patterns (e.g. cumulative effort spent) are extracted from the current
PERT/CPM plan. Patterns that describe what should have happened according to
the initial project plan (e.g. BCWS) are extracted from the initial PERT/CPM plan.

Pattern Calculation Requirements
Schedule
SACI[i] () For the whole project and per SD-Task. Set of past versions of

SD-Task: = for each time-point MAX planned PERT/CPM plan (incl.
finishing date of all tasks in the PERT/CPM plan | Initial plan)

of that time-point mapped to the SD-Task. Current PERT/CPM plan

Project: = for each data-point Max SACIt] of all | SC-WBS link

SD-Tasks. SC-WBS link (past ver.)
Start Date[t] |For each SD-Task. Set of past versions of
® SD-Task: = for each time-point MIN planned start | PERT/CPM plan (incl.

date of all tasks in the PERT/CPM plan of that Initial plan)

time-point mapped to the SD-Task. Current PERT/CPM plan

SC-WBS link

SC-WBS link (past ver.)

Table 7.26 — Calculation and requirements of the schedule patterns of past behaviour
extracted from the PERT/CPM model.

Again, if the user is preserving the “PERT/CPM past behaviour” object within the
project control framework, the target variables marked with (*) must be updated at
the end of planning.

Once generated, these patterns will be stored in the “PERT/CPM past behaviour”.
The specific object variables are not presented in these tables, but their
identification is straightforward. For example, the object variables to be updated
with the pattern SAC[t], for each SD-Task and for the whole project, are as follows:

¢ PERT/CPM past behaviour.Schedule.Project schedule.Finish date[t]

e PERT/CPM past behaviour.Schedule.Task schedule.Finish date[i][t]

The next step in SYDPIM monitoring is to complement this set of patterns with other
patterns derived from the SYMDB (if in use) and from expert judgement. The final
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set of patterns will form “project past behaviour” which the SD model will have to
reproduce in activity (M7). The specification of the “project past behaviour’ is
implemented in activity (M5). However, this activity can be entered from the current
activity (M4) but also from other two alternative paths in the SYDPIM monitoring
process logic: (i) when the PERT/CPM model has not been updated, and (ii) when in
addition the SYMDB is also not in use. Therefore, before describing activity (M5),
the activities of these other two alternative paths are now described.

Figure 7.24 below shows the state of the SYDPIM monitoring process after this
activity has been implemented.

Network Model PERT/CPM YMDB
ﬁr:{> Zﬂww r:(>ﬁ Do e e | |
Adjustment for W o [
Past Results - . \

| Actual.

| « tasks

| « schedules
| « costs

| * scope

| * resources
| * dependencies

Figure 7.24 — Activity (M4): extraction of project past behaviour from PERT/CPM
model

(M1b) collect project result metrics — SYDPIM feature

This activity is entered when the PERT/CPM model is not being updated regularly
but SYMDB is being implemented. There is not current PERT/CPM plan available
and so this will not be updated in monitoring. In this scenario the SYMDB will be
used to derive the full project past behaviour in activity (M5).

Some of the metrics to be updated in the SYMDB would be derived from the
PERT/CPM model. These metrics will now have to be collected directly from the
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project. Also, metrics that would be collected at the PERT/CPM task level, will now
be collected at the SD-Task level.

For the target-type of variables, the “collection” process involves some form of
estimating. For example, collecting the metric ACWP instead of deriving it from the
PERT/CPM model may simply consist of going around in the project and ask staff
about their expenditures — in any case, a procedure similar to collecting this metrics
at the PERT/CPM task level. However, for a target variable like CAC (Cost at
Completion), the project manager needs, somehow, to estimate how much the SD-
Task or project is likely to cost given the actual cost (ACWP) and the “future plan”
(even if a PERT/CPM network is not available) — if a current PERT/CPM plan was
available, the PERT/CPM model itself would provide this estimate, as in activity
(M2a). Table 7.30 below presents the set of metrics to be collected in this activity.
The second column identifies the condition for each metrics to be collected.

Metric Condition

SYMDB Metrics

{1) Project
(1.1) Resources If project started
ASP

CSPAC
(2) SD-Tasks
(2.1) Schedule

Start date If SD-Task started
Finish date If SD-Task finished
(2.2) Effort If SD-Task started
ACWP
CAC
(2.3) Scope if SD-Task started
SCAC
SCTC
(2.4) Resources If SD-Task started
ASP
CSPAC
(2.5) Quality If SD-Task started

Defects detected

Defects reworked

Cumulative defects detected

Cumulative defects reworked

Defects awaiting rework
Table 7.30 - Metrics to be collected in SYDPIM activity (M1b)
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Basically, the profiles of project resources availability are collected together with the
schedule, effort, scope, and resource allocation metrics (all of which would be
derived from the PERT/CPM model), and also the quality metrics, for each SD-Task.
Once collected, the next step is to update the SYMDB in activity (M2b).

(M2b) update SYMDB with result metrics — SYDPIM feature

This activity is similar to activity (M2a) except that no metrics will be derived from the

PERT/CPM model to update the SYMDB. The steps to be taken in this activity are

as follows:

(1) update the SYMDB with the result metrics collected in activity (M1b);

(2) update the SYMDB with metrics calculated from other metrics already stored in
the database.

The first step does not involve any calculation and consists simply in storing the
metrics collected in the previous activity into the appropriate object variables of the
SYMDB. Table 7.31 identifies these variables.

The first column identifies the same metrics as in table 7.30 and the second column
identifies the formal specification of SYMDB object variables.

The second step is similar to step (3) in activity (M2a). Metrics in the SYMDB will be
derived from the metrics just entered in the previous step. Again, there are three
types of metrics in this situation:

(1) project-wide results — like total cost spent in the project;

(2) performance indices — like the eamed value;

(3) process metrics — like the productivity and the defect rates.

In order to update these metrics it is necessary to know the object variables in the
SYMDB object and the calculation processes. Both are exactly the same as for
activity (M2a), and were already described in tables 7.23 and 7.25.
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Metric Object variable
Update of SYMDB
Collected metrics
(1) Project
(1.1) Resources
ASP SYMDB.PERT/CPM derived metrics.Resources.
Project Resources.ASP[present]
CSPAC () SYMDB.PERT/CPM derived metrics.Resources.

Project Resources.CSPAC|[present]

(2) SD-Tasks

(2.1) Schedule

Start date (*)

SYMDB.PERT/CPM derived metrics.Schedule.
Task Schedule.Start dateli][present]

Finish date (*)

SYMDB.PERT/CPM derived metrics.Schedule.
Task Schedule.Finish date[i][present]

(2.2) Effort
ACWP SYMDB.PERT/CPM derived metrics.Effort.
Task Effort. ACWPJi][present]
CTC () SYMDB.PERT/CPM derived metrics.Effort.
Task Effort. CTCli][present]
CAC () SYMDB.PERT/CPM derived metrics.Effort.
Task Effort. CAC]i][present]
(2.3) Scope
SCAC (%) SYMDB.PERT/CPM derived metrics.Scope.
Task Scope.SCAC]i][present]
SCTC (™) SYMDB.PERT/CPM derived metrics.Scope.

Task Scope.SCTCli][present]

(2.4) Resources

ASP SYMDB.PERT/CPM derived metrics.Resources.
Task Resources.ASP[i][present]
CSPAC () SYMDB.PERT/CPM derived metrics.Resources.
Task Resources.CSPAC]i][present]
(2.5) Quality

Defects detected

SYMDB.Collected metrics.Quality.
Task Quality.Defects detected[i][present]

Defects reworked

SYMDB.Collected metrics.Quality.
Task Quality.Defects detected[i}[present]

Cumulative defects detected

SYMDB.Coliected metrics.Quality.
Task Quality.Cum defects detected]i][present]

Cumulative defects reworked

SYMDB.Collected metrics.Quality.
Task Quality.Cum defects reworked[i}[present]

Defects awaiting rework

SYMDB.Collected metrics.Quality.
Task Quality.Defects awaiting rework(i][present]

Table 7.31 — SYMDB object variables to be updated in SYDPIM activity (M2b) from data
collected in activity (M1b)
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As also discussed in activity (M2a), the present data-point of target-meirics in the
SYMDB, which was estimated in the previous activity (M1b), may need to be
updated later at the end of re-planning — if the future plan is changed, the present
targets will also change. These target-variables are marked with a (*) in table 7.31
above and their update will take place in SYDPIM planning activity (P©).

Since in this scenario the PERT/CPM model is not used and updated, there is no
need to update the analytical links. If later in the project a current PERT/CPM plan
is created, the monitoring process will then be entered in activity (M1a) and from
there both the PERT/CPM plan and the analytical links will be updated as required
in activity (M2a).

(M1c) collect information from expert judgement

Monitoring is entered through this activity in the less structure and formal SYDPIM
scenario: neither a PERT/CPM plan is available nor the SYMDB is being
implemented. As in the other previous scenarios, the aim is still to specify the
patterns of behaviour for the project past which the SD model will have to reproduce
and diagnose. Since no quantitative data is being collected and recorded, the only
available source of information to derive these patterns is management expert
judgement.

In practice, the process of extracting behaviour patterns from expert judgement can
be done in a more or less structure way. From informal interviews, brain storming
session or use of formal structure methods, like the Delphi method (Wright 1985,
Kerzner 1998), the required set of patterns are derived as sets of data-points over-
time.

The complete set of patterns to be derived are identified in the object specification of
the “Project past behaviour’. This consists of all SYMDB metrics except for the
“Uncovered” type of metrics, and plus the expert judgement patterns “risk-related”
and “intangible issues” as perceived relevant at this stage in the project life-cycle. In
practice, one cannot expect all of these patterns to be extracted. The more the
better, and preferably the more representative ones per data-type (i.e. schedules,
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effort, scope and resources) — this will be a matter of practical feasibility within the

organisation.
Deriving the “risk-related” and “intangibles issues” patterns from expert judgement is
also common to the other two monitoring paths that lead to activity (M5). Therefore,

it is suggested that this is implemented in the following activity (M5).

(M5) specify project past behaviour — SYDPIM feature

The purpose of this activity is to produce a specification of the whole project past in
the form of a set of quantified behaviour pattems over-time, which the SD model will
have to reproduce. This is an activity which is always carried out, regardless of
whether the PERT/CPM plan is being updated or not, and of whether the SYMDB is
in use. If a SD project model is to be used in project monitoring, the specification of
the project past is always required. Once the SD model is calibrated to reproduce
this behaviour, it will then be used to diagnose the project past and to forecast the
future. The accuracy of the description of the project past developed in this activity
is critical to the usefulness of the SD model.

With this concern in mind, a structured metrics plan is proposed in SYDPIM — the
SYMP. The implementation of this plan leads to an exhaustive collection and
recording of the project past behaviour in a database — the SYMDB.

The project past behaviour to be specified in this activity was formally described as

a SYDPIM object (see appendix C). This object identifies the specific patterns that

need to be generated. Overall, the “ideal” set of patterns that describe the project

past behaviour include:

(a) all the metrics specified in the SYMDB;

(b) other patterns to be derived from expert judgement, which are considered as
relevant for the project at the present stage (e.g. amount of scope changes
recently requested by the Client).

Three scenarios were considered in this specification:
(1) the SYMDB is available and updated with past results;
(2) the SYMDB is not available and a PERT/CPM model is available and updated;
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(3) both the SYMDB and PERT/CPM model are not available and only expert
judgement is available from activity (M1c).

The actions to take in this SYDPIM activity will also depend on these scenarios as

follows:

(1) if SYMDB is available:

e Extract from expert judgement the following type of pattens, as perceived
relevant: (i) risk-related, and (ii) intangible issues (e.g. staff fatigue). Itis
important to note that the SD project model must contain variables within its
structure which produce these patterns;

¢ Merge these patterns with the ones stored in the SYMDB and generate the
“Project past behaviour” object;

(2) If only PERT/CPM model available and updated:

o Extract from expert judgement the following patterns:

() quality patterns (per SD-Task and whole project);

(i) performance indices (per SD-Task and whole project);

(iii) process metrics (per SD-Task and whole project).

For the specific patterns see specification of SYMDB. Collect as many
patterns as possible.

e Extract from expert judgement the following type of patterns, as perceived
relevant: (i) risk-related, and (ii) intangible issues (e.g. staff fatigue). ltis
important to note that the SD project model must contain variables within its
structure which produce these patterns;

¢ Merge these patterns with the ones stored in the “PERT/CPM past behaviour”
object and generate the “Project past behaviour” object;

(3) If PERT/CPM model and SYMDB not available:

e Extract from expert judgement the foilowing type of patterns, as perceived
relevant: (i) risk-related, and (ii) intangible issues (e.g. staff fatigue). Itis
important to note that the SD project model must contain variables within its
structure which produce these patterns;

o merge these patterns with the ones already extracted in activity (M1c) and
generate the “Project past behaviour” object.

Once the appropriate actions are implemented, the final set patterns of past
behaviour are available. In practice, in what form are these patterns stored? While
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SYDPIM proposes generic formal objects, there is no intention to impose any
particular technological platform to implement them. Since the object “Project past
behaviour” consists of a set of pattemns (which in turn are sets of data-points), either
a standard database, a spreadsheet, or a specialised application can be used to
implement this object. The only requirement is that these data-patterns can be
accessed for comparison with the patterns produced by the SD model. The same
condition applies to the objects “PERT/CPM past behaviour” and “PERT/CPM future
behaviour”.

Another important implementation issue is whether the patterns of this object are re-
generated from the beginning of the project, whenever this activity is entered, or
whether this object is “preserved” and thereby only the present data-point needs to
be updated for each pattern. Both approaches are viable in SYDPIM. The
appropriate one depends primarily in the effort required to regenerate the patterns
from the beginning of the project. If the SYMDB is being implemented, and the
patterns can be automatically regenerated from an application linked to this
database, then there is no apparent need to “preserve” this object all the time,
because it can be created almost instantaneously. On the other hand, if this object
is being updated by hand in the form of a spreadsheet, then it is probably a good
idea to preserve it throughout the whole SYDPIM control cycle. An issue of
particular importance are the expert-judgement derived patterns: “Risk related” and
“Intangible issues”, which may be considered only temporarily in the project life-
cycle. In principle, these will not be stored in the SYMDB even if this database is
being implemented. Therefore, if this object is “erased” at the end of monitoring,
then next time they will not be available unless they have been recorded elsewhere
— a possible solution to this problem is to incorporate them in the SYMDB.
Whatever the “technological” solution adopted, the key requirement is that the
necessary patterns of project past behaviour are produced in this activity within an
acceptable level of effort.

As with the “PERT/CPM past behaviour”, if this object is preserved throughout the
SYDPIM control framework, then the variables that represent project targets will
need to be updated at the end of planning (activity P6).
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As shown in figure 7.25 below, at the end of this activity the project past behaviour is
specified mainly with data from the PERT/CPM model and from the SYMDB.

dany PERT/CPM D Metric :
et S ZWE |:{>ﬁ M | [ersscsa
Adjustment for
Past Results

{ Actual:

| * tasks

| * schedules
| + costs
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| * resources

Other |
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| * dependencies

Figure 7.25 — Activity (M5): specification of project past behaviour from PERT/CPM
model and SYMDB

Once the newly updated project past behaviour is available, the next step is to
calibrate the SD model to reproduce this behaviour.

(MB6) re-calibrate SD model for past behaviour — SYDPIM feature

This activity consists basically of a SD calibration exercise, similar to the one
described in the planning activity (P4a). The SD model will have to reproduce the

project past behaviour, within an acceptable degree of accuracy and for the right
reasons.

The SD model will have to reproduce all the behaviour patterns stored in the
“Project past behaviour” object. The calibration must be consistent with the real
causes underlying these behaviour patterns. As discussed in activity /(P4a), while
the ideal would be an automated calibration process, this is not available. The
calibration of the model to reproduce the actual outcome is highly based on the
characteristics of the specific project model being used and requires human
judgement. Since the SD model is a essentially a causal model, calibrating the
model consists in changing what affects what and by how much so that it matches
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the observed reality. Without human judgement not only this proves extremely

difficult, as important lessons and conclusions would remain uncovered.

Possibly, more than one calibration will generate the desired behaviour pattems and
the one that reflects closer past reality should be selected. In the ideal
implementation of SYDPIM, both analytical links and the SYMDB will be used to
support this exercise. This will depend on the availability of an updated PERT/CPM
model and on whether the SYMDB is being implemented.

If the PERT/CPM model is available, the analytical links can be used in this activity

for the following purposes:

(1) impose exogenous decisions in the SD model which will help ensuring that
resource profiles and present project targets, as described by the current
PERT/CPM plan, are reproduced by the SD model,

(2) check whether the SD model is reproducing accurately the project behaviour
patterns in the “PERT/CPM past behaviour”,

(3) check whether manual re-calibrations change the initial pan.

The SYMDB provides special metrics that help ensuring that the assumptions
underlying a particular calibration are valid. These are the “process” type of metrics:
(a) net productivity (includes QA and rework activities);

(b) gross productivity (development only);

(c) defect detection index (defects detected per scope accomplished);

(d) cost to detect defects;

(e) cost to rework defects.

A good SD project model must incorporate input variables that represent these
process variables, or similar ones (most likely “nominal” values and “learning
curves”). This is because any product development process is primarily driven by
these type of metrics. The ones above are measurable but there are others which
are intangible, like the “defect generation” and the “defect escape” indices. The
SYMDB provides not only the present value for these metrics but also they way in
which they have been changing over-time in the past (i.e. their shape). Since the
calibration of the related SD input variables has a strong impact on the behaviour
produced by the model, by forcing these inputs to be consistent with the metrics in
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the SYMDB, the “validity” of the calibration is improved. For example, éither alow
“cost to detect defects” or a “high defect generation” may have similar visible
impacts on the project outcome: a higher number of defects being detected and a
higher overall rework cost. However, if the SYMDB suggests a low and decreasing
cost to detect, only this scenario is likely to be valid. Finally, it is important to note
that these process metrics constitute themselves output behaviour pattens that the
SD model will should reproduce. This reinforces the validity of the calibration being
achieved.

Assuming the preferred SYDPIM scenario, where both an updated PERT/CPM
model and the SYMDB are available, the following algorithm describes the process
to be implemented in this SYDPIM activity.

First, the SD model is simulated. In the second step, the patterns produced by the
model are compared for “goodness-if-fit’ against the patterns in the “Project past
behaviour”. The behaviour patterns derived from the PERT/CPM model and stored
in the “PERT/CPM past behaviour” object are compared by invoking the set of data-
consistency links identified in the algorithm. Since the analytical links establish
relationships only between data from the PERT/CPM model, the other non-
PERT/CPM patterns present in the “Project past behaviour” (e.g. defect patterns)
are not compared by the analytical links. Therefore they need to be compared in a
conventional manner. In SYDPIM, it is suggested that the same “goodness-of-fit”
criteria and quantitative statistics/indices proposed for the analytical links, as
described in activity (P4a), are used. These non-PERT/CPM patterns include the
quality patterns (i.e. defects), process metrics, performance indices and other
patterns derived from expert judgement in activity (M5). It is also suggested that
relevant changes to the metrics uncovered from the SD model, using previous
calibration, are identified. In principle, the new calibration being carried out should
not cause major changes (note that the previous calibration was subjected to
thorough validation).
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Algorithm: { calibration of SD model for “project past behaviour” }

1. Simulate project in SD model
2. Check SD project outcome against “Project past behaviour”
{ For patterns available in “PERT/CPM past behaviour” invoke links:

DCOI-6.2.SD-PERT : Planned Project Resources Availability
DCO-1.2 : Planned Start / Finish Dates of SD-Tasks
DCO-2.2 : Planned Effort of SD-Tasks

DCO-4.2 : Planned Scope of SD-Tasks

DCO-3.2 : Planned Resource Allocation to SD-Tasks }

For non-PERT/CPM patterns, check “goodness-of-fit* conventionally:
SYMDB.Collected Metrics.Quality
SYMDB.Calculated Metrics.Performance Indices
SYMDB.Calculated Metrics.Process Metrics
Expert judgement patterns.Risk-related
Expert judgement patterns.Intangible issues.
Check relevant changes in the SYMDB.Uncovered Metrics for the past }
3. IF SD outcome is satisfactory THEN update uncovered metrics in SYMDB AND END
{ If none of the consistency links or patterns in previous step is violated }
4. Diagnose inconsistencies
{ Check which consistency links and patterns are violated }
5. Re-calibrate SD model manually
{ Change the SD input parameters which are likely to eliminate the
inconsistencies above. Consider the following actions:
i) If the modeller wants impose exogenous decisions to:

(a) reproduce past profiles of project resources availability, invoke link:
DEI-3.3.PERT-SD : Profiles of Project Resources Availability
<Simulate project in SD model>

(b) reproduce past profiles of resource allocation to SD-Tasks, invoke link:
DEOI-9.3.PERT-SD : Profiles of Resource Allocation to SD-Task
<Simulate project in SD model>

(c) reproduce present levels of resource allocation and availability, invoke links:

DEI-3.2.PERT-SD : Present Level of Project Resources Availability

DEOI-9.2.PERT-SD : Present Level of Resource Allocation to SD-Task
(d) reproduce present targets, invoke links:

DEOI-6.PERT-SD : Present Planned Start / Finish Dates of SD-Tasks

DEOI-7.PERT-SD : Present Planned CAC of SD-Tasks

DEOI-8.PERT-SD : Present Planned SCAC of SD-Tasks

ii) The modeller should consider the present value and shape of the “process metrics”
in the SYDMB when calibrating the related SD input variables (e.g. nominal values,

and learning curves)
If structural changes are made to the SD model, then update the analytical links as
required }
6. Check consistency of new calibration with project plan in PERT/CPM model
{ Invoke following links to check that parameters of the initial plan were not

modified:
DCI-1 : Profiles of Project Resources Availability
DCI-2 : Project Start Date
DCOI-1.PERT-SD : Start and Finish Dates of SD-Tasks
DCOI-2.PERT-SD : Budget of SD-Tasks
DCOI-3.PERT-SD : Scope of SD-Tasks
DCOI-4.PERT-SD : Profiles of Resource Allocation to SD-Task
DCOI-5.PERT-SD : Budget Breakdown of SD-Tasks

7. |F calibration is not satisfactory THEN diagnose inconsistencies AND GOTO 5
{ Check which consistency links are violated. Note that modifications to the
parameters that describe the initial plan should not be allowed. }
8. GOTO1
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Once the “goodness-of-fit” is assessed, if this is satisfactory (unlikely to happen the
first time), then the “uncovered metrics” stored in the SYMDB are updated (from the
beginning of the project up to present), and the process ends. This update of the
uncovered metrics is due to the fact that the new re-calibration of the SD model
may, in some cases, change the past values of these metrics. This is based on the
argument that, as more project past is available, the past calibration can be
improved. For example, the new reality may indicate that last month there were less
defects uncovered in the designs than estimated in the calibration at that time.

If the “goodness-of-fit’ is not satisfactory, the patterns not being reproduced

accurately are identified and diagnosed. At this stage it is necessary to re-calibrate

the SD model so that the gaps are eliminated. Here two actions are suggested for

consideration by the modeller:

(i) call the analytical links to impose exogenous decisions in the SD model;

(i) compare the values of he relevant SD input variables with the process
metrics in the SYMDB.

In action (i) links can be invoked either to adjust the past profiles of resource
availability and allocation, or to adjust the current project targets. In the first case,
the actual profiles of resources availability / allocation is imposed as an exogenous
decision (i.e. the gap from the initial plan). The purpose is to supply the SD model
with the actually required resources so that no endogenous corrections are
perceived necessary within the model. It is important to note that this is a purely-
exogenous solution for reproducing this pattern and hence is not desirable unless
the real causes are not captured within the model. Note that while the links DEI-3.3
and DEOI-9.3 were specified in such a way that the whole past profiles are adjusted,
the modeller may consider their implementation for only part of the project past. In
case these links are invoked they will affect the present level of resources generated
by the SD model and therefore the SD model should be simulated again.

The following two links that can be called will impose an exogenous in the model
which will adjust only the present level of resource allocation / availability. These
links can be used more regularly, in case the SD model is also re-calibrated
regularly against the project past behaviour. In this scenario, the modeller will try to
re-calibrate the model in a valid way such that the resource levels produced
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endogenously are as close as possible to the desired levels. The vali'dity of the
calibration should not be violated for the sake of more accuracy. In reality, part of
the causes can be exogenous to the SD model. To capture this exogenous
component, the DEI-3.2 and DEOQOI-9.2 links can be invoked to generate the final

exogenous adjustment (for the present data-point only).

In a similar way, the last three links that can be invoked adjust the expected project
targets (schedule, cost and scope) at the present moment. These links can also be
considered as final exogenous adjustments to the target-type of patterns for the
present moment. However, it is important to note that the value of a target pattern
for the present moment depends not only on project history but also on the current
plan for the remaining future. Since this future plan is about to be readjusted in
planning, the present value of the targets will also change. The value in the
“PERT/CPM past behaviour” extracted in activity (M4) represents the expected
targets if no re-planning of the future is implemented. On the other hand, the value
produce by the SD model reflects some level of endogenous re-planning within the
model. The main conclusion is that the value of the present data-point for the
target-pattems does not have to reproduced accurately by the SD model at this
stage (unless the work is complete in the SD-Task or in the project) — this will have
to happen at the end of SYDPIM planning. Nevertheless, large deviations should be
analysed as they may reflect an inconsistent calibration of the SD model. The links
DEOI-6 to DEOI-8 can be used to “correct” the SD targets with an exogenous
decision, but this should be done at the modeller’s explicit preference.

It is also important to note that the adjustment of the present levels of resource
allocation / availability implemented by the previous links DEI-3.2 and DEOI-9.2 will
affect the targeted cumulative staff at completion — it is considered that this
adjustment is done automatically within the model. More generally, it is assumed
that exogenous adjustments to project targets introduced in the SD model will
generate automatically within the model all the necessary adjustments so that an
overall consistency of the project future plan is maintained. For example, if the
scope at completion is increased through an exogenous input, then the necessary
extra work units (i.e. elementary work tasks) must also be generated within the
model. Any good SD project model which provides the user with exogenous inputs
will also generate these required adjustments in other parts of the model.
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In action (ii) it is suggested that the manual re-calibration of the SD model is carried
out in a consistent manner with the values and shapes of the process metrics in the
SYMDB. This helps to ensure that a “valid” calibration is achieved.

As mentioned, deciding what to change in the model is highly depend on the
structure of the specific model. SYDPIM recommends that each organisation using
a certain type of model, or style of modelling, should try to develop a set of
guidelines about the calibration process. These will be derived from experience.

While difficult to define model-independent generic rules, SYDPIM suggests the

following principles:

(1) calibration should be focus on those parameters which represent those
conditions which have potential to change during implementation. These
parameters are generally work-dependent. For example, the “average defect
generation index” could have been different than expected in the plan.
However, the “effect of the team size on productivity” overheads is unlikely to
depend on the specific work plan. Instead, this effect is more likely to be a
generic organisational characteristic independent from the specific work plan
used to implement the project;

(2) structural changes are expensive and can have a great impact on the outcome
produced by the model. They can even changé the representational meaning of
certain variables, thereby affecting the validity of calibrations. These changes
should only be implemented if they objectively represent actual major changes in
the project. The representational meaning of the affected variables should be
checked;

(3) never sacrifice the validity of the parametric changes against the accuracy of the
behaviour produced. A model is always a partial representation of the real
system. Sometimes, a fully accurate reproduction of observed behaviour is not
possible to achieve due to the simplifications in the model. The model should
not be forced to produce a closer output on the basis of changing parameters to
unrealistic values;

(4) as proposed in the model validation framework of chapter 6, when a model is
developed, ranges of validity for the values of the parameters should be
specified. It is critical to maintain and improve this information based in practical
use of the model. When calibrating the model, the values of the parameters
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should not be change beyond these ranges. If that proves necessary, it should

be subjected to careful analysis.

Finally, it is important to note that if the calibration of the SD model required
structural changes then the analytical links should be updated as required —
however, this is unlikely to happen.

In the next step consistency links are called to check whether changes to the initial
plan were made. As discussed in the description of activity (P4a), these changes
should not be allowed — while changes to the initial plan could prove effective in the
achievement of the desired patterns, the reality is that the project was started with
the expectations and work plan set at that time. In case the calibration is not
satisfactory it should be changed, other wise the SD model is simulated again and
the process repeats.

The algorithm proposed considers that both an updated PERT/CPM model and
SYMDB are available. In case the SYMDB is not available, the process is the same
except that:

o the patterns that the SD model will have to reproduce are only those stored in
the “PERT/CPM past behaviour”. The non-PERT/CPM pattemns are not
available;

¢ no “process metrics” are available to guide the manual re-calibration of the SD
model.

With less patterns to reproduce and with no process metrics available, the “level of
validity” achieved in calibrating the SD model is likely to be lower and the re-
calibration exercise eventually more difficult. Since the “quality” of this calibration
has a great impact on the reliability of both diagnosis of the project past in
monitoring and forecast of project future in planning, the implementation of the
SYMDB is highly recommended. Nevertheless, the patterns available in the
“PERT/CPM past behaviour” are meaningful and a proper implementation of
SYDPIM is still achievable.

In case the PERT/CPM is not available, the main consequence is that the analytical
links are not available to check the consistency of the produced behaviour, to
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generate exogenous decisions and to check changes to the initial plan.

The

“‘goodness-if-fit” will have to be done conventionally for all patterns of past

behaviour, and statistics / indices previously proposed are recommended. The

process will be similar to the one described in the algorithm above.

In the worse scenario, neither the PERT/CPM model nor the SYMDB are available.

The process would still be based on the algorithm above and would result in the

following:

Algorithm: { calibration of SD model for project past behaviour }

1. Simulate project in SD model
2. Check SD project outcome against “Project past behaviour”
{ Check “goodness-of-fit” conventionally }
3. IF SD outcome is satisfactory END
{ If all patterns reproduced accurately }
4. Diagnose inconsistencies
{ Check which patterns are violated }
5. Re-calibrate SD model manually
{ Change the SD input parameters which are likely to eliminate the
inconsistencies above }

6. GOTO 1

The algorithms for the other scenarios (i.e. SYMDB only and PERT/CPM model
only) can be easily derived from the main algorithm above.
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Figure 7.26 — Activity (M6): calibrate SD model to reproduce the project past
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As shown in figure 7.26, at the end of this activity the SD model has been calibrated
to reproduce the project past behaviour. The next step in monitoring is to diagnose
this project past.

(M7) SD diagnosis of project past — SYDPIM feature

One of the most powerful features of a SD model is the ability to explain why things
happen in a certain way. This is because a SD model generates the outcome
endogenously from within its feedback structure, which holds the causes for
behaviour. If the SD model is reproducing well the project past it can answer
questions like: why have we spent more effort in reworking defects than planned?
Why is the integration phase late? Why has productivity been lower than expected?
This explanatory power is enhanced by the possibility of simulating retrospective
‘what-if’ scenarios in the past and by the model’s ability to quantify unmeasured
project status information.

In SYDPIM it is proposed that the SD diagnosis of the project past is based on the

following actions:

e extract performance and process-related metrics and compare them against the
assumptions in the plan — this identifies what happened differently than assumed
(e.g. lower defect detection) and helps to understand why therefore the outcome
was also different than expected (e.g. this is why we spent less effort than
planned);

e uncover intangible metrics about the present project status — this enhances
management perception of performance making it more realistic. For example,
what is the likely amount of undetected defects currently in the system? Did
staff fatigue affected the quality of their reviews? This extra information also
helps to understand the causes of the current outcome. For example, due to
fatigue the quality of the reviews was lower and more defects escaped. This is
why less were detected and cost savings were achieved. The amount of
undetected defects is worryingly high;

o refrospective “‘what-if’ analysis of other scenarnios — once calibrated the model
simulates what really happened in the project so far. Changing the appropriate
metrics, itis possible to simulate “what-would-have-happened” type of
scenarios. These are not fictitious scenarios produced by the modeller's
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creativity but rather they should reflect relevant situations from which the project
manager can derive important lessons to be applies in the remaining of the
project. Useful scenarios generally answer questions like: could have we
achieved better results if we had planned the project differently? VWhat control
actions could have mitigated effectively certain risks that occurred? This type of
analysis can be used as the basis for continuous process improvement within
the present project and across other projects;

e causal analysis — causal analysis is at the core of the SD approach. This
consists in relating the behaviour produced by the model with its feedback
structure. The project outcome is therefore explained in terms of feedback loop
dominance and influence over the project. For example, the vicious circle of
adding more staff leading to higher overheads, more errors and thereby to more
rework was the dominant loop responsible for delays during a certain stage of
the project. This analysis should also focus on identifying the feedback loops
which are currently dominating the project outcome. By introducing control
actions that affect the strength of these loops, the project manager can change
the project outcome in the future. However, it should be noted that It is not easy
to implement this type of analysis in an objective manner, specially if the SD
model is complex and has may loops within its structure. Identifying the
dominant loops and relating these to the outcome is an issue in SD which needs
scientific developments (Richardson 1996). The SYDPIM model development
method presented in chapter 7 proposes a generic feedback structure and a
framework to keep track of the existing loops within the model. This framework
should be used to support this type of analysis.

There are two types of output from this exercise: (i) generic lessons learned, and (ii)
specific results, like quantitative estimates and selected decisions. In SYDPIM it is
suggested that this type output is recorded and is used to support re-planning within
the current control cycle, as well as for comparison with future results. SYDPIM
does no propose any specific type of results except for estimates of intangible
metrics which will be stored in the SYMBD, in the following activity (M8). The
following steps are proposed as guidelines to carry out the diagnosis in this activity:
(1) analysis of process metrics — compare and quantify the deviations between the
actual values of variables which are related to the process metrics, against
those values assumed in the plan. These variables will typically include nominal

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 565



Chapter 7: The SYDPIM Project Management Method

values (e.g. nominal productivity) and endogenous effects over thesé nominal
values (e.g. effect of progress on productivity; see Abdel-Hamid and Madnick
1991) — note that some of these effects are not affected by the work plan and its
implementation, and so in most cases these should not differ (e.g.
organisational, product type). Based on these deviations try to explain the
actual project outcome against the plan (i.e. observed vs. planned behaviour).
This type of analysis leads to explanations like: “Schedule slippage was due to
lower productivity and defect generation higher than expected. Lowe
productivity was mainly due to a slower leaming curve than assumed in the plan.
Higher defect generation was due to the fact that the work was more complex
than expected.” While the causes reported by this type of analysis have an
impact on feedback loop dominance within the project, they are not themselves
feedback loops. Feedback loops dominance is analysed on the following step;

(2) causal analysis — based on the shapes of the behaviour patterns, identify the
most relevant dynamic characteristics of the project behaviour, and try to relate
these to feedback loop dominance. These dynamic characteristics typically
refer to major changes (often persistent) to the project targets (e.g. the
completion date suddenly slipping by). More generally, significant changes
against the expected planned shapes typically result from the dominance of a
certain loop (often undesired). In this diagnosis, it is also important to consider
and analyse combinations of the dynamic changes. This type of analysis leads
to explanations like: “Higher defect generation led to more rework discovery,
which led to schedule pressure, poorer quality and even more defects being
generated. This feedback loops caused a significant schedule slippage in
coding.” In most cases, the dominant feedback loops identified in this step were
strengthened by the deviations in the process metrics identified in the previous
step. This relationship should be considered and explored in this causal
analysis;

(3) what-if analysis to validate conclusions — the analysis in the two previous steps
lead to hypotheses of what were the causes for the observed past behaviour of
the project. In some cases, there may be a clear evidence that these
hypotheses are correct. However, in other cases that might not be so obvious.
Furthermore, within the non-linear dynamic structure of the SD model, counter-
intuitive effects abound. Therefore, the best approach to validate the
explanatory conclusions taken in the previous steps is to run simuilation tests.
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(4)

For example, if a higher defect rate is thought to have been responsible for a
schedule slippage, then a simulation can be run with lower defect rate to check
whether the slippage is eliminated. Similarly, if a certain feedback loop is
thought to have been the cause for a delay, then the strength of such feedback
loop can be weakened and a simulation is run to test the new outcome. While
the scenarios run in this type of analysis may reflect situations that could have
occurred in the project, their primary aim is to test the explanatory hypotheses
developed in the previous steps;

what-if analysis for process improvement — another major advantage if running
simulations in the past is to verify whether alternative planning and control
decisions and policies would have performed better. Of course, this type of
analysis can also be done in the future to improve the project plan (this is done
in SYDPIM activities P1b and P2b). However, when done in the past this
analysis benefits from a stronger validation because many of the assumptions in
the plan are based on real data. For example, the conclusions from a future
analysis may prove wrong if the assumed productivity is much higher than what
will really be achieved, whereas in the past the productivity in the model must be
consistent with the actual productivity in the project. The project past therefore
constitutes a more valid arena to assess planning and control decisions and
policies. In this step the project manager should focus on identifying scope for
potential improvements which can be applied to future planning. The purpose is
not to identify what or who to blame for poor performance.

Once these steps are implemented, the lessons leamed and specific results should

be recorded to support re-planning and future analyses. Since various scenarios

were run in the model, the initial scenario entered in this activity, where the mode is

reproducing the actual project past, should be re-set before the monitoring process

proceeds to the following activity — this implies that the calibration for this scenario is

recorded somewhere, possibly within the SD modelling tool.

The figure 7.27 shows the state of the SYDPIM monitoring process at the end of this

activity.
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Figure 7.27 — Activity (M7): diagnosis of project past in SD model

(M8) update SYMDB with uncovered SD metrics — SYDPIM feature

There is a particular set of quantitative results which SYDPIM suggests is stored in
the SYMDB (in case this database is being implemented): the intangible project
metrics uncovered by the SD model. This is one of the most important and
distinctive benefits of a SD project model: to provide enhanced project status
information, by quantifying important metrics, which otherwise would be difficult or

impossible to measure.

In SYDPIM, by “uncovered metrics” it is meant all those metrics about the project
past behaviour and status, which are not collected directly from the project and
which are not estimated by any other means. In practice, these metrics are either of
intangible nature, and therefore impossible to collect, or they are difficult to estimate
accurately using another mechanism, or yet the effort requires is too high. This type
of metrics can hold a great value for understanding the project past and current
status, and to anticipate future trends. For example, a project currently on-schedule
but with a very high number of undetected defects might not be in as good health as
it may look like under a conventional assessment. heavy rework and slippage in
later stages is the likely future. Uncovering these metrics and storing them in the
SYMDB provides the project manager with valuable information to re-plan the
project before implementation proceeds in the wrong direction.
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As SD project model contains many of these metrics within its structure, which are
produced as an output. This is often regardless of whether the project manager
needs and uses them — the SD model simply requires them to represent the project
reality in a valid manner. Of course, the particular set of metrics that can be
uncovered from the SD project model depends on the specific model being used.

Three sub-categories are proposed in SYDPIM based on project issues that a good
SD project model should address and quantify: undetected quality issues (e.g.
undetected defects), staff issues of subjective nature (e.g. staff fatigue) and
feedback effects on process parameters (e.g. effect of defect density on cost to
detect). A specific sub-set of metrics within each category was proposed in the
formal specification of SYMDB. The object variables for each category are as
follows:

e SYMDB.Uncovered metrics.Defect

e SYMDB.Uncovered metrics.Staff

e SYMDB.Uncovered metrics.Effects on process

Within each of these three categories the following specific metrics are proposed
(the SYMDB object variables are straightforward to identify):

Uncovered SD metrics

(1) Defects — for each SD-Task and for the whole project

(1.1) Undetected

(1.2) Cumulative generated

(1.3) Generation rate

(1.4) Undetected density

(1.5) Cost to detect next
(2) Staff — for each SD-Task and for the whole project

(2.1) Fatigue

(2.2) Experience
(3) Effects on process metrics — for each SD-Task and for the whole project

_(3.1) Productivity
(3.2) Defect generation

(3.3) Defect detection

(3.4) Defect rework
Table 7.32 — Project metrics to be uncovered using the SD model and stored in the
SYMDB, in the SYDPIM activity (M8)

These specific metrics proposed in the SYMDB are aimed at providing a framework
from which the modeller may develop a specific set adjusted to the particular SD
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model. For example, some SD models widely used in practice do not consider a

dual flow of work and defects, but simply closed loop of work tasks (e.g. Cooper
1980). This type of structure does not allow for defects to be tracked and quantified.

In this case, the proposed metric “Undetected defects” should be replaced by
“Undetected tasks needing rework”.

The process in this activity is simple and can be automated through the use of a
software tool. Using the calibration for the past behaviour developed in activity
(M6), it consists of storing the present values of the uncovered metrics in the
SYMDB. For example, storing the present number of undetected defects in the
system, or storing the present effect of staff experience on productivity. Like with all

the other metrics, over-time the SYMDB will store the past behaviour patterns of
these metrics.

The state of the SYDPIM monitoring process at the end of this activity is shown in
figure 7.28 below.
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Figure 7.28 — Activity (M8): update SYMDB with uncovered SD metrics

With the SYDPIM monitoring process complete the project manager has developed
an understanding of what is the real project status and performance, based on the
diagnosis provided by the SD model. Throughout the monitoring process, the SD
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model was calibrated to reproduce the project past and all the analysis was focused
on this past segment of the project. However, as the project past unfolds a new
vision of the future emerges. Given this past, and if the project plan is not changed,
what will happen? Is the project still on target? The answer to this question is
probably different from the one in the previous month... Does the future plan needs
to be changed? Which control actions are more effective? Both the SD model and
the PERT/CPM model provide answers to these questions, probably, and

interestingly, different ones.

The SYDPIM process now moves onto planning where the project future is the
concern to address. The metrics stored in the SYMDB, the information and the
understanding developed during monitoring will provide valuable guidance in the
(re)planning process. Figure 7.29 below shows the state of the SYDPIM process at

the end of monitoring, just before planning is initiated.
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Figure 7.29 — From monitoring to (re)planning: given the updated past, a new forecast
is produced by the SD model and the SYDPIM process proceeds to (re)planning

Summary

The SYDPIM activities are the elementary steps of the SYDPM process logic.
Within each of these activities, project planning and monitoring actions are
undertaken to control the project towards its targets. Some of the SYDPIM activities
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are already part of the conventional PERT/CPM based framework, while 'others are
new features due to the integrated use of a SD project model. For example,
updating the PERT/CPM model with actual results is a conventional activity, while
calibrating the SD model to reproduce the project behaviour, extracted from the
PERT/CPM plan, is a new SYDPIM feature. Depending on the purpose of the
activities, some can be described in a more formal and automated manner, while
others involve more human judgement and are less structured. Nevertheless, for all
cases the SYDPIM activities can be considered as a structured processes and were
described in this way. Where possible, formal algorithms were proposed to support
the implementation of these processes. The SYDPIM activities access the SYDPIM
objects to retrieve information and also store data in these objects. Some SYDPIM
activities “call’ the analytical links (as if they were software routines), in order to
implement the required actions.

The SYDPIM activities were described separately for the planning and monitoring
functions of project control. The sequence in which the activities are to be
implemented in the real world is imposed by the SYDPM process logic. However,
this logic has loops and there are branches which provide alternative paths.
Therefore, particular sequences were proposed to describe the SYDPIM activities,
based on the conventional framework and likely planning and monitoring scenarios.

Since the SYDPIM process logic is flexible to accommodate various scenarios
regarding model updated and data availability, the activities also need to be flexible
to accommodate these same scenarios. Therefore, in some cases the processes
within each activity may differ according to the scenario. The alternative scenarios
considered refer to: (i) the frequency with which the PERT/CPM model is updated
with actual results and hence to the availability of an updated plan, and (ii) the
implementation of the SYDPIM metrics plan and hence to the availability of the
SYMDB. In the ideal scenario, the SYMDB is available and the PERT/CPM model
is updated in every control cycle. However, the practical implementation of SYDPIM
also accommodates the worse scenario where, half-way through the project, none of
these elements is available.

Overall, the planning activities are aimed at developing a project plan by adjusting
and calibrating one model to the other. The SYDPIM planning process is based on
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the principle that a new plan can be developed in either of the models, but it must
then be tested in the other model. A project plan should only be implemented when
represented in both models in a consistent manner, and when the analysis in each
model is satisfactory. The adjustment and calibration of one model to the other is
based on the principle that it must reproduce the same outcome and the that
underlying. assumptions are the same (i.e. for the right reasons). This process
requires the exchange of data to ensure that the assumptions are consistent. It also
requires data consistency mainly to check whether the outcome produced is the
same. The transfer of a project pan from the PERT/CPM model to the SD model
requires that the project dynamic behaviour is extracted from the PERT/CPM model.
For both models, the process of model adjustment and calibration is partially
automated through the use of the analytical links. It requires human judgement to
be completed and validated. The calibration of the SD model can be supported by
process metrics regarding the project past which are stored in the SYMDB. The
process of readjusting one model to the other, in particular readjusting the
PERT/CPM model, may imply the update of the analytical links. At the end of
SYDPIM planning, both models are representing the same project plan and
reproducing or portraying the same project outcome — the project behaviour
produced by the SD model will be steady. The following step is to implement this
plan.

The monitoring activities are aimed at updating both models with the actual results
of the project past, diagnose this past in the SD model and update the SYDMB
database with the relevant metrics. The process of updating these three objects in
monitoring starts with the collection of data, followed by the update of the
PERT/CPM model and of the SYMDB. Some of the metrics in the SYMDB will be
derived from the PERT/CPM model, while others will be collected or calculated. In
monitoring, the SD model is always re-calibrated to reproduce the project past,
which is derived form the PERT/CPM model and from the SYMDB. If the
PERT/CPM model is updated and available, the analytical links will be used to
support this re-calibration process. In case structural changes are required to the
SD model, then the analytical links may need to be updated. The diagnosis of the
project past may uncover important metrics about the project status and past
performance. These uncovered metrics will be stored in the SYMDB. In the end of
monitoring, the PERT/CPM model is updated with actual results and the SD model
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is calibrated to reproduce the updated project past. Both models are re;;resenting
this same past reality and both models reproduce or portray the same project
outcome, in the past. However, their view of the future will probably differ. The
SYDPIM process logic follows to planning, where the project future is to be

forecasted and analysed and a new adjusted plan is to be produced.
7.5 Final overview discussion

The SYDPIM Project Management Method described in this chapter provides a new
formal framework for project control. This framework is based on the continuous
use of a SD project model at the core of the control process, enhancing the planning
and monitoring functions. In planning, the SD model works as a “what-if” test-bed,
where a project plan can be assessed and improved prior to implementation in the
real world. It provides a “virtual reality” simulation of the project, showing what is
likely to happen if the current plan is implemented under various scenarios. In
monitoring, the SD model provides a “diagnosis laboratory”, where the causes for
past performance are identified. Retrospective “what-if’ analysis can be carried out
to support continuous process improvement. While used in this way, the SD project
model is formally integrated with the conventional PERT/CPM model, through the
establishment of analytical links of structure and data. Structural links are the basis
to ensure that the project reality being represented in both models is the same.
Data links support this representational consistency, and further allow data to be
exchanged automatically between the models. The SYDPIM method also proposes
the implementation of a specialised metrics plan aimed at improving the formal
integration of the models, the managerial understanding of the project status, and
thereby the performance of the overall decision-making process.

The ideal of this SYDPIM integration is an automated process to transfer the project
representation from one model to the other. However, restrictions to this ideal
scenario stem from differences in the scope of the models (i.e. they include different
aspects of the project) and in the level of detail they consider. Elements in one
model might not have correspondent elements in the other model. Most elements in
the SD model need to be dis-aggregated so that they are transferred to the
PERT/CPM model. Therefore, human judgement is required in this process. While
this results from practical restrictions, human judgement is always a desirable
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ingredient in the process — in general, attempts at fully automating processes which
take place within complex social systems are likely to overlook important human
aspects of subjective nature; hence the results they provide tend to become of
limited practical use. The process of integrating the two models proposed in

SYDPIM is therefore semi-automated and is based on the use of the analytical links.

While being a formal methodology, the aim of SYDPIM is not to provide a radical re-
engineering of the project management process. On the other hand, the existing
body of knowledge in this field incorporates an extensive set of concepts, methods,
procedures and techniques, all of which are most valuable to project management.

While a new theory, the aim of SYDPIM is to allow the project manager “to see

farther by standing at the shoulders of giants”. In this way, SYDPIM builds upon the

traditional project management framework, introducing some important novelties in
the process. These novelties can be grouped and summarised as follows:

(1) changes to the project management process framework — new steps have been
added to the process logic of the planning and monitoring functions. This results
in new activities having to be performed. These changes in the logic induce
further changes in both technical and managerial aspects of the framework.
Examples of technical changes are: a SD model will have to be available, and
new data repositories need to be developed and updated. Possible managerial
changes include: investing effort in collecting metrics, keeping the PERT/CPM
model updated on a regular and timely manner, and interpreting the project
results and assessing plans in a different way. Changes in the process logic
may also induce changes to the management culture. SYDPIM motivates a pro-
active and realistic posture, where problems and risks are to be anticipated and
identified earlier in the project, and where continuous process improvement is
implemented. A critical requirement of the framework is the timely
implementation of the SYDPIM activities. In particular, data and analyses from
the models must be available whenever required, or otherwise the events in the
project will overtake control. This requirement may impose changes to existing
practices within the organisation.

(2) development, maintenance and use of specific objects — a SD project needs to
be developed, maintained and used throughout the project. The quality of this
model is critical to the overall performance of SYDPIM. For this reason,
SYDPIM provides a formal model development method (described in the
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previous chapter). Other new objects required include the data repositories of
project behaviour (e.g. “PERT/CPM future behaviour”), which are not used in the
conventional framework. For some organisations, the SYMDB database may
also be a new object that needs to be implemented. The implementation and
maintenance of all these objects requires appropriate technological platforms, so
that a timely update is achieved,;

(3) development, maintenance and use of analytical inks between a PERT/CPM
model and a SD project model — the analytical links between the two models are
perhaps the core technical novelty of SYDPIM. They can be used outside the
scope of the SYDPIM framework — for example, for a one-off transfer of the
history of a past project from the PERT/CPM model to a SD model, for
diagnosis. But without the links, the SYDPIM framework could only be
implemented at a very informal level, loosing a great part of its discipline, validity
and value. As with the objects, the analytical links require an appropriate
technological platform for implementation.

These novelties need to be introduced in any organisation which intends to

implement SYDPIM. What are the critical factors of implementation? The success

of SYDPIM depends primarily on the successful achievement of the required

changes to the conventional framework. The main critical factors are:

@) the level of structuring of the project management framework already in
place;

(i) the management support and willingness to accept the required cultural
changes;

(iin) the technological platforms chosen to implement the objects, the analytical
links and some of the processes within the activities;

(iv) some key requirements regarding technical modelling;

(V) the possibility of implementing SYDPIM gradually.

Regarding the first two factors, the more structured the existing framework the
easier will it be to implement SYDPIM. The same applies to management support
and cultural openness towards the required changes. The availability of a structured
management environment typically depends upon the complexity and size of the
project. Small-size projects are less likely to use highly structured management
techniques, but for this type of project it is also unlikely that long term interactions
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and feedback effects are relevant and hence problematic under a managerial
perspective. On the other hand, these effects can be overwhelming in complex
projects, and it has recently been recognised that highly structured management
approaches must be in place (Cooper 1997, Conrad 1997, Williams 1997). Within a
specific organisation, SYDPIM can be implemented more or less formally. This
should depend on how structured the management process is, on the information
made available by this process, and also on the experience gained and benefits
perceived by the organisation while using SYDPIM.

The technological platforms are a major critical factor due to the timeliness required,
which is imperative to achieve — a project standing by, waiting for data and control
decisions, will most likely end-up moving ahead randomly and out of control. It is
fundamental that the SYDPIM process does not “derail” due to slowness and
consequent accomplishment of activities out of sequence. Technological platforms
ensure that the required speed and reliable information will be achieved, preventing
this to happen. In SYDPIM, technological platforms can be used to implement the
following elements: objects, analytical links, and some sub-processes within the
SYDPIM activities. It is not the purpose of SYDPIM to impose specific platforms, or
analyse the possible candidates in detail. However, some general guidance is here
proposed.

In the first place, it is important to consider that the appropriate platforms for each of
these elements are not independent one another. For example, the platforms
chosen for the different objects should be compatible, because there are various
processes that compare or transfer data among them — e.g. comparing the project
behaviour produced by SD model against the behaviour extracted from the
PERT/CPM model. For this same reason, the platforms chosen affect the efficiency
with which the SYDPIM activities can be implemented. Some of the processes
within the SYDPIM activities are routines which can be fully automated, and may
also involve processing large sets of data. This can be very laborious if
implemented manually and hence these processes are good candidates to be
implemented as software routines. These routines will work as software interfaces
between the objects and analytical links. Therefore, the platforms chosen will affect
the effectiveness of these software interfaces, and even whether they can be
developed. Figure 7.30 shows the main sub-process within the SYDPIM activities
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which can be implemented as software routines — numbered 1 to 6. There are other
semi-automated processes which could also be supported by software routines (e.g.
updating the analytical links from changes in the models) — for the sake of simplicity,

these are not shown here. Figure 7.30 shows how these processes interact with the
SYDPIM objects and with the analytical links.
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Considering the relationships in this scenario, the SYDPIM guidelines regarding the
choice of technological platforms are as follows:

(@) PERT/CPM model — this model should be implemented using a conventional
tool. The key requirement is to satisfy the assumptions of SYDPIM basic mode
regarding this model. To the author’'s knowledge, there are several tools
available in the market, most of which support the assumed features. Since this
model will be accessed by many of the automated processes (four are identified
above), it is very important that its integration with other software applications is
technically feasible and easy to implement — mainly, the reading and writing of

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 578



Chapter 7: The SYDPIM Project Management Method

data to the project plan. It is also important that various network plans can be
recorded in the tool, over the course of the project. It will also be useful if the
tool supports the development and maintenance of a WBS and OBS for the
project. Finally, features embedded in the tool which generate automatically
various data-reports (in particular over-time data), will be very helpful (this

supports the processes (1), (2) and(4) above);

(b) SD project model — this model should be implemented in an existing SD

(€)

modelling tool (see Coyle 1996 for a review; in particular see: Powersim,
iThink/Stella and Vensim). The main requirement regarding the implementation
of the SYDPIM framework is the possibility of data being read and written to the
project model. This is required for the processes (5) and (6) above. This implies
an easy integration with other software applications. Both, an automated
implementation of the analytical links and an assessment of “goodness of fit" are
highly desirable, as they accelerate the SD model calibration process.
Therefore, the availability of automated algorithms for “goal seeking” and
“goodness-of-fit” testing (to support re-calibration of the model) are an important
feature. Other useful features are: the possibility of recording various simulation
scenarios while maintaining active a base-scenario, easiness of extracting data
from the model, effective configuration management of various versions of the
SD model (note that the model can change throughout the project), and causal-
tracing and feedback loop analysis features (to support the diagnoses of the
produced behaviour). As discussed in the previous chapter (description of the
SYDPIM Model Development Method), if a complex multi-phase project model is
to be used, then a critical feature of the SD modelling tool is the possibility and
easiness to replicate sub-structures and interconnect these into a whole model|
(i.e. “modular’ development);

repositories of project behaviour — these refer to the three SYDPIM objects that
describe the project behaviour: “PERT/CPM past behaviour”, “PERT/CPM future
behaviour’ and “Project past behaviour’. These objects consist of simple data
repositories, which contain behaviour patterns in the form of data-points over-
time. The more effective technological platforms depend on how these objects
are being generated within the framework — processes (1), (2) and (3) in figure
7.30. If these processes are being implemented manually, then a spreadsheet
tool can be used to store gradually the data-points of project behaviour. If they
are being generated automatically by a software routine, which will read from the
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PERT/CPM model and from the SYMDB, then these objects can still bé
implemented in a spreadsheet tool or in a special file produced by this
application. The key requirement is that the behaviour pattemns produced, and
stored in the object, can be accessed by other software routines — e.g.
processes (3) and (5) above;

(d) SYMDB database - the purpose of this database is to store various metrics
about the project past, over-time. To an extent, this is similar to the previous
data repositories which store behaviour patterns. There are however two
important differences. First, this database is aimed at providing analysis
information, to support diagnosis of past performance and assessment of project
status. It needs to be more than just a repository of data. As a primary
requirement, it should support analysis features to provide the project manager
with insightful information. Secondly, this database is also used as a source of
data for the generation of the “Project past behaviour” (process (3) above) and
provides the user with metrics to help calibrating the SD model. This database
is written with data derived from the PERT/CPM model and (process (4) above).
It is also written with data entered directly by the user, and with data derived
from the SD model (uncovered metrics). Therefore, it must allow the user to
enter data manually, and it should allow the reading and writing of data by other
software applications. A spreadsheet application satisfies these requirements.
A specialised database application can also be used for this purpose, as far as it
satisfies these requirements;

(e) analytical links — the analytical links are at the core of the processes within most
SYDPIM activities. As shown in figure 7.30, they are accessed by many of
these processes. The analytical links consists of formal specifications, which
contain data, mathematical conditions and algorithms. For example, the
structural links of work breakdown (see appendix D.1) contain a matrix mapping
the tasks of the two models (a data structure), and operators which are
implemented through algorithms. These specifications make reference to the
variables in the models and so the analytical links must be able to access these
variables. On the other hand, many processes within the SYDPIM activities
must be able to read the data structures and the conditions within the links, as
well as “call” the algorithms. Given these requirements, the ideal technological
platform for the analytical links would be a specialised software application.
Such an application would have to support the development and update of the
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data-structures and conditions within the links, and it would support the
implementation of the algorithms. To do this, it would have to be able to read
from the models and from other SYDPIM objects. Since this ideal application
does not exist in the market, the alternative is the use of a spreadsheet tool,
supported by other electronic documents and manual processes. Depending on
the number of links established and on the complexity of the models (in
particular the SD model), this can be more or less laborious to implement, but
still a feasible route;

(f) automated processes — these processes can be implemented as software
routines, allowing a much more reliable and timely accomplishment of the
SYDPIM activities. There are two main options in terms of technological
platform: embed these routines within the software applications that support the
SYDPIM objects, or develop them in independent applications. For example,
the praocesses (1) and (2) could be an “add-on” functionality to the PERT/CPM
tool, or they could be an independent application that reads from the PERT/CPM
files.

The overall ideal for the technological platform of the SYDPIM Project Management
Method would be a fully integrated application, incorporating all the SYDPIM
objects. This application would automate as many processes as possible, and it
would provide the user with an interactive interface for those processes where
human judgement is required. It would guide the project manager through the paths
of the process logic of the SYDPIM framework, helping to ensure that the activities
would be performed in the right sequence, in a timely and reliable manner. This
software application is non-existent. The alternative to this is a mix of manual
processes and existing software tools. While a less automated solution, this may
well be a good approach for an organisation to gradually introduce SYDPIM in their
projects. In contrast, a more “sudden” change and full commitment would be
required if the integrated application was to be used.

There are two important processes that take place within the SYDPIM activities,
which were not mentioned in the discussion above. They refer to the calibration of
the SD model and to the readjustment of the PERT/CPM model. These processes
take place within each model, and require human judgement. Regarding the
calibration of the SD model, there are two main critical issues: validity and time
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required. The validity of the calibrations determines the validity of all the analyses
provided by the SD model. Achieving a valid calibration in complex models can be
very time-consuming, eventually putting at risk the timeliness required. The ideal
solution would be an automated calibration process, which would ensure both a
valid and quick calibration. As discussed several times in this chapter, this
“technology” is not available. The calibration process therefore requires human
judgement. Nevertheless, semi-automated algorithms can be of help. In practice,
these will consist of optimisation (or “goal-seeking”) algorithms, which refine and
improve the accuracy of initial solutions. Regarding the readjustment of the
PERT/CPM model to a new project plan developed in the SD model, this can also
be a laborious process. The dis-aggregation required leads to various possible
solutions, and therefore human judgement is once more required. Automating the
process of changing the detailed logical network to represent the aggregate SD plan
seems unfeasible, even though some approaches could be considered — e.g. dis-
aggregation of data in proportion to a certain criteria; considering “stereotyped”
networks for specific industries and project size, among others. To the author’s
experience, these automated approaches tend to produce solutions which require
extensive rework, not balanced by the benefits. An alternative would be to automate
only some sub-steps of the process. However, most PERT/CPM tools available in
the market already provide this type of support, so that changes can be easily and
quickly implemented in the logical network.

The last requirement listed above for the successful implementation of SYDPIM is
the possibility of implementing a gradual change, from the conventional framework
(often unstructured) to the SYDPIM framework. For example, the organisation may
find out that improvements to the existing framework are the first step required. The
author’'s opinion is that the vast majority of the potential market SYDPIM users (i.e.
organisations carrying out projects and their project managers), is not prepared for a
full and comprehensive implementation of SYDPIM. It is perhaps no surprise that
most theoretical developments in PERT/CPM based planning, often involving
complex mathematics, fail to pass the practical test in the real world and are
therefore ignored by practitioners. This reality was the main reason why a basic
mode for implementing SYDPIM was proposed in this work. This scenario imposes
a standard use of the PERT/CPM model and does not require a complex SD project
model (even a single-phase model can be used). The real world is that most
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organisations that use PERT/CPM follow this standard approach and have never
developed a SD project model before. In the basic mode, the implementation of the
SYMDB database is recommended but this is not mandatory. The same flexibility
applies to the regular update of the PERT/CPM model. The basic mode here
proposed for SYDPIM is aimed at providing a bridge that supports the
recommended gradual change from the conventional framework to the SYDPIM
framework.

While the SYDPIM framework presented is this chapter is comprehensive, there are

areas where further theoretical and practical developments would be useful. They

would allow the SYDPIM methodology to be refined further, and thereby the
development of more sophisticated modes of implementation. The key areas here
identified and proposed by the author are the following:

o development of software tools — as mentioned above, software tools can play a
vital role in improving the timeliness of the SYDPIM activities and of the overall
framework. The processes identified in figure 7.30 are good candidates for the
development of these tools. Ultimately, an integrated software tool would be the
ideal. The automated calibration of the SD model and readjustment of the
PERT/CPM model are also processes where software tools would be very
useful; however, this also requires theoretical developments to validate the
possible automation;

o theoretical developments — there are two types of developments which are
particularly useful: (i) develop more sophisticated PERT/CPM models, to
incorporate and quantify issues typically addressed explicitly in SD project
models; and (ii) develop SD project models, specialised for integration with
PERT/CPM models. These SD models would incorporate and quantify explicitly
various aspects of the network logic of PERT/CPM. As examples, the author
has developed some preliminary work in incorporating a measure of quality in
the work tasks of a PERT/CPM network (Rodrigues 1994b), and will proceed
with this research. On the other hand, a specialised SD model could consider
indices that characterise the structure of the logical network, such as “the degree
of parallelism” and number of “bottle-necks”. These more complex and
specialised models would lead to further theoretical developments on the
establishment of analytical links. Other useful areas for theoretical
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developments are the automated calibration of the SD model and readjustment
of the PERT/CPM network;

e practical case-studies — to the author’s opinion it is very important to carry out
further practical case-studies, from where valuable feedback can be obtained.
What really helped / did not help the project? What were the difficulties of
implementation? What needs more detail, and what can be simplified? What
are the vital improvements? SYDPIM is a practical methodology, aimed at
supporting the project management practice in the real world. The voice of this
real world is therefore vital, as it will ultimately be the judge of whether this new

approach is to be pursued further.

It is also important to stress that SYDPIM is intended neither to exhaust the full
range of possible applications of System Dynamics in Project Management, nor to
replace the use of any other different tool, technique or procedure, that can provide
a useful contribution to the project management process. Other possible
applications of System Dynamics, like interactive gaming for training managers, or
developing simple models to create learning environments (Morecroft and Sterman
1994), may also provide a complementary and distinctive contribution, outside the
scope of SYDPIM.

The discussion presented in this final section was aimed at providing an overview of
the SYDPIM Project Management Method, and to discuss the practical and
theoretical implications of this new approach. SYDPIM has laid a foundation upon
which further developments and research questions need to be pursued.

This foundation consists of a simulation-based project management framework,
where the reality of a project is simulated both in the past and in the future. This
simulation feature provides the project manager with a laboratory to experiment with
the future and diagnose the past. Continuous leaming and improved actual
decisions result from this process. System Dynamics provides the underlying theory
that supports this simulation feature. SYDPIM is aimed at providing a formal
mechanism so that maximum value can be achieved from this approach, by
integrating it within the conventional framework. This formal mechanism was
described in this work as a comprehensive step-by-step logical process. The formal
elements of this process were specified in detail. Alternative paths were considered
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within the process, providing the required flexibility for this formal mechanism to

cope with constraints of reality.

The SYDPIM Project Management Method was developed from a conceptual
framework presented in chapter 4. This framework was refined through a case-
study undertaken within a real project, which was briefly introduced in chapter 5.
During this case-study, SYDPIM was refined based on experiments carried out
using real scenarios from the project. Some of these experiments did not interfere
with the course of the project. But there were also some situations where SYDPIM
was actively used to help managers solving real problems. The next chapter 8
provides a description of some of these practical applications.
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8. Practical applications of SYDPIM

8.1 Introduction

The aim of this chapter is to illustrate the practical implementation of the SYDPIM

methodology within a real project environment.

The two components of the SYDPIM methodology described in the previous
chapters 6 and 7, the development method and the project management method,
were developed throughout the KDCOM case-study project, briefly described in
chapter 5. For the project management method, an initial conceptual framework
was proposed prior to the beginning of the case-study, which was described in
chapter 4. This framework was then refined in to a formal method throughout the
case-study. Regarding the model development method, the need was only
perceived in the beginning of the case-study. An initial outline was developed which
was also refined throughout the case-study. The main underlying principle of this
research approach was that feedback from the real world was essential in order to

successfully refine these methods.

A consequence of this approach is that both SYDPIM methods were not ready to be
implemented in full at beginning of the case-study project. Instead, they were
implemented, then refined, and then implemented again. This feedback process
was repeated several times, in an iterative fashion. As the methods were
progressively refined, each time more formality was brought into the process.

It is not feasible to provide here a detailed description of all the practical applications
of SYDPIM within this evolving process. The examples here provided were selected
from this process. They focus on the following core aspects regarding the practical
implementation of SYDPIM:

o SYSPIM monitoring: (1) extracting past behaviour from the PERT/CPM plan and
from the metrics database, (2) calibrating the SD model to reproduce this
behaviour, and (3) SD retrospective analysis to diagnose the project;

o SYDPIM planning: (1) extracting the project planned behaviour from the
PERT/CPM plan, (2) calibrating the SD model to reproduce this behaviour, and
(3) SD “what-if’ analysis for risk assessment and improvement of the plan.

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 586



Chapter 8: Practical applications of SYDPIM

Another critical issues regarding the description of these practical applications is the
amount of data and information involved as well as confidentiality issues. In
particular, a detailed description of the PERT/CPM plans is not provided and some
metrics are “disguised”. There were hundreds of these plans and reports being
produced throughout the project. For illustrative purposes, summary descriptions
are provided.

It is also important to note that the implementation of the analytical links, the transfer
of data and the structural readjustment of the PERT/CPM plans were carried out
manually. This results from the simple fact that SYDPIM had not been implemented
before, it was being implemented in a tentative manner, and hence no support
software tools were available. For most needs, a spreadsheet tool was used to
collect and re-arrange the data as required (e.g. deriving behaviour patterns from
the PERT/CPM plans). In some cases, specialised software routines were used to
automatically extract metrics from the project electronic database system (e.g.
defects).

In the next section 8.2, a brief description of how the SD project model was
developed is provided. This focuses on illustrating the motivation for the underlying
principles of the SYDPIM Model Development Method. The following section 8.3
provides a few illustrative examples of the SYDPIM Project Management Method.
The first case refers to the monitoring process — according to the case-study
strategy described in chapter 5, the first step was to carry out post mortem analysis
of SWB1. The two following examples refer to project re-planning: assessing the
effectiveness of formal design reviews and assessing the impacts of Client actions
(scope changes). These two cases resulted from actual project management needs
and were requested by management. The following example refers to the hand-
over the SD model to the company at the end o the case-study. The SD model was
calibrated to reproduce the behaviour of the second increment (SWB2). The final
example was again requested by management some time after the end of the case-
study, and refers to assessing the impacts of introducing in the project
inexperienced staff from the Client, during the development of a second release of
the system.
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8.2 Application of the SYDPIM Model Development Method
8.2.1 Overview

At the beginning of the case-study, stage 1 (high-level design) of the C2 software
development life-cycle was just starting, and stage 0 (requirements definition) was
nearly complete (stage O refers to the whole CFCS system, and hence included the
apportionment of some of the system requirements to the C2 SW sub-system). The
software development stages ahead were therefore development type of work:
detailed design and coding.

As mentioned in chapter 5, the overall strategy for model development was to
develop a prototype single-phase model, as a generic structure for development
tasks. This model would be calibrated and validated against the actual behaviour of
the incoming development tasks. Since management had had no contact before
with SD modelling this initial model would play an important role, illustrating in
practice what a SD project model really was and how it could be used to improve
project control. Being able to reproduce actual behaviour, diagnosing results (i.e.
providing plausible explanations) and providing valuable insights was an essential
achievement.

Prior to the quantification of a project model, the SYDPIM Model Development
Method proposes an initial stage of causal analysis, followed by a specification of
the model analysis requirements, and then by formal design. However, since the
SYDPM model development method was being conceptualised, the development of
the prototype model was not preceded by these stages in a formal manner. Some
generic causal analysis had been presented to managers before in introductory
meetings, but not specific analysis was conducted to identify the particular feedback
effects to be captured in the prototype model. Therefore, informal meetings with
managers and staff were used to identify the various factors and effects perceived to
have a relevant impact on the project outcome. These meetings were also used to
clarify the basic analysis requirements of the model. At this stage, these
requirements were kept as simple as possible: for example, they did not consider
staff turnover in the software development tasks (i.e. a stable team would conduct
the work).
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Also as part of the overall model development strategy, the aim was to improve this
initial structure for development tasks, develop other generic structures (to model
other type of non-development tasks, like testing), and eventually use these
elementary structures as “building blocks” to develop a more complex multi-phase
project model. This raised the need to specify an overall architecture for this multi-
phase model. This took the form of a logical network linking various SD-Task
(referred to as the SD-TNet, Rodrigues and Williams 1997). It was further
necessary to identify the project work scope to be captured in each SD-Task. This
was implemented by mapping the tasks in the project WBS to the SD-Tasks. This
led to the conceptualisation of a critical analytical link between the SD model and
the PERT/CPM modei: the structural link for work correspondence (see SC-WBS in
chapter 7).

As the initial prototype structure was being improved and other generic structures
were being developed, new elements of the SYDPIM Model Development Method
were further hypothesised, developed and tested. For example, the generic
feedback classification framework presented in chapter 6 (figure 6.4) was developed
in this way. Throughout this process, some of the main conclusions and concepts
developed were reported in the literature (Rodrigues and Williams 1997, Rodrigues
and Williams 1998).

The final SD project model is not described here in detail, for both commercial and
confidential reasons. Furthermore, a detailed explanation of the model, equation by
equation, would consume a considerable amount of the scope of this research. As
mentioned in chapter 5, presenting a comprehensive project model is not the
purpose of this research (unlike the work of Abdel-Hamid and Madnick 1991, and of
Ford 1995). Nevertheless, an overview description of the model structure along with
some of the formal design elements proposed in the SYDPIM Model Development
Method are described in the following sub-sections.
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8.2.2 Some elements of model design

The SYDPIM elements of formal design, which were described generically in
chapter 6, were conceptualised throughout the case study and were also
implemented in practice. Some examples are now described.

Feedback structure (stage 0, causal analysis)

The first stage in the SYDPIM Model Development Method is to specify the main
aspects of the project feedback structure to be captured in the model. As proposed
in chapter 6, this feedback structure may take the form of various influence
diagrams, inter-related in a hierarchical way. The identification of the relevant
feedback loops and exogenous factors should be guided by the generic
classification framework proposed in chapter 6 (figure 6.4). All loops and factors
identified should also be explicitly classified according to this framework.

When the initial prototype model was developed, managers were not familiar with
describing a project in the form of feedback loops (although some presentations had
been made to illustrate this concept). At this sage, it was perceived that the more
effective way to identify the project feedback structure was not to go through an
exhaustive identification of all the possible closed loops of cause-and-effect.
Instead, management were very much aware of important “snow-ball” or “knock-on”
general effects like: schedule pressure increases error generation which in turn
causes delays and thereby even more schedule pressure. In reality, these “general
effects” either correspond to feedback loops or lead to the generation of feedback
loops. In other cases important “general risks” or problems were also perceived as
relevant and these corresponded to exogenous factors in the SD model.

The strategy was therefore to develop a list of the relevant general effects and
problems, and use this information to derive feedback loops and exogenous factors
to be captured in the model structure. The SYDPIM classification framework also
started to be conceptualised at this stage and the feedback loops and exogenous
factors were classified accordingly. Table 8.1 illustrates this process, showing some
of the more important feedback loops and exogenous factors captured in the initial
prototype model. The first column identifies the general effect or problem reported
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by management.

The second column describes the underlying feedback loop,

which is identified as a balancing loop or as vicious / virtuous circle in case of a

reinforcing loop. The signs (+) / (-) are used to identify the type of loop and the type

of effect.

General effect Feedback loop Classification
As the work progresses through | Balancing Joop (-). development progress, (+) work E1
the life-cycle, complexity complexity, (+) error generation, (+) errors detected,
increases and more errors are | (+) rework needed, (-) development progress
generated
As errors are removed and error | Balancing loop (-). error removal, (-) error density, (-) E1
density decreases, the effort to | effort required to detect an error, (-) error removal
detect more errors increases,
becoming prohibitive
Due to learning, as the work Virtuous circle (+). development progress, (+) E2
proceeds less errors are learning, (-) error generation, (+) errors detected, (+)
enerated by staff rework needed, (-) development progress
Excessive schedule pressure Vicious circle (+). schedule pressure, (+) error E2
increases error generation generation, (+) errors detected, (+) rework needed,
(-) development progress, (-) schedule pressure
Staff exhaustion / fatigue Vicious circle (+): staff fatigue, (+) error generation, E2
increases error generation (+) errors detected, (+) rework needed, (-)
development progress, (-) schedule pressure, (+)
extra hours, (+) staff fatigue
Schedule pressure leads to QA | Balancing loop (-). Schedule pressure, (-) QA E2
cuts and apparent catch-up with | efficiency, (+) errors detected, (+) rework needed, (-)
progress development progress, (-) schedule pressure
QA cuts lead to more errors Vicious circle (+): schedule pressure, (-) QA E2
escaping to testing, more late efficiency, (+) errors detected, (-) errors escaped to
rework and even more schedule | testing, (+) late rework needed, (-) perceived
pressure progress, (-) schedule pressure.
Staff distribute their daily effort | Balancing joop (-): tasks remaining in activity, (+) E2
between development and effort allocated to activity, (+) accomplished tasks, (-)
rework activities depending on | tasks remaining in activity
the tasks remaining for each of
these activities
Staff are willing to work extra Balancing loop (-): willingness to work extra hours, E3
hours to catch-up but only up to | (+) actual extra hours of work , (+) staff exhaustion,
a limit. (-) willingness to work extra hours
In face of a schedule slippage Balancing loop (-): schedule delay, (+) schedule M1
management will consider extension, (-) schedule delay
schedule extensions
The more the schedule Balancing loop (-): management willingness to M2
extensions considered, the less | extend the schedule, (+) schedule extensions, (+)
management is willing to provide | closeness to max tolerable completion date, (-)
further extensions management willingness to extend the schedule
Exogenous factors
Introducing scope changes causes work out of sequence which, with a delay, increases Ex2
error generation
Introducing scope changes may lead to schedule extensions ExM1

Table 8.1 — Formal design element of casual analysis (stage 0) for the prototype
model: some of the feedback loops and exogenous factors identified
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Model requirements (stage 1, requirements definition)

According to the SYDPIM Model Development Method, the next stage in the model
design phase is to identify and specify the model requirements. These requirements
are aimed at ensuring that the model will address the particular aspects and
managerial needs of the project at hand. According to the SYDPIM method, these
requirements should be grouped in the following categories:
(1) range of analysis supported — this specifies the “what-if” analyses supported by
the model and the level of detail. It can be divided into three sub-categories:
(i) management decisions;
(i) risk factors (internal and external);
(iii) life-cycle phases covered.
(2) output produced — this specifies the output that the model produces to describe
and assess the project outcome;
(3) input required — this specifies the input data required to perform the range of
analyses specified in the first category above.

Based on preliminary informal meetings with management and staff, some simple
requirements were specified for the “development task” prototype model. While
simple, this was still a numerous set. Table 8.2 provides a list of the more important
requirements regarding the range of analyses supported by the model. Tables 8.3
and 8.4 list the output produced and the input required respectively.

The identification of the range of analyses that the model would have to support was
based on the identification of the management needs. Instead of trying to identify
the full range of potential analyses that a SD project model could provide and check
whether these were relevant, management was asked for a description of the most
important question that they would like to ask a “virtual reality” model (like a crystal-
ball). These descriptions were then used to identify how they should be translated
in the model as “what-if’ questions (based mainly on parameter changes). Of
course, if any other important potential analysis known to be supported by a SD
project model was not identified by management, they would be asked whether it
should be included in the list. The descriptions produced by management are
summarised in the second column of table 8.2.
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Model requirement | Management/staff description

(1) Range of analyses supported

(1.1) Management decisions

o Initial planned completion date Test compressing extending the duration

¢ Maximum tolerable completion date | Test alternative contingency duration

e Schedule adjustment policy Test altemative ways of handling delays / pressure
e Initial planned budget Test alternative effort allocation

e Planned budget fraction for QA Test alternative QA effort intensity

¢ Planned budget fraction for rework | Test alternative contingency budgets for rework

e Review period Test alternative duration for the QA review process
o Desired rework delay Test alternative rework “waiting-time”

e Rework cut policy Test the possibility of proceeding without fixing bugs
(1.2) Risks

o Under-estimation of product size What-if designs and code are large than estimated
e Variations on productivity What-if staff productivity is lower due to...

e Variations on cost to rework bugs | What-if errors are harder to rework than normal...

e Variations on cost to detect bugs What-if errors are harder to find than normal...

e Variations on error generation What-if work quality is lower due to...

Table 8.2 — List of main range of analyses requirements for the initial prototype model

Regarding the output that the model had to produce in order to support the
management needs, a similar approach was followed. Once questions were asked
to the model, a project “outcome” would be produced. This time, management were
asked about the specific results which needed to be produced by the model in order
to describe this “outcome”. The most important results are shown in table 8.3.
Perhaps not surprisingly, management answered within four distinctive perspectives
which constitute a project’s generic objectives: schedule, cost , scope and quality.
Regarding schedule and cost, the various indices shown in table 8.3 (ACWP,
BCWP, BCWS, CAC, CTC, CPI, SPI) refer to the conventional project management
framework (Nicholas 1990). There was aiso an additional perspective considered:
process metrics. These metrics constitute the core of the “horse-power” of a project
organisation in developing a product, and hence they are important to assess the
overall organisation’s performance. Overall, this breakdown shows that
management was primarily concerned with the project performance in each of the
four dimensions of the objectives, as well was with the underlying causes at the
product development process level. The breakdown of this category of model
requirements (i.e. output produced) in this way, is not proposed explicitly in the
SYDPIM Model Development Method (see chapter 6). However, in this particular
project the feedback from management strongly suggested these five sub-
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categories.

This situation illustrates how SYDPIM should be used in practice: a

structured basis to be adjusted in a flexible manner to the specific issues of a

project.

Model requirement

| Management/staff description

(2) Output'produced

(2.1) Schedule related

e Actual / estimated completion

What was / is the actual / estimated completion?

¢ Schedule performance indicators:

slippage, SPI

What was / is the overall schedule performance?

(2.2) Cost related

e Cost expenditure indices: ACWP,
BCWP, BCWS, CPI

How has cost expenditure evolved?

e Cost estimations: CTC, CAC

What was / is the actual / estimated cost at
completion and cost remaining?

(2.3) scope related

e Work accomplished

How much to the initial scope has been actually
accomplished?

e Scope growth

Has scope growth occurred? How much and how?

(2.4) Quality related

e Cumulative defects detected

How many defects have been detected?

e Current undiscovered defects

How many latent defects there are in the system?

(2.5) Process related

¢ Actual productivity

What was the actual productivity achieved?
(LOC/person-day)

e Actual defect generation

What was the actual defect introduction rate?
(defect/KLOC)

e Actual cost to detect a defect

In average, how much did it cost to detect each
defect? (person-hour/defect)

e Actual cost to fix a defect

In average, how much did it cost to fix each defect?
(person-hour/defect)

Table 8.3 — List of main output requirements for the initial prototype model

The third and final category of model requirements has to do with the inputs required

to calibrate the model for specific scenarios. This is a crucial set of requirements

since it imposes conditions of information and data availability.

Without this

information and data the SD model cannot be used. At the same time, this is

generally the area where management is less concerned with: the less questions

the model asks in order to produce the desired results, the better. However, if the

SD model is to be used in a valid and responsible manner, the person in charge of
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model development and calibration (i.e. the modeller) must make a serious effort to

identify these requirements.

It is important to note that not all the input data and information required by the SD
model must be explicitly available from the real world. Assumptions and deductions
can be made and used, as far as there is a valid conceptual foundation or empirical
evidence to support them — this is an issue directly related with SD model calibration
and validation, discussed in previous chapters. Nevertheiess, it is important to
identify up-front this required data and information, before model design proceeds
into more detail. For those elements that cannot be achieved in a reliable manner,

modelling alternatives must be devised.

The main input requirements identified for the prototype model are shown in table
8.4. Unlike with the previous categories, the process used to develop this list
focused on the modeller identifying the likely input needs of the model, and then
checking with management and staff whether these were feasible. [f not,
alternatives were discussed. The main concemn to keep in mind during this process
is to prevent situations in he future where required data is not available or is
available to late. The timeliness of the analysis produced by the SD model, and
hence of the whole SYDPIM usefuiness, depends on how effectively these

situations are prevented.

Once more, this category of model requirements was split into four categories. The
“initial plan” contains the targets specified for the development task. Most of this
data would be directly transferred from the PERT/CPM plan using data exchange
links (DEOI-1, DEOI-2, DEOI-3 and DEOI-4; see tale 7.5). The prototype model
was going to be calibrated for individual development tasks implemented by small
and stable trams. The initially planned staff profile was therefore considered to be
constant (as in most project models published in the literature), and equals to the
planned budget divided by the planned duration. The fraction of the budget initially
planned for rework could be extracted from the PERT/CPM plan using the link
DEOQI-5, in case there were explicitly PERT/CPM tasks classified as such.. Since

this was not the case, this would have to be an estimate.
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Model requirement

(3) Input required

(3.1) Initial plan

e Planned completion date

Planned Budget (person-day)

Rework budget (% of planned budget)

Staff profile (daily man-power)

Estimated size (LOC)

(3.2) Development process policies

e QA level (% of planned budget)

e QA period (weeks)

* Rework delay (weeks)

(3.3) Control policies:

e Schedule adjustment (in case of perceived delays or early completions how is the
completion date adjusted)

e Maximum tolerable completion date

e Rework cut (in case of delays, defects detected can be passed onto the next phase
without being fixed)

(3.4) “nominal” process metrics and learming curves

Productivity (LOC/person-day)

Error generation (defect/KLOC)

Cost to detect (person-hour/defect)

Cost to fix (person-hour/defect)

Fraction of bad fixes (%)

Table 8.4 — List of main range of input requirements for the initial prototype model

The following two sub-categories of inputs constitute policies of product
development and project control. For product development, different levels of QA
effort could be considered (as a % fraction of the overall budget). The period
specified to conduct inspection reviews (i.e. QA / QC)was about on week, but this
could also be changed. There was also a desired time to rework detected defects
(as also reported in Abdel-Hamid and Madnick 1990), which was of another week.
This affects how quickly defects should be fixed once detected. These three
policies are simple and intuitive to software development practitioners, and can have
considerable impact on the outcome. Regarding control policies, two were
considered: adjustment of the scheduled completion date (both extension and
compression), and “rework cut”. The use of a “maximum tolerable completion date”,
apart from the planned completion date constitutes part of the schedule adjustment
policy. Once the completion date estimated by development staff moves beyond the
currently planned date, management “willingness” to extend the schedule depends
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on how close this is to the “maximum tolerable completion date (the modelling of this
policy is described in some detail in Rodrigues and Williams 1998). “Rework cut”
would consist in postponing the rework of detect errors to the next task. This would
take place under conditions of considerable schedule pressure.

The final sub-categories of inputs captures the four main process metrics that build-
up the “horse-power” of a development team: how fast to develop first time, how well
is it developed first time, how hard is to find problems and how hard it is to fix them.
A fraction of “bad fixes” is also considered, representing the percentage of errors
which are not reworked properly. These metrics are not constant through the life-
cycle of a development effort. They are affected by many factors within the project.
Some can easily be captured endogenously in the model (e.g. impact of team
growth communication overheads). Other factors can be more difficult to captured
explicitly in the model and are known to co-relate strongly with progress (e.g.
complexity of the work, and “human leaming” / “habitual incremental improvement”,
Turmner 1990). Therefore, two components were considered for these metrics: a
“nominal” value and the “learning curves”, which are mulitipliers that depend on work
progress (a similar approach is reported in Abdel-Hamid and Madnick 1990). The
“nominal” value is that expected value if these factors are not exerting any influence,
and is also often referred to as the “normal” value (although it is arguable whether
this is the “normal” situation). The actual final value of these metrics will depend on
the nominal value, the learmning curve, and on the resulting endogenous influences
produced by these curves and other endogenous factors captured explicitly. For
example, the final productivity reported at the end of the simulation could be say 40
LOC/person-day and the nominal value of 35 LOC/person-day. In this case, the
endogenous influences, which probably varied over-time, would have played an
overall positive impact on productivity. It was important to identify this type of
required inputs, because reliable means to estimate or derive them were required.
However, this is perhaps the most difficult sub-category of inputs to estimate,
because metrics available from past developments would always refer to an
aggregate which included the nominal values and endogenous curves (e.g. given
the actual 35 LOC/person-day observed in past cases, how to conclude that the
nominal was 40 LOC/person-day). This is once again, a SD calibration and
validation exercise. In this case-study, empirical research available n the literature
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was used. Informal meetings with managers were also the base to derive the
learning curves and other endogenous effects.

The tables provided in this sub-section are an example of how the requirements
stage of the SYDPIM Model Development Method can be implemented. The
generic categories of requirements should be used to guide the process, in a flexible
manner, If other categories or a further breakdown is appropriate it should be
considered. Finally, these lists of requirements should no be regarded as 100%
exhaustive, capturing every minor technical detail. Instead, they should be specified
under a “management needs” and “model purpose” perspectives. Nevertheless,
every important requirement, even if technical, should also be considered explicitly.
Overlooking one of these requirements may compromise the model’s ability to
respond to management expectations as well as its practical effectiveness.

Model architecture (stage 2, formal model design)

The next step in the SYDPIM Model Development Method is to develop a formal
specification of the model design. This consists of a set of formal design elements:
(1) model architecture — a logical network of interconnected SD-Tasks;

(2) task classification — identification of the generic types of tasks used in the model
architecture;

(3) tasks dependencies — specifies the dependencies established between the tasks
in great detail. Depending on the type of tasks involved this includes inter-task
effects and managerial information;

(4) control decisions — identifies the managerial control decisions considered in the
model and maps these into the management tasks in the model architecture;

(5) mapping of feedback structure to architecture — maps the feedback loops
identified in stage 0 to the individual tasks and to the whole model architecture
(loops take place within and across tasks).

Since the first model to be developed was a single-phase model, these elements
would be considerably simpler than with a multi-phase model. Nevertheless, an
initial model architecture was proposed to represent the whole first increment of the
C2 software development project. The development of this architecture was based
on two main elements: the product breakdown structure and the life-cycle
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development process. These two elements were also the basis to specify the WBS
of the C2 software project. The fist critical issue was to identify the appropriate level
of detail to be considered in the model architecture. SYDPIM advocates that this
should be a more aggregate level than considered in the PERT/CPM plan (see
chapters 6 and 7): each SD-Task will aggregate various PERT/CPM tasks. At this
stage in the SYDPIM model development process, the modeller needs to identify the
critical factors that must be taken into account to decide about this aggregation.

The SYDPIM Model Development Method does not imposed any particular set of
rules and conditions to developed the model architecture. The method suggests
that this should be based on the use of three main types of tasks: engineering,
management and human resource management (HRM). These tasks should be
linked to capture the two main processes of a project. engineering and
management. The approach followed in the case-study was is based on this dual
life-cycle view of the project. This emphasis on the interaction between engineering
and management implies that the SD model should capture both characteristics of
technical development (e.g. life-cycle phases, product components, rework, work
dependencies, reviewing techniques), and the characteristics of the management
process. This includes the procedures used to monitor progress and the managerial
policies employed in re-planning the work schedules and the allocation of resources.

Regarding the management process, a single high-level project management task
was considered. This management task would control the whole set of engineering
tasks. However, it was also decided that in some cases, the engineering tasks
could incorporate their own management sub-structure (a situation considered in the
SYDPIM method; see chapter 6). This project management task would also control
a single project-wide HRM task, which captured recruitment and training issues and
staff turnover. In this way, each engineering task continuously reports progress to
the high-level project management task. This information includes work progress,
estimated completion date, estimated cost at completion, and man-power needed to
meet the schedule. Based on this information, the project management task mimics
the high-level decision-making in the project. This can include: (1) adjusting the
completion schedules of the individual tasks, (2) re-schedule staff among the tasks,
(3) increase the degree of overlapping between sequential tasks, and (4) hire more
staff into the project. This modelling decision to represent the management process
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results in not representing explicitly the management hierarchy in the model
architecture. The main reasons for this had to do with the fact that, as mentioned in
chapter 5, the project organisation was very much a pure project organisation — i.e.
the OBS tailored for the WBS. Therefore the breakdown of the management
hierarchy coincided with the work breakdown of the engineering process. The
project teams working in each of the major product components and life-cycle
phases were given a high level of authority to plan and control their work. On top of
this work breakdown oriented management hierarchy there was the software
management team. Human resource management was also performed by a single
management team.

Regarding the engineering process, the breakdown into subtasks assumes that
each of these tasks holds enough complexity so that planning and control might be
problematic. According to SYDPIM, each task is simulated by an individual SD sub-
model with a structure specialised on the type of work being performed. Three main
generic types of engineering tasks were considered: (1) development, (2)
integration, and (3) testing. A development task refers to the process of developing
a particular sub-product, and includes the activities of developing, reviewing and
reworking (design, coding fall in this category). An integration task refers to the
process of transforming a set of input sub-products into a single final product
(system integration falls in this category). A testing task refers to the process of
running a set of pre-defined tests to check the functionality of a sub-product,
diagnose faults, and rework the defects found (system testing fall in this category).

The breakdown of the engineering process into sub-tasks was based on three main
factors: the life-cycle definition, the product structure, and the structure of the
technical development teams. The lowest level of decomposition would consider a
single task for each life-cycle phase of each software sub-component, being
implemented by an individual software team. For most software projects such level
of detail, very close to the network plan, might not be appropriate. However, this
decomposition was used as a starting point. The next step was to aggregate these
elementary sub-tasks into more complex tasks. There were two different types of
aggregation:
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e hornizontal aggregation — ignoring the intermediate schedules of a set of
sequential tasks and consider them as a single task with a single schedule and
budget;

e vertical aggregation — ignoring the individual schedules of a set of parallel but
inter-related tasks and consider them as a single task with a single schedule and
budget.

The definition of the appropriate level of decomposition/aggregation of the
engineering process was based on four main criteria: (1) type of work being
performed, (2) major schedule milestones, (3) level of detail required for
management purposes, and (4) minimum level of complexity required. The type of
work being developed within a task should be of similar nature and strongly inter-
related. As an example, the design and testing of a software component might not
be appropriately captured by the same task, while the design of two tightly coupled
software components may be aggregated into a single design task. The major
schedule milestones of the development process should impose limits on the level
of horizontal aggregation so that they are not overlooked in the model. In general,
most managers would like a decision-support model to consider explicitly the
individual schedules of the major life-cycle phases. Finally, each task must
comprise a minimum level of complexity so that the use of a SD model is
appropriate — System Dynamics models focuses on the interactions among a
system's components; decomposing the software development process into highly
detailed elements tends to eliminate the effects of these interactions, and the
individual behaviour of such elements becomes characterised by discrete uncertain
events, to which the higher-level continuous perspective of a SD model is not
appropriate.

The final model architecture regarding the engineering process is shown in figure
8.1. In terms of vertical aggregation, the development of the nine software sub-
components was aggregated into three major functional areas (Radar, SSGT, and
Core). This was because the development of the components within each of these
areas was tightly coupled. In terms of horizontal aggregation, the nine different
stages of the C2 SW life-cycle were aggregated into five main development phases
(design, coding, group testing, integration, and system testing). This resulted of the
type of work being performed and management interest on intermediate schedules.
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Overall this resulted in eleven SD-Tasks, each holding enough complexity to be
modelled by an individual SD structure. Six of these tasks were modelled by a
generic “development task” SD generic structure, one modelled by an integration
structure and four by a testing structure.
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Figure 8.1 — Model architecture for the engineering process of the C2 SW project

The overall model architecture, linking the engineering process with the
management process, is shown in figure 8.2. Two more tasks were added: high-

level project management and project-wide human resource management.
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Figure 8.2 — Model architecture for the C2 SW project model
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Other elements of formal design (stage 2)

Once the model architecture is developed, the other elements of formal design can
be specified: task classification, tasks dependencies, control decisions and mapping
of causal structure to the model architecture.

According to the SYDPIM development method, the aim of the task classification is
to identify a set of generic tasks which will be modelled by a specific and also
generic SD sub-structure. Each of these structures will be tailored to model one ore
more actual project tasks in the model architecture. The model architecture
proposed for the C2 software development project (first increment), as shown in
figure 8.2, considers five generic tasks which are proposed in the SYDPIM Model
Development Method as a framework to develop the classification matrix (see table
6.7 in chapter 6).

e ETPD - engineering task of product development/transformation;

e ETPT - engineering task of product testing;

e ETPI - engineering task of product integration;

e MCMT - management control of multiple tasks;

¢ MCST - management control of single task;

e HRM - human resource management.

The first three are engineering types of tasks and the other three are management
type of tasks (the last is HRM). Note that while the architecture proposed does not
consider explicitly any management task that controls a single engineering task, the
type MCST was considered because, as mentioned, all engineering task will contain
their own internal management process. Table 8.5 shows the resultant task
classification matrix developed. All design and coding tasks were classified as
ETPD. Testing tasks of individual functional areas and of the whole system were
classified as ETPT. All of these engineering tasks were also classified as MCST,
because of containing an internal control process. The high level management task
controls all engineering tasks an hence was classified as MCMT. The global HRM
task was of course classified as HRM.
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' { ETPD ETPT ETPI MCST MCMT HRM
Engineering Tasks

Design Radar
Design SSGT
Design Core

Coding Radar
Coding SSGT
Coding Core

NN NS YA

<\

Testing Radar
Testing SSGT v
Testing Core v

bt

Integration v

4
A R A A Y Y

System Testing v E

" Management Tasks 3
High Level Management ] v
HRM Tasks
Project HRM ] an

Table 8.5 -Task classification matrix developed for the C2 SW project

The next step in formal design is to specify the effects and control information to be
captured within the tasks’ dependencies in the model architecture. The SYDPIM
method proposes two types of links: control information-flow, and physical product-
flow. The first type of dependencies can involve engineering and management
tasks, while the second involves only engineering tasks. SYDPIM suggests that
four main types of effects can be captured in a physical product flow dependency:
technical requirements, work quality, QA effects and rework accomplishment (see
table 6.8 in chapter 6). Regarding control information-flow between management
tasks and between management and engineering tasks, a framework to identify the
possible information contents is also suggested (see table 6.9 in chapter 6), which
considers a fairly exhaustive list. The model architecture developed (figure 8.2)
considers overall 22 dependencies:
¢ 10 product-flow dependencies between the engineering tasks;
¢ 11 information-flow dependencies between the high-level management and the
engineering tasks;
¢ 1 information-flow dependency between the high-level management task and
the HRM task.
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The specification of the dependencies has a great impact on the model calibration.
Furthermore, the validity of this formal design element requires a considerable
amount of input from management and technical staff. Since a prototype single-
phase model was being developed at this stage in the case-study, the detailed
specification of these dependencies was postponed. It was felt that the feedback
from applying the prototype model was needed, so that management and staff
would develop a much thorough understanding of this design element. The final
design element for the multi-phase model is not presented in this work (nor the
model itself). On the one hand it is not the purpose of this research to focus on the
detailed description of this extensive model. On the other hand, this would be a
lengthy description which could jeopardise the illustrative purpose of this chapter.
Confidentiality issues also prevent a detailed publication.

The following formal design element to be developed is the specification of the
project control decisions generated within the management tasks. SYDPIM
considers that this included both: (i) the identification of the specific control decisions
captured in each management task in the model architecture, and (ii) the
classification of how the decision is modelled: endogenous, exogenous oOr
transmitted (see chapter 6). To support the development of this design element,
SYDPIM proposes a base list of generic control decisions (see table 6.10). For the
same reasons just mentioned above, this design element is not described here in
detail for the multi-phase model. At this stage in the case-study the development of

this design element was also postponed.

For illustrative purposes, this is described for the prototype single-phase model (see
also example in table 6.11 of chapter 6). This model represents a generic
“development task”, and its internal management component would capture the
decisions which are implied in the requirements specified in stage 1 (table 8.2). This
generic structure would be calibrated and tailored to represent any of the 6
development tasks in the model architecture. The specific control decisions
considered by management in each of these tasks was the same. These are shown
and classified in table 8.6. Most of the decisions refer to the development of the
initial plan for the task and are exogenous. Four endogenous decisions can take
place to control the work while the task is on-going: (i) extending / compressing the
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planned completion date, (ii) re-allocate the man-power available among the three
development activities of development, QA and rework, (iii) reducing the QA level
and (iv) cutting rework of defects. These three decisions are mainly aimed at
handling delays. As previously mentioned, changing the staff level was not
considered because the work in each of the development tasks (as in the model
architecture of figure 8.2) was being carried out by stable teams.

Management decisions Type of decision
(1) Initial plan

o |Initial planned completion date EX
e Maximum tolerable completion date EX
o [nitial planned budget EX
e Planned budget fraction for QA EX
e Planned budget fraction for rework EX
o Review period EX
o Desired rework delay EX
(2) On-going re-planning

o Adjustment of planned completion date ED
¢ Re-adjust man-power allocated to the activities ED
o Adjustment of QA level ED
o Rework cut policy ED

Table 8.6 — Control decisions design element for the prototype model

The last formal design element to develop is the mapping of the causal feedback

structure specified for the project in stage 0O, into the model architecture. This

consists in specifying which feedback loops and exogenous factors identified in

stage 0 are to be captured in each of the tasks in the model architecture (i.e. intra-

task effects), as well as across these tasks (inter-task effects). The SYDPIM

method proposes that this design element is comprised of seven matrices to be

developed as follows:

(1) intra-task engineerning matnx — feedback loops within each engineering task
internal to the engineering process (i.e. E1, E2, and E3 types);

(2) inter-task engineerning matnx — feedback loops across several engineering tasks
internal to the engineering process (i.e. E1, E2, and E3 types);

(3) intra-task management matnx — feedback loops within each management task
internal to the management process (i.e. M1, and M2 types);

(4) inter-task management matrix —feedback loops across several management

tasks internal to the management process (i.e. M1, and M2 types);
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(5) engineering-management matrix —feedback loops that cross through both
engineering and management processes (i.e. EM1, EM2, and EMS3 types);

(6) engineering exogenous factors — exogenous factors within each engineering
task internal to the engineering process (i.e. ExE1, and ExXE2 types);

(7) management exogenous factors —exogenous factors within each management

task internal to the management process (i.e. ExM1, and ExM2 types).

Like with the previous design elements, this is not described here in detail for the
multi-phase model. Regarding the prototype single-phase model, all the feedback
loops and exogenous factors identified in stage 0 (some examples show in table
8.1) are to be captured in this SD generic structure — furthermore, management
assumed that the same feedback effects and exogenous factors were relevant and
would take place in all of the 6 development tasks in the model architecture.
Because this is a single-phase model, matrices (2) and (4) are not specified. Matrix
(5) will identify the engineering-management loops that take place between the
engineering and internal management components of this SD structure. For a
single-phase model, the development of the five matrices will consists in grouping
accordingly, all feedback loops and exogenous factors identified in stage O (as in
table 8.1) (see example in table 6.12 of chapter 6). For a multi-phase model, the
seven matrices above are to be developed. Some of the feedback loops and
exogenous factors identified in the design element of stage 0 may be mapped to

more than one task.

In this sub-section, the implementation of the model design phase of the SYDPIM
model development process was illustrated through the specification of some of the
main design elements, regarding the SD project model developed in the case-study.
Due to scope restrictions, some of these elements were specified only partially while
others were simplified as referring to the prototype single-phase model. The
purpose was to provide a practical exemplification, based on the case-study, of how
the SYDPIM Model Development Method can be implemented. It should be
stressed that throughout the case-study, the method was conceptualised and
continuously refined and hence it was implemented in an iterative manner.
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8.2.3 An overview of the implementation phase

Once the formal design stage is complete, the SYDPIM model development process
proceeds to the second phase of implementation and validation. Here the SD
project model is developed and quantified in the form of a “stock and flow” diagram,
using an appropriate SD simulation language (see discussion in chapter 6). The
SYDPIM method proposes a life-cycle of well ordered stages within this phase as
follows (see figure 6.12 and algorithm 6.1) :
(4) component development:

e (a) development of generic super-structures;

e (b) tailoring of super-structures to project tasks;
(5) progressive integration of project tasks;
(6) final model validation.

In each stage of these stages, specific formal design elements (developed in the
previous phase) provide the required input (see figure 6.13). Furthermore, a critical
characteristic of the SYDPIM model development process is that, although there is a
final model validation phase, a validation activity is carried continuously throughout
this implementation life-cycle. For each stage, the SYDPIM method proposes
specialised validation tests to be carried out (see figure 6.14).

The first stage is the development of the required generic super-structures and

tailoring for the project tasks. In this case-study, the model design phase identified

six of these structures as shown in table 8.5. This SYDPIM stage, various sub-steps

are undertaken s formally described in algorithm 6.2:

(i) for each super-structure produce a list of requirements;

(i) specify a reference scenario for each super-structure;

(iii) implement and validate super-structure;

(iv) replicate, tailor, calibrate and validate each super-structure for the various
project tasks it will model.

The task classification matrix developed for the C2 software project model of this
case-study shows that overall 6 generic structures will be tailored to model 13
project tasks. For example, the generic super-structure ETPD will be replicated and
tailored to model 6 project asks (i.e. design and coding tasks).
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The first step is to produce a list of requirements for each super-structure, based on

the design information regarding the project tasks it will model. This includes:

processes incorporated, links to other tasks, control decisions, and internal feedback

loops and exogenous factors (see table 6.17). For example, the ETPD super-

structure will have to capture all the characteristics of the 6 tasks it will model.

These requirements can be represented as shown in table 6.17. For reasons of

scope and confidentiality, this will not be described here in detail for the multi-phase

model. Regarding the single-phase prototype model, this was a generic structure

with two main (also generic) sub-components: ETPD (product deveiopment) and

MCST (management control). The requirements for this generic structure are

basically all that was identified in the design phase:

e processes incorporated: engineering and management;

¢ links to other tasks: not considered;

e control decisions: as in tale 8.6;

e internal feedback loops and exogenous factors: as identified in stage O (see
table 8.1).

The next step in the SYDPIM development method is to specify a reference
scenario of behaviour for the calibration and validation of each super-structure.
According to SYDPIM this should have two main components: (i) the input
characteristics, which refers to the various initial conditions in particular productivity
related estimates and the planned targets, and (ii) the behaviour patterns to be
produced, which can included various modes but must include a steady behaviour
(i.e. targets achieved with minor variations if any). SYDPIM recommends that the
mode of behaviour specified for the generic super-structures does not correspond to
any of the specific tasks it will model. Instead, a fictitious or historical behaviour of
similar tasks should be used. In the case-study, the company had not records of
historical behaviours readily available for any of the generic super-structures.
Therefore, a fictitious simple scenario was used, where a steady behaviour was to
be reproduced (e.g. 100 tasks to be accomplished by 10 persons, within a 1000
person-day budget and a 100 days duration) — this is the recommended approach
whenever historical scenarios are not available.
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The following step in the SYDIPM model development method is to implement and
validate each super-structure. The multi-phase model required six different super-
structure to be developed. It is not the purpose of this research to describe here in
detail the implementation of this complex model nor even of the prototype model
(which contained over 300 equations). An illustrative example of how the SYDPIM
implementation stage should be carried out has been presented in chapter 6. For
illustrative purposes regarding the case-study, a brief overview of the core structure
of the physical processes is here presented regarding the ETPD (development) and
ETPT (testing) generic super-structures. The quantification of these structures is
not presented.

As described in chapter 6, for the implementation of the super-structures the
SYDPIM method suggests a sequence of steps based on the proposed generic
project feedback structure (see figure 6.4). The steps to be followed will vary slightly
for each of the three types of elementary tasks proposed in the SYDPIM method:
engineering, management and HRM. The generic super-structures ETPD and
ETPT are engineering type of tasks. SYDPIM suggests that this type of tasks will
capture four main processes: (1) work accomplishment, (2) monitoring progress
against exogenous targets, (3) reporting progress to external management, and (4)
adjusting their behaviour in order to achieve the targets. It is proposed that these
processes should be implemented progressively, according to the following
sequence of steps:
(1) implementation of physical processes;
(2) implementation of E1 type of feedback loops and ExE2 exogenous factors;
(3) implementation of E2 and E3 type of feedback loops and ExE1 exogenous
factors.

Figure 8.3 shows an initial version of the core physical processes developed for the
ETPD super-structure. The basic principle behind this structure is that the
engineering process of a development task comprises the continuous life-cycle
flows of two inter-related entities: product (e.g. designs), and defects. As the work is
developed, reviewed and reworked throughout its life-cycle, in parallel, defects are
also generated, detected, and reworked. However, some defects might not
detected by the reviewing activity and hence they escape, incorporating the sub-
product delivered onto the next task. The stocks, rates and auxiliaries in blue,
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represent the “feedback-absent” physical structure of work accomplishment — this is
the output of the first step suggested to implement an engineering super-structure
(also illustrated in figure 6.15 of chapter 6). The two flows of work and defects are
inter-related, and some auxiliaries are use to implement the required relationships
(e.g. “error density” type of variables). The variables in green which are linked to
this physical structure through red arrows represent temporary exogenous inputs. In
the final model, these variables are generated elsewhere and may originate
endogenous feedback effects of types E1, E2, and possibly of types ME1, ME2 and
MES3. This structure is well suited to represent the product development process of

an individual task and it was therefore used as the basis for the single-phase model.

Figure 8.3 — Core physical process of the ETPD super-structure developed
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However, for the multi-phase model this structure did not capture all that was
necessary to represent a development task inter-acting with other tasks. This was
particularly true for design type of tasks. For example, according to the structure
above, designs are delivered to the successor tasks (say coding) with undiscovered
defects. Once coding starts, these design defects will be detected and will need to
be reworked. This may happen after all the designs have been delivered to coding,
and hence when the design phase is considered as complete. However, these
design defects are not the same as the coding defects, which are generated within
the coding task where they will also be detected and reworked. Design defects are
different than the coding defects and furthermore they are not necessarily reworked
by the coding team. This way, there was the need to consider “post-delivery” defect
detection and rework for the design tasks, possibly carried out by the design team.
On the other hand, for a coding development task this “post-delivery” rework
process was not needed because, unlike with the design defects, coding defects
were “physically” detected and reworked in the following testing and integration
tasks. This situation highlights an important issue regarding the structural
requirements of the ETPD generic super-structure: when tailored to coding tasks,
this “post-delivery” process would have to be “disabled” (possibly through an “on/off”

switch”).

In order to capture this “post-delivery” rework process, the initial structure of figure
8.3 was refined improved. There can be various to solutions to this. The major
problem that needs to be solved is the conflict between a continuous post-delivery
rework and the establishment of a fixed completion date for the task. In practice,
post-delivery rework takes place throughout the remaining product development life-
cycle, possibly until the end of the project. On the other hand, life-cycle phases
have intermediate end-dates. Therefore, how to consider a task completed and
then accept that rework continuous until the end of the project? Should “post-
delivery” rework force the task to “re-start again®? This is an existing problem in
project modelling and to the author’s knowledge it has not been solved in a clear
and explicit manner. In some cases, “indirect’ solutions have bee used. These
based in the idea that while the work in the task can proceed until the end of the
project, there can be “indirect symptoms” that 100% of the product has already been
delivered to the following phases (e.g. when x% of the planned budget is
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consumed). There are various problems with these solutions. First the definition of
the “indirect symptoms” often requires an arbitrary exogenous input, which raises
validation difficulties. Secondly, this approach will generally not distinguish between
pre-delivery “genuine” rework and post-delivery rework. Finally, the overall solution
is less explicit and thereby less clear to the model user. Generic structures
available in the literature are based on this approach. For example, the simple
“rework-cycle” proposed by Cooper (1993), which contains only four stocks/levels.
An explicit and robust solution to capture the “post-delivery” rework phenomenon
requires considerations at the structural level. The starting point is a clear
distinction between the concepts of “phases” and “activities”.  Software
development phases have precise start and completion time-points, whereas
activities take place continuously throughout the life-cycle. For example, once the
design phase is complete, the designing activity proceeds until the end of the
project. In this way, the “rework cycle” generic structure (Cooper 1993), which
considers that rework accomplishment takes place continuously throughout the
project, represents activities much better than it may represent phases: once a
“rework-cycle“ starts, it only finishes by the end of the project. This prevents the
explicit consideration of intermediate schedules. It should be noted that this
limitation is not surprising given the simplicity of the “rework cycle” structure, which
has only four levels/stocks.

Although it was not within the scope of this research to develop an innovative SD
structure to model the software development process, the discipline of the SYDPIM
model development, as well as its emphasis on validation and quality, has motivated
a careful analysis to this outstanding modeliing issue. Figure 8.4 shows the final SD
structure for the physical process of an ETPD task — the auxiliary variables in black
represent temporary exogenous inputs to the structure; the information flows in light
grey refer to the control of non-negative stocks/levels, and are less relevant under a
conceptualisation perspective. As suggested by the two sectors shown, the
structure comprises two main components: initial development and product delivery,
and post-delivery defect detection and rework. The firs component is the same as
the initial structure presented in figure 8.3, with some improvements which includes
scope changes and an intra-task work progress dependency. These two aspects
could be relevant in certain scenarios and were not captured in the initial version.
The scope changes considered refer to pre-delivery of the designs (i.e. while they
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are being developed); post-delivery scope changes is another interesting and
complex modelling issue which is not here presented and discussed.

As a result of implementing the SYDPIM Model Development Method, an
improvement to the existing structures used in past developments was achieved. It
is argued in this research that this is a most valuable benefit of adopting a structured

development process, such as the method proposed in this work .

Figure 8.4 — Core physical process of the ETPD super-structure incorporating post-
delivery rework

Figure 8.5 shows an initial version of the core physical processes developed for the
ETPT super-structure (a testing task). The basic principle behind this structure is
that the engineering process of a testing task comprises the continuous life-cycle
flows of three inter-related entities: tests, product (i.e. code), and defects. As the
test cases re prepared, run and failed or passed, the code of the software product
becomes progressively tested. In parallel, defects are caught by the test cases that
fail while others escape (note that tests do not ensure 100% of defect removal). As
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failed tests are diagnosed, some defects are detected and removed, while others
escape and will probably cause further testing to fail again. This testing task
delivers a certain amount of code tested with a certain amount of undetected defects

depending on the testing efficiency.
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Figure 8.5 — Core physical process of the ETPT super-structure developed

SYDPIM — A System Dynamics Based Project Management Integrated Methodology

615



Chapter 8: Practical applications of SYDPIM

The structures shown in figures 8.4 and 8.5 constitute the physical processes of two
of the six generic super-structures to be developed for the multi-phase model of the
case-study (i.e. ETPD and ETPT; see table 8.5). The next step in the
implementation of these structures was to build progressively upon this structure the
various types of feedback loops and exogenous factors, as suggested by the
SYDPIM method (see chapter 6). The reference scenario of behaviour specified for
each of these structures is used to validate this continuous implementation process.
Once the required super-structures are developed the next step on the SYDPIM
Model Development Method is to replicate and tailor them to the specific project
tasks, as identified in the task classification matrix of figure 8.15. At then end of this
component development stage there will be one SD structure per project task in the
model architecture. The next stage in the SYDPIM method is to carry out a
progressive integration process based on the tasks’ reference scenario. The final
step focuses on behaviour reproduction validation based on a specified project
reference scenario, which may include past behaviour, planned behaviour and
fictitious behaviour modes.

Regarding the prototype single-phase model, this consisted in coupling the ETPD
structure with the MCST structure (not shown here). Although this was a simpler
development, it followed the SYDPIM development life-cycle — e.g. this coupling
corresponds to the integration stage 5. A snapshot of the implementation of this
model using the iThink modelling tool is shown in figure 8.6. As already mentioned,
the SYDPIM method was conceptualised based on feedback from the tentative
development of the two models. The method was not available up-front to support
the sequential development of these models. It was therefore implemented in an
iterative manner, with its underlying principles being continuously tested and refined.
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The aim of this sub-section was to illustrate how the SYDPIM Model Development
Method guided the development of the SD project models in the case-study, and in
general how the method can be implemented within a real project context. The
following section describes illustrative practical applications of the SYDPIM Project
Management Method.

8.3 Applications of the SYDPIM Project Management Method

8.3.1 Overview

In this section some practical implementations of the SYDPIM Project Management
Method are described. These were carried out in the course of the case-study: a
SD project model was used to support the on-going planning and monitoring of the
C2 software project. The aim of these examples is to illustrate how the generic
SYDPIM Project Management Method, as described in chapter 7, can be

implemented in practice within a real project.
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Like with the model development method, the SYDPIM Project Management Method
was progressively refined throughout the case-study. It was therefore implemented
in an iterative manner, each time incorporating more detail. At the beginning of the
case-study there was a conceptual high-level framework available, which was
described in chapter 4. Further details were then conceptualised throughout the
case-study, in particular the establishment of the analytical links between the SD
and the PERT/CPM models (some preliminary work and conclusions were reported
in Rodrigues and Williams 1997). This process of continuous refinement led to the
formal SYDPIM Project Management Method presented in chapter 7.

In this way, the SD model was applied in several occasions throughout the case-
study, prior to the final method being specified. However, for illustrative purposes,
the examples here reported will describe the implementation of SYDPIM as close as
possible to the final logical flow, as presented in chapter 7. The SYDPIM planning
and monitoring process logic comprises a series of steps, wherein the SD and
PERT/CPM models are used and sometimes exchange data. In the practical
examples here presented not all of these steps will be described in detail. On the
one hand, this would lead to a lengthy description, involving large amounts of data,
and probably threatening the desired illustrative nature of the examples. On the
other hand, most of the data and PERT/CPM plans cannot be here presented for
reasons of confidentiality. This way, the description will focus on those aspects
which are crucial to understand the practical issues of the method.

The examples here described refer to situations where management explicitly
requested the use of the SD model. This is according to the strategy established for
the case-study, as discussed in chapter 5. The first example presented refers to the
diagnosis of the design phase of a sub-component of the C2 software system. This
is also according to the strategy adopted for the case-study, where the initial
applications of the model would focus on the reproduction and post mortem analysis
of past stages of the project. The second example refers to future planning,
although it is also based on the reproduction of the project past. Here, the SD
model is used to investigate the potential impacts of replacing informal design and
code reviews by a more formal reviewing technique called “Fagan inspections”
(Fagan 1976, 1986). Management needed to know whether the actual benefits

would outweigh the costs, what were the risks and what were the more favourable
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re-planning scenarios (e.g. how much should design be extended to accommodate
the extra effort required). This is @ case where management pro-actively tries to
improve the project plan. The next example is also about SYDPIM planning, but this
time it refers to a risk analysis scenario. Management was worried with potential
Client actions, in particular with potential scope changes. If requests for changes
were made, management needed to know how to re-negotiate schedule extensions
effectively. The next example refers to the calibration of the SD model to reproduce
the project plan developed for the second increment of the C2 software project.
This took place at the end of the case-study, when the model was passed onto the
planning team. This is also a case of SYDPIM planning, when a new PERT/CPM
plan is transferred to the SD model. The last example refers to the application of the
SD model after the C2 SW project was complete, when the development of a
second release of the system was to be initiated. This application refers to another
case of risk analysis and re-planning. As part of the contractual agreement, the
transfer of know-how to the Client implied involving some of their inexperienced staff
in the project. This would require training and would divert the attention from the
experienced company staff. Management needed to know how to best re-plan the
work and re-allocate resources, so that the disruptive impacts were minimised.

These examples are now described separately in the following sub-sections.

8.3.2 SYDPIM Monitoring: diagnosing the design phase of a system
component

In this example, the SD model is used to diagnose the design phase of a system
component after this has been complete. This includes stages 1-3 of the C2
software development life-cycle described in chapter 5. The single-phase SD
prototype model was used to model the design phase as a SD-Task in isolation from
the rest of the project.

The SD analysis involves the following actions: calibrating the model to reproduce
the past behaviour observed, use the model to identify causes for eventual
deviations from the plan, and carry out retrospective “what-woulid-have-happened-if”
analysis for process improvement. However, before any of these “SD analysis” type
of actions can be carried out, according to SYDPIM, there are some previous
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actions than need to be implemented. This is a situation where progress is being
monitored and hence SYDPIM monitoring should be implemented.

As described in chapter 7, the process logic of SYDPIM monitoring can follow
alternative paths depending on whether the PERT/CPM model is being updated
regularly and whether the SYMDB is being implemented. In this case, both metrics
were being collected and the PERT/CPM model was being updated regularly. In
this situation the SYDPIM monitoring process logic comprises the following
activities:

(M1a) collect project result metrics

(M2a) update PERT/CPM model and SYMDB with result metrics;

(M3a) update analytical links if necessary;

(M4) extract project past behaviour from PERT/CPM model;

(M5) specify project past behaviour;

(M6) re-calibrate SD model for past behaviour;

(M7) SD diagnosis of project past;

(M8) update SYMDB with uncovered SD metrics.

The implementation of these activities required that structural and data links were
established between the PERT/CPM and the SD model. The appropriate
PERT/CPM tasks were mapped to the SD-Task being simulated by the prototype
model. Resources working in this design phase were also mapped to the SD-Task.
The standard data-links proposed in chapter 7 were also established.

These monitoring activities are now described separately.

(M1a) collect project result metrics

In this activity, metrics regarding the actual results are collected from the project on
a time-point basis. This is, while the design phase of this component was
progressing these metrics were collected progressively in every control period. The
control period adopted was the month. The specific metrics to be collected in this
activity are shown in table 7.15 (see chapter 7). This considers metrics at three
levels of detail: (1) project level, (2) PERT/CPM task level and (3) SD-Task level. In
this example, there is only one SD-Task to consider which refers to the design
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phase of the component being developed. In the PERT/CPM plan, various tasks
were mapped to this SD-Task through the establishment of structural links (the
actual PERT/CPM plan is not shown here, but it contained about 10 tasks). The
first two categories of metrics were already being collected by the planning team as
part of the established PERT/CPM procedures, and are not shown here. The

metrics collected at the SD-Task level are shown in table 8.7 below.

Days (cumulative) 0 21 42 63 84 89 Unit

SYMDB metrics

{3) SD-Tasks
(3.1) defects detected 0 0 38 73 94 0 defect
(3.2) defects reworked 0 0 38 56 45 66 defect
(3.3) cumulative defects detected 0 0 38 111 205 205 defect
(3.4) cumulative defects reworked 0 0 38 94 139 205 defect
(3.5) defects awaiting rework 0 0 0 17 66 0 defect

Table 8.7 — Metrics collected at the SD-Task level in activity (M1a)

Note that these are defect metrics and hence have been “disguised” for reasons of
confidentiality.

(M2a) update PERT/CPM model and SYMDB with result metrics

This activity is aimed at updating the PERT/CPM model and the SYMDB with the

actual results. As described in chapter 7, this involves three steps:

(1) update the PERT/CPM current plan and SYMDB with the result metrics collected
in activity (M1a);

(2) update the SYMDB with metrics derived from the PERT/CPM model;

(3) update the SYMDB with metrics calculated from other metrics already stored in
the database.

In the first step the PERT/CPM plan and the SYMDB are updated directly with the
metrics collected in activity (M1a). The variables to be updated are identified in
table 7.16 (see chapter 7). The update of the PERT/CPM model (i.e. categories (1)
and (2) of table 7.16) was being carried out by the planning team as part of the
established procedures. Regarding the update of the SYMDB, the metrics shown in
table 8.7 above were updated in the database according to tale 7.16 (category (3) ).
At the end of this step, if any structural changes occurred in the current PERT/CPM
plan while being updated (e.g. adding or removal of tasks, resources and
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dependencies from the network), then activity (M3a) must be called to update the
analytical links. This was verified accordingly.

The second step was to update the SYDMDB with metrics derived from the
PERT/CPM model. These are presented in table 7.17. This update involved some
calculations which require the current and the initial PERT/CPM plans, as well as
the structural links of work breakdown and organisational breakdown established
between the two models. The calculation process and the specific requirements for
each metric are presented in tables 7.18 through 7.22. These metrics were derived
accordingly and were updated in the SYMDB. This shown in table 8.8 — note that
this was a single-phase analysis using the SD prototype model, where the design
phases was modelled and simulated in isolation from the rest of the project;
therefore, no metrics were derived at the project level (i.e. category (1) in table
7.18). The SYMDB proposes a breakdown of the effort spent within the task, which
depends on the type of SD-Task. In this example, the SD-Task was of engineering
type and the breakdown considered was: development, QA and rework — the single-
phase prototype model also considers a management component, but the effort
spent with managerial control was considered as aggregated into these three
engineering activities. The scope was measured in terms of % of functionality
perceived to have been covered by the designs developed. The start date is here
considered a day zero and the completion date corresponds to the duration of the
task — in terms of actual dates, this phase started on late June 1995 and was
planned to finish by the end of October 1995.

SYDPIM —~ A System Dynamics Based Project Management Integrated Methodology 622



Chapter 8: Practical applications of SYDPIM

Days (cumulative) oT 2ﬂ Tﬂ 63]7 air 89[ Unit
Update of SYMDB
PERT/CPM derived metrics
(2) SD-Tasks
(2.1) Schedule
Start date[present] (*) 0 0 0 0 0 0 day
Finish date[present] (*) 84 84 84 84 89 89 day
(2.2) Effort
ACWHR{present] 0f 50 120] 174] 215] 227 person-day
ACWP Development 0 50 90 111 117 117 person-day
ACWP QA 0 0 15 33 45 45 person-da
ACWP Rework 0 0 15 30 53 65 person-day
BCWP[present] 0 73 133 194 230 242 person-day
BCWS|present] 0 61 121 182 242 242 person-day
CTClpresent] (*) 242 192 105 36 12 0 person-day
CAC|present] (*) 242 242 225 210 227 227 person-da
(2.3) Scope
SCAC(present] (*) 100% 100% 100% 100% 100% 100% %
CSCClpresent] 0 0 0 0 0 0 %
ASCWPJpresent] 0% 30% 55% 80% 95% 100% %
SCTC[present] () 100% 70% 45% 20% 5% 0% %
(2.4) Resources
ASPipresent] 2,88 2,88 2,88 2,88 2,88 2,88 person-month
PSP[present] 2,88 2,88 2,88 2,88 2,88 2,88 person-month
CASP[present] 0 2,88 5,76 8,64 11,52 12,21  person-month
CPSP[present] 0 2,88 5.76 8,64 11,52 12,21 person-month
CSPAC|present] (1 11,52 11,52 11,52 11,52 12,21 12,21 person-month

Table 8.8 — SYMDB metrics derived from the PERT/CPM plan in activity (M2a)

The third step was to update the SYMDB with metrics calculated from other metrics
already stored in the database. These metrics and the calculations required are
shown in tables 7.23 through 7.24 (see appendix B). The resultant metrics for this

example are shown in table 8.9 below.

Days (cumulative) ol 21] ﬂ ﬂ 84| 89| Unit
Update of SYMDB
Calculated metrics
(2) Performance indices
(2.2) Task indices
Earned value (EV ) 0 50 137 206 230 242 person-day
CPi 1 1.45 111 111 107 107 -
SPI 1 1,20 1,10 1,07 095 1,00 -
Cost variance (CV) 0 -23 -13 -20 -15 -15 person-day
Schedule variance (SV) 0 -12 -12 -12 12 0 person-day
Accounting variance (AV) 0 -11 -1 -8 =27 -15 person-day
Time variance (TV) 0 -42 -413 -4,2 42 5 day
(3) Process metrics
(3.1) Productivity
(3.1.2) Task
Gross 0 33 25 26 25 24 LOC/person-day
Net 0 33 34 40 45 47 LOC/person-day
(3.2) Defect
(3.2.2) Task
Detection index 0 0 12 25 39 37 defect/KLOC
Cost to detect - - 0.40 0,30 022 0,22 person-day/defect
Cost to rework — — 0.40 032 0,38 0,32 person-day/defect

Table 8.9 — SYMDB metrics derived from the PERT/CPM plan in activity (M2a)
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Again, only metrics at the SD-Task level were calculated regarding the design phase
being modelled. Note that for the productivity metrics, the scope was converted
from %, as shown in table 8.8, to lines of code (LOC) based on the estimated size of
the component (5 551 LOC). Also the defect index is measured in defect per KLOC
(thousands of lines of code).

(M3a) update analytical links if necessary

As mentioned in chapter 7, this activity is entered when structural changes took
place in the current PERT/CPM plan while being updated with actual results. Newly
added or removed tasks, dependencies and resources may require some re-
mapping to the SD model. The links that may need to be updated are the structural
links. SYDPIM proposes two ways to identify the need for an update: the validity
conditions imposed in the specification of these links are checked, and the structural
consistency links are also checked. In this example, this activity was implemented
accordingly.

(M4) extract project past behaviour from PERT/CPM model

The aim of this activity is to extract the project past behaviour from the PERT/CPM
model — in the traditional framework, this past behaviour remains implicit in the
PERT/CPM model. This process consist in deriving a set of patterns over-time from
the past data stored in the PERT/CPM model. The specific patterns to be extracted,
and the way in which they are calculated, is presented in tables 7.26 through 7.29.
However, when the SYMDB is being implemented these patterns are already stored
in this database (see description of activity (M4) in chapter 7). In any case, SYDPIM
advocates that the object “PERT/CPM past behaviour’ is always updated or
generated for later use in activity (M6).

In this example, the SYMDB was updated in the previous activity. Either by
implementing the calculations described in tables 7.26 through 7.29 or by simply
using the SYMDB as the source of data, the resultant past behaviour patterns
produced are the same. As an example, the schedule and effort patterns (tables
7.26 and 7.27), for the SD-Task that corresponds to the design phase of the system
component being diagnosed, are shown in figure 8.7 — a spreadsheet tool was used
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to plot the patterns. Because in this example the SYMDB is being implemented,
these patterns correspond to the over-time data stored in this database, as shown
in table 8.8 (data categories 2.1 and 2.2).

0 &——————— - - e - e 0 20 40 60 80 100
0 20 a0 60 80 100 Days elapsed
Days elapsed

‘L — BCWS(Y) BCWHY] —— ch.{:]r/I

= Start date(t]) () —=— saci™] CACItI() —* ACWHY

Figure 8.7 — Schedule and effort behaviour patterns extracted from the PERT/CPM
model in SYDPIM activity (M4), according to the specification in tables 7.26 and 7.27.

The same patterns can be produced based on the SYDPIM calculation processes
proposed in tables 7.26 and 7.27. For example, the planned completion date for the
SD-Task is represented by the pattern SAC[t]. According to table 7.26 this is
calculated as “...for each time-point, MAX planned finishing date of all tasks in the
PERT/CPM plan of that time-point mapped to the SD-Task.” According to this, for
each time-point the version of the PERT/CPM plan of that moment in time is used.
Therefore, all past versions of the PERT/CPM plan stored within the PERT/CPM
model are required. The structural link of structural correspondence (SC-WBS),
which maps the PERT/CPM task to the SD-Task, is also needed. Since this link
may also evolve over-time, all past versions for each moment in time are also
required. Since the control period being used was the month (i.e. 21 days) and the

SD-Task lasted for about 89 days, then six time-points were calculated as shown in
table 8.10.
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Time-point Calculation Value

Day 0 Latest planned completion date of task of the PERT/CPM initial plan 84
mapped to the SD-Task

Day 21, Latest planned completion date of task of the PERT/CPM plan of 84

Month1 - day 21, mapped to the SD-Task

Day 42, Latest planned completion date of task of the PERT/CPM plan of 84

Month 2 day 42, mapped to the SD-Task

Day 63, Latest planned completion date of task of the PERT/CPM plan of 84

Month 3 day 63, mapped to the SD-Task

Day 84 Latest planned completion date of task of the PERT/CPM pian of 89

Month 4 day 84, mapped to the SD-Task

Day 89 Latest planned completion date of task of the PERT/CPM plan of 89
day 89, mapped to the SD-Task

Table 8.10 — Calculation of the time-points for the behaviour pattern SAC[t] extracted
from the PERT/CPM model

These calculations shows that in terms of final schedule, no re-planning actions
were undertaken until day 84. This indicates that a schedule slippage was accepted
only when the initially planned completion date was being reached. As the design
work was not completed by day 84, as planned, an exira week of schedule
extension was given to the design team and the PERT/CPM plan was updated
accordingly. This new schedule was achieved successfully.

Overall, SYDPIM proposes that 16 basic patterns are extracted from the PERT/CPM
model, as shown in tables 7.26 through 7.29 (2 for schedule, 5 for effort, 4 for
scope, and 5 for resources) — if a breakdown of the ACWP is considered then a few
more patterns are added to this. Figure 8.7 above shows 7 of these patterns. In
this example, the patterns that refer to scope and resources are not particularly
illustrative because scope changes did no occur and the number of resources
working in the task was planned at a constant level and it also did not changed. The
calculations proposed in tabies 7-26 through 7.29 are straightforward to implement,
as in the example shown in table 8.10 above. The implementation of these
calculation processes can also be supported by the specific PERT/CPM tool in use
(e.q. if it produces aggregate data for clusters of PERT/CPM tasks). Once these
patterns were extracted they were stored in the “PERT/CPM past behaviour” object,
which was implemented in a spreadsheet.

SYDPIM — A System Dynamics Based Project Management Integrated Methodology 626




Chapter 8: Practical applications of SYDPIM

(M5) specify project past behaviour

The aim of this activity is to produce the final set of patterns which will describe the
project past behaviour up to present. This past behaviour may include the patterns
extracted from the PERT/CPM model in the previous activity, the patterns updated
in the SYMDB in activity (M2a) or (M2b), and pattemns extracted from expert
judgement. This depends on whether the PERR/CPM model is available and
updated and whether the SYMDB is in use. As described in chapter 7, three
scenarios are considered in SYDPIM:
(1) the SYMDB is available and updated with past results;
(2) the SYMDB is not available and a PERT/CPM model is available and updated;
(3) both the SYMDB and PERT/CPM model are not available and only expert
judgement is available from activity (M1c).

In this example, the fist scenario is considered and so SYDPIM proposes that the

following action is carried out in this activity:

o extract from expert judgement the following type of patterns, as perceived
relevant: (i) risk-related, and (ii) intangible issues (e.g. staff fatigue) — that the SD
project model must contain variables within its structure which produce these
patterns;

¢ Merge these patterns with the ones stored in the SYMDB and generate the
“Project past behaviour” object.

The SYMDB contains all the patterns that can be quantified from the data collected
so far and from the PERT/CPM model. Therefore, in this SYDPIM activity other
patterns which are perceived as relevant are derived from expert judgement, and
are merged to the ones stored in the SYMDB — for example, if the Client asked for
changes then, the change requests over-time would be specified. In this example,
SYDPIM was being attempted for the first time and there was no extra patterns that
management perceived as relevant. Therefore, the final set of patterns used to
describe the past behaviour of the specific design phase are the ones stored in the
SYMDB. The formal specification of the SYMDB presented in chapter 7 (see also
appendix C) considers four categories of metrics:

(1) derived from PERT/CPM model;
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(2) collected from the project;
(3) calculated from other metrics;
(4) uncovered from SD model.

Ideally, all the patterns considered within each of these categories should be
included in the specification of the project behaviour. In the next activity (M6) the
SD model will have to reproduce all these patterns. The pattemns that correspond to
the metrics in category (1) were already extracted and specified from the
PERT/CPM model in activity (M4) (as exemplified figure 8.7). The patterns in
category (2) refer to metrics defects which were collected in activity (M1a). The
patterns in category (3) are to an extent redundant because they are generated from
other more elementary patterns. Therefore, if the SD model reproduces well the
elementary patterns, then it will also reproduce well these patterns. However,
depending on the mathematical transformation the accuracy of the behaviour
reproduction can change considerably. For example, if the SD model reproduces
well the patterns ACWP[t] and BCWP], then it will also reproduce well the pattern
CPI[t] .= BCWP[t)/ACWPI[t]. However, when ACWP[t] is small and is reproduced
with a minor error, the resultant error in CPI[t] can be of considerable magnitude.
This should be taken into account when evaluating the “goodness-of-fit’ in next
activity (M6). It is not mandatory but it is recommended that these patterns are
specified in the project past behaviour. Finally, the patterns in category (4) refer to
metrics uncovered from the SD model. These patterns will only be available until
the past moment in time where the SD model was calibrated to reproduce the
project past. Therefore they are not available for the control period just elapsed.
Assuming that the last calibration of the SD model is valid, it is desirable that the
new (re)calibration of the SD model to be carried out in activity (M6), will reproduce
the same patterns. However, it is also reasonable to assume that as more past is
available from the project improvements to the past calibration can be made. This
way, the past patterns derived from the previous calibration are included in the
“project past behaviour” for verification in the next activity (M6). For all of the four
categories, the SYMDB considers metrics at both SD-Task and whole project level.
In this example, only patterns at the SD-Task level were considered, because the
design phase of a system component was being modelled and diagnosed in
isolation using the single-phase prototype model.
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In the current example, there was no past calibration available (the SD model was
being calibrated for the first time to reproduce the design phase of this component).
Therefore, the patterns considered for the “project past behaviour” were the ones
extracted from the PERT/CPM model (activity M4), plus the defect patterns based
on metrics collected from the project and the patterns based on the calculated
metrics. Figure 8.8 below shows examples of defect patterns (see table 8.7), and
figure 8.9 shows the calculated patterns of the performance indices SPI and CPI,
plotted over-time and as an XY graph (see table 8.9).
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(3.3) cumulative defects detected ’
(3.4) cumulative defects reworkedf
—+~_(35) defects awaiting rework |

Figure 8.8 — Defect patterns incorporated in the project past behaviour, specified from
metrics collected in the SYMDB (see table 8.7)

The defect patterns show a gap between the cumulative defects detected and
reworked. The difference corresponds to the level of detected defects awaiting to
be reworked. It was not until the end of the first month that the design reviews
started detecting defects. In the beginning the completion dates was still distant and
hence rework was carried out immediately. However, as the deadline approached
greater priority was probably given to development and reworked as carried out at a
slower pace. This probably explain the increase in the amount of defects awaiting
rework. The last few days were probably spent only in reworking the resultant
backlog of detected defects. The specification of the project past behaviour in this
way immediately suggests hypothetical dynamic explanations for the observed
outcome, prior to the use of the SD model. This type of exercise is not encouraged
by the traditional project management framework.
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Figure 8.9 — Performance indices patterns incorporated in the project past behaviour,
specified from metrics calculated within the SYMDB (see table 8.8)

The performance indices above (SPI for schedule and CPI for cost), suggest that in
the early stages of design work ahead (i.e. BCWP greater than BCWS, hence SPI >
1) and costing less than planned (BCWP greater than ACWP, hence CPI > 1) - for
most of the design phase, the indices stood in the top-right corner of the XY graph,
hence indicating a good performance of both cost and schedule. However, as the
work progressed into the stages of more detailed design, this optimistic indications
started to fade away, in particular in terms of schedule. When the planned
completion date was reached, the SPI index was less than 1, indicating that a
schedule delay occurred (indices in the top-left region of the XY plot). When the
work was finally completed, the CPI index was greater than 1 indicating that the

design phase cost less than planned.

At the end of this SYDPIM activity, the past behaviour of the sign phase of the
component being diagnosed was specified in this way. The final set of patterns was
stored in the “project past behaviour” object, which was implemented in a
spreadsheet. From the shape of these patterns, some interesting dynamic analysis
and hypothesis were derived. The next step was to calibrate the initial prototype SD

model to reproduce this behaviour.

(M6) re-calibrate SD model for past behaviour

The purpose of this activity is to calibrate the SD model to reproduce the project

past behaviour just specified. When an updated PERT/CPM plan is available and
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the SYMDB is being implemented, SYDPIM proposes a generic algorithm which

was described in detail in chapter 7. This algorithm makes use of the analytical links

in order to support the calibration process. These are used in three distinctive ways

(see description of this activity in chapter 7):

(1) to evaluate “goodness-of-fit’ regarding PERT/CPM derived patterns — DCO links
are use for this purpose, plus a DCOI link;

(2) to calibrate the SD model through exogenous management decisions — DEI and
DEOI links are used for this purpose;

(3) to check whether the new calibration has changed the initial plan in the SD
model — DCI and DCOI links are used for this purpose.

The first step in the algorithm proposed is to simulate the SD model with the
previous calibration. This will be a calibration which will reproduce the previous
project plan (i.e. a steady behaviour). This is because whenever monitoring is
entered, the SD model retains the last calibration carried out in SYDPIM planning,
which ensures this plan will be reproduced. In this example, the last time that the
SD model had been calibrated was in the beginning of the design phase, and so the
SD model was reproducing the initial plan. The second step in the algorithm is to
compare the behaviour produced by the SD model against the project past
behaviour specified in the previous activity. This is done mainly through the
implementation of output-output data consistency links (DCQO). These links compare
the various PERT/CPM-derived behaviour patterns and produce statistics of
“goodness-of-fit’. For the sake of clarity and purpose of this section, a detailed
presentation of all these indices is not here presented. Figure 8.10 compares the
schedule and effort patterns of the project past behaviour with the ones simulated by
the SD model. The SYDPIM analytical link DCO-1.2 checks the consistency of the
past schedule patterns while the analytical link DCO-2-2 checks the consistency of
the past effort patterns. The behaviour produced by the SD model is steady and
shows the design phase evolving and being complete on schedule and budget. On
the other hand, the project past behaviour shows the schedule slipping by and the
design phase being complete under-budget. Clearly, the model is not reproducing
well what happened in this design phase and hence needs to be calibrated.
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Figure 8.10 — Schedule and effort patterns: project past behaviour versus behaviour

produced

by the SD model

The next step in the algorithm is to diagnose the differences between the two sets of

patterns.

In this case, there are differences in the schedule and in the effort

patterns. There were no relevant differences regarding the resources patterns (this

was constant throughout the design phase) nor regarding scope. However, there

were also differences regarding the defect patterns: the planned behaviour

produced by the SD model indicated a higher number of defect detection and lower

defect generation. The diagnosis of the differences between the patterns should

focus on both shape and final values (e.g. how the schedule changed and the final

completion date). Table 8.11 below shows some comparative final data.

Metrics / Patterns SD simulation (initial plan) Project past behaviour
ACWP (person-day) 242 227
ACWP-Development (person-day) 150 (62%) 117 (52%)
ACWP-Rework (person-day) 46 (19%) 65 (29%)
ACWP-QA (person-day) 46 (19%) 45 (19%)
Completion date (SAC) (day) 84 89
Defects detected (defect) 220 205
Table 8.11 — Comparing the final values of behaviour patterns between the SD
simulation of the initial plan and the project past behaviour
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A detailed description of the calibration process is not presented here. However,

table 8.12 below shows the final parameter changes and the correspondent

underlying rationale — the identification of a plausible rationale is essential to support

the validation of the calibration process.

SD parameter changed Initial Current Rationale
Nominal productivity 37 47 Metrics collected (see
(LOC/person-day) table 8.9). Due to more
rework, development
productivity was higher.
Nominal cost to detect a 0.1254 0.1254 No
defect (person-day/defect)
Nominal cost to rework a 0.21 0.315 Staff reported that overall
defect (person-day/defect) defects were harder to fix
than expected. Metrics
coliected supported this
(see tables 8.8 and 8.9).
Productivity learning curve Constant - Initially, work complexity
(multiplier) =1) w (detailed design)
o decreased productivity
-l T but learning increased in
the later stages. Metrics
= collected support this
= (see tables 8.8 and 8.9).
Cost to detect learning curve | Constant " Defects were harder to
(multiplier) =1 " detected in the high-level
.,' architectural design, as
N easier as design is more
- detailed and formal.
N Metrics collected support
) this (see tables 8.8 and
8.9).
Cost to rework learning curve | Constant Staff reported that the
(multiplier) =1) . last defects of detailed

formal design were
harder to fix and
ultimately responsible for
the schedule slippage.
Metrics collected support
this (see tables 8.8 and
8.9).

Table 8.12 - Parameter changes and rationale to calibrate the SD model for the actual
behaviour

The re-calibration of the SD model was primarily based on changes to three of the

four process metrics which form the “horse-power” of a development team. Note
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that the three instantaneous curves adjusted, which are a function of progress, can
be derived from the metrics collected presented in tables 8.8 and 8.9 (i.e. similar
shapes are achieved). According to the algorithm proposed in chapter 7 for this
activity, the values of the process metrics should be used to support this re-
calibration and this was done in this example. However, exogenous decision were
not imposed via the analytical links. This is because no relevant management
action was implemented which affected the outcome of the design phase. The only
control action was the schedule readjustment and this was generated successfully
within the model. The next step in the algorithm is to check whether “invalid”
changes were made to the initial plan — as shown by table 8.12, this was not the
case. Once this re-calibration is satisfactory, the SD model is simulated again and
the process repeats. This time, an acceptable fit was achieved. Figure 8.11 shows
a comparison between the behaviour patterns achieved regarding schedule and
cost.
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Figure 8.11 — Schedule and effort patterns: project past behaviour versus behaviour
produced by the SD model
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Not only the PERT/CPM derived patterns were reasonable reproduced by the SD
model. For example, figure 8.12 below shows some of the defect pattens — since
these are non-PERT/CPM patterns, the analytical links cannot be used to check the
“goodness-of-fit’. Overall, the patterns produced by the SD model are smoother
and less discrete than the ones in the project past behaviour. This is due to the
continuous nature of the SD simulation. For example, in the SD model defects start
being detected early in the simulation whereas in the actual project past behaviour,
no defects were detected in the first month. In general, in “instantaneous” type of
patterns or in accumulations which are depleted, this difference between discrete
events in the real world and the continuous nature of the SD model are more
evident. However, overall an acceptable fit was achieved (statistics of “goodness-
of-fit” were produced for evaluation, as proposed by SYDPIM). This is reinforced by
the final values of the key behaviour patterns, as shown in table 8.13 below.

Behaviour simulated by SD model Project past behaviour
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*  (3.4) cumulative defects reworked
]7 (3.5) defects awaiting rework

ﬁigure 8.12 - Defect patterns: project past behaviour versus behaviour produced by
the SD model

The final results are extremely close to the ones actually occurred. The few
variations are minor and could be eliminated with further refinements of the
calibration. However, the extra effort was not worth and it is also important not to
sacrifice the validity of the calibration for the sake of further accuracy in the final
results.
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Metrics / Patterns

SD simulation

Project past behaviour

ACWP (person-day) 227.15 227
ACWP-Development (person-day) 117.12 117
ACWP-Rework (person-day) 64.50 65
ACWP-QA (person-day) 45.43 45
Completion date (SAC) (day) 88.00 89
Defects detected (defect) 207.23 205

Table 8.13 — Comparing the final values of behaviour patterns between the SD
simulation after re-calibration and the project past behaviour

Figure 8.13 below compares the XY plot of the performance indices SP| an CPL.

Since these result from mathematical divisions of other patterns, the variations tend

to propagate.

suggesting that a satisfactory calibration was achieved.

Nevertheless, the overall shape of the curve is very similar,

Behaviour simulated by SD model

Project past behaviour

ey

CPI

0/5 0,75

Figure 8.13 — Comparing the performance indices SPl and CPI between the SD
simulation after re-calibration, and the project past behaviour

Figure 8.14 shows a snapshot in iThink of the SD model reproducing the actual

behaviour of the design phase. The graph at the centre-bottom shows the “progress

ramp” (Cooper 1993), which plots the perceived progress (X-axis) against the real

progress (Y-axis). The vertical shape near the end shows the occurrence of the

classic “90% syndrome” where late rework causes the perceived progress to get

stuck at the 90% level, while real progress is achieved as rework is accomplished.

As it will be discussed in the SYDPIM activity, this phenomenon took place in this

design (although at a small scale).
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Figure 8.14 — A snapshot of the SD prototype model in iThink