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Appendix A — Definition of key terms and expressions

The description of the four elements of the SYDPIM process model requires the
use of unambiguous terms and expressions. The key ones employed throughout

are defined below in sub-groups.

Definitions of project behaviour

e project behaviour — a set of continuous patterns or discrete series of data-
points over-time. Each pattern or series of data-points describes how a
variable of a project model changes over-time. The term is employed
independently from the source of the information, but this information is
available and stored as data.

project past behaviour — sub-component of “project behaviour” considering only
the period of time from the beginning of the project to the present moment.
past segment of project behaviour — same as “project past behaviour” but
considering explicitly that this is the past sub-component of the “project
behaviour”. It is assumed that the project behaviour has two segments: past
(includes present) and future.

present data-point of past behaviour — the last data-point of all pattemns of the
“project past behaviour” that corresponds to the present moment in time. In
SYDPIM, the present moment corresponds to the period of time where progress
is being assessed and the project plan revised. For purposes of specifying the
project behaviour, this is considered as part of its past segment.

project future behaviour — sub-component of “project behaviour” considering
only the period of time from the present moment (excluded) to the anticipated
moment when the project will be completed.

future segment of project behaviour - same as “project future behaviour” but
considering explicitly that this is the future sub-component of the “project
behaviour”. It is assumed that the project behaviour has two segments: past
(includes present) and future.

project planned behaviour— same as “project future behaviour” but specifying
that the source of the information is a project p/an. This plan is available and
can be stored either in the PERT/CPM model or in the SD model.
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steady behaviour — a project behaviour where the pattems of the variables
“‘estimated cost at completion” and “estimated schedule at completion” are
constant over time within the period specified. This implies a project being
implemented with no cost and schedule slippage or compression.

unsteady behaviour — a project behaviour where the pattemns of the variables
“estimated cost at completion” and “estimated schedule at completion” vary
over time within the period specified. This implies a project being implemented

with some cost and schedule slippage or compression.

Specification of project behaviours from SD and PERT/CPM model

extract profect past behaviour from PERT/CPM model — operation that consists
in specifying the pattems of the “project past behaviour” from one or more
PERT/CPM plans stored in the PERT/CPM model. This is, the PERT/CPM
model is the source of information used. The set of patterns that can be
defined and their granularity over-time will depend on the data available in the
PERT/CPM model and the number of PERT/CPM plans stored in the model.
extract project future behaviour from PERT/CPM model — operation that
consists in specifying the patterns of the “project future behaviour” from one or
more PERT/CPM plans stored in the PERT/CPM model. This is, the
PERT/CPM model is the source of information used. The set of pattems that
can be defined and their granularity over-time will depend on the data available
in the PERT/CPM model and the number of PERT/CPM plans stored in the
model. The “current PERT/CPM plan” is the most important one and in
SYDPIM it is of no use to carry out this operation is the this plan is not available
in the PERT/CPM model.

PERT/CPM past behaviour — the “project past behaviour” as extracted from the

PERT/CPM model.

PERT/CPM future behaviour — the “project future behaviour” as extracted from
the PERT/CPM model.

PERT/CPM project behaviour — the “project behaviour” as extracted from the
PERT/CPM model, including both past and future behaviours.

SD project past behaviour — set of continuous patterns of “project past

behaviour” produced by the simulation of the SD model.
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e SD project future behaviour — set of continuous pattemns of “project future
behaviour’ produced by the simulation of the SD model.

e SD project behaviour — set of continuous patterns of “project behaviour”
produced by the simulation of the SD model, including both past and future
behaviour.

e Reproduce project behaviour — the patterns of the “project behaviour” produced
by the simulation of the SD model match a given set of pattemns of project
behaviour. This matching consists in running and passing statistical tests of
“goodness-of-fit". The given patterns of “project behaviour” are defined as

series of discrete data-points over-time.

Metrics and project results:

¢ Project result metrics — data collected from the project referring to its outcome
up to present. For example, lines of code developed, effort spent, actual
completion date of a task, or defects detected. The term “metrics” implies that
the data is measured within a degree of accepted accuracy and can be used in
the PERT/CPM and/or SD model.

e Project actual results — information describing the project outcome up to
present. This includes “project result metrics” but it can be more than that, also
including more subjective information or the reporting of the certain complex
events.

e SYDPIM metrics database — a database containing the project result metrics
specified in the “SYDPIM metrics plan®. These metrics refer to the project
outcome up to present and are updated in every control cycle as result metrics
are collected.

o SYDPIM metrics plan — a metrics plan part of the SYDPIM methodology. It
specifies which metrics are to be collected, how they are measured, and how
they are to be used in the SYDPIM process framework.

o Improve past behaviour from metrics database — operation that consists in
enhancing a given “project past behaviour” (typically one “extracted from the
PERT/CPM model”), with the data available in the SYDPIM metrics database.
For example, the pattern “cumulative defects detected” cannot be extracted
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from the PERT/CPM model but can be derived from the SYDPIM metrics
database.

Derive past behaviour patterm from metrics database — definition of a specific
behaviour pattern of the “project past behaviour” as a series of discrete data-

points over time using the data available in the SYDPIM metrics database.

Model readjustment and calibration:

Re-plan project future in PERT/CPM model — operation that consists in
changing the future segment of the current PERT/CPM plan (see “future
segment of PERT/CPM plan) to re-plan the work remaining. This is a
conventional operation of the traditional PM framework: tasks are created
and/or re-scheduled, etc..

Re-plan project future in SD model — operation that consists in changing the
future segment of the SD plan in the SD model (see “future segment of SD
plan®) to re-plan the work remaining. This consists of implementing exogenous

control decisions in the model (e.g. changing the future profile of allocated

‘resources) as well as changing future control policies (e.g. changing the pattern

of “willingness to hire more people in face of schedule pressure”).

Re-calibrate SD model for past behaviour — calibrate the SD model, changing
only model variables that refer to the project past, so that the model reproduces
a given “project past behaviour’ (see “reproduce project behaviour”). Typically
the “project past behaviour” was extracted from the PERT/CPM model and
eventually improved from the metrics database.

Re-calibrate SD model for planned behaviour — calibrate the SD model,
changing only variables that refer to the project future, so that the model
reproduces a given “project planned behaviour” (see “reproduce project
behaviour”). Typically, the “project planned behaviour” will be extracted from
the PERT/CPM model (see “PERT/CPM future behaviour”). In some cases it
may be considered changing some variables in the SD model that refer to the
project past, in which case this will be mentioned explicitly.

Re-calibrate SD model for future behaviour — calibrate the SD model, changing
only variables that refer to the project future, so that the model reproduces a
given “project future behaviour” (see “reproduce project behaviour”). Typically,
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the “project future behaviour” will be extracted from the PERT/CPM model (see
“PERT/CPM future behaviour”). In some cases it may be considered changing
some variables in the SD model that refer to the project past, in which case this
will be mentioned explicitly.
e Re-calibrate SD model for PERT/CPM plan — same as “Re-calibrate SD model
for planned behaviour”, but making explicit that the “project planned behaviour”
is the “project future behaviour” to be extracted, or already extracted, from the
PERT/CPM model (see “extract project future behaviour from PERT/CPM
model”).
Readjust PERT/CPM model to SD plan — change the “future segment of the
PERT/CPM plan” so that the “PERT/CPM future behaviour’ matches the “SD
project future behaviour’. This matching consists in running and passing
statistical tests of “goodness-of-fit". This operation implies changing the
PERT/CPM plan for the project future so that it becomes consistent with the
one developed in the SD model.
Update PERT/CPM model with actual results — update of the past segment of
the current PERT/CPM plan with the result metrics collected. This generally

consists of entering actual results in the task fields, like the actual completion
date or effort spent.

Use of models:

PERT/CPM analysis of project future — conventional critical-path based analysis
of the project future using the PERT/CPM model. Typically this involves
identifying the critical path, task floats, cost and resources profiles, and
sometimes Monte Carlo simulation analysis.

PERT/CPM diagnosis of project past — conventional critical-path based analysis
of the project past using the PERT/CPM model. Typically this involves
identifying changes in the critical path, tasks' floats and duration, cost and
resources profiles, against a base-line previous plan.

SD analysis of project future — simulation of the project future, identification of
deviations from targets, assessment of performance and diagnosis of causes.

What-if analysis is carried to identify best corrective actions in the current
project plan for the future.
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e SD diagnosis of project past — simulation of project past, identification of
deviation from established targets, assessment of performance and diagnosis
of causes. “What-would-have-happened-if’ analysis is carried out to identify
whether better or worse results could have been achieved and thereby support

process improvement initiatives.

Models and project plan:

e PERT/CPM model — a logical network model that stores one or more project
work plans and other data about the project (e.g. resources availability over-
time). Typically, but not necessarily, the model will contain a “current
PERT/CPM plan” and an “initial PERT/CPM plan”.

e PERT/CPM plan — a project work plan in the form of a logical network
specifying the task schedules, task dependencies and resource allocation to
the tasks (conventional PM tool).

e Cumrent PERT/CPM plan — the most updated PERT/CPM plan available. Itis
updated in terms of project past and project future.

e Past PERT/CPM plan or plans — a set of PERT/CPM plans that were
elaborated in the past. They may no longer reflect what is specified in the
“current PERT/CPM plan®. The most relevant for SYDPIM is the “initial
PERT/CPM plan”. As the project unfolds and this plan is updated, the
organisation may (or not) store the evolving versions over-time of this plan.

o [nitial PERT/CPM plan — the “PERT/CPM” plan developed in the “day zero” of
the project, generally prior to implementation.

e Past segment of PERT/CPM plan — sub-component of a PERT/CPM plan which
includes only those tasks which are already complete or are in progress (i.e.
they started but are not finished).

e Future segment of PERT/CPM plan — sub-component of a PERT/CPM plan
which includes only those tasks which have not started yet or are in progress
(i.e. they started but are not finished).

e SD plan — a project work pan as specified in a SD project model. The
information contained in this plan depends on the structure and details of the

specific SD model. Typically, it will include a set of major phases, their
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scheduled dates, scope and resource allocation, and also project control
policies and exogenous decisions.

e Future segment of SD plan — same as “SD plan” but considering only those
variables that refer to the project future.

e Past segment of SD plan -- same as “SD plan” but considering only those
variables that refer to the project past.

e Project plan — work plan specified for the project specified in one of the models,

generally in both.
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SD model Model development process

Roberts (1978) | “Top down” approach to model conceptualisation, based on the identification of policies. The
process comprises the following steps:

Identification of management policies

Identification of information used as input to policies

Modelling of the direct effects of policies

Modelling of managerial perceptions of the project status

Modelling of the indirect effects of policies

. Modelling of other uncontrolled feedback effects

The model simulates a R&D project.

ONnRON=

Cooper An iterative process with an initial prototype. Comprised the following phases:
(1980) Structural model design based on identification of physical processes
Specification of data requirements

Data collection and information gathering from interviews

Development, quantification and review of a prototype single-phase model
Development and refinement of full multi-phase model in three iterations
Model validation (mainly behaviour reproduction of real scenarios)

ONnhWN=

This process required extensive data collection and close staff and management involvement. The
model simulates a shipbuilding development programme.

Richardson An iterative process, comprising the foliowing steps:
and 1. Problem identification through the dynamic definition of key reference modes of behaviour
Pugh (1981) (patterns over-time): “problem free” and “disruption”. Identification of key variables to

represent the project state. Identification of likely relationships by comparing the two
reference modes.
2. Definition of model boundaries: what to include and exclude, level of detail/aggregation.
3. Identification of feedback structure using Ids. a “top-down"” approach based on the
identification of the physical process. Specification of “dynamic hypothesis” used to
“validate” feedback structure.
4. Conversion of the IDs into “level/rate” diagrams, through the identification of the levels,
rates and auxiliaries in the |Ds.
S. Model quantification. Model parameters and parameter estimating techniques are
classified into categories.
6. Validation testing.
As the model is progressively quantified, each iteration should finish with a testing phase based on
sensttivity analysis in order to identify eventual needs for re-formulation. The model simulates a
R&D project.

Abdel-Hamid and | A life-cycle approach comprising the foliowing steps:
Madnick (1991) 1.  |dentification of generic feedback project dynamics using IDs
2. Specification of model boundaries: project life-cycle phases, activities, managerial
policies, and project size
Specification of model architecture: sub-systems of project activity and their
interrelationships
Interviews with managers for information gathering about the sub-systems
Development of a prototype model
Literature review based on the prototype model to quantify relationships
Development of detailed model
Iterative revision of detailed model based on interviews with managers

9. Validation
The model simulates a software development project.

ONOOA W

Table 6.2 — Summary comparison of the model development process followed in past
SD project models
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SD model

Model development process

Lin and Levary
(1989), Lin 1993)

“Top down” process, decomposing a software project into main functional sub-systems, based on a
dual life-cycle view of engineering and management. No specific phases of model development are
specified, but final validation is comprehensively addressed.

Williams et al An iterative process using cognitive maps, focusing on a mix soft and hard modelling techniques.
(1995) The process comprised the following stages:
1. Development of managers’ individual cognitive maps
2. Development of a merged global cognitive “group map”
3. Conversion of cognitive “group map” into an influence diagram (ID)
4.  Quantification of the influence diagram into a “level/rate” simulation model
5. Validation
The relationships between the cognitive map, the ID and simulation model involves aggregation and
decomposition of variables. The model simulates a development project of train wagons.

Ford (1995) Top-down process of decomposing the project into sub-systems and further into sectors. New
generic structures are developed and existing structures from other models are re-used. These
structures are used as “building-blocks”, which are then integrated into a final model. The following
phases were followed:

1. Identification of the model sub-systems and their activities
2. The product development process is specified as a network of tasks
3. Development / re-use of generic structures for each sub-system
4. Integration of the generic structures into a generic model
5. Validation of generic model (behaviour reproduction and sensitivity testing)
6. Tailoring of the structures of the generic model to a specific project
7. Validation (behaviour reproduction and sensitivity testing)
The model is generic and aimed at modelling any type of product development project.

PMMS (1993~ | lterative process based on a “building-block™ approach, comprising the following phases:

present) 1. Design: mode) architecture, specifying the project decomposition

2. Programming: “building blocks" are assembied and basic calibration is performed
3. Refinement: detailed calibration for the specific project. Validation.

Table 6.2 {cont.) — Summary comparison of the model development process followed

in past SD project models
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SD model Model structure

Roberts (1978) | No breakdown of project schedule and budget, and of work activities. The project is aggregated
into a single task.

Cooper Project breakdown into a life-cycle of work phases, according to the process of product

(1980) development. Therefore, there is an explicit breakdown of schedule and budget. Each work phase

is modelled by a “building block” containing a core generic structure called the “rework cycle”.
Building blocks include design, build, testing, and acquisition. Management control is implemented
at the phase-level and at the project level (though not specified how). Management decisions
include work scheduling, materials acquisition allocation of manpower among phases. The product
development process is not split into separate entity-flows of work and defects; tasks cycle back if
flawed. The model structure has never been published and so it is not available in the literature for
analysis.

Richardson and
Pugh (1981)

No breakdown of project schedule and budget, and of work activities. The project is aggregated
into a single task.

Abdel-Hamid and
Madnick (1991)

No breakdown of project schedule and budget. The project is aggregated into a single task.
Within this task there is a breakdown of the software development process into three main entity-
flows: work, errors and staff. There is also a breakdown of the development process into four main
continuous development activities: development, QA, rework from QA, testing (includes rework).

Lin and Levary
(1989), Lin 1993)

Project breakdown into a life-cycle of work phases, according to the classic life-cycle model of
software development - unlike in Cooper (1980) phases are not implemented in parallel. There is
an explicit breakdown of schedule and budget.

Williams et al
(1995)

Project is decompose into two main phases of design and construction, with individual schedules
and budgets. Each of these phases is modelled in great detail by specialised SD structures. The
overall product development process is split into two main entity-flows of work and resources.

Ford (1995)

Project is decomposed into a network of tasks linked through dynamic dependencies. Each task
has its own targets and so there is an explicit schedule and budget breakdown. Management takes
place at both task and project level and include schedule, budget and quality control. Within each
task the following activities are modelled: base-work, rework QA and co-ordination. Defects are
modelled as filawed tasks in a co-flow which is linked to the flow of tasks. Resources are
decomposed into categories, one per task and are controlied at the task level.

PMMS (1993 -
present)

Like in Cooper (1980). The project is decomposed into a high level network of phases or activities
with individual schedules and budgets. These phases/activities are linked through dependencies
and can overlap. The rework-cycle structure at the core of each phase suggests all phases are only
finished at the end of the project, hence representing more continuous activities than phases.

Table 6.3 — Summary comparison of the model structure in past SD project models
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SD model Model quantification

Roberts (1978) Most relationships considered as generic and quantified based on empirical reasoning, and on
general empirical knowledge gained from experiences with real past projects

Cooper Quantification of “hard” relationships is based on extensive data collection.

(1980) Empirical approach to quantify “soft” relationships, based on information gathering from managers
and staff in a real project.

Richardson and | Suggests some validation principles. Equations should be subjected to dimensional consistency

Pugh (1981) checking, and their structure should be supported by a rationale. Sources of information used were

data collection, expert judgement, and literature. Based on this information, empirical reasoning is
used to produce intelligent estimates. Suggests a classification framework for parameters and
estimating techniques. Stresses the risks of statistical and of behaviour based parameter
estimating techniques. Advocates the use of information from the real world, below the level of
aggregation in the model.

Abdel-Hamid and

Quantification of all relationships supported by a rationale using information from interviews, data

Madnick (1991) collection and from extensive literature review. “Soft” relationships and intangible parameters
quantified based on empirical reasoning.
Lin and Levary Quantification of refationships is based on data available in the literature, structured questionnaires,

(1989), Lin 1993)

and interviews with managers.

Williams et al Quantification based on extensive metrics collection from the real project, and on information

(1985) gathered from interviews and workshops with managers.

Ford (1995) Quantification of all refationships supported by a rationale, using information from previous SD
project models and form literature. Quantification of the model for the case-study project based on
information from interviews and extensive data collection.

PMMS (1993 — Quantification of relationships is based on numerous experiences with using the model to replicate

present) real past projects.

Table 6.4 — Summary comparison of model quantification in past SD project models

SYDPIM — A System Dynamics Based Project Management Integrated Methodology
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SD model Model validation
Roberts (1978) Model’s ability to reproduce typical general behaviour patterns of R&D projects.
Model’s ability to provide plausible explanations for fictitious scenarios.
No requirement to reproduce a real project.
Cooper Based on accurate reproduction of project history, assessed through statistical tests of “goodness-
(1980) of-fit". The calibration for specific scenarios was validated based on the definition of valid ranges for
parameter values, and on the definition of “axioms” of consistency among the values of various
parameter. “Extreme condition” tests carried out with assessment of the plausibility of the behaviour
produced. Structural altematives were tested and compared.
Richardson and | Based on the use of confidence tests to assess both (i) purpose suitability and (ii) consistency with
Pugh (1980) reality. In this specific model, there was no requirement to reproduce a real project.

Abdel-Hamid and
Madnick (1991)

Based on the model's ability to reproduce the history behaviour of a real past project, and on its
ability to reproduce known generic behaviour of software projects (e.g. Raleigh curve).

Lin and Levary
(1989), Lin 1993)

Validation based on the model’s ability of reproducing the behaviour of a real past project.
Basic confidence tests used and other particular tests based on management expert judgement
(e.g. Turing tests).

Williams et al Validation primarily based on model’s ability to reproduce the past behaviour of a real project.

(1995) Empirical evidence used to support parameter calibration. Use of general confidence tests
(Forrester and Senge 1980)

Ford (1995) Based on the plausibility of the behaviour produced by the generic model and on its ability of
explaining this behaviour based on its feedback structure. Sensitivity testing also carried out. The
model was tailored for a specific project and had to reproduce its past behaviour. Validity ranges for
the model parameters were specified based on data collection and on interviews.

PMMS (1993 — Validation based on “parameter tuning”, so that the model replicates the past behaviour of the real

present) project. Managers' expert judgement used to support the specification of the high level “building-

block” structure (i.e. phases and their interdependencies) .

Table 6.5 — Summary comparison of model validation in past SD project models
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SD model Model use

Roberts (1978) “What-if” analysis for policy analysis and improvement, using fictitious scenarios.

Cooper Post mortem diagnosis (i.e. “what-would-have-happened-if’ analysis): real past behaviour vs.

(1980) behaviour with no Client disruptive actions. Aimed at providing accurate estimates of costs for
which Client actions were responsible.

Richardson and | “What-if” analysis for policy analysis and improvement, using fictitious scenarios.

Pugh (1980)

Abdel-Hamid and

Post mortem analysis to diagnose past behaviour and uncover information about the project past

Madnick (1991) performance. As a generic model of software projects, “what-if” analysis was carried out to
investigate the performance and impact of generic control policies on the software development
process.

Lin and Levary A generic model of software projects aimed at supporting the management of an on-going software

(1989), Lin 1993)

project. Model adjustment for a specific project based on parameter calibration during the
requirements phase.

Williams et al Post mortem diagnosis (i.e. “what-would-have-happened-if” analysis): real past behaviour vs.

(1995) behaviour with no Client disruptive actions. Aimed at providing accurate estimates of costs for
which Client actions were responsible.

Ford (1995) Post mortem and retrospective policy analysis and improvement.

PMMS (1993 — Claims that range of uses covers past, on-going, and prospective projects.

present) Based on calibration for a reference mode of behaviour for the project (“problem free” or “disrupted”,

followed by “what-if” analysis (risks, Client actions, policies, uncertainties).

Table 6.6 — Summary comparison of model use in past SD project models
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Algorithm Description

Structural Links

SC-WD-1 Map PERT/CPM dependencies to SD intra-task dependencies

SC-WD-2 Map PERT/CPM dependencies to SD inter-task dependencies

SCN-RA-1 Consistency-check work and organisation breakdown links for resource allocation
SCN-WD-1 Consistency-check intra-task work dependency links with work breakdown links
SCN-WD-2 Consistency-check inter-task work dependency links with work breakdown links
Data-structural links

DSR-1-1 Derivation of progress curve for SD intra-task dependency

DSR-2-1 Derivation of progress curve for SD inter-task dependency

Table 7.7 — Summary of automated algorithms of SYDPIM basic mode
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Pattern Calculation Requirements

Schedule

SACIt] 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 SAC]t] 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 all tasks in
the PERT/CPM current plan mapped to the SD-
Task.

Table 7.8 — Calculation and requirements of the schedule patterns of future behaviour
extracted from the PERT/CPM model.
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Pattern Calculation Requirements

Effort
ACWPIi] For the whole project and per SD-Task. Current PERT/CPM plan
Varies over-time until currently planned SC-WBS link

completion date is reached.

Can be split into engineering and management
type of effort.

SD-Task: = ACWP[present] + SUM of
cumulative over-time effort allocated to all tasks
in the future segment of the PERT/CPM current
plan mapped to the SD-Task.

Project. = SUM ACWPIi] of all SD-Tasks.

BCWHP[t] For the whole project and per SD-Task. Current PERT/CPM plan
Varies over-time until currently planned Initial PERT/CPM plan
completion date is reached. SC-WBS link

SD-Task: = BCWP[present] + SUM of initially SC-WBS link (initial)
planned budget times the planned % scope
accomplished over-time, for all tasks in the initial
PERT/CPM plan which are present in the future
segment of the current PERT/CPM plan and are
mapped to the SD-Task.

Project: = SUM BCWHPI[t] of all SD-Tasks.

BCWSIt] For the whole project and per SD-Task. Initial PERT/CPM plan
Varies over-time until initially planned completion | SC-WBS link (initial)
date is reached.

SD-Task: = BCWSjpresent] + SUM of planned
budget allocation over-time for all tasks in the
initial PERT/CPM plan which are mapped to the
SD-Task and fall in the future segment of the

project.
Project: = SUM BCWSIt] of all SD-Tasks.

CTC[i] For the whole project and per SD-Task. Current PERT/CPM plan
Varies over-time until currently planned SC-WBS link

completion date is reached.
SD-Task: = CAC[t] - ACWPI[t]
Project:. = SUM CTCJt] of all SD-Tasks.

CAC[t] For the whole project and per SD-Task. Current PERT/CPM plan
Constant value — steady behaviour. SC-WBS link

SD-Task: = ACWP[SACI1]]

Project: = SUM CACIt] of all SD-Tasks.

Table 7.9 — Calculation and requirements of the effort patterns of future behaviour
extracted from the PERT/CPM model.
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Pattern

Calculation

Requirements

Scope

SCACH]

For the whole project and per SD-Task.
Constant value — steady behaviour.
SD-Task: = ASCWP[SACIt]]

Project: = SUM SCACI{] of all SD-Tasks.

Current PERT/CPM plan

SC-WBS link

CSCC[]

For the whole project and per SD-Task.
Constant value — steady behaviour.
SD-Task: =0

Project: = SUM CSCCIt] of all SD-Tasks.

ASCWP[{]

For the whole project and per SD-Task.

Varies over-time until currently planned
compiletion date is reached.

SD-Task: = ASCWP[present] + SUM of
cumulative over-time scope planned to be spent
for all tasks in the future segment of the
PERT/CPM current plan mapped to the SD-Task
Project: = SUM ASCWPIt] of all SD-Tasks.

Current PERT/CPM plan

SC-WBS link

SCTC[Y

For the whole project and per SD-Task.
Varies over-time until currently planned
completion date is reached.

SD-Task: = SCAC[t] - ASCWPI[t]
Project: = SUM SCTCIt] of all SD-Tasks.

Current PERT/CPM plan

SC-WBS link

Table 7.10 ~ Calculation and requirements of the scope patterns of future behaviour
extracted from the PERT/CPM model.
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Pattern

Calculation

Requirements

Resources

ASP[

Per SD-Resource, for the whole project and per
SD-Task.

Varies over-time until currently planned
completion date is reached.

SD-Task: = SUMT of planned allocation profiles
of all resources mapped to the SD-Resource,
aliocated to all tasks in the future segment of the
current PERT/CPM plan mapped to the SD-Task.
Project: same as actual availability profiles of all
resources in the current PERT/CPM plan

Current PERT/CPM plan
SC-WBS link
SC-OBS link

PSPIi]

Per SD-Resource, for the whole project and per
SD-Task.

Vanes over-time until initially planned completion
date is reached.

SD-Task: = SUMT of planned allocation profiles
of all resources mapped to the SD-Resource
allocated to all tasks in the initial PERT/CPM
plan which are mapped to the SD-Task and fall
in the future segment of the project

Project: same as planned availability profiles of
all resources in the initial PERT/CPM plan

Initial PERT/CPM plan
SC-WBS link (initiat)
SC-OBS link (initial)

CASP[]

Per SD-Resource, for the whole project and per
SD-Task.

Varies over-time until currently planned
completion date is reached.

SD-Task: = CASP|present] +
CUMULATIVE(ASP[t])

Project. CASP[present] + CUMULATIVE(ASP[t])

Current PERT/CPM plan
SC-WBS link
SC-0OBS link

CPSP[]

Per SD-Resource, for the whole project and per
SD-Task.

Varies over-time until initially planned
completion date is finished.

SD-Task: = CPSP[present] +
CUMULATIVE(PSPIt])

Project: = CPSP[present] +
CUMULATIVE(PSP[t)

Initial PERT/CPM plan
SC-WBS link (initial)
SC-OBS link (initial)

CSPAC[]

Per SD-Resource, for the whole project and per
SD-Task.

Constant value — steady behaviour.

SD-Task: = CASP[SACIt]]

Project: = CASP[SACIt]]

Current PERT/CPM plan
SC-WBS link
SC-0OBS link

Table 7.11 — Calculation and requirements of the resource patterns of future

behaviour extracted from the PERT/CPM model.
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Appendix B: Tables

Pattern Calculation Requirements
Schedule
SACIt] () 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 SAC[t] 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 PERT/CPM plan (incl.

start date of all tasks in the PERT/CPM plan of | Initial plan)

that 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.
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Pattern Calculation Requirements

Effort

ACWP[t] For the whole project and per SD-Task. Current PERT/CPM plan
Can be split into engineering and management
type of effort. SC-WBS link
SD-Task: = SUM of cumulative over-time effort
allocated to all tasks in the past segment of the
PERT/CPM current plan mapped to the SD-Task.

Project: = SUM ACWPIt] of all SD-Tasks.

BCWPIt] For the whole project and per SD-Task. Current PERT/CPM plan
SD-Task: = SUM of initially planned budget Initial PERT/CPM plan
times the planned % scope accomplished over- | SC-WBS link
time, for all tasks in the initial PERT/CPM plan SC-WBS link (initial)
which are present in the past segment of the
current PERT/CPM plan and are mapped to the
SD-Task.

Project: = SUM BCWPIt] of all SD-Tasks.

BCWSIt] For the whole project and per SD-Task. Initial PERT/CPM plan
SD-Task: = SUM of planned budget allocation SC-WBS link (initial)
over-time for all tasks in the initial PERT/CPM
plan which are mapped to the SD-Task and fall
in the past segment of the project.

Project. = SUM BCWSIt] of all SD-Tasks.

CTC[t] (® For the whole project and per SD-Task. Set of past versions of
SD-Task: = CAC[t] - ACWP[i] PERT/CPM plan (incl.
Project: = SUM CTCIt] of all SD-Tasks. Initial plan)

Current PERT/CPM plan

SC-WBS link

SC-WABS link (past ver.)
CAC[t] () For the whole project and per SD-Task. Set of past versions of

SD-Task: = for each time-point SUM of
cumulative over-time effort allocated to all tasks
in the

PERT/CPM plan of that time-point mapped to the
SD-Task.

Project: = SUM CACIt] of all SD-Tasks.

PERT/CPM plan (incl.
Initial plan)

Current PERT/CPM plan
SC-WBS link

SC-WBS link (past ver.)

Table 7.27 - Calculation and requirements of the effort patterns of past behaviour
extracted from the PERT/CPM model.
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Pattern

Calculation

Requirements

Scope

SCAC[t] ()

For the whole project and per SD-Task.
SD-Task: = for each time-point SUM of
cumulative scope allocated to all tasks in the
PERT/CPM plan of that time-point mapped to the
SD-Task.

Project. = SUM SCACIt] of all SD-Tasks.

Set of past versions of
PERT/CPM plan (incl.
Initial plan)

Current PERT/CPM plan
SC-WBS link

SC-WBS link (past ver.)

CSCCIi] For the whole project and per SD-Task. Set of past versions of
Constant value — steady behaviour. PERT/CPM plan (incl.
SD-Task: = for each time-point SUM of actual Initial plan)
scope accomplished of all completed tasks in the | Current PERT/CPM plan
PERT/CPM plan of that time-point mapped to the | SC-WBS link
SD-Task, minus the SUM of initially planned SC-WBS link (past ver.)
scope of all tasks in the initial PERT/CPM plan,
scheduled to be completed at that time-point,
mapped to the SD-Task
Project: = SUM CSCCIt] of all SD-Tasks.

ASCWPIi] For the whole project and per SD-Task. Current PERT/CPM plan

SD-Task: = SUM of cumulative actual scope
accomplished in all tasks in the past segment of
the PERT/CPM current plan mapped to the SD-
Task

Project: = SUM ASCWPIt] of all SD-Tasks.

SC-WBS link

SCTCIt] (*)

For the whole project and per SD-Task.
SD-Task: = SCACJ[t] - ASCWPIt]
Project. = SUM SCTCI{t] of all SD-Tasks.

Set of past versions of
PERT/CPM plan (incl.
Initial plan)

Current PERT/CPM plan
SC-WBS link

SC-WBS link (past ver.)

Table 7.28 — Calculation and requirements of the scope patterns of past behaviour
extracted from the PERT/CPM model.
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Pattern Calculation Requirements
Resources
ASP[t] Per SD-Resource, for the whole project and per | Current PERT/CPM plan
SD-Task. SC-WBS link
SD-Task: = SUMT of actual allocation profiles of { SC-OBS link
all resources mapped to the SD-Resource,
allocated to all tasks in the past segment of the
current PERT/CPM plan mapped to the SD-Task.
Project: same as actual availability profiles of all
resources in the current PERT/CPM plan
PSP[] Per SD-Resource, for the whole project and per | Initial PERT/CPM plan
SD-Task. SC-WBS link (initial)
SD-Task: = SUMT of planned allocation profiles | SC-OBS link (initial)
of all resources mapped to the SD-Resource
allocated to all tasks in the initial PERT/CPM
plan which are mapped to the SD-Task and were
scheduled to be completed at the present
moment.
Project: same as planned availability profiles of
all resources in the initial PERT/CPM plan
CASP[t] Per SD-Resource, for the whole project and per | Current PERT/CPM plan
SD-Task. SC-WBS link
SD-Task: = CUMULATIVE(ASP[t]) SC-0OBS link
Project: = CUMULATIVE(ASPI[t])
CPSPJi] Per SD-Resource, for the whole project and per | Initial PERT/CPM plan

SD-Task.
SD-Task: = CUMULATIVE(PSP[t])
Project: = CUMULATIVE(PSP[t])

SC-WBS link (initial)
SC-OBS link (initial)

CSPAC[H] (%

Per SD-Resource, for the whole project and per
SD-Task.

SD-Task: = for each time-point SUM of over-
time cumulative resources allocated to all tasks
in the PERT/CPM plan of that time-point mapped
to the SD-Task

Project: = for each time-point SUM of
cumulative resources made available to the
project in the PERT/CPM plan of that time-point

Set of past versions of
PERT/CPM plan (incl.
Initial plan)

Current PERT/CPM plan
SC-WBS link

SC-WBS link (past ver.)

Table 7.29 — Calculation and requirements of the resource patterns of past behaviour
extracted from the PERT/CPM model.
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C.1 - PERT/CPM model

Object. PERT/CPM model

PERT/CPM model =

Initial date : date
Current PERT/CPM plan =
Past segment : plan-segment
Future segment : plan-segment
Initial PERT/CPM plan : plan-segment
Past PERT/CPM plans . {plan-segment,}
PERT/CPM project behaviour =
Past segment : {behaviour-patterny}
Future segment : {behaviour-patterny}
Data-types:
plan-segment =
Tasks : {tasky}
Dependencies : {dependency,}
Resources : {resourcey}

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

Task =
planned start date : date
actual start date : date
planned completion date . date
actual completion date . date
planned duration : R+
actual duration :R+
planned budget R+
actual effort spent to date "R+
planned scope :R+
actual scope to date : R+
planned resource profile - {(re, N)} or {(r.{(t;, Y)})}
actual resource profile - {(re, n)} or {(re,{(t, )1}
task type : ENG | MAN

Formal specification of the SYDPIM object “PERT/CPM model”
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C.2 - SD project model

Object: SD project model

SD project model =
SD model architecture =
SD-Tasks

: {SD-Task,}

SD-Inter-Task-Dependencies  : {SD-dependency,}

SD-Resources
SD plan =

Initial plan

Past segment

Future segment
Project conditions =

Past segment

Future segment
Project behaviour =

Past segment

Future segment

Data-types:
Plan-initial =
Schedule =
Project schedule =
Start Date
Finish Date
Task schedule =
Start date
Finish date
Budget =
Project budget
Task budget
Scope =
Project scope =
Task scope
Resources =

: {SD-Resourcey}

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

: {input-parameter,}
: {input-parametery}

: SD-Behaviour
: SD-Behaviour

: date
: date

: {(SD-Task, date)}
: {(SD-Tasky, date)}
R+

: {(SD-Task, R+)}
:R+

: {(SD-Task, R+)}

Task Resources (allocation) : {(SD-Tasky, SD-Resource, {(t, Y)})}
Project Resources (availability) : {(SD-Resourcei{(t, Y)})}

Plan-segment =
Schedule =
Project schedule =

Finish date =
Decision-roles : {finish-date-adjustment-role}
Exogenous : {(t, date-adjustment)}

Task schedule =

Start date =
Decision-roles : {(SD-Task, {start-date-adjustment-role})}
Exogenous : {(SD-Task, {{t, date-adjustment)})}

Finish date =

Decision-roles : {(SD-Task, {finish-date-adjustment-role})}
Exogenous : {(SD-Task, {(t, date-adjustment)})}
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Budget =
Project budget =
Decision-roles : {budget-adjustment-role;}
Exogenous : {(t,,budget-adjustment)}
Task budget =
Decision-roles : {(SD-Task, {budget-adjustment-role})}
Exogenous : {(SD-Task, {(t, budget-adjustment)})}
Scope =
Project scope =
Decision-roles : {scope-adjustment-role}
Exogenous : {(t;, scope-adjustment)}
Task scope =
Decision-roles : {{SD-Task, {scope-adjustment-role}}
Exogenous - {SD-Tasky, {{t.scope-adjustment)}}
Resources =

Task Resources (allocation) =
Decision-roles : {{SD-Taskx, {resource-adjustment-role.}}
Exogenous : {SD-Task,, SD-Resource, {(t, resource-adjust)}}
Project Resources (availability) =
Decision-roles {{SD-Resourcey, {resource-adjustment-role}}

Exogenous : {SD-Resourcey, {(t;, resource-adjust)}}
SD-Behaviour =
Schedule =
Project Schedule =
Finish date - {(t, date)}
Tasks Schedule =
Start date : {(SD-Task, {(t. date)D}
Finish date - {(SD-Task {(t, date)})}
Effort =
Project Effort =
ACWP - {(t, R+)}
ACWP Engineering {tt, R¥)}
ACWP Management : {(t. R+)}
BCWP - {(t, R+)}
BCWS :{(ti, R)}
CTC :{(t, R+)}
CAC - {(t, R+)}
Task Effort =
ACWP : {(SD-Task« {(t, R¥)}}
ACWP Engineering - {(SD-Taski {(t, R¥)}D}
ACWP Management  : {(SD-Task {(t, R+)})}
BCWP - {(SD-Task. {(t, R+)D}
BCWS - {(SD-Taskk {(t, R+)D}
CTC - {(SD-Task {(t, R*)})}
CAC - {(SD-Task, {(t, R*)D}
Scope =
Project Scope =
SCAC - {t, R+)}
csCc -{(t, R+)}
ASCWP - {(t, R+)}
SCTC s {(t, R+)}
Task Scope =
SCAC - {(SD-Taskx, {(t, R+)}}
Ccsce - {(SD-Task {(t, R*)D}
ASCWP - {(SD-Task, {(t, R+)}}
SCTC : {(SD-Task, {(t, R+)D}
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Resources =
Project Resources (availability) =
ASP
PSP
CASP
CPSP
CSPAC
Task Resources (allocation) =
ASP
PSP
CASP
CPSP
CSPAC
Other Patterns : {behaviour-pattern,}

SD-Task =
Intra-task-curve : {(R+ R+)}
Other elements : <SD structure>

SD-Dependency =

Predecessor : SD-Task
Successor : SD-Task
Progress-curve : {(R+,R+)}

Other elements : <SD structure>

= <SD structure>
= <SD structure>

SD-Resource
start-date-adjustment-role;

date-adjustment : date
finish-date-adjustment-role, = <SD structure>
budget-adjustment-roley = <SD structure>
budget-adjustment 'R
scope-adjustment-roley = <SD structure>
scope-adjustment 'R
resource-adjustment-role, = <SD structure>
resource-adjust 'R

input-parameter
behaviour-pattern

= {(t. y)}

: {(SD-Resource,, {(t, R+)}}
: {(SD-Resource;, {(t, R+)})}
: {(SD-Resource,, {(t, R+)})}
: {(SD-Resource, {(t, R+)})}
: {(SD-Resource;, {(t, R+)}}

- {(SD-Task,, SD-Resource;, {(t, R+)D}
- {(SD-Task,, SD-Resource,, {(t, R+)D}
: {(SD-Task,, SD-Resource, {{t, R+))}
- {(SD-Task,, SD-Resource,, {(t;, R+)})}
: {(SD-Task,, SD-Resource;, {(t, R+)})}

= y | {(t. Y} {x, )} | <SD structure>

Formal specification of the SYDPIM object “SD model”
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C.3 - SYDPIM metrics database (SYMDB)

Object: SYDPIM metrics database (SYMDB)

SYDPIM metrics database (SYMDB) =

PERT/CPM derived metrics =

Schedule =
Project Schedule =
Finish date - {(t;, date)}
Task Schedule =
Start date : {(SD-Task« {(t, date)})}
Finish date - {(SD-Task, {(t, date)})}
Effort =
Project Effort =
ACWP S{t. R+)}
ACWP Engineering < {t, R+)}
ACWP-Eng-QA {¢, R+)}
ACWP-Eng-rework <{t, R+)}
ACWP-Eng-dev {t. R+)}
ACWP Management : {(t. R+)}
ACWP-Man-HRM s {t, R+)}
ACWP-Man-Control  : {(t, R+)}
BCWP - {t. R+)}
BCWS : {t, R+)}
CTC {(t. R+)}
CAC : {(t, R+)}
Task Effort =
ACWP - {(SD-Task, {(t, R")}}
ACWP Engineering - {(SD-Task, {(t, RN}
ACWP-Eng-QA - {(SD-Task, {(t, R+)D}
ACWP-Eng-rework - {(SD-Task, {(t, R+)}}
ACWP-Eng-dev - {(SD-Task {(t, R}
ACWP Management  : {(SD-Task {(t, R*)}}
ACWP-Man-HRM - {(SD-Task« {(t, R"))}
ACWP-Man-Control  : {(SD-Taskk {(t, R¥)}}
BCWP : {(SD-Task, {(t, R¥)}}
BCWS - {(SD-Task« {(t, R+)N}
CTC - {(SD-Taskk {(t, R")D}
CAC - {(SD-Taskk {(t, R+)D}
Scope =
Project Scope =
SCAC {(t, R+)}
cscc - {(t, R+)}
ASCWP +{t, RH}
SCTC - {t, R+)}
Task Scope =
SCAC : {(SD-Task« {(t, R+)}}
csCc : {(SD-Task«, {(t, R¥))}
ASCWP : {(SD-Task, {(t, R+)D}
SCTC : {(SD-Taskx, {(t, R¥)N}
Resources =

Project Resources (availability) =

ASP - {(SD-Resource,, {(t, R+)D}
PSP - {(SD-Resource;, {(t, R+)}}
CASP - {(SD-Resource,, {(t, R+)})}
CPSP : {(SD-Resource,, {(t, R+)}}
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CSPAC : {(SD-Resource,, {(t, R*)})}

Task Resources (allocation) = ’
ASP : {(SD-Task, SD-Resource;, {(t, R+)})}
PSP : {(SD-Task,, SD-Resource;, {(t, R+)})}
CASP : {(SD-Task, SD-Resource,, {(t, R+)D}
CPSP : {(SD-Tasky, SD-Resource;, {(t, R+)}}
CSPAC : {(SD-Task,, SD-Resource,, {(t, R+)}}

Collected metrics =
Quality =
Project Quality =
defects detected: {(t;, R+)}
defects reworked S{t, R+)}
cum defects detected  : {(t, R+)}
cum defects reworked : {(t, R+)}
defects awaiting rework : {(t, R+)}

Task Quality =
defects detected: {SD-Task, (t, R+)}
defects reworked : {SD-Task,, (t;, R+)}

cum defects detected  : {SD-Task, (t;, R+)}
cum defects reworked : {SD-Task, (t, R+)}
defects awaiting rework : {SD-Task,, (t, R+)}
Calculated metrics =
Performance indices =
Project indices =

EV : {(ti, R+)}
CPI :{®t, R+)}
SPI : {(tn R"')}
cv St R+)}
SV :{(t, R+)}
AV At R}
TV :{(ti, R+)}
Task indices =
EV : {SD-Tasky, (i, R+)}
CPI : {SD-Task, (t, R+)}
SPI : {SD-Tasky, (t, R+)}
cv : {SD-Task, (i, R+)}
sV : {SD-Task, (t, R+)}
AV : {SD-Task, (t, R+)}
TV : {SD-Task«, (. R+)}
Process metrics =
Productivity =
Project productivity =
Gross Productivity H{t, R+)}
Net Productivity {t, R+)}
Task productivity =
Gross Productivity : {SD-Task, (t;, R+)}
Net Productivity : {SD-Task, (t, R+)}
Defect =
Project Defects =
detection index {t, R+)}
cost to detect {{t, R+)}
cost to rework {@, R+)}
Task Defects =
detection index : {SD-Tasky, (i, R+)}
cost to detect : {SD-Task, (t, R+)}
cost to rework : {SD-Task, (t, R+)}
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Uncovered metrics (from SD diagnosis) =
Defect =

Project defects =
Undetected
cumulative generated
generation rate
undetected density
cost to detect next

Task defects =
Undetected
cumulative generated
generation rate
undetected density
cost to detect next

N {(tn R+)}
:{t, RY)}
N {(tit R+)}
: {(tn R"’)}
. {(tn R+)}

- {(SD-Tasks, {(t, R+)})}
- {(SD-Taskw {(t, R+)D}
- {(SD-Taskx, {tt, RHH}
- {(SD-Taskk {(t, R+)D}
- {(SD-Taskw {(t, R+*)H}

Staff =
Project staff =
Fatigue : {(SD-Resourcey, {(t. R))}
Experience : {(SD-Resourcey, {(t, R)}}
Task staff =
Fatigue : {(SD-Tasky, SD-Resource;, {¢t. R)}}
Experience - {(SD-Task, SD-Resource,, {(t. R)})}

Effects on process =
Project effects =
Productivity
defect generation
defect detection
defect rework
Task effects =

Productivity
defect generation
defect detection
defect rework
Data types:
SD-Task = <SD sftructure>
SD-Resource = <S8D structure>
effecty = <SD mode/ variable>

: {(effect, {(t.y)D}
: {(effecty, {(t,y)})}
: {(effecty, {(t.y))}
: {(effecty, {(t.y)}}

- {(SD-Task, effect, {(t,y)})}
- {(SD-Task, effect, {(t,Y)D}
- {(SD-Task, effect, {(t.Y)})}
- {(SD-Task, effect, {(t.Y)})}

Formal specification of the SYDPIM object “SYMDB”
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C.4 - PERT/CPM past behaviour

Object: PERT/CPM past behaviour

PERT/CPM past behaviour =

Schedule =
Project Schedule =
Finish date - {(t, date)}
Tasks Schedule =
Start date : {(SD-Task {(t, date)D}
Finish date - {(SD-Task, {(t, date)})}
Effort =
Project Effort =
ACWP - {t, R}
ACWP Engineering :{(t. R+)}
ACWP Management : {(t. R+)}
BCWP :{ R+)}
BCWS {t. R+)}
CTC :{(t. R+)}
CAC :{(t, R+)}
Task Effort =
ACWP - {(SD-Taskk. {(t;, R+)}}
ACWP Engineering  : {(SD-Taskk. {(t;, R¥)})}
ACWP Management  : {(SD-Task {(t, R¥)}}
BCWP - {(SD-Taski {(t, R+)D}
BCWS - {(SD-Taski {(t;, R+)}D}
CTC - {(SD-Taskk, {(t, RH)D}
CAC : {(SD-Task«, {(t, R+))}
Scope =
Project Scope =
SCAC :{ti, RH)}
cscc :{t. R+)}
ASCWP {(t. R%)}
SCTC s {(t, R+)}
Task Scope =
SCAC - {(SD-Task, {(t, R+)}}
csce : {(SD-Taskx, {(t, R¥)}}
ASCWP : {(SD-Taskk, {(t, R¥)}}
SCTC - {(SD-Tasky, {(t. R+)}}
Resources =
Project Resources (availability) =
ASP - {(SD-Resource,, {(t;, R+)}}
PSP : {(SD-Resource,, {(t, R¥)}}
CASP - {(SD-Resource,, {(t;, R*)}}
CPSP - {(SD-Resource;, {(t, R+)}H}
CSPAC : {(SD-Resource, {(t, R+)}}
Task Resources (allocation) =
ASP : {(SD-Task,, SD-Resource,, {(t, R+)})}
PSP : {(SD-Task,, SD-Resource;, {(t, R+)D}
CASP : {(SD-Task, SD-Resource,, {(t, R¥)}}
CPSP : {(SD-Task,, SD-Resource,, {(t, R+)})}
CSPAC : {(SD-Task,, SD-Resource,, {(t, RH)}}
Data types:
SD-Task = <8D structure>
SD-Resource = <SD structure>

Formal specification of the SYDPIM object “PERT/CPM past behaviour”
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C.5 - Project past behaviour

Object: Project past behaviour

Project past behaviour =
IF SYMDB is being maintained THEN =
SYMDB — SYMDB.Uncovered Metrics
Expert judgement patterns =
Risk-related =
Risk-pattern-x . generic-pattern
Intangible issues =
Intangible-pattern-x  : generic-pattern

ELSE
IF PERT/CPM model is updated THEN =
PERT/CPM past behaviour
Expert judgement patterns =
SYMDB patterns =
SYMDB.Collected Metrics.Quality
SYMDB.Calculated Metrics.Performance Indices
SYMDB.Calculated Metrics.Process Metrics
Other patterns =
Risk-related =
Risk-pattern-x : generic-pattern
Intangible issues =
Intangible-pattern-x  : generic-pattern
ELSE
Expert judgement patterns =
SYMDB - SYMDB.Uncovered Metrics
Other patterns =
Risk-related =
Risk-pattern-x . generic-pattern
Intangible issues =
Intangible-pattemn-x  : generic-pattern

Data types:

generic-pattern =
{(t, R+)} |
{(SD-Task, {(t, R*)h} |
{(SD-Resourcey, {(t, R+)})} |
{(SD-Tasky, SD-Resource,, {(t, R+)})}

Formal specification of the SYDPIM object “Project past behaviour”
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C.6 - PERT/CPM future behaviour

Object: PERT/CPM future behaviour

PERT/CPM future behaviour =

Schedule =
Project Schedule =
Finish date : {(t;, date)}
Tasks Schedule =
Start date : {(SD-Taskx, {(t, date)}}
Finish date : {(SD-Task« {(t;, date)})}
Effort =
Project Effort =
ACWP {t, R+)}
ACWP Engineering : {(t. R+)}
ACWP Management : {(t, R+)}
BCWP . R+)}
BCWS {(t, R+)}
CTC . {(tlv R“')}
CAC s {(ti. R+)}
Task Effort =
ACWP : {(SD-Task, {(t, R*)D}
ACWP Engineering  : {(SD-Task {(t, RO}
ACWP Management  : {(SD-Task {(t, R+)D}
BCWP - {(SD-Taskk, {(t, R*)}}
BCWS - {(SD-Task« {(t, R)D}
CTC - {(SD-Task« {(t, R+)}}
CAC - {(SD-Task« {(t, RH)D}
Scope =
Project Scope =
SCAC -{ti, RH)}
cscc : {t. RH)}
ASCWP - {(t, R)}
SCTC : {t. R+)}
Task Scope =
SCAC - {(SD-Task«, {(t, R+))}
csce - {(SD-Taski, {(t, R+)}}
ASCWP - {(SD-Task, {(t, R+)})}
SCTC - {(SD-Tasky, {{t, R+)}}
Resources =

Project Resources (availability) =

ASP  {(SD-Resource,, {(t;, R*)D}
PSP - {(SD-Resource, {(t, R+))}
CASP - {(SD-Resource,, {(t, R*)}}
CPSP - {(SD-Resource,, {(t, R+)}}
CSPAC - {(SD-Resource,, {(t, R+)}}
Task Resources (allocation) =
ASP - {(SD-Task,, SD-Resource, {(t, R+)})}
PSP : {(SD-Task,, SD-Resource,, {(t, R+)})}
CASP : {(SD-Task,, SD-Resource,, {{t, R+)}}
CPSP : {(SD-Task,, SD-Resource,, {(t, R+)})}
CSPAC : {(SD-Task, SD-Resource,, {(t, R+)})}
Data types:
SD-Task = <SD structure>

SD-Resource = <SD sfructure>

Formal specification of the SYDPIM object “PERT/CPM future behaviour”
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D.1 - Structural links

Structural correspondence

SC-WBS: Structural correspondence of work breakdown

SC-WBS(PERT/CPM Plan, SD Model) =
Relationships =

WBS-Map : {(SD-Task, {task.. D}
Operators =

Is_mapped : task, x SD-Taski> T |F

Mapped_to_SD : SD-Task, = {tasky}

Is_PERT_ENG :tasky > T|F

Is_PERT_MAN :tasky > T | F

Is_SD_ENG :SD-Taskc> T|F

Is_SD_MAN :SD-Taskk> T|F

Is_SD_HRM :SD-Tasky> T|F
Validity =

No_partial_map =

IF Is_mapped(taskg, SD-Task) THEN
WHATEVER SD-Task; NOT Is_mapped(task., 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(taskx, SD-Task) THEN
IF Is_PERT_ENG(tasky) THEN Is_SD_ENG(SD-Task)

Object variables:

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

SD-Tasky =SD Model.SD model architecture.SD Tasks[k]
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SC-OBS: Structural correspondence of organisation breakdown

SC-OBS(PERT/CPM Plan, SD Model) =
Relationships =
OBS-Map : {(SD-Resource;, {resourcey,})}
Operators =
Is_mapped : resourcey X SD-Resource; > T | F
Mapped_to_SD : SD-Resource; 2> {resourcey}
Validity =
No_partial_map =
IF Is_mapped(resource,, SD-Resource;) THEN
WHATEVER SD-Resource;
NOT Is_mapped(resource,, SD-Resource)
SD_mapping =
FOR EACH SD-Resource, THERE IS AT LEAST ONE resource;
SO THAT Is_mapped(SD-Resourcey, resource;)
PERT/CPM _mapping =
FOR EACH resource, THERE IS AT LEAST ONE SD-Resource,
SO THAT Is_mapped(SD-Resource,, resourcey)

Object variables:

resource, = PERT/CPM Plan.<x>.Resources[k]
<x> = Past segment or Future segment

SD-Resourcex =SD Model.SD model architecture.SD Resources[k]
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SC-WD: Structural correspondence of work dependencies

SC-WD(PERT/CPM Plan, SD Model) =
Relationships =
Intra_SD-Task : {(SD-Task;, {dependencyy,})}
Inter_SD-Task : {(SD-Dependency;, {dependency..})}

Operators =
Is_mapped_intra : dependencyy x SD-Task, > T | F
Is_mapped_inter : dependencyy x SD-Dependency, > T | F

Mapped_to_SD_intra : SD-Task; = {dependency}
Mapped_to_SD_inter : SD-Dependency; - {dependency,}

Validity =
No_partial_map_intra =
IF is_mapped_intra(dependency,, SD-Task) THEN
WHATEVER SD-Task;
NOT Is_mapped_intra(dependencyy, SD-Task))
No_partial_map_inter =
IF Is_mapped_inter(dependency,, SD-Dependency,) THEN
WHATEVER SD-Dependency,
NOT Is_mapped_inter(dependencyi, SD-Dependency,)
Consistency_intra =
IF Is_mapped_intra(dependencyy, SD-Task)) THEN
SC-WBS(PERT/CPM Plan, SD
Model).Operators.ls_mapped(dependency,di],SD-Task)
AND
SC-WBS(PERT/CPM Plan, SD
Model).Operators.ls_mapped(dependencyxlil[il, SD-Task,)
Consistency_inter =
IF Is_mapped_inter(dependencyi, SD-Dependency) THEN
SC-WBS(PERT/CPM Plan, SD
Model).Operators.Is_mapped(dependencyylil,
SD-Dependency,.Predecessor)
AND
SC-WBS(PERT/CPM Plan, SD
Model).Operators.ls_mapped(dependencyxli][j],
SD-Dependency.Successor;)

Object variables:

dependencyx = PERT/CPM Plan.<x>.Dependenciesk]
<x> = Past segment or Future segment

SD-Dependency, =SD Model.SD model architecture.SD-Inter-Task-Dependencies[k]

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

SCN-RA: Structural consistency of resource allocation

SCN-RA(PERT/CPM Plan, SD Model)=
Relationship = »
IF PERT/CPM_Is_allocated(resourcey, task) THEN
IF SC-WBS(PERT/CPM Plan, SD
Model).Operators.is_mapped(task;, SD-Task)
AND
SC-OBS(PERT/CPM Plan, SD
Model).Operators.is_mapped(resourcei, SD-Resource))

THEN
SD_Is_allocated(SD-Resource,, SD-Task;)
Operators =
PERT/CPM_Is_allocated : resourceg x task, > T | F
SD_ls_allocated : SD-Resourcey x SD-Taski> T | F

Object variables:

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

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

resource, = PERT/CPM Plan.<x>.Resources[k]
<x> = Past segment or Future segment

SD-Resourcex =SD Model.SD model architecture.SD Resources|k]
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SCN-WD: Structural consistency of work dependencies

SCN-WD(PERT/CPM Plan, SD Model) =
Relationships =
Condition_intra =

IF SC-WD(PERT/CPM Plan, SD Model).ls_mapped_intra(dependencys,

SD-Task)

THEN
SC-WBS(PERT/CPM Plan, SD
model).Operators.ls_mapped(dependency.{i],SD-Task))
AND
SC-WBS(PERT/CPM Plan, SD
Model).Operators.Is_mapped(dependency]i][j],SD-Task)

Condition_.inter =

IF SC-WD(PERT/CPM Plan, SD Model).Is_mapped_inter(dependencyy,

SD- Dependency,)

THEN
SC-WBS(PERT/CPM Plan, SD
Model).Operators.ls_mapped(dependencyli],
SD-Dependency,.Predecessor)
AND
SC-WBS(PERT/CPM Plan, SD
Model).Operators.Is_mapped(dependency.{il[il,
SD-Dependency.Successor;)

Obiject variables:

dependency, = PERT/CPM Plan.<x>.Dependenciesfk]
<x> = Past segment or Future segment

SD-Dependency, =SD Model. SD model architecture.SD-Inter-Task-Dependencies(k]l

SD-Task,=SD Model.SD model architecture.SD Tasks[k]
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D.2 - Data links

Data exchange links

DEI Links

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:

o 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 project model) =
Relationships =
SD_to_PERT =
PERT/CPM.Init_Plan _Res_Avai[r][t] := SD.Init_Plan_Res_Avail[r][{]
PERT to_SD =
SD.Init_Plan_Res_Avail[r]{t] := PERT/CPM.Init_Plan_Res_Avail[r][t]

Where: r; = SD-Resourcel[i]

Short references:

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

Obiject 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]ft]
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DEI-2: Project start date

Definition:

The project initial date which specifies the date when the whole project is initiated

(planned if the project has not started yet; actual otherwise ) is an input to both

models and can be transferred from one mode to the other.
Usage: transfer initial project plan from one model to the other

Formal specification:

DEI-2(PERT/CPM model, SD project model) =
Relationships =
SD_to_PERT =
PERT/CPM.Project_Initial_Date := SD.Project_Initial_Date
PERT_to_SD =
SD.Project_|Initial_Date := PERT/CPM.Project_lInitial_Date

Short references:

DEI-2.SD-PERT = DEI-2().Relationships.SD_to_ PERT
DEI-2.PERT-SD = DEI-2().Relationships.PERT_to_SD

Object variables:

PERT/CPM.Project_Initial_Date =
PERT/CPM model.Initial date

SD.Project_Initial_Date =
SD project model.SD plan.Initial plan.Schedule.Project scehdule.Start date
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DEI-3: SD Adjustment of Actual and Currently 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 produce SD input exogenous decision to readjust the past resource availability
profile from the initially planned profile to the actual profile in the PERT/CPM
model;

e produce SD input exogenous decision to readjust the present resource level
produced by the SD model (present data-point only);

e produce SD input exogenous decision to readjust the future planned resource
availability level from the initially planned profile to the currently planned profile
in the PERT/CPM model.

Usage: transfer project status or new project plan from PERT/CPM to SD model

Formal specification:

DEI-3(PERT/CPM model, SD project model) =
Relationships =

Past =

SD.Exog_Adjust_Plan_Profile_Past[r][t] :=
PERT/CPM.Actual_Res_Avai_Past[r][t] -
SD.Init_Plan_Res_Avair[t]

Present =

SD.Exog_Adjust_Plan_Profile_Past[r][present] :=
PERT/CPM.Actual_Res_Avai_Past[r][present] -
SD.Actual_Res_Avai_Past[r]{present]

Future =

Present_gap := (SD.Actual_Res_Avai_Past[ri][present] —
SD.Init_Plan_Res_Avai[r][present]) )

SD.Exog_Adjust_Plan_Profile_Future[r][t] :=
PERT/CPM.Plan_Res_Avai_Future[r][t] -
(SD.Init_Plan_Res_Avai[r][t] + Present_gap)

Where:
e r; = SD-Resourcefi]

Short references:

DEI-3.1.PERT-SD = DEI-3().Relationships.Future
DEI-3.2.PERT-SD = DEI-3().Relationships.Present
DEI-3.3.PERT-SD = DEI-3().Relationships.Past
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Obiject variables:

PERT/CPM.Actual_Res_Avail_Past[r][t] =
PERT/CPM model.Current PERT/CPM plan.Past segment.Actual_Resource-availability[r][t]

PERT/CPM.Plan_Res_Avail_Futurelr]ft] =
PERT/CPM model.Current PERT/CPM plan.Future segment.Plan_Resource-availability[r][t]

SD.Exog_Adjust_Plan_Profile_Past[r][t] =
SD project model.SD plan.Past segment.Resources.Project Resources.Exogenousr][t]

SD.Exog_Adjust_Plan_Profile_Futurel[r][t] =
SD project model.SD plan.Future segment.Resources.Project Resources.Exogenous|r][t]

SD.Init_Plan_Res_Avai [r][t] =
SD project model.SD plan.Initial plan.Resources.Project Resources.[r][t]

SD.Actual_Res_Avai_Past[r][t] =
SD project model.Project Behaviour.Past Segment.Resources.Project Resources.[r]ft]
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DEOI Links

DEOI-1: SD-Task Initially Planned Schedules

Definition:

For each SD-Task[i] in the SD model, the initially planned start and finishing dates
can be transferred from the set of PERT/CPM tasks mapped to it, according to the
SC-WBS link. The start date is the minimum start date of the PERT/CPM tasks in
the set and the finishing date is the maximum finishing date of these tasks.

Usage: transfer initial project plan from PERT/CPM model to SD model

Formal specification;

DEQI-1(PERT/CPM Model, SD Model) =
Relationships =
Start_Date =
SD-Task[i].Init_Plan_Start_Date :=
MIN {PERT/CPM-Task]k].Init_Plan_Start_Date }
Finish_Date =
SD-Task([i].Init_Plan_Finish_Date :=
MAX {PERT/CPM-TaskIk].Init_Plan_Finish_Date }
Validity =
SC-WBS(PERT/CPM Model.Initial PERT/CPM plan, SD Model).Operators.
Is_mapped(PERT/CPM-Task[k], SD-Task][i])

where:

¢ MIN is a function that selects the minimum value of a set
e MAX s a function that selects the maximum value of a set

Short references:

DEOI-1.PERT-SD = DEOI-1().Relationships
DEOI-1.Validity = DEOI-1().Validity

Obiject variables:

PERT/CPM-Task[k] =
PERT/CPM model.Initial PERT/CPM plan.Tasks[k]

PERT/CPM-Task[k].Init_Plan_Start_Date =
PERT/CPM model.Initial PERT/CPM plan.Tasks[k].planned start date

PERT/CPM-Task[k].Init_Plan_Finish_Date =
PERT/CPM model.initial PERT/CPM plan.Tasks[k].planned finish date

SD-Task[i] =
SD project model.SD model architecture.SD-Tasks]i]
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SD-Task[i].Init_Plan_Start_Date =
SD project model.SD pian.|Initial plan.Schedule.Task Schedule.Start date(i]

SD-Task[i].Init_Plan_Finish_Date =
SD project model.SD plan.Initial plan.Schedule.Task Schedule.Finish datei]
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DEOI-2: SD-Task Initially Planned Budget

Definition:

For each SD-Task[i] in the SD model, the initially planned budget can be
transferred from the set of PERT/CPM tasks mapped to it, according to the SC-
WBS link. This budget is the sum of the of the initially planned budgets of all
PERT/CPM tasks in the set.

Usage: transfer initial project plan from PERT/CPM model to SD model

Formal specification:

DEOI-2(PERT/CPM Model,SD Model) =
Relationships =
Budget =
SD-Task([i].Init_Budget :=
SUM {PERT/CPM-Task[k].Init_Budget}
Validity =
SC-WBS(PERT/CPM Model.Initial PERT/CPM plan, SD Model).Operators.
Is_mapped(PERT/CPM-Task[k], SD-Task(i])

where:

e SUMiis a function that sums the values in a set

Short references:

DEOI-2.PERT-SD = DEOI-2().Relationships
DEOI-2.Validity = DEOI-2().Validity

Object variables:

PERT/CPM-Task[k] =
PERT/CPM model.Initial PERT/CPM plan.Tasks[k]

PERT/CPM-Task[Kk].Init_Budget =
PERT/CPM model.Initial PERT/CPM plan.Tasks[k].planned budget

SD-Task][i] =
SD project model.SD modei architecture.SD-Tasks]i]

SD-Task[i}.Init_Budget =
SD project model.SD plan.|nitial plan.Budget.Task budgeti]
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DEOI-3: SD-Task Initially Planned scope

Definition:

For each SD-Task{i] in the SD model, the initially planned scope can be transferred
from the set of PERT/CPM tasks mapped to it, according to the SC-WBS link. This
scope is the sum of the of the initially planned scope of all PERT/CPM tasks in the
set.

Usage: transfer initial project plan from PERT/CPM model to SD model

Formal specification:

DEOI-3(PERT/CPM Model,SD Model) =
Relationships =
Scope =
SD-Task(i}.Init_Plan_Scope =
SUM {PERT/CPM-Task[K].Init_Plan_Scope}
Validity =
SC-WBS(PERT/CPM Model.Initial PERT/CPM plan, SD Model).Operators.
Is_mapped(PERT/CPM-Task[k], SD-Task][i])

where:

e SUM is a function that sums the values in a set

Short references:

DEOI-3.PERT-SD = DEOQI-3().Relationships
DEOI-3.Validity = DEOI-3().Validity

Object variables:

PERT/CPM-Task[k] =
PERT/CPM model.Initial PERT/CPM plan.Tasks[k]

PERT/CPM-Task[K].Init_Plan_Scope =
PERT/CPM model.Initial PERT/CPM plan.Tasks[k].planned scope

SD-Task[i] =
SD project model.SD model architecture.SD-Tasks]i]

SD-TaskK[i].Init_Plan_Scope =
SD project model.SD plan.Initial plan.Scope.Task scope]i]
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DEOI-4: SD-Task Initially Planned Resource Allocation

Definition:

For each SD-Task[i] in the SD model, the initially planned profiles of resource
allocation for each resource type can be transferred from the set of PERT/CPM
tasks mapped to that SD-Task, according to the SC-WBS and SC-OBS links. For
each SD resource type, the allocation profile is the sum of the planned profiles of
each PERT/CPM resource mapped to it, of all PERT/CPM tasks in the set.

Usage: transfer initial project plan from PERT/CPM model to SD model

Formal specification:

DEOQI-4(PERT/CPM model, SD project model) =
Relationships =
Resource =
SD-Task]i].Init_Plan_Resource[r] :=
SUMT {PERT/CPM-Taskl[k].Init_Plan_Resource [m]}
Validity =
SC-WBS(PERT/CPM Model.Initial PERT/CPM plan, SD Model).Operators.
Is_mapped(PERT/CPM-Task[k], SD-Task]i})
AND
SC-OBS(PERT/CPM Model.Initial PERT/CPM plan, SD Model).Operators.
Is_mapped(PERT/CPM-Resource[m], SD-Resource[r])

where:

e SUMT is a function that sums various over-time patterns in a set

Short references:

DEOI-4.PERT-SD = DEOI-4().Relationship
DEOI-4.validity = DEOI-4().Validity

Obiject variables:

PERT/CPM-Task[K] =
PERT/CPM model.Initial PERT/CPM plan.Tasks[k]

PERT/CPM-Task[k].Init_Plan_Resource[m] =
PERT/CPM model.Initial PERT/CPM plan.Tasks[k].plan resource profile[m]

PERT/CPM-Resource[m] =
PERT/CPM model.nitial PERT/CPM plan.Resources[m]

SD-Task{i] =
SD project model.SD model architecture.SD-Tasks][i]

SD-Task[i].Init_Plan_Resource[r] =
SD project model.SD plan.Inital plan.Resources.Task resourcesli,r]
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SD-Resource[r] =
SD project model.SD model architecture.SD Resources|r]
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DEOQI-5: SD-Task Initially Planned Budget Breakdown
Definition:

For each SD-Task{i] in the SD model, the initially planned budget for each work

activity can be transferred from the set of PERT/CPM tasks mapped to it, according
to the SC-WBS link. The budget for each activity is the sum of the budgets of all
PERT/CPM tasks mapped to the SD-Task which are of the same work type as the

activity.
Usage: transfer initial project plan from PERT/CPM model to SD model

Formal specification:

DEQI-5(PERT/CPM Model,SD Model) =
Relationships =
Budget =
SD-Task([i].Init_Budget_Activity [j] :=
SUM {PERT/CPM-Task[k].Init_Budget}
Validity =
SC-WBS(PERT/CPM Model.Initial PERT/CPM plan, SD Model).Operators.
Is_mapped(PERT/CPM-Task[k], SD-Task]i])
AND
[PERT/CPM model.Operators.ls_Type(PERT/CPM-Task[k].SD-Activity[j])]

where:

¢ SUM is a function that sums the values in a set

Short references:

DEOI-5.PERT-SD = DEOI-5().Relationships
DEOI-5.Validity = DEOI-5(). Validity

Object variables:

PERT/CPM-Task[k] =
PERT/CPM model.Initial PERT/CPM plan.Tasks[k]

PERT/CPM-Task[Kk].Init_Budget =
PERT/CPM model.Initial PERT/CPM plan.Tasks[k].planned budget

SD-Task[i] =
SD project model.SD model architecture.SD-Tasksli]

SD-Task([i].Init_Budget_Activity[j] =
SD project model. SD plan.Initial plan.Budget. Task Budget[i,j]
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DEOI-6: Adjustment of SD-Task Currently Planned Schedules
Definition:

For each SD-Task{i] in the SD model, an exogenous decision can be generated to
adjust the currently planned start and finishing dates according to the current
PERT/CPM plan. This exogenous decision is equals the present gap between the
dates produced by the SD model and the dates denived from the current
PERT/CPM plan. The exogenous decision to adjust the start date can only be
generated for SD-Tasks which have not started yet and the exogenous decision to
adjust the finishing date can only be generated for SD-Tasks which are not
complete yet.

Usage: transfer project status or new project plan from PERT/CPM model to SD
model

Formal specification:

DEOQI-6(PERT/CPM Model,SD Model) =
Relationships =
Start_Date =
SD.Exog_Adjust. Task[i]. Plan_Start_Date[present] :=
MIN {PERT/CPM-Task[k].Plan_Start_Date} —
SD-Task[i].Plan_Start_Date[present]
Finish_Date =
SD.Exog_Adjust. Task[j].Plan_Finish_Date[present] :=
MAX {PERT/CPM-Task[m].Plan_Finish_Date} —
SD-Task[j}.Plan_Finish_Date[present]
Validity =
SC-WBS(PERT/CPM Model.Current PERT/CPM plan, SD Model).Operators.
Is_mapped(PERT/CPM-Task[k], SD-Task[i])
AND
SC-WBS(PERT/CPM Model.Current PERT/CPM plan, SD Model).Operators.
Is_mapped(PERT/CPM-Task[m], SD-Task][j])
AND MIN {PERT/CPM-Task[k]. Plan_Start_Date} > TIME
AND MAX {PERT/CPM-Task[m].Plan_Finish_Date} > TIME

where:

¢ MIN is a function that selects the minimum value of a set
e MAX is a function that selects the maximum value of a set

Short references:

DEOI-6.PERT-SD = DEOI-6().Relationships
DEOI-6.Validity = DEOI-6().Validity

Obiject variables:

PERT/CPM-Task[k] =
PERT/CPM model.Current PERT/CPM plan.Future segment. Tasks[k]
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PERT/CPM-Task[k].Plan_Start_Date =
PERT/CPM model.Current PERT/CPM plan.Future segment.Tasks[k].planned start date

PERT/CPM-Task[m] =
PERT/CPM model.Current PERT/CPM plan.<x>.Tasks[m]
<x> = Past segment + Future segment

PERT/CPM-Task[m].Plan_Finish_Date =
PERT/CPM model.Current PERT/CPM plan.<x>.Tasks[m].planned finish date
<x> = Past segment + Future segment

SD-Task|i} =
SD project model.SD model architecture.SD-Tasks[i]

SD-Task[i].Plan_Start_Date[present] =
SD project model. Project behaviour.Past segment.Schedule. Task Schedule.Start datefi][present]

SD.Exog_Adjust. Task[i).Plan_Start_Date[present] =

SD project model.SD plan.Past segment.Schedule. Task Schedule.Start_Date. Exogenousli][present]

SD-Task[j] =
SD project model.SD model architecture.SD-Tasks]j]

SD-Task[j].Plan_Finish_Date[present] =

SD project model. Project behaviour.Past segment.Schedule. Task Schedule.Finish date[jl[present]

SD.Exog_Adjust. Task[j].Plan_Finish_Date[present] =

SD project model. SD plan.Past segment.Schedule. Task Schedule.Finish_Date.Exogenous{j][present]
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DEOI-7: Adjustment of SD-Task Currently Planned Cost at Completion (CAC)
Definition:

Foreach SD-Task{i] in the SD model, an exogenous decision can be generated to
adjust the currently planned cost at completion according to the current PERT/CPM
plan. This exogenous decision is equals the present gap between the CAC
produced by the SD model at the present moment and the CAC derived from the
current PERT/CPM plan. This exogenous decision can only be generated for SD-
Tasks which are not complete yet.

Usage: transfer project status or new project plan from PERT/CPM model to SD
model

Formal specification:

DEOQI-7(PERT/CPM Model,SD Model) =
Relationships =
Budget =
SD.Exog_Adjust.Task[i}.Plan_CACI[present] :=
(SUM {PERT/CPM-Task[k].Actual_Cost} +
SUM {PERT/CPM-Task[m].Plan_Budget} ) —
SD-Task{i].Plan_CAC([present]
Validity =
SC-WBS(PERT/CPM Model.Current PERT/CPM plan, SD Model).Operators.
Is_mapped(PERT/CPM-Task[k], SD-Task]i])
AND
SC-WBS(PERT/CPM Model.Current PERT/CPM plan, SD Model).Operators.
Is_mapped(PERT/CPM-Task[m], SD-Task][i])
AND
MAX( MAX {PERT/CPM-Task[k].Plan_Finish_Date},
MAX {PERT/CPM-Task[m].Plan_Finish_Date} ) > TIME

where:

¢ SUM is a function that sums the values in a set

Short references:

DEOI-7.PERT-SD = DEOI-7().Relationships
DEOI-7.Validity = DEOI-7().Validity

Obiject variables:

PERT/CPM-Task[k] =
PERT/CPM model.Current PERT/CPM plan.Past segment. Tasks[k]

PERT/CPM-Task[m] =
PERT/CPM model.Current PERT/CPM plan.Future segment.Tasks[k]
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PERT/CPM-Task[k].Actual_Cost =
PERT/CPM model.Current PERT/CPM plan.Past segment.Tasks[k].actual effort spent to
date

PERT/CPM-Task[k].Plan_Finish_Date =
PERT/CPM model.Current PERT/CPM plan.Past segment.Tasks[k].planned finish date

PERT/CPM-Task[m].Plan_Budget =
PERT/CPM model.Current PERT/CPM plan.Future segment.Tasks[m].planned budget

PERT/CPM-Task[m].Plan_Finish_Date =
PERT/CPM model.Cusrent PERT/CPM plan.Future segment.Tasks[k].planned finish date

SD-Task{i] =
SD project model.SD model architecture.SD-Tasksi]

SD-Task[i].Plan_CAC[present] =
SD project model.Project behaviour.Past segment.Effort. Task Effort. CAC]i][present]

SD.Exog_Adjust. Task[i].Plan_CAC[present] =
SD project model.SD plan.Past segment.Budget. Task Budget.Exogenousfi][present]
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DEOI-8: Adjustment of SD-Task Currently Planned Scope at Completion
(SCAC)

Definition:

For each SD-Task{i] in the SD model, an exogenous decision can be generated to
adjust the currently planned scope at completion according to the current
PERT/CPM plan. This exogenous decision is equals the present gap between the
SCAC produced by the SD model at the present moment and the SCAC derived
from the current PERT/CPM plan. This exogenous decision can only be generated
for SD-Tasks which are not complete yet.

Usage: transfer project status or new project plan from PERT/CPM model to SD
model

Formal specification:

DEOI-8(PERT/CPM Model,SD Model) =
Relationships =
Scope =
SD.Exog_Adjust.Task[i].Plan_SCAC|present] :=
(SUM {PERT/CPM-Task[k].Actual_Scope} +
SUM {PERT/CPM-Task[m].P