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Introduction

This book presents an introduction to project management and analysis of tradi-
tional project management approaches and their limits regarding complexity. It also
includes overviews of recent research works on project complexity modelling and
management as well as project complexity-driven issues. Moreover, new approa-
ches, methodologies and tools are proposed, which may be used by project man-
agers and/or researchers and/or students in the management of their projects. The
book consists of three parts, each of them containing two chapters.

The first part is about traditional project management principles and their limits
facing complexity. Chapter 1 is divided according to the five phases of the project
management process: project definition, project planning, project execution, project
monitoring and controlling, and project closure. It enables the reader to understand
and handle the basic and widespread concepts and tools of project management, and
practice with an exercise. Chapter 2 aims at presenting what project complexity is
and what its consequences are. It particularly underlines four complexity-driven
phenomena in projects: uncertainty, ambiguity, propagation, and chaos. It then
gives an overview of some of the most important limits of traditional project
management approaches and tools when facing complex project environments.

The second part focuses on how to deal with complexity with a systems
thinking-based approach. Chapter 3 proposes a list of project complexity factors
which could be used as a checklist or can serve to measure complexity. Both actions
can assist decision-making in complex project management. Practical case studies
illustrate the application of proposals. Chapter 4 uses a systems thinking-based
approach to identify, analyse and control the weaknesses of complex project sys-
tems. The concept of project vulnerability is then introduced and used in a systems
thinking-based complete project vulnerability management process, tested on a real
case study.

Lastly, the third part focuses on the analysis of the emergence of some local or
global unexpected phenomena and the decisions that can be made to keep the
project on track despite the negative consequences of complexity. Chapter 5
highlights how interactions might play a critical role in the project behaviour and
change the understanding and thus the priorities that managers give to elements. An
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industrial application is developed all along this chapter, based on a project of
construction and implementation of a tramway in a city. Finally, Chap. 6 shows
how it is possible to make drastic improvements to a project without changing its
elements or their interactions. Large benefits can be achieved merely by changing
the way elements are structured and actors are organized. Once again, several
practical applications are provided to illustrate the performance and the applicability
of the proposed techniques.

To summarize, maximizing reader insights into project management and han-
dling complexity-driven risks, this book explores how to model, analyse and make
decisions about propagation effects, non-linear consequences, loops, and potential
emergence of positive properties that may occur over the course of a project.
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Chapter 1
Project Management Traditional
Principles

This chapter aims at introducing the reader to a wide range of project management
traditional principles and approaches. It is divided according to the five phases of
the project management process: project definition, project planning, project exe-
cution, project monitoring and controlling, and project closure. It enables the reader
to understand and handle the basic and widespread concepts and tools of project
management, and practice with an exercise.

1.1 Projects

Broadly, the activity of an organization (a firm, an association, a nonprofit orga-
nization, etc.) can be divided into two main categories: operations and projects.
Operations involve repetitive and ongoing activities, such as production, whereas
projects are in essence unique and one-shot initiatives. This means that projects are
“not a routine segment of ongoing operations” (Prabhakar 2008a). Examples of
projects can be the following ones:

Developing and launching new products (new product development projects).
Designing new organizations (organization projects).

Improving existing processes within a firm (process improvement projects).
Staging a play (event project).

Searching for an innovative process, product, or material (R&D projects).
Developing a new software (IT projects).

Constructing a building (construction projects).

As Shenhar and Dvir underline it (Shenhar and Dvir 2007), “with high demand
for growth and innovation, the share of operations in most organizations is
declining and the share of projects is on the rise,” as shown in Fig. 1.1. As they
explain it, this trend is present in almost every organization and industry since “the
only way organizations can change, implement a strategy, innovate, or gain com-
petitive advantage is through projects.”

© Springer-Verlag London 2016 1
F. Marle and L. Vidal, Managing Complex, High Risk Projects,
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Projects
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Fig. 1.1 The increasing share of projects (Shenhar and Dvir 2007)

Most firms or organizations have kept on improving their operations (through
theories and concepts such as lean manufacturing or six-sigma). However, despite
the fact that projects have been encountered everywhere, few organizations have
been paying as great attention to their projects. This is a pity since the conjoint
improvement and collaboration between projects and operations is a crucial success
factor for a firm (Cooke-Davies 2002). As a consequence, focusing on projects,
focusing on innovative, efficient, and effective approaches to manage them is to
create great value for modern organizations. That is why this book proposes to
study projects and project management, particularly focusing on the phenomenon
of project complexity and its implications on project management and project risk
management.

This book is divided into three parts:

e PART I—Project Management traditional approaches and their limits regarding
complexity

e PART II—Systems oriented approaches to assist complex project management

e PART II—Graph and matrix oriented approaches to assist complex project
management

Before carrying out any pertinent research on the subject, one has first to define
properly what a project is. A lot of definitions do exist, as highlighted in (Turner
1992; AFITEP 1999; Marle 2002; AFNOR 2004; Lock 2007; Walker 2007; Gido
and Clements 2011; Meredith and Mantel 2011; Kerzner 2013) for instance. The
definition proposed in this book is an adaptation of the Project Management
Institute definition (PMI 2013):

Definition—adapted from (PMI 2013) A project in an organization is a
temporary endeavor undertaken to deliver a result.
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As mentioned before, this result is always a change in the organization, whatever
it is in its processes, performance, products, or services (Reiss 2013). This trans-
formation consists then in a gap between a start (definitive beginning) and a final
state (definite ending). Time and resources are consumed to produce results, which
may be deliverables and/or performance improvement and/or resource improve-
ment (skills, knowledge). Each project is unique because there is always at least one
of the following parameters that changes: targets, resources, and environment.

As organizations had more and more projects, and as they had bigger and bigger
amounts at stake, it became impossible to let them live without specific and rig-
orous methodology. As a consequence, project management was created as a for-
malized and structured methodology which could assist the completion of projects
through the application of adapted tools and techniques. It is usually admitted than
modern project management appeared during World War II and was initially
dedicated to big military and construction projects. The first principles of organi-
zation, planning, and overall management were then proposed. Project management
has then grown and spread around the world to become what it is today, that is to
say a set of theories, principles, methodologies, and practices (WBS—Work
Breakdown Structure, PERT—Program Evaluation and Review Technique—net-
works, Gantt charts, Earned Value Methodology, etc.), sometimes included in a
standard body of knowledge such as Project Management Institute (PMI 2013) and
International Project Management Association IPMA 2006). However, there can
still be some lack of consensus on the definition and description of projects as well
as their objectives, processes, and elements.

The aim of this first chapter is thus to present a theoretical and practical overview
of these traditional project management approaches and tools. To do so, they will be
presented while navigating through the commonly accepted five-step project
management process (Fig. 1.2): project initiation (Sect. 1.2), project planning
(Sect. 1.3), project execution, monitoring and control, and closure (Sect. 1.4).

Project
Execution

Project Project
Initiation Planning

Project
Closure

Project
Monitoring
and Control

Fig. 1.2 The five steps of the commonly accepted project management process
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1.2 Initiating Projects

The very first question when starting to discuss about a future project/working on a
new project is “How can I ensure a good start for this project?” Indeed, the issue of
initiating a project is all the more important since an unclear definition of the project
attributes during this phase (scope, specifications, objectives, etc.) is likely to
generate many failures later. But initiating a project is among the most difficult part
of project management, for several reasons:

e The piece of information that one may have when initiating a project is generally
small and unclear. This fuzzy and uncertain environment is part of a difficult
context to work.

e The different stakeholders generally meet and discuss with each other during the
initiation of the project, sometimes for the first time. It is often (very) difficult to
understand all the stakes which are behind the project, for communication is not
facilitated. Indeed, it is the beginning of the project, often with people working
together for the first time and not knowing each other.

e The reasons for why the project is initiated are not always clearly known, and
the objectives/final deliverables of the project are sometimes unclear. Different
visions and concepts might even be in competition.

The initiation phase of the project should permit to bridge the existing gaps
between the different visions, and clarify all the aspects of the project before starting
it. It aims at clearly defining the raison d’étre of the project, its objectives and
deliverables in terms of specifications, and fixing them through contracting pro-
cesses between the stakeholders of the project. This section proposes methodologies
and tools to reach success in this initiation phase, using a three-step clarification of
the project elements.

The project launching phase should be addressed through three principal steps.

e Step 1: Specifying project values and objectives
e Step 2: Defining project scope
e Step 3: Project contracting

1.2.1 Specifying Project Values, Objectives,
and Deliverables

If the vision of the project is not shared, it will not meet success. Therefore, in order
to ensure a good launching (and a good execution) of a project, the project values
and objectives need to be clearly and consistently defined, so that they can be
shared by the whole project team and the project stakeholders. An intuitive
approach, based on systems thinking (Boulding 1956; Von Bertalanffy 1972; Le
Moigne 1990) is presented here.
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1.2.1.1 Understanding the Raison D ’étre of the Project

First, the project manager, and possibly the steering committee which might be
already created during the launching phase, should study why the project has been
initiated. Whether in the context of a public institution, a firm, a consortium, etc.,
the reasons for launching the project need to be clarified: they are the raison d’étre
of the project. Every project value/objective which is to be listed later during the
process is to be considered in light of what this raison d’étre of the project is.

As a consequence, time should be taken to identify and understand these rea-
sons. It is all the more important to know them since they can permit to understand
better and give priorities to objectives later. For instance, if one of the objectives of
the project is to reduce cost by 10 %, this objective will clearly have a different
meaning if the raison d’étre of the project is either:

to make more profit through an increase of the sales,
or to try to reduce a loss of market share which has been observed for com-
petitors are cheaper,

e or to change paradigm for all the projects of the firm (change processes, etc.)
since there is not enough liquidity anymore to ensure the production of products
as before.

1.2.1.2 Cutting the Project in a Priori Phases

Once the raison d’étre of the project is understood, the project timeline should be
decomposed into a priori phases, which corresponds to the evolution of the project
over time, often known as the genetic view of the project.

Definitions and characteristics
A phase of a project is a part of a project (including every aspect of the
project) which covers a period of its existence. It is defined by a number
and/or a name, a start date (SD) and a finish date (FD).

The phases of a project are generally disjoint and separated by one or
several milestones of the project. The successive phases should cover the
entire period of existence of the project (its lifecycle).

The cutting of the project lifecycle into phases can be done according to several
criteria. For instance, a phase can be defined according to an ensemble of deliv-
erables which must be delivered at a certain date FD after a period of work starting
on SD. Another way to decompose a project into phases can be linked to the
successive geographical locations the project occurs in.
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Another traditional example for decomposing the project into phases in the case
of new product development projects can be to follow the product lifecycle
(Saaksvuori and Immonen 2008):

Phase 1: Market study about the new product/concept,
Phase 2: Research and conception of the product (definition of the specifications
of the product, design of the product, etc.),
e Phase 3: Industrialization to perform the production of the product (acquisition
of infrastructures and machines, definition of production processes, etc.),
Phase 4: Starting the production of the product,
Phase 5: Starting the distribution, marketing, and retail of the product,
Phase 6: Following the first sales of the product,
Phase 7: Identifying potential future improvements/innovations for the product
(customer-driven or not) and production/distribution/marketing/retail/ processes
(the outputs of this phase might be the data to launch one or several new
projects),
e Phase 8: Closing the project.

1.2.1.3 Listing Project Stakeholders, Understanding Their
Expectations and Constraints

Once the phases of the project are identified, one should list the stakeholders of the
project during each phase.

Definition

A project stakeholder is a person, a group, a firm, or any organizational
system which affects or can be affected (for it has interest or concern in the
project) by the project.

Project stakeholders can be within or outside the project organization. They can
for instance foster the project (industrial sponsors, organizations which give sub-
sidies, banks, etc.), affect or be affected by the execution and completion of the
project (the organization which executes the project, employees, unions, suppliers,
customers, etc.), whether negatively or positively. The project stakeholders are not
same during the project. Indeed, if some are present all over the project, some are
present only in some phases. That is why when trying to identify all project
stakeholders, one should focus on each phase and perform this identification within
each phase of the project. Once a project stakeholder is identified in a phase, two
questions should necessarily be answered:
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o What does this stakeholder expect from the project in this phase?
This question permits to identify the expectations which should be reached to
contribute to the satisfaction of this stakeholder during this phase. The project
can satisfy these expectations to a certain satisfaction level or not. Examples of
these expectations within a phase can be “Good working conditions” and “Good
salaries” for the stakeholder “Employees.”

o What are the constraints of this stakeholder within this phase?
This question permits to identify the constraints which are related to a stake-
holder during a given phase. Such constraints can be for instance norms, con-
tractual aspects, which have no flexibility. The combined identification of all
stakeholders and their expectations/constraints during each phase correspond to
what is often known as the teleological view of the project (which permits to
define the project values and objectives as seen later).

At the end of this process, two kinds of documents are important deliverables of
the initiation phase:

Doc. 1.P. For a given phase of a project (phase P), a document including a
short description of phase P with all stakeholders present in this phase, and
the related expectations and constraints.

Doc. 1.S. For a given stakeholder of a project (stakeholder S), a document
including a short description of stakeholder S, of all phases in which the
stakeholder is present, and of the related expectations and constraints.

With Doc. 1.P., the project team is able to know at a glance all the stakeholders
which are to be satisfied during phase P. With Doc. 1.S., the project team is able to
see at a glance the evolution of expectations/constraints related to stakeholder S
throughout the project, which permits to guarantee its satisfaction better. When
doing so, an exhaustive stakeholders-oriented list of measurable goals is obtained
and can be used permanently during the project to drive and control it. Empty
models for these documents are given hereinafter in Fig. 1.3 for phases and Fig. 1.4
for stakeholders, as practical hints which can be used directly or slightly adapted to
any project-oriented environment.

1.2.1.4 Understanding the Project Values, Objectives,
and Deliverables

In the end, all stakeholders’ expectations and constraints have been listed when
using this process. These requirements need to be met during the project in order to
guarantee the satisfaction of project stakeholders. For all practical purposes, they
can be synthesized under certain common denominations. These denominations are
the values of the project (for instance economic value, social value, environmental
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Doc 1.P. — Phase description

Name of the phase :
Start date:
End date:
Manager in charge :

Short description of the phase :

Stakeholders Expectations Constraints

51(P) E11(P) C11(P)
E12(P) c12(p)
E13(P) C13(P)
Elku(P) Clin(P)

52(P) E21(P) C21(P)
E22(P) C22(P)
E23(P) C23(P)
Eik:v[l’] CZ'!P{ P}

NilP) ENoL(P) CNeL(P)
ENy2(P) CN,2(P)
ENe3(P) CNe3(P)
ENpkuelP) CNolugelP)

Fig. 1.3 Template for describing phases

value, etc.), which should be described with a short summary of the related
expectations and constraints that should be reached during each phase. The project
values are crucial issues to communicate during the project (internally and/or
externally), since they permit to focus on the aims of the project. In particular, they
are a good way to understand the connection of the project to the strategic objec-
tives of the firm/organization and thus to answer the “so what?” question.

These values can be subdivided into project objectives. The project objectives
are measurable achievements which the project should meet. For instance, under the
environmental value, two objectives could be “O;—Reduce carbon footprint by
25 % during the production and distribution processes” and “O,—Reduce toxic
waste by 10 % during the production process.” Another example could be for the
economic value: “O;—Reduce production costs by 5 %” and “O,—Increase profit
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Doc 1.S. — Stakeholder description

N Ider :
Type of relationship :
Date of first interaction with stakeholder during the project -
Date of last interaction with stakeholder during the project :

Manager in charge :

Short description of the stakeholder and privileged contacts :

Phases Expectations Constraints
P1(s) ES1(P1) CS1(Py)
ES2(P,) CS2(Py)
ES3(P1) CS3(Py)
ESAL(Py) Cs8,(Py)
P2(s) ES{A:+1)(P;) CS(By+1)(Ps)
ES(A;+2})(P1) CS(By+2)(P3)
Esau(Py) Cs8i(Py)
PVS) = =
ESkse{Pus) CSlse(P)

Fig. 1.4 Template for describing stakeholders

by 10 %.” Project objectives can of course be interdependent (whether comple-
mentary or contradictory); understanding the relationships between project objec-
tives is absolutely crucial. Finally, the project deliverables (what should effectively
be produced during the project) need to be identified and described. Each project
deliverable contributes to one or several project objectives. At this time, one should
check that any deliverable contributes to at least one objective and that any
objective is guaranteed by at least one deliverable.

When defining the project objectives and deliverables, an important aspect is to
understand them through the filter of project values. Indeed, re-reading the
objectives/deliverables of the project by understanding the relationships and stakes
with project values permits to have constantly in mind the essence of the project and
why it exists, which is more than desirable in order to bring success (Vidal and
Marle 2012). In the end, two kinds of documents should be produced:
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Doc. 1.0. For each project objective O, a document including a short
description of objective O, with the impacted values and stakeholders (in
terms of expectations/constraints).

Doc. 1.D. For each deliverable D, a document including a short description
of deliverable D, with the impacted objectives (and thus objectives and
stakeholders when referring to the corresponding Doc. 1.0. documents)
should be produced.

These documents permit to define properly the frontiers of the project scope. At
any time, project team members should remember that what is outside project scope
is outside the project and should not be performed.

1.2.2 Contracting in Projects

As stated by (Danayand and Padman 2012), “contractual agreements have assumed
significant complexity in recent times because of the emergence of strategies like
outsourcing and partnering in the successful completion of large software devel-
opment, manufacturing and construction projects.” Project contracting activities
occur throughout the project, either by bidding or negotiation, an important number
of them being performed just before starting the project, during the initiation phase.

If possible, all the documents which were presented before should be constructed
before contracting in project, since they permit to perfectly understand and describe
the needs and requirements of all stakeholders (through the exhaustive description of
expectations and constraints). For all practical purposes, it is never the case since a
large amount of precise information is needed to complete them, albeit such infor-
mation is not always obtainable before contracting. The documents are partially built
up before launching the contracting process, and the final discussions and negotia-
tions permit to finish them. This often implies that discussions are likely to be carried
out during the execution of the project, to amend and complete some parts of some
contracts, and to fix them when they have been fixed (Badenfelt 2011).

An effective contracting process permits to build a sane project environment, due
to the fact that “the project contract provide a basis for the project company’s [...]
operation of the project” (Yescombe 2002) and that contracts are in essence the
documents people refer to when disputes occur (Zhu et al. 2013). Project contract is
the first tile which permits to build up a cooperative organization “in which all
participants, clients and contractors, are motivated to achieved common objectives”
so that their goals are aligned (Turner and Simister 2001). Every contract in a
project is very specific to the context of the project, to the nature of the contract
(public, private, public—private, etc.), and to the related stakeholders (supplier,
customer, etc.). In order to execute properly the project contracting activities, one
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should focus on the specificities of each contract and on the rules of the corre-
sponding field. However, a certain number of rules should be followed for every
project contract:

e Investigate if any contract of this kind was formerly signed. If so, refer to it,
notably if any good points and problems had been identified.

e Avoid generic contracts (notably best practices found on the Internet) since a
contract is in essence specific to a context. Formulating a contract using generic
formulations implies forgetting clauses, unclear specifying, etc.

e In particular, investigate if any contract of this kind was formerly signed with
the stakeholder one is going to sign with. If so, refer to it, notably if any good
points and problems had been identified. Moreover, knowing the former con-
tracts or the presently existing contracts with a given stakeholder increases the
numbers of levers during the negotiation process (scale effects, historicity of the
relationship and loyalty, etc.).

e Particular attention should be paid to the exhaustive description of objectives and
deliverables, and the criteria, scales, and tools which will be used to measure their
production. This can notably be done through the construction and use of doc-
uments Doc 1.0 and Doc. 1.D, which can be appendices to the contract.

e As a whole, every contracting process should include discussions on the eight
key drivers listed by Von Branconi and Loch (2004): technical specifications,
price (quality of cost estimates), payment terms, schedule, performance guar-
antees, warranties, limitation of liability, and securities.

1.3 Planning Projects

Once the project is initiated, planning the project is necessary to build initial ref-
erence documents for project execution as well as project monitoring and control
(PMI 2013). For all practical purposes, the outputs of this planning process are
more than likely to be revised into successive versions, depending on the project
execution, monitoring and control activities, re-planning being often necessary.
Whatever the number of iterations which are likely to happen during a project,
project planning processes can be divided into several processes which are pre-
sented afterwards.
A possible division into sub-processes is presented hereinafter:

Scope and work planning (see Sect. 1.3.1)

Time planning and scheduling (see Sect. 1.3.2)
Resource and cost planning (see Sect. 1.3.3)
Quality and performance planning (see Sect. 1.3.4)
Risk planning (see Sect. 1.3.5)

Due to the orientation of the book, parts 1.3.2 and 1.3.5 will be the most
developed ones.
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1.3.1 Scope and Work Planning

Two main issues correspond to the scope and work planning activities. The first one
corresponds to the correct definition of the scope and specifications of the deliv-
erables of the project, for instance the produce/service/system created by the project
(1.3.1.1). The second one corresponds to the correct definition of the scope and
decomposition/organization of the work and activities which are to be carried out
during the project (1.3.1.2).

1.3.1.1 Specifying Deliverables

Describing the deliverables of the project in terms of precise specifications and
requirements is an input to identify more accurately the work which will have to be
done during the execution. The definition of good quality and stable requirements is
even an important success factor of projects (Yang et al. 2015). This is particularly
true for instance for new product development projects (need to define the speci-
fications of the developed product), IT projects (need to define the requirements of
the developed software), or construction projects (need to define the characteristics
of the infrastructure which is going to be built).

Many methodologies do exist to define the specifications and requirements of a
project. As underlined in Cano and Lidén (2011), such specification definition
process is the logical continuation of the stakeholders’ expectations and constraints
identification, presented before. A proper and robust approach to identify require-
ments is all the more needed that the later a change of requirement occurs during a
project, the more important its impact is, in terms of overcost, rework, etc..

Some of these methodologies can be considered as “internal,” meaning that the
deliverables of the project and their components are studied a priori so that their
specifications are correctly defined. Functional needs and solutions analysis is one of
these methodologies. It permits to define the specifications of a system by studying
its interactions with its environment in all the phases of its lifecycle (Yannou 1998).
Other methodologies are, on the other hand, considered as “external,” meaning that
the requirements are defined without studying the deliverables themselves, but
asking clients and stakeholders how they would specify the deliverable. Customer
listening methods are for instance a group of methodologies which permit to define
the specifications of a system in order to meet the needs of their users, clients, and
market (Garver 2003), (Gannon-Leary and Mccarthy 2010). As a whole, the conjoint
use of such internal and external methods provides the best results in practice.

1.3.1.2 Decomposing and Organizing Work

Project scope and work planning includes the process of decomposing and orga-
nizing the entire project work into smaller units and thus more manageable
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packages of work (Tiner 1985). Such an organizational structure permits to manage
more efficiently the execution of the project and measure its performance, given the
fact that smaller units of work are in essence more easily accountable. The tradi-
tional tool which permits to decompose and organize work in a project is the WBS.
It consists in a hierarchical structure which decomposes units of work into smaller
units of work. Several rules should be kept in mind when the WBS of the project is
built (two examples are given in Figs. 1.5 and 1.6):

e The WBS should be a bijection of the project scope: what is inside the WBS
must be done during the project, what should be done during the project must be
inside the WBS (Stal-Le Cardinal and Marle 2006).

e FEach parent unit of work, when decomposed into smaller units, should be
decomposed into 3—7 children. By doing so, the decomposition is useful and
still easily understandable and manageable, the children units of work being
sufficient enough to completely describe the parent unit of work (bijection)
(Marle 2002).

e FEach parent unit of work, when decomposed into smaller units, should be
decomposed into homogeneous children units of work (for instance according to
project phases, geographical locations, customers/users/stakeholders, product
components, etc.).

e Each elementary unit of work should be possibly measured in terms of cost,
time, and performance (quality, project values, etc.).

|Logistics and customer service improvement project
—1. [Action plan definition
—|1,1 |Management of phase 1
1.2 [Diagnosis
1.3 [Identification of key improvement factors
{14 [identification and selection of actions

———{2, [Implementation

|
|
|
|
|
|
——2.1 [Management of phase 2 |
|
|
|
|
|
|
|

—|2.2 |D0cumentation on the new processes and procedures
—|2.3 |Inf0rmation System improvement

——24  [IS Deployment

2.5 [Training

—. [Evaluation

——13.1 [Management of phase 3

{32 [Analysis of changes

{33 |[Identification of remaining dysfunctions and gaps with expe
—{3.4 [Recommandations for future improvements |
—[3.5 l_Continous improvement implementation |

Fig. 1.5 First example of WBS for a reorganization project
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Fig. 1.6 Second example of WBS for a software development project

1.3.2 Time Planning and Scheduling

Once the project work is organized and decomposed, it can be planned in terms of
time and scheduling. In order to do so, two processes should be addressed. First of
all, a logical arborescence should be built to express the sequencing relationships
between the identified project tasks. This means that, for each task, its predecessors
(the tasks which need to be completed as a direct input for the considered task) must
be identified.

Second, the duration of tasks should be estimated. In most cases, this is done by
analogy (with former or other projects in the firm), parametric estimation (using
equations and models), or expert judgment. The duration of a task is of course
dependent of the number and performance of resources which will be attributed to
the task. That is why it is first associated with the number of human resources which
are necessary to complete the task. All this piece of information can be summed up
into a tasks description table (e.g., the example of Table 1.1 which will be used
throughout the chapter).

1.3.2.1 Scheduling Without Uncertainty
Under the hypothesis that the data included in the tasks description table are certain,

it is possible to perform an exact preliminary planning and scheduling process. To
do so, a template is proposed in Fig. 1.7 to complete necessary data for each task.
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Table 1.1 Tasks description g, Predecessors | Expected Resources
table (duration in weeks) number duration

T, / 3 1

T, T, 2 2

Ts T, 4 1

Ty T, 5 3

Ts T; 8 2

Te Ts; Ty 4 3

T, T 3 2

Ty Ts; Ts 5 5

To T, 5 2

Tio Te 4 6

T, Ts; To 2 3

Ty Tio; Ty 2 2

T3 To 11 1

Tig Ti2; Tiz 3 2
Fig. 1.7 Template for project
planning and scheduling for Task Number Duration
each task

Early Start Date | Early Finish Date

Late Start Date

Late Finish Date

Free Float

Total Float

The methodology and formalism proposed in this book is somewhat a direct
extension of the famous PERT methodology (Fazar 1959), (PMI 2013), in which
the expected duration ED of a task is calculated as

ED (T,)

_ Pessimistic duration (T;) 4-4 Mean Duration (T;) + Optimistic Duration (T;)

The PERT approach can be divided into four steps (Fig. 1.8):

6

e Step 1: Draw the task network using empty templates,
e Step 2: Calculate early start and finish dates from left to the right, starting from

the beginning of the project/phase,

(1.1)



16 1 Project Management Traditional Principles
Step 1 [ToTs T3] 11
| |
i i
i i
T3 4 T5: 8 |85 iz T2t 2
T ; ; : T
| i i i |
i | i | i ]
T1: 3 T2: 2 T4:5
| | —
| |
Step 2 [Te's REMER
10 115 15 1 26
| |
i i i
T5: 8 [T8 5 12 27 2
7315, 1520 20 122 22 24
I I I 1
i | i | i ]
T2! 2 T4 5 [T6: 4 [T10: 4
3:5 5 110 10 114 14 :18
I I N I [
| i
Step 3 1713 [T9Ts 7137 11
10 115 15 1 26
015 15 26
I I
T3 4 T5: 8 [T8i5 [r1i2 [T12] 2
3.7 7 115 15120 | 20 122 2224
317 9 117 2 124 | 24126
| | | |
3
e
3
Step 4 77! 3 T9! 5 T13! 11
7110 101 15
7i10| |_10i 15)
0 0 0j 0
| T8l 5 [Tl 2 T12] 2
15 20| 20 22 2224
17122 2224 24126 |
0 2 [oi2 212
T 3 T10; 4
[0 3 14 18)
D 20! 24
olo 416

Fig. 1.8 Building up the complete project network—schedule calculations
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e Step 3: Calculate late start and finish dates from right to left, starting from the
end of the project/phase,

e Step 4: Calculate total floats, free floats, and then establish critical path(s). The
term slack can also be used instead of float.

Step 1 permits to draw the complete project network according to sequencing
relationships used for each task the template as presented in Fig. 1.7. Historically,
there are two approaches, activity-on-node or activity-on-arcs (or edges). Here we
chose to present the first one, even though PERT was initially based on the second
one.

Step 2 permits to complete the early start and finish dates for each task, from left
to right, given three rules. Let the unit of time in this example be weeks (it would
obviously be the same with any time unit). First, the initial early start date in the
network should be 0 with this formalism (meaning the first task starts at the end of
week 0). Second, with this formalism, for every task, the relationship between the
early start and finish dates is given by the formula

Early Finish Date (T;) = Early Start Date (T;) + Duration(T;) (1.2)

For instance, since T, early start date is 0 and duration is 3, its early finish date is
3. Third, Step 2 can finally be completed using the following rule: if a task has
several predecessors in the project network, then its early start date equals the
maximum early finish date of its predecessors. The task cannot start before all of its
predecessors ended, which is the direct logical information for early start date
calculation. For instance, task T, has only one predecessor T: the early start date of
T, is thus the early finish date of T, which means 3. Focusing on task T, it has two
predecessors in the network, T, the early finish date of which is 7, and Ty, the early
finish date of which is 10: as a consequence, the early start date of T is 10, since T;
and T4 must be completed before it can start.

It is possible to introduce lags between predecessors and successors, in order to
introduce more flexibility into this model. A positive lag corresponds to a post-
poned start of the successor. A negative lag corresponds to an anticipated start of
the successor.

Step 3 permits to complete the late start and finish dates for each task, from the
right to the left, given three rules. First, the first late finish date which can be
completed in the network is the one of the last task. Here, it corresponds to T4, the
late finish date of which being the same as its early finish date, that is to say 29.
Then, with this formalism, for every task, the relationship between the late start and
finish dates is similar to the one for early start and finish dates

Late Start Date (T;) = Late Finish Date (T;) — Duration(T;) (1.3)

For instance, task T4 late start date is 26, since its late finish date is 29 and its
duration is 3. Finally, Step 2 can be completed using the following rule: if a task has
several successors in the project network, then its late finish date equals the



18 1 Project Management Traditional Principles

minimum late finish date of its predecessors. The task cannot end after one of its
successors should start, which is the direct logical information for late finish date
calculation. For instance, task T, has only one successor T 4: the late finish date of
Ty, is thus the late start date of T4, which means 26. Focusing on task T, it has
two successors in the network, Tg, the late start date of which is 17, and T, the late
start date of which is 20: as a consequence, the late finish date of Ty is 17, since it
must be completed before Tg or T;o should start.

Step 4 can then be completed to calculate the free and total floats of each task.
Let us start with total floats. The total float of a task corresponds to the number of
units of time (weeks here) a task can be delayed without affecting the end of the
project. As a consequence, it is directly given by the following formula:

Total Float (T;) = Late Finish Date (T;) — Early Finish Date (T;) (1.4)

For instance, task Ty total float is 6 since its late finish date is 24 and its early
finish date is 18. Then, free floats can be calculated. The free float of a task
corresponds to the number of units of time (weeks here) a task can be delayed
without affecting the early start dates of any of its successors in the network. As a
consequence, it is directly given by the following formula:

Free Float (T;) = min __(Early Start Date (T;) — Early Finish Date (T;))

T;successor of T;

(1.5)

For instance, Ty has one successor, T;,, the early start date of which is 22.
Therefore, the free float of T} equals to 22 minus 18 (T early finish date), that is
to say 4. Another example is Tg (the early finish date of which is 14), which has two
successors, Tg, the early start date of which is 15, and T, the early start date of
which is 14: as a consequence, the free float of Tg is O.

Once the network completed, one can identify the critical tasks of the network,
following the CPM (Ceritical Path Method) principles. They are the ones with a total
float equal to O (Lockyer 1976; Veitch 1984; Willis 1985). The critical path(s) is
(are) the path(s) of the project network constituted by critical tasks only. Deeper
attention should be paid to the execution of critical tasks due to absence of total
float: any delay in these tasks could imply a delay in the project. However, one
should notice the danger associated to the exaggeration of focus on so-called critical
tasks. Namely, they are critical for a certain reason, which is their potential influ-
ence on successors and final delivery date. But they may be critical for other
reasons, like the fact that skilled resources are rare, or because their influence on
client satisfaction is very high, and so on.

If this approach and formalism permit to quickly and easily perform calculations,
they are not the best tools to communicate with the project team/stakeholders. Gantt
chart (such as in Fig. 1.9) is a widespread tool which permits to easily represent
with horizontal bars the overall planning of the project. Such Gantt charts can be
built for early or late dates, or a mix of both (early in Fig. 1.9). In order to build a
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Task/Week

-
[}

3|4|5|6 718[9([10]/11]12(13|14)|15]| 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26| 27 28| 29

T10
T
T12
T13

-Non critical task (duration - earliest) Critical task (duration)
Non critical task + free float
Non critical task + total float

Fig. 1.9 Gantt chart of the project (without sequencing relationships between tasks)

Gantt chart from the data which are present in the project network of Fig. 1.8, one
should notice that a small change has to be done to switch from numerical to
calendar mode: (1) for each task, the finish dates are the same in the network and in
the Gantt chart; (2) the Gantt start dates equal the project network start dates plus 1.
This is a direct consequence of the fact that with the formalism used in project
networks as presented before in Fig. 1.8, the start dates should be understood as the
end of the corresponding time unit. For instance, in Fig. 1.8, T, starts at the end of
week 0, thus at the beginning of Week 1, as illustrated in the Gantt chart in Fig. 1.9.
Another example is T¢, which starts at the end of Week 10 in the project network,
and thus at the beginning of Week 11 in the Gantt chart.

1.3.2.2 Scheduling with Uncertainty

During the scheduling process, the estimation of task duration and thus the theo-
retical scheduling is uncertain. Some tools permit to cope with such uncertainty. For
instance, advanced methodologies permit to determine the most likely critical path
within a probabilistic project network (Soroush 1994). Other models have been
developed to propose solutions to the project scheduling problems with uncertain
durations: based on sensitivity analyses (Samikoglu et al. 1998), Markov
chain-based models (Hao et al. 2014), fuzzy logic (Shi and Blomquist 2012;
Masmoudi and Hait 2013), stochastic models, and associated heuristics (Bruni et al.
2011).

Under uncertain conditions, before using such advanced approaches, direct
calculations and comments can be performed with the models presented in Fig. 1.8.
They permit to study the robustness of a project schedule when facing some
uncertainty for task duration evaluation. For instance, Table 1.2 shows a summary
of the potential impacts of an uncertain evaluation of T¢ duration on the project and
on the direct/indirect successors of Te. In order to build such a table, one should
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follow the changes in the project network using Fig. 1.8. Initially, Ty is supposed to
last 4 weeks. Let the evaluation of Tg be uncertain, with Tg lasting from 2 to
8 weeks, each of these possibilities being equally likely. Since T free float equals 0
and total float equals 3, we already know that for durations under 7 weeks (initial
duration + total float), there is no impact on the project duration, and that for
durations under 4 weeks, there is no impact on the successors of Tg, whether direct
or indirect. When Tg duration equals 8 (4 weeks delay for Tg), the project has
1 week delay (Delay of T¢ — Total float of Tg). For durations of T¢ from 5 to 7, the
impacts on its successors can be assessed step by step, first on its direct successors
(Tg and T}), and then on indirect successors (T, and T,5), which permit in the end
to complete all values in Table 1.2. As a whole, with such uncertainty about T¢
duration, the probability of project late completion equals 0.143 (1 case out of 7)
when the probability of changes in the project network equals 0.571 (4 cases out of
7).

Similarly, such step-by-step approach can be used to study the impacts of the
simultaneous variation of duration of two tasks in the project network. For instance,
Table 1.3 studies the impacts on T;;, Ty, and the project of a simultaneous
under-evaluation of T;q duration from 6 to 11 weeks and of Tg duration from 6 to
8 weeks. As a whole, the probability of project late completion under such con-
ditions equals 0.389 (7 cases out of 18).

Such information corresponds to a direct analysis of the project network com-
pleted in Fig. 1.8, without using advanced scheduling methods. It can be easily
performed in any project to ensure the robustness of initial scheduling.

Finally, computer-based quantitative approaches can be used, like Monte Carlo
simulation. Based on probabilistic inputs, either duration or cost estimates, it
approximates the distribution of potential outputs, project duration or project cost
(Schuyler 2001; Hulett 1996; Goodpasture 2004). Numerous trials are calculated
until probability distributions are sufficiently well represented to be statistically
significant. Each trial randomly generates a simple value for each input, calculating
then the global output from combination of local inputs.

Table 1.2 Impacts of uncertain Tg duration

Te Impact on Impact on Impact on Impact on Impact on the

duration Tg Tio Ty T2 project

2 No change | No change No change No change No change

3 No change | No change No change No change No change

4 No change | No change No change No change No change

5 No change |Plus 1 week |No change No change No change

6 Plus 1 week |Plus 2 weeks | Plus 1 week |Plus 1 week |No change

7 Plus Plus 3 weeks | Plus 2 weeks | Plus 2 weeks | No change
2 weeks

8 Plus Plus 4 weeks | Plus 3 weeks | Plus 3 weeks | Plus 1 week
3 weeks
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Table 1.3 Impacts of simultaneous uncertainties about T, and Tg

T, duration Tg duration Impact on Ty, Impact on Ty, Impact on the project
6 6 Plus 1 week Plus 1 week No change
7 6 Plus 1 week Plus 1 week No change
8 6 Plus 1 week Plus 1 week No change
9 6 Plus 1 week Plus 1 week No change
10 6 Plus 1 week Plus 2 weeks No change
11 6 Plus 1 week Plus 3 weeks Plus 1 week
6 7 Plus 2 weeks Plus 2 weeks No change
7 7 Plus 2 weeks Plus 2 weeks No change
8 7 Plus 2 weeks Plus 2 weeks No change
9 7 Plus 2 weeks Plus 2 weeks No change
10 7 Plus 2 weeks Plus 2 weeks No change
11 7 Plus 2 weeks Plus 3 weeks No change
6 8 Plus 3 weeks Plus 3 weeks Plus 1 week
7 8 Plus 3 weeks Plus 3 weeks Plus 1 week
8 8 Plus 3 weeks Plus 3 weeks Plus 1 week
9 8 Plus 3 weeks Plus 3 weeks Plus 1 week
10 8 Plus 3 weeks Plus 3 weeks Plus 1 week
11 8 Plus 3 weeks Plus 3 weeks Plus 1 week

1.3.3 Resource and Cost Planning

The next step in planning a project is to allocate resources (human, material, etc.)
and plan cost. Each of these processes is now presented in this section.

1.3.3.1 Resource Allocation

In order to allocate resources, one should be able to describe its resource pool using
several parameters, depending on the type of resources. For instance, in terms of
human resource parameters, such parameters could be: skills, experience, avail-
ability (holidays/working on another project), cost per week, etc. Or in terms of
material, such parameters could be: cost per unit, quality, supplier, etc. The resource
allocation process permits to allocate resources to the project according to its scope
and schedule, given the description of possible resources. Due to the number of
parameters, this resource allocation problem is in essence a multi-criteria problem.

This paragraph will specifically focus on human resources allocation, even
though many of its aspects can easily be transposed to other kinds of resources.
When dealing with human resources, one of the stakes of the resource allocation
problem is the consistency between the skills of selected human resources and the
skills needed to perform project tasks. Low skills are likely to cause multiple
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troubles in the project, like delay due to errors implying rework, or overcost due to
the necessity to plan some training activities, or insufficient quality, etc. (Otero et al.
2009). In order to answer this problem, advanced approaches have been proposed:
based on system dynamics and control theory models (Joglekar and Ford 2005), on
decision theory and dynamic programming (e Silva and Costa 2013), or on oper-
ations research, optimization models, and associated heuristics (Konstantinidis
1998; Brucker et al. 1999).

If these methods are interesting and permit to answer complex problems, basic
approaches often permit to allocate resources, using simple reasoning on the con-
straints of the problem. Let the project tasks be described by the skills needed, with
the skills being assessed on a cardinal scale (from 1 to 5 for instance). Let each
possible actor of the project be described by a certain number of parameters, such as
skills (on a cardinal scale), cost, and availability (holidays). Using the project
network and schedules, and using rules about the skills, one can determine the actor
(s) which should perform a given task. Such rules about the skills could be for
instance that for each required skill at least one allocated actor should have the skill
at the required level (at least). Step by step, human resource allocation can be
performed for the whole project by following such rules. Let us consider for
instance the example given in Table 1.4, knowing that the number of human
resources needed for each task was already given in Table 1.1, and that we focus on
human resource planning until Week 10.

For T, one actor is needed. The limiting skill is Marketing since a 5 is needed,
Bernadette is the only one who has a 5 in Marketing. Her other skills are sufficient
for T} and she has no holiday during the execution of T}, so she can be allocated on

Table 1.4 Description of tasks and possible actors

Tasks Marketing Design Logistics Information systems

T, 5 1 2 4

T, 2 5 2 5

T 4 5 0 0

T, 4 5 5 4

Ts 4 5 5 3

T, 5 2 4 5

Actors Marketing | Design | Logistics | Information Cost/week Holidays
Systems )]

Bernadette |5 2 4 4 1200 4/5

John 4 1 2 5 1500 2/12

Paul 4 5 3 3 1200 1/15

Fred 4 2 5 3 1000 3/4

Olivia 3 5 2 2 800 5

Jane 3 2 5 4 1400 2

Julian 2 0 3 4 700 1/2/3

Tanya 0 5 2 3 1000 8/9
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T,. Similarly, for T, there is no choice but allocating John and Bernadette. As for
T,, two persons are needed. Due to the need of 5, similarly as Bernadette for T,
John is allocated on T,. Given his other skills in Marketing and Logistics, anyone
available for T, who has got a 5 in Design is a good candidate: Paul and Tanya are
eligible, since they are available whereas Olivia is not. As for T;, which is
simultaneously performed, one person is needed, and due to the required skills, Paul
is the only one who can perform T;. As a consequence, Tanya is allocated to T,
(with John) and Paul is allocated to Ts. Now, for T4, three persons are needed.
Some persons cannot be allocated on T, since performing simultaneous tasks: John
and Bernadette are working on T; and Paul on Tj3. Since a 5 is needed in Design for
T4, and since Tanya is not available during the execution of T, Olivia is necessarily
allocated to T4. A 5 is also needed in Logistics, which can be obtained with Fred or
Jane, who are both available. Due to the skills needed for Ts and the simultaneity of
this task with Ty, one will be allocated to T, and the other one to Ts: they will not
work together on the same task. The combination (Olivia/Fred) permits to obtain a
(4/5/5/3) skill vector when the combination (Olivia/Jane) permits to obtain a
(3/5/5/4) skill vector when a (4/5/5/4) skill vector is needed for Ty4. It means that, in
order to meet the requirements of skills for Ty, if the combination (Olivia/Jane) is
selected, the third person should at least have a 4 in Marketing, which is possible
with Fred, Paul, John, or Bernadette.

The last three ones are unavailable as seen before, and Fred cannot be allocated
to T4 with Jane at the same time. (Olivia/Jane) is therefore an impossible combi-
nation: Olivia and Fred should be allocated to T4 and the third person who can
complete the required skills is Julian (due to the unavailability of John and
Bernadette), who is therefore allocated to T,4. Finally, in order to allocate actors to
Ts, one should notice that the persons allocated to T4 and T, are excluded from
allocation, which means John, Bernadette, Olivia, Fred and Julian. With Tanya
being unavailable, there are only Paul and Jane left: this combination works per-
fectly for Ts.

Even without performing such a process, much information can be obtained by
simply using the Gantt chart and the number of resources needed for each task in
order to build the workload diagram of the project in order to identify peaks of
activities during the project (Fig. 1.10). The workload diagram (Fig. 1.11) is a
histogram which describes the number of actors who are working for the project
during its execution. In this example, a peak of activity can be identified from Week
15 to Week 18, with 12—13 people working simultaneously for the project.

Dealing with peak of activities can be di