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Abstract

Project control systems often fail to support management in achieving their global
project goals. This thesis proposes a Multidimensional Project Control System
(MPCS) as an approach for quantifying deviations from the planning phase to the
execution phase with respect to the global project control specification (GPCS). The
projects' current state must be translated into yield terms, which are expressed as a
gap vector that represents the multidimensional deviation from the global project
control specification. The MPCS methodology allows the project manager to
determine: integrated project status; where problems exist in the project; when
and where to take corrective action, and how to measure improvement.
However, implementing the MPCS methodology does not require extra data
collation. MPCS deals with the control of a single project and defines the project
performances in comparison with the plan. The progression of several projects in
parallel is a common situation in organizations, therefore a comparison of the various
project performances is required. It is proposed that a comparison process be
performe‘d using the data envelope analysis (DEA) approach. The reference points for
examining the performances of different projects and the directions of improvement
for the projects are not necessarily found on the efficiency frontier. An algorithm is
developed for applying multi-project system control having a relatively large number
of inputs and outputs while maintaining the validity of the DEA methodology. The

DEA output allows the diagnosis of those found on the efficiency frontier and those

that need improvement.
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Nomenclature

ACWP - Actual Cost of Work Performed -ACWP has been replaced by AC
(Actual Cost) in some standards.

APMBoK - Association of Project Management Body of Knowledge.

BCWP - Budgeted Cost of Work Performed - BCWP has been replaced by EV
in some standards.

BCWS - Budgeted Cost of Work Scheduled -BCWS has been replaced by PV
(Planned Value) in some standards.

BOM - Bill of Material.

CBS - Cost Breakdown Structure

BoK - Body of Knowledge.

CTC — Cost to Complete.

CI- Cost Index.

CP - Control Point

CWP- Control Work Package.

DEA - Data Envelope Analysis.

DMU - Decision Making Unit.

EV - Earned Value.

GP - Gap Performance.

GPCS - Global Project Control Specifications.

LOB - Line of Balance.

MRP -Material Requirement Planning

PMBoK - Project Management Body of Knowledge.
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Chapter 1: Introduction to the Thesis

1.1 Introduction

“A project” is defined by Project Management Body of Knowledge (PMBoK)
(2000) as “a temporary endeavor undertaken, to create a unique product or
service”. Temporary means that every project has a definite beginning and a
definite end. Unique means that the product or service is different in some
distinguishing way from all similar products or services. Typically, projects
utilise a confrol system, which monitors the difference or gap between the
planning variables and the actual performed results.
Project control systems indicate the direction of change in preliminary planning
variables compared with actual performance. Figure 1 illustrates the gap
between planned and actual values of a given variable. Narrowing this gap may
be accomplished by one of the following alternatives:
(a) Define corrective actions to achieve the desired results according to the
original plan (moving from B to A in figure 1); or (b) Define adjusting
activities, changing planned variables to actual performed results

(moving from A to B in Figure 1).
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Figure 1. The gap between planned and actual values of a given variable

Shtub et al.(1996) suggest that the design of a project control system is an
important part of the project management effort. A control system is based on a
set of project goals and their relative importance. For each goal, at least one
performance measure is required. There is overall agreement between project
management researchers, (Lock (1989) Nicholas (1994), Mantel et al. (2001),
Candle et al. (2001) ), and project management practitioners that each project
should strive to achieve the following objectives:

(2) be on time,

(b) be within its cost budgets,

(c) satisfy customer technical or performance standards.

Objective (c) combines and encompasses various dimensional measures from

different disciplines, e.g. quality, operational, technical, etc.



1.2 Aim of the Research

To devise a rational project control methodology and suitable tools to allow an
approach for quantifying deviations from the planning phase to the execution

phase, hence to ensure that the predefined project planning and design 1s

successfully executed during the project execution phase.

1.3 Objectives of the research

The following objectives were formulated for the research:

L.

To evaluate the current state-of-the-art project control methods

and practices used.

. To develop a project management methodology, that will provide

mformation to management so that successful performance can
be achieved according to the plan.

To develop a project control methodology to obtain a successful
performance according to the plan.

To develop a framework, tools and techniques so that all the
project’s dimensions will be integratively maintained.

To devise a framework, tools and technique in order to compare

multiple projects operating in an organization.



Chapter 2: Literature Review

2.1 Introduction

“A project” is defined by the PMBoK (2000) as “a temporary endeavor
undertaken, to create a unique product or service.” Temporary means that every
project has a definite beginning and a definite end. Unique means that the product
or service 1s different in some distinguishing way from all similar products or
services. As the world is changing there 1s a need for updating the methods, tools,
and techniques of the way projects are managed. The field of project management
has been developing in recent years. These project characteristics have been found
to cause a managerial problem mainly because of a lack of an established,
structured, leaming process such as that within flow production.

As the world 1s changing there i1s a need for updating the methods, tools, and
techniques of the way projects are managed. One of the main phenomena 1s the
shortening of the product life cycle. The operations management meaning of this
process i1s moving from high volume production toward project management.
World wide there is a growing understanding of the need for a managerial tool
within the project management field. For example, Schimmoller (2001) stated the
need for updated project management tools in power plant projects because of
these projects' complexity. Otherwise, project management will suffer losses in

cost and time. Many studies have been made to develop tools, concepts, and



methodologies. For example, Denker et al. (2001) mtroduced the concept of
information dependency structure. This concept aims to minimize interaction
during the project life cycle. The technique transforms descriptive maps
(constraints) mto prescriptive maps (project scheduling) using the dependency
structure matrix (DSM). Hardie (2001) introduced a recursive model based on a
Markov Cham. According to the author, the aim of a project manager should be to
minimize revision probabilities, even if a specific activity takes much longer than
was originally planned. Moving on to the next activity is not necessarily a sign of
genuine progress if the preceding activity has not been successfully performed.
Rather, at the end of each activity it is necessary to examine how well the activity
was performed and to estimate from the remaining dependent activities the
probability that revision will be necessary. If these revisions probabilities are high
or even moderate, then further work must be done on the activity in order to
reduce these revision probabilities.

Another way of tackling project management problems 1s to adopt tools from other
disciplinés and try to use them in a project environment. For example, Hides et al.
(2000) stated that there is a connection between total quality management (TQM)
principles and project management. Adopting TQM principles improves project
performance as regards good leadership, better customer service, error prevention
and employee development. Also, Laszio (1999) demonstrated the feasibility and
practicality of applying a quality management approach to project management.

The model uses the criteria of the Canada Award for Excellence, the



intemnationally recognized Quality Award programme. Cicmil (1997) put the
notion of Total Quality Management into a project management perspective.
Conroy et al. (1997) developed a knowledge base system to support multi-
disciplinary engineering design projects. The system applied intelligent decision
making knowledge based support processes to the selection of appropriate project
management systems. It 1s sometimes difficult to use the same methods in another
environment such as Bauch et al. (2001) who described the development and
application of a statistical project control tool for engineering projects using
statistical process control (SPC) principles. The model had a significant limitation;
in order for a useable chart to be developed, appropriate and consistent historical
parameter data must have already existed. This may contradict the PMBoK
definition of a project. Therefore it is mmportant to delimit the project types to
those to which the model may be applied.

Global changes mfluenced not only the classic operations environment producing
products and services, but also the project environment where problems were
identified. Berggren et al. (2001) discussed trends in infrastructure projects. Three
problems have been identified: the problem of coordination; the problem of absent
customer; and the problem of leaming. A conceptual framework was offered in
order to assist management to solve these problems. Pinto (2001) explored the
connection between the project manager and organization politics. A good
understanding of the organization politics associated with a particular project is

necessary for managing the project properly. Halman (2002) et al. carried out a



survey within one of the worlds’ largest companies. The survey findings revealed
clear differences in perception between plroject owners and project managers.
These differences not only referred to the project content but also to the
expectations of their mutual roles during the start-up project.

As the world 1s changing toward managing more and more products within the

project management domain, the project management field is also changing in

order to cope.

a. Bodies of Knowledge

An Interesting way of coping with the increasing demand for project management
solutions was the development of Bodies of Knowledge ( BoK), that summarized
the mamn and important knowledge in the area of project management, by two
professional associations: the Association of Project Management (APM) and the
Project Management Institute (PMI). These BoK are unique phenomena within the
industrial engineering and management area. For example, in the field of
operatioﬁs research there 1s no BoK. Morris (2001) conducted a review regarding
the existing project management bodies of knowledge. Morris (2001) indicated the
need for BoK and continually updating the BoK. The researcher surveyed Israeli
defense projects and challenged the BoK assumption that all projects are similar
and “one size fits all”. Shenhar (2001) classified the surveyed projects into 4
categories. Each category had to be managed a little differently in order to be

successfully managed. Evaristo et al. (1999) had taken the same attitude and



developed a classification of project management types based on the number of
projects and sites involved. The existence of distributed projects, their importance,
and expected future predominance was described.

It is important to emphasize that the main argument against the BoK methodology
1s the complexity of projects. Williams (1999) stated the need for defining project
complexity in order to cope with the evolution of projects. On the other hand
Tatikonda et al. (2000) supported the BoK assumption of project similarity.
Tatikonda et al. (2000) investigated project management methods used during the
execution phase of new product development. The findings were that companies
can indeed balance firmness and flexibility in product development projects.
Another result 1s that companies can manage a variety of projects using broadly
similar project execution methods.

The APMBoK (2000) suggested a strategic approach regarding management of
projects. Also, Lampel (2001) studied the core competencies of project execution
within an engineering — construction — procurement environment. Three types of
strategieé were developed: (a) focusing, i.e. company driven; (b) switching, 1.e.,
opportunity driven; and (c¢) combining.

Project management professional associations developed the bodies of knowledge
to standardize project processes and procedures. There is a debate on the
implementation efficiency but the amount of BoK implementation 1s increasing.
Both APMBK and PMBoK do not tackle the control issues within an mntegrative

framework. The control methodologies used are: the EV methodology; and one



dimension control tools such as scope change control, quality control, etc.
Therefore, there 1s a gap of supporting the integration of these dimensions within
both BoK.

b. Using project management’s tools, method and techniques within different
environments.

Project management methods are starting to be used in environments which have
never before used project management methodology.

Lo et al. (2000) mtroduced standard project planning tools into SMEs ISO 9000
implementation projects. Cote et al. (2000) introduced standard project planning
tools mto a hospital environment.

Ling et al. (2002) presented a case study of a 621 million US dollars power plant
in East Asia. It demonstrated how a large and complex project in the area of power
plants can be successfully implemented. The project encountered several problems
for example: no smoothing progression; maccuracy of project information;
excessive changes orders; meffective communication; misalignment of client’s
expectations. An 1mportant lesson leamed in order to achieve project’s success is
strictly performed use of control procedures by the project stakeholders.

These papers strengthen the observation that project management methodologies,
tools, and techniques are being used more and more in different environments.

¢. Risk management

Risk management is one of the mam research areas in today’s project management

domain. The main difference between the PMBoK 2000 edition versus the 1996



edition was the former’s development of an enriched risk management model.
Much research was performed during the laslt few years on risk management. One
study was performed by Floricel et al. (2001). They studied 60 large scale
projects. The results showed that building a strategic system for dealing with
anticipated risks was the preferred approach for dealing with turbulence in large
scale engineering projects. Tummala et al. (1996) described a risk management
model methodology and implementation. Another study, performed by Miller et
al. (2001), proposed that managing and controlling risk reduces project failure
probability. A managing and controlling risk methodology, based on 60 large
engineering projects, was developed. The methodology describes six layers of
mechanisms used by the managers for coping with risks. Many companies that
implement the BoK methodology immplement risk management as a part of it.
Other companies implement only risk management. Elkington et al. (2002) carried
out a survey in order to examine project risk management practice m the British
utility sector. The findings were that there is a strong link between the amount of
risk manégement undertaken in a project and the level of project success. More
successful projects used more risk management. Also, the earlier that risk
management was used in a project, the more successful it was.

The importance of risk management and of using accepted quantitative tools and
techniques to support it has become apparent world wide. For example, Schmit et
al. (2001) described a systematic process that identifies risk in software projects.

The process was developed using the Delphi study that took place in the USA,

10



Finland and Hong Kong. Another example is a study performed by Lorance et al.
(2001). They discussed techniques for the aqalysis and presentation of all possible
resource requirements and outcomes. Datta et al. (2001) stated that the success of
project completion within budgeted time, cost, and perceived parameters depends
to a great extent on the early identification of immediate risks to the project. A risk
management matrix was used as a supporting tool to achieve project aims.
Adopting another tool was suggested by Chait (2000) who stated the importance
of a knowledge management system regarding managing projects and their risk. A
success story of implementing a risk management methodology was described by
Dey (2001). This researcher developed and implemented a risk management
model m a cross country petroleum pipeline construction. project in India. The
model was a decision support system based on analytic hierarchy process (AHP)
and decision tree analysis (DTA).

Risk management has many psychological ingredients. It is difficult to forecast
human behavior. Grundy (2000) described the implementation of strategic
behaviorél methods and tools in a British Telecomm strategic project.

Risk management also deals with the interaction between all the project
stakeholders. Gutierrez et al. (2000) analyzed the relationship between project
owners and project subcontractors. They asked whether subcontractors should be
managed individually or as an aggregate (pool)? The main conclusion was that as

long as the contractors are strongly consistent across the project, pooling is

recommended.
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Another stakeholder conflict is the contractual relationship between the project
and the project contractors. Tumer et al. (2001) developed concepts to predict the
type of contracts that should be selected for infrastructure projects.

Risk management has become one of the main research issues i project
management. Risk management implementation however is a very demanding

process that mcludes the use of quantitative tools and techniques integrated with

qualitative methodologies.

d. Theory of constraints (TOC)

Another subject that researchers and practitioners have discussed in the project
management literature 1s the implementation of the theory of constraints (TOC)
introduced by Goldrat (1988) and Goldrat (1997). Steyn ( 2002) introduced the
theory of constramts approach for managing resources shared by a number of
projects operating m parallel. The author explored the use of TOC principles in
project cost management and risk analysis. Rand (2000), Umble et al. (2000),
Leach (1999), Sragenhym (2001), and Herroelen et al. (2002) described the
theory of constraints - critical chain principles and implementation methodology.
The TOC was implemented in many organizations, e.g.,  Michalski (2000)
described TOC implementation within pharmaceutical industry projects.

There 1s an argument as to how efficient and realistic 1s the implementation of
TOC in projects. Herroelen et al. (2001) described the advantages and

disadvantages of implementing critical chain scheduling. The critical chain

12



scheduling methodology of using time buffers (a basic TOC tool used to manage
the project) provides a simple tool for project monitoring and realistic due date
setting. The danger, however, lies in its oversimplification, i.e. implementing the
TOC will lead to real life problems that the TOC tools are not capable of handling.
Therefore, it may be problematic implementing the critical chain in a complex
project. However, Herroelen et al. (2001) suggested a branch and bound
mechanism to improve the final project makespan. The critical chain 1s starting to

be implemented and it will be interesting to follow its further development and

mtegration within traditional methodologies.

2.2 Nature of project control

The APMBoK (2000) has taken a broad view of what is meant by control.
Planning, measuring, monitoring and taking corrective action are all usually
included in the control cycle. Typically, projects utilise a control system, which

monitors the difference or gap between the planning variables and the actual

performed results.

Project control systems indicate the direction of change in preliminary planning

variables compared with actual performance.

2.3 Importance of project control

The importance of project control is a significant issue. Shtub et al. (1996) stated

that the design of a project control system is an important part of the project

13



management effort. Falco et al. (1998) stated that “it 1s widely recognized that
planning and monitoring plays a major role as the cause of project failures.
Despite the continuous evolution in the project management field, it appears
evident that the traditional approaches still show a lack of appropriate
methodologies for project control.” Many articles have supported the importance
of control 1in order to achieve the project’s aims and objectives. Avison et al.
(2001) stated that project performance can be improved if more attention is given
to the issue of control. Dey (2000) described the implementation of a concurrent
engineering methodology within a cross country petroleum pipeline construction
project in India. This study strongly recommended controlling projects through
risk management, quality monitoring and an mtegrated information management
System.

Another way of tackling the importance of control is by examming projects’
failures in order to find the project control rule. For example, Whittaker (1999)
surveyed 1450 companies in the public and private sectors. The findings were that
lack of risk management is the most highly ranked factor contributing to project
failure. Other contributing factors were the lack of required team skills and
control.

During the last decade leading projects in many industries were Enterprise
Resource Planning (ERP) implementing projects. Motwani et al. (2002) found that
the recommend actions needs to bring troubled ERP projects under control are:

(a) redefining or subdividing the project, (b) improving project management

14



through the use of formal tools and techniques; and (¢) using a team based
approach to solve specific project problems. Their findings emphasize agamn the
importance of project control.

Demurkan et al. (1998) described the importance of a project office managing
multiple, interdependent projects. In the case of many projects running in parallel
it is important to facilitate organization management with the use of appropriate
control systems.

Another important aspect of a project control system is the support of
multidimensional objectives. This is supported by Turmner et al. (1999). They noted
that managers should recognize that organizations are essentially
multidimensional. The multidimensional characteristics: (a) hierarchy linked to the
senior management; and (b) different models for operational control and senior
management; (c) the elements of operational control: (1) managing clients;
(2) mputs; (3) processes; and (4) outputs.

Therefore, a proper way of managing a project must refer to factors that lead to
success 1n \meeting the whole range of multidimensional objectives. Much research
has been conducted m order to examine project success factors. Pinto & Slevin
(1987) carried out a survey based on Fortune 1000 companies that examined
project success among a sample of these companies. Sanches et al. (2002)
surveyed R&D project management in Spanish industry. White et al. (2002)
reported the findings of a survey designed to capture the “real world” experiences

of people active in project management. The survey took the form of a
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questionnaire that was sent to 995 project managers. Sudeh et al (2000)’s survey
covered approximately one hundred defense projects. Fricke et al. (2000)
conducted a survey among organizations with mterdepartmental projects. The
common denominator resulting from the above-mentioned surveys pointed to a
common checklist representing project success factors that include clear goals,
management supports, ownership, a control mechanism and communication. A
great deal of variation is present among these success factors that do not always
employ the same dimensions. For example, clear goal and management supports
do not share the same control dimension.

Francis- Elran (1998) took a different angle. She surveyed 86 Israeli construction
companies. The findings showed that the success level of a project implementing a
specific control method is related to the level of risk as measured by situational
factors. In the same geographic region, Odeh (2002) et al. surveyed construction
projects in Jordan. The survey objective was to identify major causes of delay in
the construction industry. The findings indicated that owner interference,
inadequafe constructor experience, financing and payments, labor productivity,
slow decision making, improper planning and subcontractors are among the top
ten most important reasons for delay.

Dvir et al. (2003) surveyed approximately one hundred Israeli defense projects.
The findings were that there is a significant positive relationship between the

project’s success to each of the following : (a) the amount of effort invested in

16



defining the goals of the project; (b) the functional requirement; (c) technical
specifications of the project.

Complex projects are performed in the software industry. Jiang et al. (2000)
surveyed 86 project managers regarding project effectiveness in the software
development industry. The data, m general, indicated good control over risk
factors. However, project effectiveness measures revealed that two common risks
have a major significant impact: (a) lack of general expertise on the team; and (b)
lack of clear role definition for team members. A year later Jiang et al. (2001)
surveyed Project Management Institute (PMI) members. The results confirmed the
critical role of the project managers n project success, implying that organizations
should mvolve their information system project managers in their projects as early
as possible. Senior management should provide mfrastructure that allows the
project managers to adopt needed methods.

Baccarini (1999) tried to have a better definition of the problem. He developed the
logical framework method (LFM) defining project success. LFM was developed to
assist in the understanding of two components of project success: management
success and product success. These two components must be defined and
differentiated in the project in order for the project team to clearly know its
objectives.

Reviewing the above mentioned papers leads to a better understanding of the

importance of a control system. A control system has an important role in

17



achieving project aims and objectives. A problem that arises here, however, 1s the

multidimensional nature of project aims and objectives.

2.4 Current project control systems

Integrated cost and scheduled control systems were introduced in the USA during
the sixties and were mainly used m defense projects. These systems created
standards supported by guidelines such as DoD 7000.2. Abba (1997) described the
development process of an mntegrated project control system in the US Department
of Defense (DoD). The project control system was implemented in large projects
budgeted by the DoD. This control system is also called Earmned Value (EV). This
classical project control method is used for monitoring two dimensions: time and
cost. The project control status is based on the aggregate of these variances. The
EV concept 1s based on the work breakdown structure (WBS) planning tool. The
PMBoK (2000) defined WBS: “a work breakdown structure i1s a deliverable-
oriented grouping of project elements that organizes and defines the total scope of
the project.” Planning a project using WBS structure means hierarchic structuring
of a project using its components and subcomponents. A work package, usually at
the lowest level of a WBS, includes a set of tasks to be carried out in a predefined
organizational unit. In general, work packages are used as the basic elements in
the planning and control phases of a project. Berg et al. (2000) reported on the
“WBS Practice Standard” team working toward developing a document describing

how to use a WBS. The main conclusions were: (a) the project manager should
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have the flexibility to design the WBS; and (b) the lowest level in the WBS may
be connected with dependency links in a dependency diagram.

Figure 2 illustrates the EV methodology. The cost variance (CV) is traditionally
defined as the gap between budgeted cost of work performed (BCWP) and the
actual cost of work performed (ACWP) ie, (BCWP — ACWP). The schedule
variance (SV) (BCWP -BCWS) is the gap between budgeted cost of work

performed and the value of budgeted cost of work scheduled.
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Figure 2. EV data elements

Sipper et al. (1997) described these US Air Force methodology / Earn Value

principles that examine work-performed cost versus budgeted cost. Raby
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(2000) outlined the foundations of the Eamed Value concept and showed how
EV 1s used to measure and monitor projects. Fleming et al. (1999) and Fleming

et al. (2000) described the foundations of the methods for Eamed Value
concept and showed how EV is used to measure and monitor projects.
Williams (2003) conducted a thorough literature searcﬁ regarding the
contribution of mathematical modeling to the practice of project management.

It was found that the synthesis of project management principles and
operational research principles will lead to a new managerial theory. The
eamed value methodology is cited as a methodology for project control.

Currently, project control systems employ similar principles. Deng et al. (1998)
carried out a survey within the Hong Kong construction industry, examining
integrated cost/schedule control. Their findings indicated that only a small
percentage of construction projects implemented such a methodology. Their article
also recommended that the government and private sector use an integrated cost /
schedule control system, emphasizing that using an unsatisfactory single
performance measure system would not advance the projects’ performance.
El-Mashaleh et al. (1999) conducted a survey regarding integrated project control
systems 1n clean-room construction projects. Their conclusions were: (a) a control
system constitutes an essential part of the ongomg managerial effort aimed at
achieving the project's objectives; (b) an organization employing the project
should allocate the proper amount of financial resources m order to establish an

effective control system, (c) every project should be hierarchically structured in a
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work breakdown structure (WBS); and (d) a project control system should monitor
all the participants at the work package (WP) level.

From a different perspective, the following studies present Eamed Value
enrichment. Paquin et al. (2001) offered to add another dimension to the control
system. The model constitutes a quality breakdown structure (QBS) to indicate the
overall quality objective. This dimension enables the project manager to assess, at
any time, the overall quality simply by comparing its eamed quality of work
planned with the planned quality of work performed. Assessing ongoing quality
enables the project manager to identify activities that were not successfully
performed. The assessment of those activities initiates corrective action as quality
deviations are detected. Another enrichment EV model was introduced by
Robmson (1997). The researcher developed a statistical approach that aims to
improve the project manager’s understanding of the Earmed Value results. Using
this statistical approach the project manager can know when observed schedule
variances are statistically significant. In the case of statistically significant
variances, the project manager will be able to take corrective action.

The DoD scheduling guide for program managers (2000) illustrates a control
system designed for projects producing more than one product unit. Performance
1s measured as throughputs at predefined control points. This control system is the
Line of Balance (LOB). Arditi et al. (2001) presented the effect of leaming on
LOB control methodology in a repetitive — unit construction environment using

leamning curves. Another use of the LOB technique was used by Shtub (1997).
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This researcher developed a tool for a project such that its work content can be
divided mto several subprojects or segments. In this tool the same set of activities
1s performed on each segment. Line of balance (LOB) measuring indices were
implemented within the segments control.

Other control tools are used mainly for controlling specific issues in order to
achieve other project aims. One control tool is Project Scope Management, which
defines the procedures whereby the project content may be altered. It includes
various managing tools designed to control changes. Meredith et al. (2000)
mention that these changes are mainly produced by the stakeholders' desires,
technology developments, increased knowledge base and changes mm project
process.

Another control tool is based on project engineering design control systems, which
mclude a series of design reviews (DR) that typically contain predefined control
points through a project's life cycle.

Strategic project control is another tool described by Van Veen —Dirk et al.( 2002).
They suggested a model connecting critical success factors with the balanced
scorecard (BSC) in order to achieve strategic control. The BSC i1s not related to the
market. Therefore, the combination of BSC with critical success factors can detect
market changes and lead to changes in company strategy.

Another control tool is offered by the theory of constramnt. The TOC offers

controlling project scheduling by monitoring the time buffers as Steyn (2000)

stated.
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Another model 1s described by Costa et al. (1989). The authors introduced a new
managerial methodology in order to manage and control projects and jobbing
production. The paper described a conceptual model for a control system based on
traditional techniques including the importance of integration. This model takes a
strategic perspective using “winning criteria” as the goal.

Mayor (2003) described a procedure for controlling suppliers and contractors
using "the Five Rights": the right quantity; the right quality; the right price; the
right time and place; and the right supplier. Hormozi et al. (1999) indicated the
need to define and establish a control system supporting time, cost and
performance. They mention that project managers often prioritise projects aims
differently. For instance, one manager may prefer to focus on timetable while
another manager emphasizes profitability.

Another control system concentrates only on project finance control systems. For
example, Akalu (2001) introduced implementation of a finance appraisal called
shareholder value analysis (SVA). The SVA tackles the relationship between the
market value of debt used to finance the project and the net present value (NPV)
of the project. Akalu recommended using SVA measures during the project life
cycle at each control point. Abbasi et al. (2001) introduced another project
finance control system. The author suggested a new hybrid heuristic that
maximizes project net present value. The heuristic is based on a combimation of

minimum late start and shortest processing time priority rules.
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Reviewing the literature regarding current control systems suggested the
following: first, the primary project cor}trol system 1s the Earned Value which is
implemented world wide. The system mtegrates cost and scheduling. Second, a
less often used control system 1s the Line of Balance which measures the progress
of projects producing more than one product unit. Finally other systems

concentrate only on one specific dimension such as cost, design, etc.

2.5 Deficiency of the current project control systems (
Both project management researchers and practitioners stated that there are
deficiencies using the current project control systems. Kolisch (2001) surveyed an
extensive array of research on various aspects of project scheduling. An important
conclusion was that the integration of project objectives with resulting models and
methods is an important goal that remamns to be explored. Another study was
conducted by Driva et al. (2001). They carried out a survey of performance
evaluation of new product developments in the UK. Without exception, all
comf)anies wanted to improve their use of performance measures. This probably
meant that the methodologies that these companies were using were not
satisfactory.

Bauly (1994) supported this view and described the need for the use of
performance measurements within project management. The author suggested a
list of preferred metrics. This point of view regarding the deficiency of the current

project control systems is supported
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by a study performed by Tukel et al. (1998). They carried out a survey of project
characteristics i diverse mdustries. The conclusions were that time and cost are
important project objectives. However, project quality 1s also an important project
objective. Furthermore, use of quality as a measure for project success is an
important factor for the successful implementation of a project. Project quality can
also be defined as equal to a proper performance of the project content, i.e., its
multidimensional aims and objectives. Kwok et al. (1998) described the total
control methodology (TCM) which is based on the scenario that several separate
processes usually exist within each product line. Each of these processes should
have an mndividual control plan. The plan must include control instructions for
each operator, 1.e., control specifications. Kwok et al. (1998) enhanced the basic
TCM model by using quality control tools. They emphasized the need for
controlling the quality dimension. Another supportive opinion is that of Tukel
(2001). The author found that a project manager’s primary success measure 1s the
quality of a project. This is supported by empirical generalization. The quality of a
projéct 1s found to be associated with customer focus, rework reduction, and
conformance to the technical specifications. De Toni et al. (2001) surveyed 115
medium and large Italian companies. Among the findings was that although these
companies adopted the synthesis of cost and non-cost dimensions, in practice, the

cost and non-cost dimension results were kept separate and not within an

integrated form.
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The above studies indicate that: (a) the control dimensions of time and scheduling
are not enough; (b) there 1s a need for a multidimensional project control system
that can measure the project’s aims and objectives; and (c) there is a need for an
integrative system that can mdicate the project’s status during the project’s life

cycle.

2.6 Author’s experience

Based on 15 years of consultancy projects in the Israeli production and service
industries it 1s clear that project managers need to have more than two control
dimensions, (e.g. quality, operations) to achieve project aims and objectives that
go beyond time and cost. This will be supported using 4 representative cases of

consultancy jobs in the Israeli industry.

Rozenes (2000) described a consultancy assignment to implement a project
management methodology at Tadiran Spectralink LTd. According to Dan and
Bradstreet (2003), Tadiran Spectralink Ltd. is a highly specialized producer of
advanced wireless communications systems. These systems are available for a
variety of airborne platforms and ground installations, including Clear, Anti-
Jamming, LPI, Digital, and TDMA systems. Major capabilities mclude: data link
design; Combat and Peacetime Search & Rescue systems; software and hardware
development; production mtegration and testing; after-sales technical support and

Integrated Logistics Support. Tadiran Spectralink has a workforce of 150, mainly
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engineers and skilled technicians. The consultancy assignment main goal was to
implement the PMBoK methodology combined with the Critical Chain approach.
The process took a year and the final results were satisfactory. The company
adopted the methodology and performance improved. The complexity of the Hi-
Tech projects demanded knowing the status of multidimensional control measures
such as quality, operational, functionality, etc. Implementing traditional control
systems did not integrate the different control indices and the managers could not

observe the entire picture.

Rozenes (1998) described the implementation of the Earned Value control system
at ECI Telecom Ltd IS department. According to Dan and Bradstreet (2003), ECI
Telecom Ltd. is a provider of advanced telecommunications solutions. Focused
mainly on the metropolitan optical and access markets, ECI enables leading
service providers and carriers world wide to maximize their capital investment and
reduce operating expenses while providing voice, data, video and multimedia
ser\{ices to their customers. ECI maintains a global sales and customer support
network. The consultancy assignment main goal was to implement the EV
methodology in the mformation systems department. Managing complex projects
in a dynamic environment 1s a difficult mission. The problem in implementing the
EV control systems was team discipline, i.e., the staff were not willing to report
their progress to the management. The main argument was that using the EV

system will not indicate the amount of effort that was put mto their work and the
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quality of their work. That meant the staff wanted more indicators pomnting toward

the quality of performance of the team.

Rozenes (1997) described planning a multi-project control of electrical
transformation stations at the Israel Electric Corporation. According to Dan and
Bradstreet (2003), the Israel Electric Corporation (IEC) 1s responsible for
generating, transmitting and distributing electricity. It supplies electricity to all
parts of Israel including those areas under the control of the Palestinian Authority.
The IEC operates under the auspices of the Israel Public Utility Authority (PUA()
and 1s subject to the Electricity Law that regulates licensing, competition, rates and
environmental practices. The consultancy assignment main goal was to plan the
project according to traditional methodologies. The consultancy project involved
planning 80 electrical transformation stations using traditional methodologies.
Planning a control system for this project based on the EV system was problematic
because the complexity of the project demanded other dimensions and integration

among all of the control mdicators.

Rozenes (1996) described implementation of a project control system at Israeli
Military Industry Corporation factory. Israel Military Industries (IMI) is the first
defense equipment manufacturer i Israel, established m 1933 to provide self-
defense equipment for the State of Israel. Today, IMI is focusing on its core
business - the defense systems market. With over 60 percent of its production

destined for world markets, IMI is a recognized supplier to armed forces, law
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enforcement and security agencies and defense manufacturers on five continents.
IMI is the major supplier to the Israel Defense Forces, fulfilling its most important
mission - ensuring the safety and security of Israel and its citizens. Over half of
IMI's 4,000 employees are engmeers, scientists and technical experts. The
consultancy assignment main goal was to implement a control methodology 1n a
specific Hi-Tech project using one control dimension - cost. Only one parameter
was not enough for controlling the entire project. In this case the management was

insistent on this procedure. Again there was a lack of different control indices that

did not reflect the complexity of this Hi-Tech project.

2.7 Discussion and Conclusions

This literature review indicates the rapid development of the project management
domam. For large projects the Earned Value methodology 1s the dominant control
methodology world wide. Many reports described application or enrichment of the
EV system. There 1s a lack of a broader control picture. Project managers need to
hav;a more than two dimensions, e.g., quality, operations, etc, in order to achieve
project aims and objectives that go beyond time and cost. This is supported by
many researchers aiming to identify project success factors. The main conclusion
1s that a project tackles many dimensions and the project manager should have a
methodology that supports the integration of these dimensions. Controlling the

entire array of these success factors defines the need for a multidimensional
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project control system (MPCS). The MPCS system described by Rozenes et al.

(2004) will be presented in the following chapters of this thesis.
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Chapter 3: MPCS: Multidimensional Project Control System

3.1 Introduction

Eamed Value (EV) is the classical project control method used for monitoring two
dimensions: time and cost. Using the EV methodology 1s sometimes not sufficient,

as there are projects where effective monitoring requires more than the two

dimensions of cost and time.
(

Figure 3 illustrates a case where a subassembly 1n level 1 1s broken into 3 work

packages in level 2. These work packages carry out purchasing and integration

activities.
Level O Project
L | [
Level 1 Subassembly
Level 2 Integration Purchasing Item 1 Purchasing Item 2

Figure 3. Partial WBS

Table 1 presents typical data derived from employing the EV control methodology

on the case illustrated in figure 3. It shows that the control indices, 1.e. the cost
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index (CI) and schedule index (SI), of “Subassembly” are satisfactory (CI=0.99,

SI=0.99).

Table 1. EV Subassembly control status

7= BCWP S = BCWP| BCWP BCWS | ACWP
ACWP BCWS ($K) ($K) ($K)
Subassembly | 0.99 0.99 301 303 305

However, Table 2 contains a detailed presentation of the subassembly’s structure.

It presents the value of control indices of all of the subassembly’s components. CI

and SI values of “Purchasing Item 1” and “Purchasing Item 2” show that they have

performed according to the plan 1.e., (CI=SI=1). However, the CI and SI values for

“Integration” show poor performances 1.e., (CI = 0.2, SI = 0.33). The conventional

usage of the EV methodology would result m a satisfactory accomplishment of the

subassembly (i1.e. CI, SI in Table 1). However, it would not be possible to

accomplish the subassembly without satisfactorily accomplishing the mtegration

and this would mean that the project’s objectives would not be met, 1.e., the actual

performance of the CI and SI indices are not as good as those indicated by the EV

methodology.
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Table 2. EV control status

CJ = BCWP _ BCWP| BCWP | BCWS | ACWP
| ACWP BCWS ($K) ($K) (SK)
Subassembly 0.99 0.99 301 303 305
Purchasing Item 1 |1 1 100 100 100
Purchasing Item 2 | 1 1 200 200 200
Integration 0.2 0.33 1 3 5

The proposed MPCS methodology uses a multidimensional control system

which assists i controlling projects. The MPCS 1s using the Global project

control specifications (GPCS). The GPCS determines control specifications by

defining control tasks through the project life cycle. Control activities define the

measurement processes that should be executed in order to successfully perform

the project WBS. The GPCS defines the control dimensions, their details,

structure and performance prioritization.

Project management methodologies are used in two phases of the project life

cycle: the planning phase and the execution and control phase. Table 3 shows the

tools used in the various phases when implementing either the EV methodology or

the MPCS methodology. The WBS is the classic method used at the planning
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stage. However, the GPCS replaces the WBS during the execution and control

phases when the MPCS methodology is used in preference to the EV approach.

Table 3. MPCS versus EV

Methodology Phase Earn Value Multidimensional Project
EV Control System
MPCS
Planning WBS WBS
Execution and Control WBS GPCS

The differences between the two methodologies (EV and MPCS) are exemplified

by using the structures illustrated in figures 4 and 5. Figure 4 1illustrates a classical

structure of a project using the EV methodology. It shows two types of tasks.

Work packages (WP) and control work packages (CWP) determine task content

and control content respectively. Note that activities of both phases (planning,

control) are present in one structure.

Figure 5 illustrates the MPCS methodology. Figure 5a presents the planning phase

and Figure 5b represents the execution and control phase. When implementing the

MPCS methodology, each phase has its unique structure.
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WBS

F—‘ﬁ

Figure 4 Classic WBS planning

WBS GPCS

Techno

Functional Operational Quality

I
WP1 WP2| | WP3 CWP) CWPZ

(@) (b)

Figure S MPCS methodology structure

Figure 6 illustrates a typical GPCS structure (based on Figure 5Db). It presents the

detailed control activities throughout the execution phase.
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GPCS

|
[ | |

Technical/ : ;

Operational uali

Level 1 Functional P Quality
Sub}ect Subject Subject

Level 2 1j.L 1.j.L Lj.L
Level u Subject Subject Subject
1.j.L Lj.L 1.j.L

(
Level m } . l \

CWP 1.k CWP 1.k CWP1.k

Figure 6 Global Project Control Specifications Structure

Level 1 defines the various control dimensions / categories, noting, there is no
limit to the number of dimensions that may be used. Typical categories are quality,
operational characteristics etc. The type and number of dimensions depend on the
nature of the project. Each category presented in level 1 may have subcategories in
level 2 to level m. These subcategories are denoted as subjects. The lowest level of
any category defines the related control work package (CWP).

The Technical / Functional category includes technical data needed to produce the
project. It may include for example the following topics: functional flow analysis,

mntegrated test planning, data management plans, configuration management plans,
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system safety, human factors analysis, value engineering studies and life cycle
cost analysis.

The Operational category contains project operating systems. It also contains
project flow process and priorities determination. It may include for example the
following: prelimmary requirements, system/cost analysis, effectiveness analysis,
synthesis, logistics support analysis, technical performance measurement planning,
engineering integration, preliminary manufacturing plans and manpower
requirements/personnel analysis.

The Quality category defines project quality requirements and may include the
following: requests for contractors ISO 9000 certification, requests for contractors
ISO 14000 certification, application of statistical process control , quality cost
systems, and quality measures.

The logic of the GPCS methodology creates the need for a measuring method to

be used with various categories and various related units of measurement. A useful
measuring tool has been the yield concept. Bohn et. al [3] and Badinelli [2]
mentioned the important role of yield. Zhang et. al. [21] define different types of
yields such as assembly yield and machine yield. Tapiero ( 2001) and Eliman et
al.(2001) used yield as an important measuring tool. Badinelli (2000) stated the
important role of yield. It is proposed to utilize the yield concept as the measuring

method for project categories. This 1s discussed below.
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3.2 MPCS quantitative measures

The control system aims at minimizing the gap between planning and results. The
planning basis m the MPCS system constitutes the GPCS’s control specification,
as indicated n Figure 6. The GPCS defines control assignments during the course
of the project’s life. Should there be a gap between planning and performance, a
waming 1s indicated by the system in order to take corrective action. This
comparison process 1s conducted while measuring actual performance using the
yield index. The MPCS’s output constitutes the category yield’s vector
presentation for all categories included in the GPCS specifications. Since the
GPCS is hierarchically constructed, the yield’s computation process 1is
aggregative. Commencing at the lowest level, which is the control work packages
level from subject j level up to level 1, which is the category level. The subject

level yield (¥ ) computation input is based on performance in the control packages

level. The categories yields computation input 1s based on comparing the subjects’
perfénmance to predefined performance levels (CRj). The measure of these levels
in the various subjects is defined by the project’s management, taking into account
that the leading consideration is the required control sensitivity measure. These
levels are designed to detect unreasonable digression. A reasonable digression is
one i which subject j’s performance, 1n yield terms, is higher than the defined
performance level. In case of an unreasonable digression the project’s team will be

asked to take corrective measures.
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a. Subject yield
The various GPCS control packages are defined in the planning stage. The
performance of each control package k 1s tested during the performance stage. If

performed is as planned, then &§, =1, otherwise, §, =0. An identical weight

assigned to each control work package k, out of M control work packages, related
to subject j of category 1 out of L subjects.

M

2.0

y

Where:
] IfCWP k is successfully performed

5, =

O Others

,» 15 ot equal to 1, 1t means that there are differences between

When the index 7,

planning and performance.

b. Category yield

When the subject’s yield 7, , equals or exceeds the threshold value defined by the

project administration, then subject’s performance is defined as successful, 1.e,,

0, =1. The closer CR; s to 1, the higher control sensitivity will be, indicating that

38



the project is responding to specification requirements. The GPCS structure
includes N categories and each category has L subjects.

Due to the GPCS’s structure, the categories are independent of each other.
However their importance and contribution to the success of the project’s
performance are not 1dentical. For example, the subject “configuration
management” n a software project 1s more important than the subject “value
engineering studies”. Therefore, subject weight 1s suggested according to its
position m the GPCS specification based on King’s (1980) algorithm. Using the
King’s algorithm allows the project management to implement the Pareto concept
where few categories contain the majority of the weight. Furthermore, adding
more categories to the same GPCS, during the GPCS design, will increase the
mmportance of the first positioned categories. Equation (2) presents the yield

computation of category 1 using King’s algorithm.

L
-
2 | Zl 6,24
— J=

>0
Jj=1

1

1 IfYij>CRj

0j =
J (0 Others

The project management may use other weighting methods if there 1s a need to

weight differently a certain category.
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c. Vectorial presentation

Based on the lack of dependence between the GPCS’s categories, the control
system 1s formulated as an orthogonal vector system whose axes constitute the
various categories. Nicholas [12] and Meredith et.al. [10] performed a similar use
of an orthogonal presentation for representing the project’s goals. Such a
formulation of the control system enables the use of vector analysis’s
mathematical principles and tools. Employing the results of equation (2), vector P
can be formulated as the actual performances of the various N categories in yield

terms as in equation (3).
@) P=Yi+Y,j+--+Y,A
Where: 1, ],...h are unit vectors.

Vector, P, shown in Figure 7, represents a three-dimensional case of actual
performance which 1s not compatible with planning. There 1s evidence of a gap
existing between the planned and actual performance, represented by the 7 vector,

where ¥, =1Vi=1---N .

The smaller the gap, the closer will vector, be to vector, P.

Category 1

Category 3
Category 2 Tl

Figure 7 yield vector presentation 40



(4) G=I-P

(5) G=Q01-Y)i+(0=Y)j++(A=Y,)A

The gap vector (G ) presented mn Figure 8 is a managerial tool whose size and
direction represent the effort required in taking corrective action, 1.e., comparing

planned to actual performance. The desired value for this vector is zero.

Category 1

A Y
[

Category 3

Category 2

Figure 8 gap vector presentation

The MPCS system defines two types of indices. The first is a performance index
Y, for each dimension/category, and the second is the gap vector G which

constitutes an inclusive index examining the entire array of the project’s
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performance. The Gap Performance (GP) index presented in equation (6) serves as

an additional inclusive index.

_
(6) GP=-—

Where: N is the number of dimensions/categories

The Gap Performance (GP) index has a normalized value. The closer this value i3
to 0, the closer project performances are to planning, ie., complete and full
responsiveness to the requirements presented in the GPCS. The GP index 1s
designed to be used by the manager, comparing the performance of a number of
projects with the mdex representing performance on a 0-1 scale. Thus, planning
performance can be compared with project performance within the project life
cycle. This index can be easily computed with a spreadsheet so that the manager

need not know vectorial analysis to derive these measures.

3.3 Computational example
This example illustrates the application of the MPCS methodology. Let the control
system be compatible with the project presented nn Figure 3 which was planned
and controlled using WBS concepts. The example presents a two-dimensional
control of the techno/functional and operational dimensions. The example includes

the definition of GPCS control specifications, computation of subject yield,
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computation of category yield, vectorial presentation of the results of the MPCS
methodology and analysis of the results.

The GPCS control specifications are given i Table 4. The specifications are
hierarchically constructed and consist of two categories representing the control
dimensions. Each category includes a number of subjects that define its contents
and each subject includes control work packages. For the sake of simplicity, only
the control work packages of subjects 1 and 3 1n the techno/functional category are
displayed. The dotted points in Table 4 represent the appropriate control packages
for each subject and are incorporated in the overall calculations of the respective

category yield.
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Table 4. GPCS

Category (i) Subject () Control Work Package (k)

Identification block
Proposed change
description and references
1. Configuration . Justification

management . Impact statement
Alternatives

Initial review results and

1.Techno/Functional disposition

2. System safety .

1. System integration

3. Integration 2. Subassembly integration

3. ATP — Automatic testing procedures

4. Value engineering

studies

5. Life cycle cost analysis

1. Preliminary

requirements

2. System/cost analysis

2. Operational 3. Effectiveness analysis

1. Purchasing control
4. Logistics support

analysis
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The implementation of the control work packages was examined by means of the
control processes defined in the control work packages. When the content of the
controlled work is performed according to the plan defined in the work package k,
the value ok =1 is obtained. A value of dk = 0 means that the tasks defined in the
plan were not executed. Tables 5 and 6 show the performance at a defined control
point within the life cycle of the project. Table 5 and 6 show the &k values for
“Configuration Management” and “ Integration” respectively. However in Table
6 the control package “Subassembly integration” was not performed, while
according to the aggregate control indices of the EV methodology described in

Table 2, the integration was well performed.

Table 5. Subject 1 - Configuration Management -0k

i)k Control Work Package o
1 |1 |1 |Identification block 1
1 |1 |2 |Proposed change description and references 1
1 |1 |3 |Justification 1
1 |1 |4 |Impact statement 0
1 |1 |5 |Alternatives 1
1 |1 |6 [|Initial review results and disposition 0
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Table 6. Subject 3- Integration - Ok definition

iljlk Control Work Package ok
1]3| 1| System integration 0
1|3| 2| Subassembly integration 0
1]3] 3|ATP 1

The CWP performance data constitute the input for computation of the yield for
each subject. This computation is based on equation 1. Referring to Table 6, the

computation for the yield of subject 1 “Configuration management”, is given by:

>6,
7 = =%=067

The yield computation of subject 3, “Integration” is:

25/»' 1
Yy =4 — =~ =0.33
; 3 3

The performance of the subjects calculated in terms of yield is examined against
the threshold value defined for each subject. If the actual performance result

equals or exceeds the threshold value, then the value & = 1 is obtained. If the

threshold value is higher, § = O is obtained. The project management should
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define the threshold value during the planning phase. The higher the threshold
value, the higher is the response sensitivity.

For example, management may decide that the subject Integration 1s successfully
implemented 1f two out of 3 work projects (67%) are satisfactorily completed, i.e.,
the threshold value in this mstance would be 0.67 (a detailed procedure is
presented in chapter 4).

Table 7 presents the subject yield results, including the results of the control work
packages which were not presented in Table 4, along with the process for

comparison of the subject yield results with their respective threshold values.

Table 7. Yield results

I1j | Subject Subject yield Threshold value | 6]
Yij CRj

1| 1| Configuration management | 0.67 0.67 1
1| 2| System safety 0.78 0.65 1
11 3| Integration 0.33 0.67 0
1| 4| Value engineering studies 0.55 0.60 0
1| 5| Life cycle cost analysis 0.95 0.65 1
2| 1| Preliminary requirements 0.45 0.50 0
2| 2| System/cost analysis 0.25 0.50 0
2| 3| Effectiveness analysis 0.69 0.50 1
2| 4| Logistics support analysis 0.87 0.50 1

The category yield computation process ascribes importance to the location of the

subject within the GPCS specifications — that is, in this project, the subject
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“Configuration Management” 1s given a greater weight than the subject “System
Safety” because it is listed first in the hierarchy. Computation of the yield for
category 1, “Techno/Functional” which is performed on the basis of biary

weighting and based on Equation (2), giving by:

5
.
2,02 25
Y, =2 =22 =0.81
31 31

Computation of the yield for category 2 “Operational”, is then:

= J=1

Y J=
2 15 15

The performance results of the categories may be shown vectorially by means of

the GPCS yield vector based on Equation 3,

P=081i+0.2]

1.e.

The gap vector based on Equation 5 is:

G=0.197+0.8]
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Figure 9 presents a graphic description of the two vectors. It 1s seen that the GPCS
yield vector P, represents reasonable performance in the Techno/Functional

category and inferior performance in the Operational category. The gap vector, G,
represents the direction and strength of the remedial activities that should be
undertaken 1n order for the GPCS performance to become equal to the plan — that
is, for G to become the a vector that have values of 0 and P to become the unit

vector f .

[
»-

Y ops

Figure 9 gap vector illustration

The system performance may be presented by means of the Gap Performance

index GP, calculated according to Equation 6. This index presents an overall

evaluation of the gap existing between plan and performance. The optimal value
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of this index is 0. Applying appropriate values to Equation 6 the value of GP for

the project is:

op [0l _Nostro19®

2

In order to improve the performance of the project, the project manager must take

corrective action to reduce the value of GP or reduce the values of G . Table 8
summarizes the findings of Tables 4 and 5 and presents the control work packages

which have not been properly performed.

Table 8. Control Work Packages that do not satisfy the GPCS demand

1|] | k| Control Work Package ok
1 {1 |4 [Impact statement 0
1|1 |6 {Initial review results and disposition 0
1|3 |1 | System integration 0
113 Subassembly integration 0

If the corrective activities are undertaken and the control work package “Impact
Statement” 1s properly performed, 6 4 = 1 will be obtained and the yield will

improve accordingly. However, the previous value of ¥, (0.67) was higher than
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the threshold value required (see Table 7) and thus the category yield will not
change.
Combined improvement of two control work packages, “System Integration” and

“Subassembly integration” will cause the value of the subject yield ¥,, to surpass

the threshold value (0.75 - see Table 7),

i

5k

. 3

Y = k=1 :—_—_1
13 3 3

The category yield ¥, will improve:
29

5 s
26,27
=2 =2-0.94

31 31

Y,

Thus, it may be seen that the MPCS methodology draws attention to the problem
of integration in the project which by comparison the EV methodology indicates

“Integration” as being reasonable results (as i Table 2).

3.5 Conclusions
Typically, project specifications will be hierarchically structured, based on the
WBS structure. Controlling a project 1s a highly complex activity and is currently

achieved by using a number of independent systems. The EV methodology,
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although used mtemationally, only integrates the cost and the schedule. Hence,
other dimensions such as quality, technology, operations etc. are not integrated
into the system and consequently must be controlled using other systems.

The EV methodology 1s based on an imtegrative calculation of the WBS.
Accordingly, there may be situations m which the control indices indicate a
reasonable project status, but the actual situation will lead to non-compliance with
the project goals.

A new methodology, MPCS, has been presented, which integrates all known
dimensions of the project giving appropriate weighting to each. The MPCS uses a
control tool, the GPCS, which determines control specifications by defining
control tasks through the project life cycle.

The use of MPCS presents the project performance in all of its dimensions of
operation. There is no averaging of the various operations; accordingly, the system
will be able to draw attention to poor performance in a certain dimension, and the
Project Manager will be able to understand the extent of its influence on achieving
the project objectives.

The computational example illustrates the advantage of the MPCS methodology
over the classic EV methodology. It may be seen that the MPCS system draws
attention to problems of integration whose cost 1s relatively low and whose
advantage is relatively high i contrast to the EV system which does not provide

such alerts to the senior management level.
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The MPCS methodology presents an innovative concept that integrates definition
of GPCS control specifications with a computational process that presents the

status of each dimension in terms of yield and provides a vectorial representation

of the entire system.
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Chapter 4: MPCS Multidimensional Project Control System
Implementation Methodology

4.1 Introduction

The control system aims at minimizing the gap between planning and results.
The planning basis in the MPCS system constitutes the GPCS’s control
specification as indicated in Figure 6. The GPCS defines control assignments
during the course of the project’s life cycle. Should there be a gap between
planning and performance, a warning is indicated in order to take corrective
action. This monitoring process is conducted using the yield index while
measuring actual performance.

a. The GPCS Topology

Every GPCS structure may include one or both of the following substructures.
I. Substructure A

Substructure A represents a single subject configuration with Control Work
Packages (CWP) only. Substructure A is described in Figure 10. where every
subject may contain M Control Work Packages. Level m is the lowest level in
the GPCS branch and contains a compilation of control tasks that must be

performed in order for the project to achieve its objectives.
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Subject 1
Level m-1 ,

Level m CWP 1 CWP 2 CWP M

Figure 10. GPCS Substructure A

II. Substructure B

Substructure B represents a single or multi subject configuration with lower
level subjects and CWP’s. Figure 3 shows an example of a Substructure B.
Subject A includes the combination of a subject (e.g., Subject 1) or several
subjects with the same level as control work packages (e.g., CW1 and CW2).

Subject 1 contains only CWP’s therefore it has a Substructure A configuration.
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Subject A

Level m-1 CcCwp1 Subject 1 CWP2

Level n

CWPa CWPbD CWP ¢

Figure 11. GPCS Substructure B

b. MPCS performance measures

Since the GPCS is hierarchically constructed (see Figure 6) the yield’s
computation process is aggregative, starting at the lowest level up to the
catégory level. The category yield computation is based on comparing the
subjects’ performance to predefined performance levels (CRj). These levels
(for the various subjects) are defined by the project’s management taking into
account the required control sensitivity requirements. These levels are designed
to detect unreasonable digression. A reasonable digression is one in which
subject J’s performance, in yield terms, is higher than the defined performance

level. In case of an unreasonable digression the project’s team will be asked to
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take corrective action. The process of defining the threshold values (CRj) by
the project management is based on the definition of each control work
package as a critical CWP or non-critical CWP. A critical CWP is one that
must be successfully performed in ‘order to proceed with project execution
otherwise the project will not reach its predefined aims and objectives .For
example, a threshold value (CRj) of 1 means that every CWP that belongs to
subject j must be successfully performed otherwise that project execution will
not meet the project objectives. A threshold value (CRj) for a specific subject
set at 0.5 means that up to 50% of the CWP related to this specific are being
defined as critica]l CWP. Performing 50% or more of the CWP subject
(including the critical CWP) is defined as a “successfully performed” of the

subject.

I. Subject Yield

As described earlier, every GPCS can contain both topologies, Substructure A
and Substructure B (see Figures 10, 11). In the case of Substructure A, the
peﬁonnance of each control package k is tested during the performance stage.

Yield calculation results Y, is using Equation (1) .Where index Y is not equal

to 1, it means that there are differences between planning and performance.

In the case of Substructure B, computation includes the yield calculation for all
subjects on the same level which are then compared with their respective
threshold values (CRj) as defined by the project management. When the

threshold value is higher than the yield, then §, =0, and when the subject yield
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value exceeds the threshold value, then &, =1 . Control package values are

calculated in the same manner as in Substructure A.

M

2.6

n i = k:]lv[ vy

Where:

1 If Y;> CRy; or CWPk is successfully performed
0 Otherwise

II. Category yield
When the subject’s yield ¥; is equal to, or exceeds the threshold value then the
subject’s performance is defined as being successfully completed and the

auxiliary variable 6, equals to 1, otherwise 8, =0.
The closer CR;is to 1, the higher the control sensitivity will be, indicating that

the project 1s responding to specification requirements. The GPCS structure
includes N categories and each category has L subjects.

Due to the GPCS’s structure, the categories are independent of each other.
However, their importance and contribution to the success of the project’s
performance are not identical. Therefore, each subject weight is determined

according to its position in the GPCS specification using Equation (2).
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ITI1. MPCS managerial indices

The MPCS system defines the following indices: performance index Y, for
each dimension/category 1; gap index G, (i.e., the difference between 1 and 7,)

for each dimension/category i; gap performance index (GP) presented in

equation (8) is based on Rozenes et al.(2004).

’ N
G,'z .
~ i=1 (
GP =

(8) T

Where: N is the number of dimensions/categories

The gap performance GP index has a normalized value. The closer its value to
0, the closer the project performances are to the respective plans, i.e., complete
and full responsiveness to the requirements presented in the GPCS. The GP
index may be used by the manager to compare the performance of several
projects with the index representing performance on a 0-1 scale. Thus, planning
performance can be compared with project performance within the project life

cycle. This index can be easily computed with a spreadsheet.

4.2 MPCS implementation procedure

The MPCS Implementation methodology incorporates two phases based on the
project life cycle; the planning phase and the execution phase, as shown in
Figure 12. The planning phase begins with the GPCS definition. Managerial

decisions defining the measurement processes are made as well as performance
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and report procedures and the selection of MPCS threshold values. The
execution phase performs yield calculations at every GPCS level with
calculations being completed at the highest level in the GPCS structure, i.e. the
category. Control indices computations are done by comparing yield results to
the predefined MPCS threshold values (CRj). Examination of these control
indices determines what cormrective actions should be taken. The
implementation methodology will be discussed in details using a computational

example.

Planning Phase '
1. GPCS definition.
. Defining Measurement Procedures.

2
3. Defining Execution and Reporting Processes.
4, MPCS Threshold values.

Execution Phase
1. Yield computation.
2. Control indices computation.
3. Control Indices examination.

4. Corrective actions.

Figure 12. MPCS Implementation Methodology
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4.3. “Building garden project” — an illustrative example

An example of a garden building project is used for understanding the MPCS
implementation. The project combines landscape construction, building
techniques and planting flora. The project content is described using a work
breakdown structure (WBS) and the project team is described using an
organizational breakdown structure (OBS). Figure 13 describes the garden
project WBS which defines the total scope of the project. It contains all the
tasks needed to build a garden and includes the planning and performance
processes involved in establishing an infrastructure to be followed by planting
the garden. The WBS is divided into 3 main topics: Planting, Layout
Functionality and Infrastructure. Each topic includes work packages that define

the exact tasks that should be executed during the project life cycle.
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Garden
WBS
Layout
Planting functionality Infrastructure
d
Grass Tool She Pathways
Childrens' Soil
Trees play comer ot
Barbecue
Shrubs corner Rockery
Flowers Greenhouse
Pond
Compost
heap

Figure 13. Garden Project WBS

Figure 14 represents the Organization Breakdown Structure (OBS) for the
garden building project. It contains the traditional project structure and includes
the main Human Resources functions such as: Garden Operations responsible
for both the garden infrastructure and flora, Purchasing, Control and Landscape

Design which covers design and engineering. The garden project management
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is assumed to include the project manager, the landscape design manager and

the garden operations manager (encircled by shade in Figure 14).

Project
Manager

|
| | |

Garden . . Landscape
Operations | Control Purchasing Design
I'—‘_—l l
[ I [ |
Flora Infrastructure Equipment Materials Design Engineering

Figure 14. Garden Project Organizational Breakdown Structure

4.4 The implementation methodology
The implementation process of the MPCS contains two phases based on a
typical project life cycle: the planning phase and the execution phase (see

Figure 12).

a. The planning phase
This phase includes the definition of the project control system. Following is

the composition of this phase:
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I. GPCS structure definition

Defining the GPCS structure includes the entire array of the required control
activities needed during the life cycle of the project. Figure 15 represents the
GPCS control specifications for the garden building project. The GPCS control
specifications includes three categories which comprise the control dimensions:
Design, Operations, and Quality. The GPCS structure contains a combination
of subjects and control work packages on various hierarchical levels. For
example, the design category includes two subjects (Infrastructure, Planting)
and one control work package (Concept verification).

The garden building project GPCS includes all the control activities that should
be executed in order to successfully perform the project WBS. For example,
successfully performing the WBS Infrastructure should result in successful
performance of both Design Infrastructure and Operations Infrastructure
subjects at the GPCS level 2.

It can be seen that the garden project GPCS structure (see Figure 15) differs
from the garden project WBS (see Figure 13). The aim of the WBS design is to
activate the project in a rational way in order to establish the bases of the Cost
Breakdown Structure (CBS). The aim of the GPCS design is to control the
project, therefore the GPCS categories represent the main control dimensions
that are needed. For example, the garden project WBS (see Figure 13) includes
Planting at level 1, and Planting includes the work packages Shrubs and Trees.

These work packages include a definition of type, quantity, location and nature
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of planting. Controlling these work packages have two dimensions, Design and
Operations.

At the Design category the GPCS control work packages Shrubs and Trees
defines a comparison process between the design made by the Landscape
Design team (see Figure 14) and the design done as is customary in the field of
landscaping, for example comparing to existing standards and regulation. At
the Operations category the CWP Planting defines the control process of the
garden operations team performance for all the Planting components during the

execution phase.
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Figure 15. Garden Project GPCS
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I1. Measurement procedures

Each control work package defines the measurement processes for evaluating
the project’s performance. For instance, the control work package Trees &
Shrubs is defined in Figure 15 level 3 and includes a procedural definition on
how the measurement should be executed. For example, does ‘color’ define the
mixture of color that has the best emotional impact? and so on.

For example, the CWP Subcontractors Performances holds a measurement
procedure of how to measure the quality of the garden fence performed by a
subcontractor, e.g. the fence’s strength, color etc.

A CWP performed according to the specifications is indicated by &, =1,

otherwise 6, =0.

ITI. Execution and reporting procedures

Based on the project’s OBS (see Figure 14), each organizational unit is
responsible for execution of each specific control work package. Table 1
presents a report matrix of the various control work packages in the project.
Thc;, Table defines those involved in the project reports (i.e., the X’s). A report

of a CWP includes the output of the process (5, ) and a concise description of

the required corrective actions. A report of any subject or category will include

a quantitative index which will be computed employing Yield terms.
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Table 9. Report matrix

Project | Garden Landscape
Level | Description | Classification | manager | Operations | Design
1 Design Category X - X
2 Infrastructure | Subject X - X
Concept
2 CWP X X X
verification
2 Planting Subject X - X

IV. MPCS threshold values

Project management (e.g. project manager, landscape design and garden
operations) defines the threshold values in the MPCS system.

Each subject in the GPCS has a predefined threshold value (CRj) which
indicates a satisfactory performance of the project state.

The project management defines each control work package as a critical CWP
or non-critical CWP,

A critical CWP is one while successfully performed enables the project
execution to proceed, otherwise the project will not reach it predefined aims
and objectives.

The garden project threshold values are presented in Table 10. In the GPCS

garden project shown in Figure 15, the subject Infrastructure incorporates 3
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control work packages: Pathways, Soil and Rockery. Project management

defined CWP Soil as a critical CWP. It means that the CWP Soil must be

successfully performed. Further, project management decided that in order to

carry out the garden project either CWP Pathway or CWP Rockery should be

performed successfully. It means that two out of three CWP (Soil critical)

should be performed successfully it results with CRj =2/3 = 0.67.

The subject Planting does not have any critical CWP. The subject

Workmanship incorporates 2 CWP both critical, i.e. threshold value is 1. Both

subjects Flowers and Grass incorporate 2 CWP and the threshold value 1s 0.5.

Table 10. Threshold value

Level | Subject CRj Number of Critical CWP
CWP/ Subjects

2 Infrastructure 0.67 3 Soil

2 Planting 0.67 3 -
Quality

2 Workmanship 1 2 components,
Quality
performance

3 Flowers 0.5 2 Species
adjustment

3 Grass 0.5 2 Species
adjustment
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b. The execution phase

This phase (see Figure 12) includes measuring, monitoring and taking

corrective action. Following is the composition of this phase:

I. Yield computation
Yield Computation includes the calculation of both subjects’ yield and

categories’ yield. These are now considered.

Subject yield calculation

Subject yields are calculated aggregately on the GPCS structure at each control
point in the project life cycle. In order to compute this calculation, both
Substructures A and B must be assessed.

The GPCS in the Garden project represented in Figure 15 contains both
Substructure A and Substructure B. In order to clarify the explanation, only the
Design category in the Garden Project is displayed in Figure 16. One
component of the Design category is the Infrastructure. This subject is based on
the Substructure A of the GPCS and is marked with a dotted line.

The actual results of the execution phase are presented in Figure 16. The

notation &, =1 means that a CWP was successfully performed. For example,

in level 3 the CWP Pathways was successfully preformed; Figure 16 depicts

the MPCS threshold encircled by a dotted line and the actual Yield results.
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Figure 16. Design Category garden project
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Table 12. Planting subject CWP performances

Subject | Subject Cwp | CWPp Successfully S,
Level Level performed

2 Planting |3 Trees & shrubs No 0
3 Flowers 4 Species adjustment Yes 1
3 Flowers 4 Color mixture No 0
3 Grass 4 Size & shape No 0
3 Grass 4 Species adjustment Yes 1

The flowers subject is a Substructure A configuration and its yield is calculated
as follows:
2
Z Oy 1

Yops = 2 —=—=0.5
Flowers 2 2

The Flowers subject yield result (0.5) is equal to the Flowers subject threshold
value (0.5) presented in Table 10, which means that the project management
will consider the Infrastructure subject as being successfully performed.

The Grass subject is a Substructure A configuration and its yield is calculated

as follows:

73




2

=
Yo o = B = 5 =0.5
The Grass subject yield result (0.5) is equal to the Grass subject threshold value
(0.5) presented in Table 2, which means that the project management will
consider the Infrastructure subject as successfully performed.
These results are shown in Figure 16. Table 13 presents the Planting subject
performances. The Planting subject is defined as a Substructure B

configuration where the yields for Flowers and Grass were calculated. The

subject auxiliary variable value &, =1 indicates a satisfactory performance of

the subject according to the threshold predefined value (e.g. the subject

Flowers and the subject Grass).

Table 13. Planting subject performances

C Rj Subject 5k 9}_
yield
Flowers (Subject) 0.5 0.5 - 1
Trees & Shrubs (CWP) | - - 0 -
Grass (Subject) 0.5 0.5 - 1

The yield for the Planting subject was calculated as follows:
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2.5
S 2067
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Y Planting 3

The Planting subject yield result (0.67) is equal to Planting subject threshold

value (0.67) presented in Table 10, which means that the project management

will consider the Infrastructure subject as being successfully performed.

Category yield calculation

Yield calculation for the Design category depicted in Figure 15 is based on

Equation (2) and presented in Table 14.

Table 14. Design category performances

9]- 51; CRj | Subject yield
Infrastructure ( subject) 1 - 0.67 |0.67
Planting ( subject) 1 - 0.67 |0.67
Concept verification ( CWP) | - 0 - -

Yield calculation for the design category is as follows:

C1%441%240%]
Design — 7

=0.86
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GPCS control specifications for the Garden project presented in Figure 15
includes two additional control dimensions, the categories of Operations and
Quality. Listed below is the yield calculation for both categories. Table 15

presents the performance data for the Operations category.

Table 15. Operations category performances

Successfully
CWP 0,

performed
Infrastructure 1 Yes
Layout functionality 0 No
Planting 0 No

The yield for the Operations category is calculated as follows:

_1%440%240%]

Operations 7

=0.57

Performance data for the Quality category is given in Table 16.
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Table 16. Quality category performances

Subject | Subject CwWP CWP O Successfully
Level Level performed
2 Workmanship |3 Quality Components | 0 No
2 Workmanship |3 Quality Performance | 0O No
2 Suppliers 1 Yes
performance

The yield calculation for the category includes the yield calculation for the

Workmanship subject situated on level 2.

YW — k=1 :g:o

orkmanship 9

The Workmanship subject yield result 0 is lower than Workmanship subject

threshold value 1 presented in Table 2, which means that the project

management will consider the Infrastructure subject as not successfully

performed.

The yield for the Quality category is thus:

_0%241%1

Y, =0.33

Quality — 3
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IL. Control indices computation and examination

MPCS control indices computations results (as calculated previously) are:

=0.57 and Y,

Y

pesign = 086, Yo, =0.33. There is a gap between the ideal

perations
situation defined by vyield values equal to 1 and the Garden project
performances. Gap values are calculated as; Design Gap = 0.14, Operations
Gap = 0.38, Quality Gap = 0.67. It is noticeable that the Quality performance is
poor and corrective actions must be taken.

The Gap Performance (GP) index, presented in equation (4) is a managerial
support tool, where the lower this index, the smaller is the gap between

planning and performance. Applied to the Garden project, the GP index is:

G 2 2 2
opolOl_N014* +043° +067°

3 V3

The project performances according to the GP index are low and that corrective

actions are required to improve project performance.
II1. Corrective actions

In order to improve the performance of the project, the project manager must

take corrective actions which will reduce the value of GP. In the garden
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building project the Quality category holds the largest gap; therefore a
corrective action should be taken in order to reduce the gap. Table 17
summarizes the performance results given in Tables 10 through 14 and presents
the control work packages that have not been properly performed. Table 17
indicates in which CWP a corrective action will contribute to the yield result.
For example, performing a corrective action in CWP Rockery can increase the
Infrastructure subject yield result to 1. However the Infrastructure subject
threshold value (CRj) is 0.67. Therefore the Design category yield cannot be

changed and the corrective action is redundant.
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Table 17. Control Work Packages that do not satisfy the GPCS demand (5, =0)

Category | Subject Yield | CWP

Design Infrastructure 0.67 | Rockery

Design Planting -10.5 Color Mixture
Flowers

Design Planting — Grass | 0.5 Size & Shape

Design Planting 0.67 | Trees & Shrubs

Design - 0.86 | Concept
Verification

Operations | - Integration

0.57

Operations | - Planting

Quality Workmanship 0 Components
Quality

Quality Workmanship 0 Performance
Quality

The Quality category shows that the Workmanship subject contains two control
packages: Components Quality and Performance Quality. The threshold value
determined for this subject was 1, i.e., the two control packages should be

accurately performed. The improvement in both the Gap Vector and the GP
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index will be examined when these packages are satisfactory performed, when

both receive the value of §, =1 .

Yield calculation for the category will include the yield calculation for

Workmanship found on level 2.

YW — k=l :%:1

orkmanship 2

The Quality category yield would then give:

1*2+1%*1
Y T =

Quality = 3 1

=0.57 and ¥, =1

perations Quality — *»

The updated yield results are Y, =0.86, 7,

esign
‘The updated gaps are: Design Gap=0.14, Operations Gap=0.43, Quality

Gap=0, and the GP index will be:

G 2 2, 02
P - 40,147 +0.43% 4+ 0 0261

N V3

There was a 44% improvement in the GP index when the Quality dimension

deficit was corrected (previous Y, =0.33comrected to ¥, =1). Corrective

uality
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actions in other dimensions would not generate as meaningful an improvement.
For example, corrective action performance in level 4 (see Figure 15) control
packages that belong to the Flowers and Grass subjects, would increase the
yield value of the subjects. However, since the original values were greater

than the threshold value, &, of the subjects, the yield value of the Garden

subject remained unchanged, as did all project dimensions. The data presented
in Table 17 serves as a managerial report. It points out which CWP needs to be
revised. Computerizing the MPCS implementation methodology will include

Table 17 as a printout.
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4.5 Software support
The implementation of the MPCS system can be supported by software.
Explanation of the software support process uses the Garden project example.
The software support is performed as follows:

a. Project planning

The project planning phase includes two components:

L WBS planning with MS Project 2002

The WBS planning uses the MS Project 2002 software program via the
traditional planning procedures. It includes the traditional WBS (without the
CWP), the project logic, the task duration, the project resources availability
and cost. The WBS planning is performed using a single file. Figure 17

illustrates the WBS Garden project MS Project 2002 output.

Aug

D | WHS Task Name Duration e

i
Y

1 {Flanting

; Flowvers planting ;
m4'é'l:a;ybll't”fﬁii&.iﬁ'liﬁiﬁgn” S SR

Tool shade

Figure 17. WBS Garden project GPCS MS Project 2002 output
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II. GPCS planning with MS Project 2002

The GPCS planning uses the MS Project 2002 software program. It is
performed using a different file. It uses the MS Project 2002 ability to
create a hierarchy structure within the same software platform, i.e. time
deployment. The GPCS is deployed and integrated with the WBS. There are
GPCS tasks that are predecessors to the WBS activities and vice versa.

Figure 18 illustrates the Garden project GPCS MS Project 2002 output.

Ronksey

" Planting
Pt

Figure 18. Garden project GPCS MS Project 2002 output
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II.  Transfer MS Project 2002 planning files to Excel files

The WBS and the GPCS planning files were formed with MS Project 2002

in order to be consistent with the common planning tools. Implementing the

MPCS system requires transferring the MS Project 2002 files to an Excel

file.

Table 1 presents the planning file in an Excel format including the

predefined threshold level as mentioned earlier.

Table 18. MPCS planning phase

Threshold
Name Level Type Value

Garden prOJect GPCS

Design - 11 . | Category
- Infrastructure - - - 2 Subject | 0.67
Pathway design control 3 CWP

Soil design control 3 CWP

Rockery design control 3 CWP

Planting - |2 | Subject | 0.67
“Flowers - 3. | Subject | 0.50
Flowers species adjustment

control 4 CWP

Flowers color mixture control 4 CWP

Trees and Shrubs planting

control 3 CWP

Grass. ;. | . 4|3 - | Subject. |0.50
Grass specnes adjustment

control 4 CWP

Grass size and shape control 4 CWP

Concept verification 2 CWP
Operations.. : 1 Category
Infrastructure operations control 2 CWP

Layout functionality control 2 CWP

Planting operations control 2 CWP

Quality 1 Category
Workmanship 2 Subject | 1.00
Quality performance 3 CWP

Quality components 3 CWP
Subcontractors' performance 2 CWP
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b. Project execution

During the project life cycle the project status is examined using predefined
control points. At each control point, the yield indices are examined. Table
19 presents the MPCS results at control point No.1 (equal to the results
mentioned earlier).

Table 19 . MPCS execution results at control point No. 1

Threshold CWP Yields
ID Name Type Value Performance | Results GAP
Garden project GPCS
1 | Design Category : 0.86 0.14
2 | Infrastructure Subject | 0.67 0.67
3 | Pathway design control CWP 1
4 | Soil design control CWP 1
5 | Rockery design control CWP 0
7 | Planting - Subject | 0.67 0.67
8 | Flowers ‘Subject 0.50 0.50
Flowers species adjustment
9 | control CWP 1
10 | Flowers color mixture control CWP 0
Trees and Shrubs planting
11 | control CWP 0
12 | Grass Subject 0.50 0.50
Grass species adjustment
13 | control CWP 1
14 | Grass size and shape control CWP 0
6 | Concept verification CWP 0
15 | Operations ‘ Category 0.57 0.43
16 | Infrastructure operations control | CWP 1
17 | Layout functionality control CWP 0
18 | Planting operations control CWP 0
19 | Quality’” . ' | category 0.33 0.67
20 | Workmanship Subject | 1.00 | 0.00
21 | Quality performance CWP 0
22 | Quality components CWP 0
23 | Subcontractors' performance CWP 1
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Table 19 shows that the GP index is 0.46 which indicates a problem in the
project. Looking at the different categories in the column “GAP” shows that
the problem is in the Quality category as it was mentioned earlier. Taking
corrective actions in the Quality category led to better GP results. Table 20
shows the execution results at control point No. 2. These results were

measured after the performance of the corrective actions.
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Table 20 . MPCS execution results at control point No. 2

Threshold CWP Yields
D Name Type Value Performance | Results GAP
Garden project GPCS
1 | Design Category 0.86 0.14
2 | Infrastructure Subject 0.67 0.67
3 | Pathway design control CWP 1
4 | Soil design control CWP 1
5 | Rockery design control CWP 0
7 | Planting ' Subject 0.67 0.67
8 | Flowers: Subject 0.50 0.50
Flowers species adjustment
9 | control CWP 1
10 | Flowers color mixture control CWP 0
Trees and Shrubs planting
11 | control CwWP 0
12 | Grass “Subject 0.50 0.50
Grass species adjustment
13 | control CWP 1
14 | Grass size and shape contro) CWP D
6 | Concept verification CWP 0
15 | Operations Category 0.57 0.43
16 | Infrastructure operations control | CWP 1
17 | Layout functionality control CWP 0
18 | Planting operations control CWP 0
19 | Quality -+ .| category 1.00 0.00
20 | Workmanship |- Subject- | 1.00- - - 1.00
21 | Quality performance CWP 1
22 | Quality components CwWP 1
23 | Subcontractors' performance cwp 1
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4.6 Discussion and conclusions

A new methodology called the MPCS has been presented which integrates all
known dimensions of the project giving appropriate weightings to each. The
MPCS uses a control tool, the GPCS, which determines control specifications
by defining control tasks through the project life cycle.

The use of MPCS presents the project performance in all of its dimensions of
operation. There is no averaging of the various operations. Accordingly, the
system will be able to draw attention to poor performance in a certain
dimension, and the project manager will be able to understand the extent of its
mfluence on achieving the project objectives.

The MPCS methodology presents an innovative concept that integrates
definition of GPCS control specifications with a computational process that
presents the status of each dimension in terms of yield.

MPCS is implemented using a procedure based on the GPCS hierarchical
structure.

Managing and controlling a project requires data collection from many
dimensions. Nowadays the data 1s collected from the entire project dimensions
such as quality, functional, operations, etc. However, this collected data is not
integrated properly. Therefore the project manger does not know the
mplication of divergence within one dimension upon other dimensions.
Further more the project manger would not know the influence of the

divergence on the project aims and objectives achievements.
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Implementing the MPCS methodology does not require extra data collation.
The MPCS methodology allows the project manager to determine: integrated
project status; where problems exist in the project; when and where to take
corrective action; and how to measure improvement.

The presentation of the control system status focuses management’s attention
to the power and the direction of corrective actions that must be performed in
order for performance to be identical to planning.

A computerized system based on MS Project 20002 and MS Excel is
supporting the MPCS methodology as a friendly managerial tool.

Regarding the garden project example the MPCS system indicated a quality
gap. The CWP Quality performance is usually difficult for cost estimation. In
this garden project the monetary value of this CWP is low referring to other
CWPs . Therefore, using only the EV methodology will not alert the project
manger to the quality problem. The project manager would have not taken the
needed corrective actions and the project would suffer from quality
deficiencies. Therefore, a reduction of customer satisfaction may occur.

ff the garden project example were planned using the conventional EV
methodology the original WBS will include both the GPCS and the WBS of
the garden project. Hence, there are neither extra activities needed nor extra
data collected.

The MPCS methodology introduces an integrative control status during the

entire project life cycle.
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Chapter 5: Using Data Envelope Analysis (DEA) to compare

projects efficiency in a MPCS environment

5.1 Introduction

A Multidimensional Project Control System (MPCS) deals with the control of a
single project and defines its performances in comparison with the plan. The
progression of several projects in parallel is a common situation m organizations,
therefore a comparison of the various project performances is required. It is
proposed that a comparison process be performed using the data envelope analysis
(DEA) approach. The reference points for examining the performances of different
projects and the directions of improvement for the projects are not necessarily
found on the efficiency frontier. An algorithm is developed for applying multi-
pyoject system control having a relatively large number of inputs and outputs
while maintaining the validity of the DEA methodology.

5.2 The data envelope analysis (DEA)
The data envelope analysis (DEA) is a mathematical programming approach
which assesses the comparative efficiency of a set of decision making units

(DMU).Example of DMUs have been reported as follows:
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R&D organizations - Golany et al. (2000) ;telephone offices - Kim et al. (1999) ;
credit unions — Pille ( 2002);conventional fuel plants - Park et al. ( 2000),
manufacturing facilities - Sinuany et al. ( 2000); universities - McMillan et al.
(1998); clinics - Friedman et al. (2000); companies benchmarking - Sinuany et al.
( 2000) etc. The DEA methodology is performed where the presence of multiple
inputs and outputs makes comparison difficult. Chames et al. (1978) first
introduced the DEA concept and many articles have appeared that deal with the
various types of implementations (e.g. Banker et al. (1984), Friedman et al.

(1997), Post et al (1999) , Cook et al. (1999), Maital et al.(2001), Sarkis ( 1999) ,

Thamassoulis (2001) ).

The DEA 1s a non-parametric approach that allows efficiency to be measured
without any assumptions regarding the functional form of the production function
or the weights for the different inputs and outputs chosen. The DEA defines best
practice efficiency frontier that can be used.

Charnes et al. (1978) recognized the difficulty in seeking a common set of weights
to determine relative efficiency. They proposed that each DMU should be allowed
to adopt a set of weights, which shows it in the most favorable light in comparison

to the other DMU .

They used the following formulation: the efficiency of a decision-making unit

(DMU) ; incorporated multiple inputs and outputs denoted in equation 9; the
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efficiency of a DMU j is defined as weighted », sum of its .S outputs divided by a

weighted v, sum of 1its m inputs.

‘SI
urer
max h, = ==

(9) ni
Z vixiO
i=l

subject to:

s
S uy,
r=! <1 j =1,
VX
i=1
u.,v, 20 r=1..,m
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5.3 Using DEA methodology to evaluate project performance efficiency
Several projects performed mn parallel and at varying stages of their respective life
cycles occur fairly frequently mn indﬁstry. The MPCS methodology is designed for
the multi-dimensional control of single projects and it is not suitable for the
control of several projects in parallel. However, the comparative process for the
performances of several projects each controlled by the MPCS system can be
accomplished through the use of the DEA methodology. Each project presents its
performance at specific control points through the yield indices of the MPCS
methodology while the DEA enables the examination of performances of each
project based on these indices. Furthermore, the two control methods, the EV and
MPCS method, can be used in independently for each project.

Operating several projects in parallel usmg the MPCS methodology requires
GPCS standardization similar to the WBS standardization. The standardization
means that the two higher levels in the GPCS structure are identical in each project
that i1s managed and controlled m the organization. The creation of this
standardization also contributes to the improvement of the organizational learning
process whilst creating a comparative tool for projects in progress and those that
took place in the past. Using the GPCS standardization enables the DEA
COmparison process.

In the MPCS methodology the outputs represent the totality of dimensions by
which the project 1s measured. The outputs are the yield calculations of the

different categories. Their number derives from the control system planning
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process that uses GPCS. In the EV method the system outputs are the control
indices of the earned value that present the schedule deviation and cost deviation.
This combination will usually make the characteristic systematical project
controlled by the two methods include many outputs.

The DEA evaluation is constrained by the total number of inputs and outputs. In
general, the following rule of thumb (see Friedman et al. 1998 and Jenkins 2003))
1s used: the sum of input and outputs types should not exceed one third of the
number of decision-making units (DMU). There are cases that the total number of
projects executing in parallel are relatively small. However, the number of mputs
and outputs are relatively high because of these projects nature. Therefore there 1s
a need for a reducing inputs and outputs methodology.

A 3-stage methodology was developed, which adjusts the total number of outputs

and inputs to meet the rule of thumb while also representing the necessary

information.

Stage 1: Inputs / Outputs Definition
When implementing the DEA in conjunction with the MPCS methodology, it is

essential to create a standardized frame for project control on all projects mnvolved

1n a given organization.

This procedure allows uniformity of reporting on all projects in the organization to

enable comparison to be made.
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Inputs definition
The input data characterize the different projects of the organization and generally

includes the following:

- Cost

The total cost of the project is derived from the total costs of the cost
breakdown structure (CBS) of the project. The cost as an input variable
represents the budgetary importance of the project in the process of
comparing different projects.

Work content

The total hours allocated for the project including the planning stage. This
input represents the investment of resources required for the project. A
large gap between the Work Content cost and the total project cost
represents an indication for the characteristics of the project, for example
tﬁe existing purchase percentage in the project.

Level of monitoring

Control and follow up level required for performing the project. The higher
the complexity of the project is the higher the value given on a scale of
0-10. Therefore this number indicates the complexity of a project is

complicated comparing with all the other projects of the organization.
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Level of uncertainty

The level of uncertainty existing in the project is measured on a scale of
0-10. The higher the value, the higher the uncertainty level 1s. In high tech

projects this number indicates the level of using advanced technology.

Output definition

The project control system combines the EV system with the MPCS system,
therefore the outputs of the system include the total output of both systems. The
EV outputs are Schedule Index (SI) and also Cost Index (CI). These outputs are
relative and will therefore have the same numerical level as the MPCS system
outputs used for comparison between the systems. The MPCS outputs are defined
at the planning stage through the GPCS and result from the Yield of each GPCS

category. These outputs are Yield categoryl, Yield category 2 up to Yield

category n.

Stage 2: Grouping algorithm

When only a few projects are in progress, a problem occurs when the definition of
outputs and mputs at stage 1 leads to a relatively large number of inputs and

outputs. In order to maintain the rule of thumb for such a case the number of outputs
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and inputs should be reduced while maintaining their information. The algorithm
consolidates the different mputs and different outputs to a reduced number to meet

the rule of thumb. The 3-step algorithm contains the following:

a. Inputs correlations and outputs correlations computation.

Stage 'a' includes the examination of correlation between the different inputs and
outputs. The correlation results are presented in the following matrixes:

Matrix [RI ij] contains input correlations. It presents the correlation ratio between
imput j and i Matrix [RO 1j] contains outputs cormrelations. It presents the

correlation ratio between output 1 and output j.

b. Grouping process

The grouping process leads to the creation of inputs and outputs groups. When the
similarity level among these groups 1s high, it is possible to consolidate them in
order to perform comparison without significant loss of information.

Heragu (1997) describes a similarity coefficient (SC) algorithm that 1s used as a
grouping process.

The calculation of the similarity coefficient 1s based on the results of correlation
calculations that were calculated at the previous stage. In order to create suitable
statistic reliability, each correlation result that is lower or equal to 0.8 is defined as

being insufficient, therefore the value of the similarity coefficient is defined as O.
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SCOij is the output similarity coefficient for output pair 1j as expressed in

equation 10.

0 If RO, <08
4 sco = Vij
ROij Otherwise

Each case where RO, >0.8, reduces at least one output.

The similarity among the different inputs is examined in a similar way. SCIij 1s the

input similarity coefficient for input pair 1j as expressed in equation 11.

0 If RI. <08

Sy =9, " Vif

if Otherwise

Using the SC algorithm results in inputs and of outputs groups with similar

characteristics.
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c. Selecting output / input representative

The third stage in the grouping algorithm is to find the output or input that
represents the group of common outputs or inputs that were defined at stage ‘b’,
1.e.. one input or output should represent each group in the DEA algorithm.

The decision criterion on the mnput or output representative 1s based on the highest
average similarity coefficient for each output and for each input.

The selecting process of the output representative is based on choosing the
maximum value of the average output similarity coefficients. An averagé is

computed between each output 1 and the other outputs. This rule 1s expressed by

equation 12:

(12)

The selecting process of the input representative is based on choosing the
maximum value of the average input similarity coefficients. An average is

computed between each input 1 and the other inputs. This rule 1s expressed in

equation 13:

J SCI .
Max {Z s } Vi
(13) J
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Stage 3: Implementing sequential DEA

Braglia et. al. (1999) presented a DEA algorithm for reducing the number of outputs and
thus increases the discriminatory power of DEA. This algorithm is called sequential
DEA. This algorithm includes several DEA computations based on identical input data
and different output data. A summarizing process is executed containing the same output
data and the input data is the DEA results of the previous DEA computations. Stage 3

(
also uses the sequential DEA.

The output of stage 3 represents the comparison among the different project
performances and shows which project is on the efficiency frontier graph and those
project that are not (i.e., having relative poor performances). This comparison provides
the opportunity of determining whether the performance for the project is relatively

similar to the performances of all the projects.

5.4 Computational example

The following computational example is based on a data of a typical Hi-Tech
company which managing 11 projects in parallel. Their projects contain hardware,
software, integration and testing elements.

Figure 19 includes the principal presentation of the GPCS structure of all the

projects found in the organization. The two higher levels are identical in each
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Level 0

Level 1

Level

Leveln

project. The lower levels of each project GPCS are different in accordance with

the requirements of the different projects.

GPCS

Design

Operations

Training

Documentation

Project
management

Control Work
packages

Control Work
packages

Control Work
packages

Control Work
packages

Control Work

packages

Figure 19. GPCS frame work

The uniformity described in Figure 19 defines the GPCS standardization in the

organization. The upper two GPCS levels are identical and the lower levels are

dependent upon each specific project.

DEA comparison process.

The GPCS standardization enables the
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Stage 1: Inputs / Outputs Definition

Projects inputs are previously defined by the organization management according

to each project characteristics and are given in table 21. For example project 3 is a

medium size project with total budget of 800,000 £. The project contains 15,000

working hours; the level of monitoring required is 7 out of 10. Project 3 is a high

risk project ranked 8 out of 10.

Table 21.Inputs definition

Input Work
Cost Level of Level of
Content
(K£) Monitoring | Uncertainty
Project (00 hours)
1 1500 300 6
2 100 50 7
3 800 150 7
4 1500 300 6
5 255 90 4
6 350 100 9
7 600 150 0
3 80 24 5
0 900 175 7
10 2000 400 8
11 75 40 7
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The origination operates both MPCS and EV control systems. Table 22 contains
the outputs which are direct derivatives of the MPCS methodology using GPCS
structure illustrated in Figure 19: design yield, operations yield, tramning yield,

documentation yield, project management yield.

The other outputs presented in Table 22 are the EV system outputs: the scheduling

index (SI) and the cost mdex (CI).

Table 22.0utputs

MPCS EV
Output Project
Design |Operations Fraining Documentation
Management [SI CI

Yield [Yield Yield Yield
Project Yield
1 067 0 0.5 0.75 0.54 0.5 0.6
2 0.286 |0 0.25 0.333 0.25 055 1.1
3 0.8 0.9 0.75 0.8 0.95 045 [0.85
4 0.2 0.55 0.2 0.45 0.35 0.3 1.2
S i 0.45 [0.35 0.35 0.45 0.45 045 04
6 0.55 03 0.65 0.45 0.45 045 (0.6
7 0.3 0.45 0.6 0.6 0.5 0.45 [0.65
8 1 1 1 1 1 0.9 1.2
0 0.55 [0.66 0.75 0.7 0.68 0.55 [0.9
10 0.7 0.65 0.72 0.9 0.5 095 |1
11 0.55 [0.35 0.5 0.25 0.35 0.65 0.3
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Table 22 shows that project 3 is not performing well according to the time and
cost measurements (SI = 0.45, CI= 0.85) .The MPCS performances reveal gaps
between the planning and the execution mainly in the: Training category (0.75);
Design category (0.8);, and Documentation category (0.8). Project 8 has perfect
MPCS performances, i.e., 1 within every category. The EV measures are better
than project 3 (SI=0.9, CI= 1.2)

Stage 2: Grouping algorithm

a. Inputs correlations and outputs correlations computation.

At stage ‘a’ correlation examination 1s performed among the different inputs and
among the different outputs.

Matrices RO, and RI; 1s given in Table 23 and Table 24 respectively.

Table 23. RO,.J. Correlation matrix

1 2 3 4 5 6 7
1 1 0.56 0.84 0.75 0.82 0.65 0.08
2 0.56 1 0.70 0.64 0.79 0.37 0.42
3 0.84 0.70 1 0.77 0.83 0.61 0.14
4 0.75 0.64 0.77 1 0.81 0.55 0.44
5 0.82 0.79 0.83 0.81 1 0.32 0.27
6 0.65 0.37 0.61 0.55 0.32 1 0.24
7 0.08 0.42 0.14 0.44 0.27 0.24 1
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Table 24. R/ i Correlation matrix

1 2 3 4
1 1 0.99 0.14 0.54
2 0.99 1 0.16 0.53
3 0.14 0.16 1 0.80
4 0.54 0.53 0.80 1

b. Grouping process
At stage ‘b’ the adjustment of the correlation calculation results i1s performed as
shown 1n Tables 23-24 which presents the similarity coefficients of both the
outputs and the nputs.
The outputs and inputs similarity coefficients SCO1j and SClij are given in table

25 and table 26 respectively.
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Table 25. Outputs similarity coefficients

1 3 4 5
1 0.84 0 0.82
0 0 0 0
0.84 1 0 0.83
0 0 1 0.81
0.82 0.83 0.81 1
0 0 0 0
0 0 0 0

Table 26. Inputs similarity coefficients

1 2 3 4
1 1 0.99 0 0
2 0.99 1 0 0
3 0 0 1 0
4 0 0 0 1
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Based on the correlation promoters presented in Tables 26-27, the created groups

can be presented.

Output groups and mput groups are given in Table 27 and 28 respectively.

Table 27. Outputs groups

Outputs
Group 1 1,3,4,5
Group 2 2
Group 3 6
Group 4 7

Table 28. Inputs groups

(puts |
Group 1 1,2
Group 2 3
Group 3 4
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c. Selecting output / input representative

The selection of the output or input Irepresentative will be performed according to
the criterion of maximization of the similarity coefficient average of the output
within the group. For this case group number 1 which includes the outputs 1,3,4,5
will be discussed.

Table 29 contains computational results using equation 10.

It can be seen for example that the similarity coefficient value of output 1 1s O in
the relation between 1t and output 4 and in the two other cases its value is higher
than 0.8. The similarity coefficient average of output 1 is 0.55. On the other hand,
the average of output 3 is higher with a value of 0.83, therefore output 3 is the

representative of group 1.
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Table 29. Selecting group 1 output

Output 1 | SCyj Output 3 SCy
1-3 0.84 3-1 0.84
1-4 0 3-5 0.83
1-5 0.82 3-4 0.81
Average | 0.55 Average 0.83 *
Output 4 | SCyj Output5 | SCy
4-1 0 5-1 0.82
4-3 0.83 5-3 0.83
14-5 0.81 5-4 0.81
Average | 0.54 Average 0.82

Dealing with the inputs in this example is less complex since only one group
includes more than one mput and in this specific case there are only two inputs.
Hence, the choice between them will be arbitrary, i.e., input 1 is the representative

of group 1.

Stage 3: Implementing sequential DEA

The application of Sequential DEA is performed when the procedure inputs are
identical and the outputs vary. A Sequential DEA is performed in a 3-stage

process as follows:
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a. Performing DEA with MPCS outputs

At this stage, running the DEA i1s performed when the MPCS outputs

results are given in Table 30

Table 30. MPCS Efficiency Score

Inputs MPCS QOutputs DEA
{oput Work | Level of | Level of Design |[Operations Score
Project Content MonitoringUncertainty| Yield Yield
1 300 6 6 0.67 0 0.5583
2 50 7 6 0.29 0 0.2383
3 150 7 8 0.80 0.9 0.6429
4 300 6 7 0.20 0.55 0.4583
S 00 4 4 0.45 0.35 0.5625
6 100 ) 7 0.55 0.30 0.3929
7 150 0 5 0.30 0.45 0.2500
3 24 5 5 1 1 1
o 175 7 8 0.55 0.66 0.4714
10 400 8 0 0.7 0.65 0.4375
11 40 7 6 0.55 0.35 0.5867
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Table 30 shows the scoring of the projects using the DEA method. Project 8 1s
on the efficiency frontier and holds the score of 1. Project 3 has to have
corrective action in order to be on the efficiency frontier, the project holds the
score of 0.6429 and corrective action should be taken.

b. Performing DEA with EV outputs

The EV output results, using the same mputs are given in Table 31

Table 31. EV Efficiency Score

Inputs EV Outputs | DEA
S -
Qutput Work Level of Level of core
e . . SI CI
Proi Content Monitoring| Uncertainty
roject
1 300 6 6 0.50 [0.60 0.4630
2 50 7 6 0.55 [1.10 0.7639
3 150 7 8 0.45 1|0.85 0.4427
4 300 6 7 0.30 (1.20 0.7143
5 00 4 4 0.45 10.40 0.6250
6 100 0 7 0.45 (0.60 0.3571
7 150 0 0 0.45 (0.65 0.3009
8 24 5 5 0.90 [1.20 1
0 175 7 8 0.55 10.90 0.4687
10 400 el ] 095 (1 0.5864
11 40 7 6 0.65 (0.30 0.7704
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Table 31shows the scoring of the projects using the DEA method. Project 8 is
on the efficiency frontier and holds the score of 1. Project 3 has to have
corrective action in order to be on the efficiency frontier, the project holds the

score of 0. 0.4427 and corrective action should be taken.

c. Performing DEA integrating stages a, b results
The outputs in the final stage are the combined results of the MPCS efficiency

scores and the EV efficiency scores using the same inputs are given in table 32.
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Table 32 Integrated score

Inputs Outputs
DEA
Work | Level of | Level of | MPCS EV Score
ContentMonitoring[UncertaintyEfficiencyEfficiency|
Project
1 300 6 6 0.5583 0.4630  [0.4652
2 50 7 6 0.2383 0.7639  0.6366
3 150 7 8 0.6429 0.4427 10.4018
4 300 6 7 0.4583 0.7143  0.5102
S 90 4 4 0.5625 0.6250 0.7812
6 100 o 7 0.3929 0.3571  0.2806
7 150 9 9 0.2500 0.3009 [0.1672
8 24 S 5 1 1 1
0 175 7 8 0.4714 0.4687  0.2945
10 400 8 9 0.4375 0.5864  [0.3258
11 40 7 6 0.5867 0.7704  0.8218
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It can be seen that project 8 is on the efficiency frontier, though it is a relatively
low budget project. High budgeted projects like project 10, project 1 and project 4

should improve their performances to achieve better efficiency results.

Projects 6 and 7 present relatively low performance levels compared to the other
projects both in the output of the MPCS system and in the EV outputs. Many
projects are far from the efficiency frontier, therefore systematical examination of

them 1s needed in order to perform improvements.
5.5 Summary and conclusions.

The MPCS system described in the article by Rozenes et al. (2003) represents a
project control system, which examines the performances of a single project using
a large number of dimensions. The infrastructure of the system 1s the GPCS
control specifications through which the project performances are examined in
comparison with the original planning. The results of the examination are
célculated with the help of yield indices that are calculated with aggregation. The
result of the MPCS system presents the power and direction of the gap between
the plans and performance. The MPCS system performs the control of each project
singly .The DEA methodology allows the comparison among different projects
operating in parallel at different stages of their life cycles. The performance of the

DEA comparison is possible following the standardization in the GPCS definition
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of the different projects. It 1s based on the uniform definition of the two higher
levels in each GPCS of the different projects. Comparison is performed on the
combined control system, which includes two complementary control systems,
one of them is MPCS and the other 1s the traditional EV system. When only a few
projects are in progress the DEA methodology requires the building of an
algorithm that provides the same information through a smaller number of inputs
and outputs. The DEA output allows the diagnosis of those found on the efficiency

frontier and those that need improvement (
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Chapter 6: Discussion

A project control system aims at minimizing the gap between project planning
and project execution in order to achieve projects’ aims, i.e., cost, time and
content. Literature survey reveals that the most common world wide control
methodology is Earned Value. The EV methodology, developed 40 years ago
in the USA, integrates two dimensions, time and cost. A major limitation of the
EV methodology is the work packages cost aggregation. The EV methodology
may not alert the project manager where a low cost work package is not
successfully performed. In this case the project manager may not perform a
corrective action. The MPCS methodology can overcome this deficiency.

Controlling other project dimensions is based on specific systems without
integration. For example a technology project usually holds a design review
control methodology. Usually it is activated without any connection to the EV
system. Isolated project control systems suffer from a lack of organized and
standardized information that can reveal the influence between the projects'
dimension. For instance, how problems in the design process will influence the
project's quality demands or the project's operations, etc. Nowadays a project
manager can estimate qualitatively these influences but there is a need for an
established quantitative methodology performed in order to improve the
decision making process. Therefore the importance of a multidimensional
integrative project control system is well recognized by researchers and

practitioners.
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The MPCS methodology presents a solution to this need. The MPCS supports
an integrative control status during the entire project life cycle. Implementing
the MPCS methodology does not require extra data collation and uses the
current data base. The MPCS methodology allows the project manager to
determine: integrated project status; where problems exist in the project; when

and where to take corrective action, and how to measure improvement.

The presentation of the control system status focuses management’s attention
to the power and the direction of corrective actions that must be performed in

order for performance to be 1dentical to planning.

The MPCS system includes the Global Project Control Specifications that
determine control specifications by defining control tasks through the project
life cycle. The GPCS defines control assignments during the course of the
project’s life. Should there be a gap between planning and performance, a
warning is indicated by the system in order to take corrective action. This
comparison process is conducted while measuring actual performance using the
yield index.

The MPCS’s output constitutes a yield indices for all dimensions (defined as
categories) included in the GPCS specifications. Since the GPCS is
hierarchically constructed, the yield’s computation process is aggregative.
Commencing at the lowest level, which 1s the control work packages level up
to higher levels defined as subjects and up to the highest level a category. The
control system is formulated as an orthogonal vector system whose axes

constitute the various categories. The MPCS methodology should be
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undertaken during both the planning phase and the execution phase, as

discussed below:

Planning Phase

1. GPCS definition

Defining the GPCS structure includes the entire array of the required control
activities needed during the project life cycle (based on the control activities

within the classic WBS content).

2. Defining Measurement Procedures.
Each control work package defines the required measurement processes in
order to evaluate the project’s performance (based on the existing ongoing

control activities within the classic WBS content).

3. Defining Execution and Reporting Processes.
Based on the project’s OBS, each organizational unit is responsible for
execution of each and every specific control work package. At this stage the

control work package results report is defined.
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4. MPCS Threshold values.

The project management that includes both the planning and design
components defines the threshold values in the MPCS system. Each subject in
the GPCS has a predefined threshold value (CRj), through which the

management indicates satisfactory performance of the project state.

Execution Phase
1. Yield computation.
During each control point in the project life cycle subject yields are calculdted

aggregately on the GPCS structure.

2. Control indices computation and examination.
MPCS input 1s based on the vectorial representation of the various categories.
When the planning is absolutely identical to performance, the value of each

category 1s 1, 1.e., the performance of each GPCS component.
3. Corrective actions.

In order to improve the performance of the project, the project manager must

take corrective actions, which will reduce the gap vector value.
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MPCS implementation limitations

Implementing any control system 1s a demanding mission that requires
discipline from the project team. An important factor for a successful
implementation of a project control system is the organisational
management commitment. The MPCS implementation is a demanding
process that requires commitment from the project team and the
organisational management. The implementation process has to be
supported by a discipline project team which is willing to cooperate
with the methodology reporting demands. These are essential conditions
for a successful implementation of the MPCS control system.

Otherwise, the MPCS implementation process may fail.

The MPCS methodology 1s designed for large and complex projects it
will not be effective to operate the MPCS control system within small
projects. The amount of data is needed to operate properly the MPCS
control system is slightly big. Therefore, the added value operating this
kind of control methodology is within a reasonable size project.

An estimate definition of a reasonable size project can be more than 100
work packages within the project’s work breakdown structure.

The current state MPCS methodology offers to the project management
a basic mechanism to define the threshold values. The project
management defines the critical control work packages. A critical
control work package is one that must be successfully performed in

order to proceed with project execution otherwise the project will not

121



reach its predefined aims and objectives. By defining these CWP the
project management defines the lower bound of the threshold value. The
upper bound for the threshold value is always 1, i.e., all of the CWPs has
to be performed. The current state MPCS control system does not offer
an algorithm supporting the project management to define the optimal
values of the GPCS threshold values. Therefore, the project
management may take wrong decisions while operating the MPCS

control system.

Implementing the MPCS system: A case study

A case study of a Hi Tech project is used for demonstrating the MPCS
implementation. The objective of the case study project was to develop and
produce a system used to hide aircraft and ships from radar. The case study
project was managed using the traditional managerial tool. The project was
planned using a work break down structure that included more then 100 tasks.
A Cost to Complete control system was used in order to monitor and control
the project at two control points. According to the CTC control system results
at control point 1 the project execution was as planned. Therefore, no
corrective a_ctions were needed. However, during the project execution phase
the experienced case study project manager collected informal data notifies that
the project suffers form deficiencies (the project manager performed a daily
inquiry with the project participants to find out the project status). The project

manager had to perform corrective action to improve the project performances
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in spite of the current control system indication. A thorough examination of the
control mechanism was performed. An EV control system was performed
based on the case study project database. The EV control system was
performed at the same control point as the CTC control system. The EV control
system results were similar to the CTC control system results.

The MPCS control system was performed based on the case study project
database. The MPCS results indicated the problems that the case study project
manager indicated using informal data. These appropriate corrective actions
improved the MPCS performance measures while maintaining the CTC and EV
results.

The case study project was examined at two control points during the project
life cycle. At control points 1 the EV results were: CPI = 92%,; SPI = 85%.
These results indicted that the project was performed according to the plan.
However, the MPCS results were: GP = 52.92% and the categories’ gap were:
Design gap = 0.33; Operations gap = 0.53; Quality gap = 0.67. The MPCS
control system was indicated the project deficiencies where the EV system did
not. The case study project manager performed the appropriate corrective
actions. After performing the corrective actions the EV results at control points
2 were: CPI = 101%; SPI =99%. The MPCS results were: GP = 29.56% and
the categories’ gap were: Design gap = 0.33; Operations gap = 0.20; Quality
gap = 0.33. Both control system were indicating that there is an improvement.
Using only the EV control system would have lead the case study project to

poor performances. Using the MPCS control system indicted the appropriate
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corrective action to be performed. Using the MPCS system improved the case
study project performances within the EV control system and the MPCS
control system.

The MPCS control system formalized the informal knowledge into measurable
multidimensional performances. The MPCS used the same database as the case
study project control systems and enabled the project manager to identify the

problems that existed in the project.

The need for computerized supporting tool

Design the GPCS for a complex project is complicate mission. This
mission is as complicated as to design a WBS to a complex project.
Furthermore, the MPCS requires a computerized database to support the
entire data needed to operate the methodology. The MS project and the
Excel software can support the MPCS methodology. However,
performing a complex project using the MPCS control system creates a
need for a software supporting tool that can be helpful while
:1mp1ementing the MPCS methodology. Developing such a tool should

contribute to a successful implementation of the MPCS control system.

Comparing the efficiency of several projects in a MPCS environment

A Multidimensional Project Control System (MPCS) deals with the control of a
single project and defines its performances i comparison with the plan. The

progression of several projects in parallel is a common  situation in
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organizations, therefore a comparison of the various project performances is
required. It is proposed that a comparison process be performed using the data
envelope analysis (DEA) approach. The reference points for examining the
performances of different projects and the directions of improvement for the
projects are not necessarily found on the efficiency frontier. An algorithm is
developed for applying multi-project system control having a relatively large
number of inputs and outputs while maintaining the validity of the DEA
methodology.

Operating several projects in parallel using the MPCS methodology requires
GPCS standardization similar to the WBS standardization. The standardization
means that the two higher levels in the GPCS structure are identical in each
project that is managed and controlled in the organization. The creation of this
standardization also contributes to the improvement of the organizational
learning process whilst creating a comparative tool for projects in progress and
those that took place in the past. Using the GPCS standardization enables the
DEA comparison process .

In the MPCS methodology the outputs represent the totality of dimensions in
which the project is measured, examined and performed. The outputs are the
yield calculations of the different categories. Their numbers derive from the
control system planning process that uses GPCS. Other outputs are the control

indices of the earned value system that present the schedule deviation and cost

deviation.
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The MPCS methodology is a novel project control system indicating the
multidimensional project control status during the entire project life cycle. The
MPCS uses the same data bases as the classical project control systems. The
system allows the project manager to identify the problems that exist in the
project. The MPCS system supports improvement measurements after the

project manager has taken the appropriate corrective action.
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Chapter 7: Conclusions

In order to achieve project success the control system should
support the multidimensional aims and objectives of the project.
The MPCS system was designed to support these multidimensional
aims and objectives.

The MPCS system includes the following elements:

o A GPCS that determines control specifications by
defining control tasks throughout the project’s life
cycle.

o Quantitative measures, based on the Yield concept,
indicating the project’s status during the project’s life
cycle.

The implementation of the MPCS system includes the following
phases:

o A planning phase that includes all of the planning
components of the MPCS system.

o An execution phase that indicates the project status
using the Yield term during the project’s life cycle.
During this phase, corrective action can take place to

improve performance of the project.
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The implementation of the MPCS system can be partial supported
using MS Project and MS Excel software.
The MPCS system can be implemented within industry as the case study

project proved.

The case study project presented the add value of the MPCS control

system versus the classical control system.

The MPCS control system can identify problems that the classical control
system cannot identify. !
The MPCS methodology is designed for large and complex projects.
There 1s a need for a threshold value definition algorithm.

There 1s a need for a software supporting tool that can be helpful while
implementing the MPCS methodology.

Implementing any control system is a demanding mission that requires
discipline from the project team. Furthermore, implementing the MPCS
methodology requires management commitment and involvement .
Implementing the MPCS methodology demands project team participation

and collaboration.

Comparing several projects in parallel can be performed using a

DEA analysis.

The MPCS system supports a project achieving its multidimensional

aims and objectives during the entire project’s life cycle.
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e The MPCS system supports a project achieving its multidimensional

aims and objectives during the entire project’s life cycle.
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Chapter 8: Further work

8.1 Using vectorial analysis within the MPCS methodology
The MPCS methodology used vectorial presentation to provide a deeper
understanding of the project’s performance. It can be further developed as an

analytical tool supporting project control and project management.

8.2 Developing a software tool supporting the MPCS implementation

Implementing the MPCS methodology 1s a complicated mission mainly because of
the size and complexity of the projects that should require this kind of a control
system. Developing a software tool that could support the project management to
build an information system which may include the following modules: (a) GPCS
builder that will help to build an appropriate GPCS based upon an existing WBS
and predefined project’s aims and objectives;(b) control database that should
include the entire control database ;( ¢) control indicators that includes the needed

corrective actions during the project life cycle and the MPCS control indices.

8.3 Developing a threshold value definition algorithm
The current state MPCS methodology offers lower bound and upper bound for
calculating the threshold value. There is a need for a structured algorithm that can

assist the project management to define the optimal needed threshold values.
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8.4 Evaluate project control implementation successes factors

Much research was conducted regarding project successes factors. There is a lack
of research results regarding project control systems implementation. Therefore,
there i1s a need to conduct a survey to find the project control implementation
successes factors. Furthermore, these results should improve the implementation
of project control systems and particularly the MPCS control system
implementation. This survey could light up human resources behavior aspects

while implementing the MPCS system.

131



Chapter 9: Reference

W.F. Abba. “Eared value management: reconciling government and commercial
practices”, Program Manager Magazine, vol. 1, pp. 58-63, 1997

G. Y. Abbasi, Y.A. Arabiat, “A heuristic to maximize the net present value for
resource-constrained project scheduling problems” project Management
Journal, vol. 32, No. 2, pp. 17-24, 2001.

D. Arditi, O. B. Tokdemir, K. Suh, “Effect of leaming on line —of — balance
scheduling” | International Journal of project Management, vol. 19 | pp.
265-271, 2001.

D. Avison, R. Baskerville, M. Myers, ” Controlling research projects”,
Information Technology and People, vol.14, No 1, pp. 28-45, 2001.

D. Baccarini, “ The logical framework method for defining project success”, ,
project Management Journal, vol. 30, No. 4 , pp. 25-32, 1999.

R. D. Badinelli, “Theory and Methodology An optimal, dynamic policy for hotel
yield management”, European Journal of Operational Research, vol. 121,
pp.476-503, 2000.

R. D. Banker, A. Chames, W.W. Cooper “ Some models for estimating technical
an scale mnefficiencies data envelop analysis” Management Science, vol 30,

No. 9 pp. 1078-1092, 1984

132



G.T. Bauch, C. A. Chung, “ A statistical project control tool for engineering
managers” projectManagement.[ournal, vol. 32, No. 2, pp. 37-44, 2001.

J. Bauly “Measures of performance” World Class Design to Manufacture, vol. 1,
No. 3, pp.37-40,1994.

L. Ben Ami, “Goal oriented project management”, IIE solutions, pp.39-41,
2000.

C. Berg, K Colenso, “Work Breakdown Structure practice standard project —
WBS vs. activities” PM Network, April 2000.

C. Berggren. J. S6derlund, C. Anderson, “ Clients, contractors, and consultants”
the consequences of organizational fragmentation in contemporary project
environments” , project Management Journal, vol. 32, No. 3, pp. 39-48, 2001.

R. E. Bohn, C. Terwiesch, “The economics of yield-driven processes”, Journal of
Operations Management, vol. 18, pp. 41-59, 1999.

R. A. Botha,J. H. P. Eloff, “A framework for access control in workflow
systems” Information Management and Computer Security, Vol. 9/3, pp. 126-
133,2001.

M. Braglia, A. Petroni, “Evaluating and selecting investments in industrial
robots”, International Journal of Production Research, vol. 37, No.18, pp.
4157-4178, 1999.

R. K. Buchheim, “Developing a metrics for a design engineering department™
IEEE Transactions on Engineering Management, vol. 47, No. 3,pp.309-320,

2000

133



J. Candle, D. Yeates, " Project management for information systems" Prentice
Hall, 2001.

C. R. Cater, M. Dresner,” Purchasing’ role in environmental management : cross
functional development of grounded theory” , Journal of Supply Chain
Management, vol. 37, pp. 12-26, 2001.

L. Chait, “ Creating a successful knowledge management system”, IEEE
Engineering review , Second Quarter , pp.92-95, 2000.

A. Chamnes, W.W. Cooper, E. Rhodes,”Measuring the efficiency of decision ¢
making units”, European Journal of Operational Research, vol. 2, pp. 429-
444, 1978.

T.Y. Choi, K.D Dooley, M. Rungtusanatham, “ Supply network and complex
adaptive systems: control versus emergence” , Journal of Operations
Management, vol. 19, pp. 351-366, 2001.

S.J K. Cicmil, “ Critical factors of effective project management”, The TOM
Magazine ,vol.9, No. 6, pp. 390-396, 1997.

G. Conroy , H. Soltan, “ ConSERYV, a methodology for managing multi-
disciplinary engineering design projects”, International Journal of project
Management, vol. 15, pp. 121-132, 1997.

W.D. Cook, R. H. Green,” Project prioritization: a resource constrained data

envelop analysis approach” Socio — Economic Planning Science, vol. 34, pp.

85-99, 1999.

134



M.J. Céte, C.R. Daugherty, “Using project management to improve month end
reporting in a hospital” , Production and Inventory Management Journal ,
fourth Quarter, pp. 17-22, 2000.

Dan , Bradstreet , "Dan and Bradstreet guide - Israel", Dan and Bradstreet , 2003.

S. Datta, S K. Mukherjee, "Developing a risk management matrix for effective
project planning — an empirical study” project Management Journal, vol. 32,
No. 2, pp. 45-57, 2001.

H. Driva , K.S. Pawar , U. Meno, “ Performance evaluation of new product

development from company perspective” Integrated Manufacturing Systems, vol.

12, No 5,2001

A. De Toni, S. Tonchia, “Performance measurement systems: models,
characteristics and measures”, International Journal of Operations and
Production Management, vol. 21, No. 1/2, pp. 46-70, 2001.

H. Demirkan , S. S. Erenguc, “ Planning and controlling multiple interdependent
projects: case study”, 6™ International Workshop on Project Management and
Scheduling proceedings, Turkey, 1998.

M. Z. M. Deng, Y .F Hung, "Integrated cost and schedule control: Hong Kong
perspective. Project Management Journal, vol. 31, pp. 14-22, 1998

S. Denker, D.V. Steward, T .R. Browning, “Planning concurrency and managing

iteration in projects”, project Management Journal, vol. 32, No. 2, pp. 31-38,

2001.

135



P K. Dey, “Decision support system for risk management a case study”,
Management Decision, vol. 39/8 I,pp.634-649. 2001

P K. Dey, “Managing project in a fast track: a case study of a public sector
organization in India” International Journal of Public Sector Management,
vol. 13, No. 7, pp. 588-609, 2000.

Dixon N.,” Project Management Body of Knowledge”. Association for Project
Management. APMBoK, UK: 2000.

D. Dvir, T Raz, AJ. Shenhar, “An empirical analysis of the relationship between
project planning and project success” , International Journal of project
Management, vol. 21, pp. 89-95, 2003.

M. S. El-Mashaleh, A. D. Chasey, ” Improving the cost and schedule control
system”, Cost Engineering, vol.14, pp. 39-41, 1999.

R. Evaristo, P. C. van Fenema, “ A typology of project management emergence
and evolution of new forms” International Journal of project Management,
vol. 17, pp. 275-282, 1999.

M. De Falco, R. Macchiaroli , “ Timing of control activities in project planning”,
JInternational Journal of project Management, vol. 16 pp. 51-58, 1998,

Q.W. Fleming. J. M. Koppelman, “ Earned value management . An introduction”
The Journal of Defense Software Engineering, pp.11- 14, July , 1999.

Q.W. Fleming. ] M. Koppelman, “ Earned value management project

management”, Project management institute 2000.

136



S. Floricel, R. Miller, “Strategizing for anticipated risks and turbulence in large-
scale engmeermg projects”, International Journal of project Management, vol.
19, pp. 445-455,2001.

S. Francis- Elran,” The effect of project control on project success in the
construction industry” Working paper Technion — Israel Institute of
technology, 1998.

S. Fricke, A. Shenhar, “Managing multiple engineering projects in a
manufacturing support environment”, J[EEE Transactions on Engineering
Management, vol. 47, pp. 258 — 268 , 2000.

L Friedman, , Z.Smuany- Stren,” Combining ranking scales and selecting
variables in the DEA context: the case of industrial brunches” Computers
Operations Research, vol.25 pp. 781-791, 1998.

L Friedman, , Z.Sinuany- Stren, “Clinic efficiency measurement * 11" Industrial
Engineering and Management Proceedings , Israel , 2000.

L Friedman, , Z.Sinuany- Stren, “Scaling units via the canonical correlation
analysis in the DEA context”, European Journal of Operational Research,
vol.100 pp. 629-637, 1997.

C. Fujinami, A, Marshall, “Software doesn’t manage projects™ IIE solutions,
vol.33, pp. 36 —41, 2001

B. Golany ,H. Gazit, E. Dar-El, “An evaluation of a R&D organization

E. Goldratt ,"Critical Chain" Daniela De Nur Publishers, 1997.

E. Goldratt ,"The Goal" Daniela De Nur Publishers, 1988.

137



T. Grundy, ”Strategic project management and strategic behavior”, International
Journal of project Management, vol. 18, pp. 93-103, 2000.

G. Gutierrez, A. Paul,” Analysis of the effects of uncertainty, risk-pooling, and
subcontracting mechanisms on project performance”, Operations research,
vol. 48 ,No.6, pp.927 — 938,2000.

JIM. Halman, G. T. N. Burger, “Evaluating effective of project start-ups: an
exploratory study”, International Journal of project Management, vol. 20, pp.
81-89, 2002.

A.P. Hameri, J. Heikki4, “ Improving efficiency : time — critical interfacing of
project tasks™ _International Journal of project Management, vol. 20 , pp.
143-153, 2002.

N. Hardie, “The prediction and control of project duration: a recursive model”
International Journal of project Management, vol. 19, pp. 401-409, 2001.

W. Herroelen, R. Leus, “ On the mert and pitfalls of critical chain scheduling” ,
Journal of Operations Management, vol. 19 , pp. 559-557, 2001.

W. Herroelen, R. leus, E. Demeulemeester,” Critical chain project scheduling: do
not oversimplify” project Management Journal, vol. 33, No. 4, pp. 48-60,
2002.

M.T. Hides, Z. Irani, I, Polychronakis, J. M. Sharp,” Facilitating total quality

through effective project management” International Journal of Quality and

Reliability Management” vol.17 , pp. 407- 422, 2000.

138



B. Hobbs, B. Andersen, “Different alliance relationships for project design ans
execution “International Journal of project Management, vol. 19, pp. 465-469,
2001.

A M. Hormozi, L F. Dube, “Establishing project control: Schedule, cost, and
quality”, Project Management Journal, vol. 64, pp. 32-38, 1999.

A. Howard, A, Kochhar, J. Dilworth, “An objective for generating the functional
specifications of manufacturing planning and control” International Journal of
Operations and Production Management, vol. 18, No. 8, pp. 710-726, 1998,

A. Huchzemmeier , C. H. Loch, “ Project management under risk: using the real
options approach to evaluate flexibility in R&D”, Management Science” vol.
47 No 1 pp.85-101,2001.

V. Lo, P. Humphreys, “Project management benchmarks for SMEs implementing
ISO 9000” Benchmarking. An international Journal, vol. 7, No.4, pp. 247-259,
2000.

WH. Ip, R. CM. Yam, “The successful implementation of MRP II via a

| hierarchal modeling approach” Logistic Information Management, vol. 11, No.
3, pp. 160-170, 1998.
L. Jenkins, M. Anderson, “ A multivariate statistical to reducing the number of

variables in data envelop analysis, Furopean Journal of Operational Research,

vol.147 pp. 51-61, 2003.

139



J.J. Jiang, G. Klein, H. Chen, “The relative influence of IS project implementation
policies and project leadership on eventual outcome”, project Management
Journal, vol. 32, No. 3 , pp. 49-55, 2001.

J. Jiang, G. Klein, “Software development risk to project effectiveness” , The
Journal of System and Software, vol. 52, pp. 3-10, 2000.

S.H. Kim, C.G.Park , Park,” An application of data envelop analysis in telephone
offices evaluation with partial data”, Computers and Operations Research, vol.
26, pp. 59-72, 1999. (

JR. King ,"Machme-Component grouping in production flow analysis: an
approach using a rank order-clustering algorithm." International Journal of
Production Research,vol18, pp.213-232, 1980.

R. Kolisch, R. Padman, “ An integrated survey of deterministic project
scheduling” Omega , The International Journal of Management Science , vol.
29, pp.249 — 272 ,2001.

K.Y. Kwok, V.M. Rao, “ A quality control and improvement system based on the

| total control methodology (TCM)” , International Journal of Quality and
Reliability Management”, vol.15, No. 1, pp. 13- 48, 1998.

J. Lampel, “The core competencies of effective project execution: the challenge of
diversity” International Journal of project Management, vol. 19, pp. 471-483,

2001.

G. P. Laszio, “Project management: a quality management approach”, The TOM

Magazine, vol.11, No. 3, pp. 157-160, 1999.

140



L.P. Leach ,“Critical chain project management improves project performance”,
Project Management Journal, vo}. 30, pp. 39-51, 1997.

Y.Y. Ling, BS.Y. Lau,” A case study on the management of the development of a
large power plant in East Asia based on design build arrangement”,
International Journal of project Management, vol. 20 , pp. 413-423,2002.

D. Lock, Project Management Handbook, Camelot Press Ltd, 1989.

R. B.Lorance, R. V. Wendling,” Basic techniques for analyzing and presentation
of cost risk analysis” Cost Engineering, vol. 43, pp. 25-31,2001. (

M. Maital, A. Vaninsky, “Data envelope analysis with resource constraints: An
alternative model with non-discretionary factors™ European Journal of
Operational Research, vol. 128, pp. 206-212, 2001.

S. Mantel, J.R. Meredith, S. M. Shafer, M. M. Sutton," Project management in
practice" John Wiley & Sons, Inc., 2001.

H Mayor, "Project Management", Prentice Hall, 2003.

M. L. McMillan, D. Datta,” The relative efficiencies of Canadian universities: a
DEA perspective” Canadian Public Policy — Analse De Politiques, vol. 14,

No. 4, 1998.

J R, Meredith, Mantel S JR,,” Project Management - A Managerial Approach”

John Wiley & Sons, Inc, 2000.

L. Michalski ,”Applying the theory of constraint: managing multiple deadlines™,

Pharmaceutical Technology, vol. 24, pp. 126-132, 2000.

141



R. Miller, D. Lessard, “ Understanding and managing risk in large engineering
projects” International Journal of project Management, vol. 19, pp. 437-443,
2001.

P. W.G. Morris,” Updating the project management bodies of knowledge” ”
project Management Journal, vol. 32, No. 3, pp. 21-30, 2001.

R. Mosca, M. Schenone , A. F. Bonello, “ Risk analysis in the evaluation of plant
investment: the contribution of a non deterministic approach” , project
Management Journal, vol. 32, No. 3 , pp. 4-11, 2001.

J. Motwani, D. Mirchandani, M. Madan, A. Gunasekaran, “Successful
implementation of ERP projects: Evidence from two case studies”, ”
International Journal of Production Economics, vo75, pp. 83-96, 2002.

P. Mourier, M. Smith , “ Restarting a stalled project” Security Management, vol.
45, pp. 32-35,2001.

J. M. Nicholas," Managing business & engineering projects” Prentice Hall, 1994,

A M. Odeh, H. T. Battaineh, “ Causes of construction delay: traditional contracts”,

| International Journal of project Management, vol. 20, pp. 67-73, 2002.

J. P. Paquin, J. Couillard, D. Ferrand, “assessing and controlling the quality of a
project end product: the eamed quality method” IEEE Transactions on
Engineering Management, vol. 47, No. 1, pp.88-97, 2001

S.U. Park, J.B. Lesourd,” The efficiency of conventional fuel power plants in
South Korea: a comparison of parametric and nonparametric approaches,

International Journal of Production Economics, vol. 63, pp. 59-67, 2000.

142



M. E. Pate- Comell, R.L. Dillon, “Success factors and future challenges in the
management of faster better cheaper projects: lessons learned from NASA”

IEEE Transactions on Engineering Management, vol. 48, No. 1,pp.25-31,

2001
M. Pich, C. H. Loch, A. De Meyer, “ On uncertamty, Ambiguity, and complexity
in project management” ”, Management Science” vol. 48 No 8 pp.1008-
1023,2002.

P. Pille, J.C. Paradi, “Financial performance analysis of Ontario (Canada) credit
unions: an application of DEA in the regulatory environment” , European
Journal of Operational Research, vol.139 pp. 339-350, 2002.

J K. Pinto, “Understanding the roll of politics in successful project management”,
International Journal of project Management, vol. 18, pp. 85-91, 2000.
J. K. Pinto, D. P. Slevin, “Critical factors in successful project implementation”,
IEEE Transactions on Engineering Management, vol. 34, pp.22-28, 1987.
T. Post, J. Spronk,” Performance benchmarking using interactive data envelop
analysis” European Journal of Operational Research, vol.115 pp. 472-487,
1999.
Project Management Institute, " A Guide to the Project Management Body of
Knowledge", Project Management Institute, PMBoK, 2000.
G. K. Rand, “Critical chain: the theory of constraints applied to project
management” International Journal of project Management, vol. 18 ,pp. 173-

177, 2000.

143



T. Raz, E. Erel,” Optimal timing of project control points” European Journal of
Operational Research, vol. 127, pp.252-261, 2000.

P. B. Robinson,” The performance measurement baseline — a statistical view”,
Project Management Journal, vol. 28, pp. 47-52, 1997.

S. Rozenes, “Implementation of a project management methodology at Tadiran
Spectralink LTd.”, Technical Report, Israel, 2000.

S. Rozenes, “Implementation of Earned Value control system at ECI Telecom

Ltd.”, Technical Report, Israel, 1998. (

S. Rozenes, “Planning a multi-project control of electrical transformation Stations
at the Israel Electric Corporation”, Technical Report, Israel, 1997.

S. Rozenes, “Implementation of a project control system at Israeli Military
Industry Corporation factory” Technical Report, Israel, 1996.

S. Rozenes, G. Vitner, S. Spraggett, "MPCS: Multidimensional Project Control
System “International Journal of Project Management, vol. 22, pp. 109-118,
2004.

S. Rozenes, G. Vitner, S. Spraggett, "MPCS: Multidimensional Project Control
System" Proceedings of the 17th Intemational Conference on Production
Research, 2003.

S. Rozenes, G. Vitner, S. Spraggett, “Using DEA to compare projects efficiency
in a MPCS environment™ ,to be published, 2004.

S. Rozenes, G. Vitner, S. Spraggett, “MPCS Multidimensional Project Control

System implementation algorithm” ,to be published, 2004.

144



S. Rozenes, G. Vitner, S. Spraggett," Measuring efficiency of projects in SME
organizations" Proceedings of the Portland Intemational Conference on
Management of Engineering and Technology 03,2003.

A. Sanches, M. Pérez, “R&D project management in Spanish industry”,
International Journal of project Management, vol. 20, pp. 545-560, 2002.

J. Sarkis, “A methodological framework for evaluating environmental conscious
manufacturing programs”, Computers and Industrial Engineering” , vol. 36, pp.
793-810, 1999.

B.K. Schimmoller, “ The changing face of project management” Power
Engineering, Vol 105, pp. 28-30, 2001

R. Schmit, K. Lyytinen, M. Keil, P. Cule, “Identifying software project risks: An
international Delphi study” Journal of Management Information Systems, vol.
17, pp. 5-36, 2001.

A.J. Shenhar, “ From theory to practice: toward a typology of project
management styles” JEEE Transactions on Engineering Management, vol. 45,
No. 1,pp.33-48, 1998

A. Shenhar, “ One size does not fit all projects: exploring classical contingency
domains” Management Science” vol. 47 No 3 pp.394-414,2001.

A. Shtub, “ Project segmentation — a tool for project management” , International
Journal of project Management, vol. 15, pp. 15-19, 1997.

A. Shtub, J. Bard, S. Globerson, "Project Management — Engineering

Technology and Implementation", Prentice Hall, 1996 .

145



Z Sinuany- Stren, L Friedman, R. Strasburg — Atad, “ Companies benchmarking
using DEA” 11™ Industrial Engineering and Management Proceedings , Israel,
2000.

Z.Sinuany- Stren, “DEA versus economic indicators” 11" Industrial Engineering
and Management Proceedings, Israel , 2000.

D. Sipper, R. Bufin," Production planning, control and Integration, " McGraw —
Hill, 1997.

E. Sragenhym ,” Achieving project objectives : Planning problems , uncertainty,

Human factor influence” Proceeding of the 6th National conference of the ISA,

Israel, 2001.

H. Steyn, “An mvestigation mto the fundamentals of critical chain project
scheduling” , International Journal of project Management, vol. 19 , pp. 363-
369, 2000.

H. Steyn, “Project management applications of the theory of constraints beyond
critical chain scheduling” ,Infernational Journal of project Management, vol.
20, pp. 75-80, 2002.

G.N. Stock , M. V. Statikonda, “ A typology of project — level technology transfer
processes” , Journal of Operations Management, vol. 19 , pp. 351-366, 2001.

A. Sudeh, D. Dvir, A. Shenhar ,” The roll of contract type in the success of R&D

defense projects under mcreasing uncertainty”, Project Management Journal,

vol. 31, pp. 14-22, 2000.

146



C.A. Tapiero, ”Yield and control in a supplier-customer relationship”
JInternational Journal of Production Research, vol. 39, pp. 1505-1515, 2001.

M. V. Tatikonda , S. R. Rosenthal,” éuccessﬁﬂ execution of a product
development projects: Balancing and flexibility in the innovation process”,
Journal of Operations Management, vol. 18 , pp. 401-425, 2000.

L.V. Tavares, “A review of the contribution of operational research to project
management” European Journal of Operational Research, vol. 136, pp.1-18,
2002.

E. Thamassoulis, "Introduction to the theory and application of Data Envelopment
Analysis. A foundation text with integrated software"” Kluwer Academic
Publishers, 2001.

0.1 Tukel, W. O. Rom, “An empirical investigation of project evaluation criteria
”, Journal of Operations and Production Management, vol. 21, pp. 400-416,
2001.

V.M. R. Tummala, Y.H. Leung, “A risk management model to asses safety and
reliability risks”, International Journal of Quality and Reliability
Management”, vol.13, No. 8, pp. 53- 62, 1996.

J. R. Turner, S.J. Simister, “ Project contract and the theory of organization” ,
International Journal of project Management, vol. 19, pp. 457-464, 2001.

M. Umble, E. Umble, “Manage your projects for success: an application of the

theory of constraints”, Production and Inventory Management Journal, Second

Quarter, pp. 27-31, 2000.

147



US Department of Defense, “Handbook Work Breakdown Structure, MIL-HDBK-
881. Washington DC “ US Department of Defense , 1998.

US Department of Defense,” Performance Measurement for Selected Acquisitions
, DOD 7000.2” US Department of Defense , 1997.

U.S. Department of Defense,” A scheduling guide for program managers.
Washington DC” US Department of Defense , 2000.

P. van Veen —Dirk, M. Wijn, “Strategic control: meshing critical success factors
with the balanced scorecard” Long Range Planning, vol. 35, pp. 407-427,2002.

A. Walseman, “Juggling schedule, cost and client requirements™ Power A.
Engineering, Vol 105, pp. 39-42, 2001

D. White, J Fortune,” Current practice in project management — an empirical
study” International Journal of project Management, vol. 20, pp. 1-11, 2002.

B. Whittaker, “What went wrong? Unsuccessful information technology
projects”, Information Management and Computer Security, vol. 7/1, pp. 23-
29, 1999,

’f. M. Williams, “ The need for new paradigms for complex projects”
International Journal of project Management, vol. 17, pp. 269-273, 1999.

T. Williams, “the contribution of mathematical modeling to the practice of project
management.” Research paper No. 2003/4, Strathclyde Business School,

Glasgow, Scotland, 2003.

H. Yan, S. Lou, S. Sethi, “Robustness of various production control policies in

semicon

148



C. Zhang, H. Wang, "Robust design of assembly and machining tolerance

allocations". /IE Transactions, vol. 30: pp.17-29, 1998.

149



Chapter 10: Bibliography

M.M. Akalu, “Re —~ examining project appraisal and control: developing a focus
on wealth creation” , International Journal of project Management, vol. 19, pp.
375-383, 2001.

R.S. Costa, E. G. M. Jardim, “Total punctuality approach for the jobbing industry”
, International Journal of Operations Production Management, vol. 18, pp. 260-
2705, 1998.

A.A. Eliman, B.M. Dodin ,“Incentive and yield management in improving
productivity of manufacturing facilities” I/E Transactions, vol. 33, pp. 449-462,
2001

P. Elkington , C. Smallman ,“ Managing project risks: a case study from the
utilities sector” |, International Journal of project Management, vol. 20, pp. 49-57,
2002.

E. Goldratt, "The haystack syndrome" Daniela De Nur Publishers, 1991.

K. Hoel, S. G. Taylor, “ Quantifying buffers for project schedules” Production and
Inventory Management Journal, vol. 40, pp. 43-47, 1999.

H. Kerzner, " In search of excellence in project management . Successful practice
in high performance organizations" Van Norstrand Reinhold ,1998.

J. Lam, “ Top ten requirements for operational risk management” , Risk

Management” vol. 48, pp. 58-59,2001

149



J.F. McGrew, J.G. Bilotta, “The effectiveness of risk management: measuring

what didn’t happen™ ”, Management Decision, vol. 38/4, pp.293-300. 2000

K.N. Mckay, “Historical survey of manufacturing control practices and production
research perspective”, International Journal of Production Research, vol.
41,No. 3, pp. 441-426, 2003.

M. Raby,” Project management via earned value”, Work Study , vol. 49, pp.6-9,

2000.

M. Rot, S. Rozenes,R. Spector ,“Implementation of a project management

methodology in IMI”, Proceeding of the 3nd Israel conference on project

management, Tel Aviv Israel, 1999.

O.1. Tukel, W.0. Rom,“ Analysis of the characteristics of project in diverse

industries”, Journal of Operations Management, vol.16, pp.43-61,1998.

J. R. Tumer, A. Keegan , “ The versatile project based organization governace and

operational control” European Management Journal, vol. 17 No. 3, pp. 296-309,

2000

N Slack, S. Chambers, C. Harland, A Harrison, R. Johnston, “Operations
management. Prentice” Hall ,1998.
Y Ventura, S. Rozenes ,“Develop design and implementation of a project

management simulator”, Proceeding of the 2nd Israel conference on project

management, Tel Aviv Israel, 1998.

150



Appendices

Shai Rozenes



Table of Contents

A. MPCS: Multidimensional Project Control System

B. MPCS Multidimensional Project Control System Implementation
Algorithm

C. Using DEA to compare projects efficiency in a MPCS environment
D. MPCS: Multidimensional Project Control System

E. Measuring efficiency of projects in SME organizations

F. Tel Aviv University: industrial engineering faculty seminar

G. Implementing the MPCS system: A case study



A. MPCS: Multidimensional Project Control System

International Journal of Project Management,
Vol. 22
Pages: 109-118

2004



I CRENATHIN TR

PROJECT
MANAGEMENT

PERGAMON International Journal of Project Management 22 (2004) 109-118

www.elsevier.com/locate/ijproman

MPCS: Multidimensional Project Control System

Shai Rozenes?, Gad Vitner®*, Stuart Spraggett?

*School of Engineering, Coventry University, Priory Street, Coventry CVI 5FB, UK
bRuppin Academic Center, School of Engineering, Emek Hefer 40230, Isracl

Received 13 September 2002; received in revised form 26 November 2002; accepted 30 December 2002

Abstract

Project control systems often fail to support management in achieving their global project goals. This paper prop(ose a MPCS
(Multidimensional Project Control System) as a quantitative approach for quantifying deviations from the planning phase to the
execution phase with respect to the global project control specification (GPCS). The project current state must be translated into
yield terms which are expressed as a gap vector that represents the multidimensional deviation from the global project control
specification. The systematic multidimensional project control is described and illustrated by a computational example.

& 2003 Elsevier Ltd and IPMA. All rights reserved.

Keywords: Managing projects; Operations

Content removed due to third-party copyright

0263-7863/03/$30.00 ¢ 2003 Elsevier Ltd and IPMA. All rights reserved.
doi:10.1016/S0263-7863(03)00002-4



Content removed due to third-party copyright



Content removed due to third-party copyright



Content removed due to third-party copyright



Content removed due to third-party copyright



Content removed due to third-party copyright



Content removed due to third-party copyright



Content removed due to third-party copyright



Content removed due to third-party copyright



Content removed due to third-party copyright



B. MPCS Multidimensional Project Control System
Implementation Algorithm
Paper submitted to the

International Journal of Project Management



MPCS Multidimensional Project Control System Implementation Methodology
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Abstract

Project control systems often fail to support management in achieving their global
project goals. This paper propose a multidimensional project control system ( MPCS)
as a quantitative approach for quantifying deviations from the planning phase to( the
execution phase with respect to the global project control specification (GPCS). The
project current state must be translated into yield terms. The MPCS system
implementation methodology is described and supported using a garden building

project example in order to illustrate the various characteristics and the process of the

implementation.

1. Introduction

.PMBO0K][3] defines nine categories that exist throughout the project lifecycle: Project
Integration Management, Project Scope Management, Project Time Management,
Project Cost Management, Project Quality Management, Project Human Resources
Management, Project Communications Management, Project Risk Management, and
Project Procurement Management. Although these categories are integrated into the
project lifecycle, their control systems, which are implemented in each project phase,
are separate. Correct planning relies on techniques that support all categories. A
practical tool, the Work Breakdown Structure (WBS), presents the hierarchical
organization of work by defining the work packages in terms of supply to the

customer (production, services and information) through costing identification.



Critical to accurate planning, WBS is a useful tool during performance when project
control compares planning to actual performance.

In an earlier paper Rozenes et al. [4] introduced a project control methodology
entitled, a Multidimensional Project Control System (MPCS). This methodology
defines the control system planning process in which the Global Project Control
Specifications (GPCS) are defined. GPCS specifications provide an integrative

solution for all project dimensions.

2. Multidimensional Project Control System (MPCS) overview

The MPCS methodology’s basic assumption is indicative of the existence of an entire
project design process, which includes all of the content, the logic, schedule,
resources and budget components. This project design process is based on a collection
of the classical techniques, which are well defined in APMBoK [1] as well as in
PMBoK [3] .Formulating the GPCS specifications as part of the project’s design stage
is based on a hierarchal structuring of the entire control assignments set up defined for
execution in this project. The MPCS methodology positions an additional challenge
for the planning team of the project which is required to define the control activities
necessary in order to abide by the design aims and objectives. The project’s
management defines the hierarchical structure of the GPCS in accordance with the
aims and objectives of the project.

Hierarchically constructed, GPCS (see Figure 1) contains all control operations that
are performed during the project life cycle. The first level in the hierarchy includes
.all control dimensions in the project defined as categories. Each category incorporates
various subjects situated on lower hierarchical levels and each subject can contain
additional subtopics. The lowest level in each subject contains Control Work
Packages (CWP) that include a set of control tasks that it must perform, similar to the
work packages in the WBS.

Figure 1 displays a typical structure of GPCS that contains 3 control dimensions /
categories: Technical/Functional, Operational and Quality.

For example, the Technical / Functional category includes technical data needed to
produce the project, and may include the following subjects: functional flow,
integrated test planning, data management plans, configuration management plans,

system safety, human factors, value engineering studies and life cycle cost.



The Operational category contains the project operating systems. It also contains the
project flow process and priorities determination. It may include the following:
preliminary requirements, system/cost analysis, effectiveness analysis, synthesis,
logistics support analysis, technical performance measurement planning, engineering
integration, preliminary manufacturiﬁg plans, and manpower requirements/personnel
analysis.

The Quality category defines the project quality requirements and may include the
following: requests for contractors ISO 9000 certification, requests for contractors

ISO 14000 certification, application of statistical process control (if needed), quality

cost systems, and quality measures.

GPCS
|
I | |

Technical/ Operational lit
Level 1 Functional P Quality
Level 2 Subjt?ct SUbj?Ct Sul.)jéct

1.j 1] 1.j
Level u Sub}ect Sub_.]"(?Ct Sul-)ject

1.j L.j 1.j
Level m ’IH HHI HIII

CWP 1Lk  CWP Lk CWP 1.k
Figure 1. Global Project Control Specifications Structure

The logic of the GPCS creates the need for a measuring method to be used with
various categories and various related units of measurement. A useful measuring tool

has been the yield concept. We propose to utilize the yield concept as the measuring

method for project categories. This is discussed below.



3. MPCS methodology principles

The control system aims at minimizing the gap between planning and results. The
planning basis in the MPCS system constitutes the GPCS’s control specification, as
indicated in Figure 1. The GPCS defines control assignments during the course of the
project’s life cycle. Should there be a gap between planning and performance, a
warning is indicated in order to take corrective action. This monitoring proce(ss is
conducted while measuring actual performance using the yield index.

The GPCS needs to also include the required measurement processes for each Control
Work Package as well as the definition of the threshold values indicating whether the
work was properly preformed. Also included is the project’s planning and design
element which defines the threshold values incorporated with each subject in the
MPCS system.

After defining the GPCS control specifications, the quantitative measures that define
project performance determines the yield as the measures for controlling the project
(see Rozenes et al. [4]).

. The yield is calculated for every subject and aggregated for every category.

Each Control Work Package has a single organizational unit responsible for its
execution, however it is possible to report results of the control work package as well
as those of the subjects and categories to various organizational units. In order to
solve for the project’s communication problems, it is recommended to define a report
matrix which determines to whom to report among the project’s stake holders and the
type of report required.

The project’s management defines the control checkpoints to be used during the life
cycle of a project. The performance of the control work packages that need to be
performed is examined at each control checkpoint. Yield computation is done for each
subject and for each category. Based on the Yield computation, control indices are

computed identifying gaps between planning and execution which may require



attention. Required corrective actions are performed according to the results of the

MPCS system control indices.

a. The GPCS Topology

Every GPCS structure may include one or both of the following substructures.

L Substructure A

Substructure A represents a single subject configuration with Control Work Packages
(CWP) only. Substructure A is described in Figure 2. where every subject may
contain M Control Work Packages. Level m is the lowest level in the GPCS branch

and contains a compilation of control tasks that must be performed in order for the

project to achieve its objectives.

Subject 1
Level m-1

Level m CWP 1 CWP 2 CWP M

Figure 2. GPCS substructure A

II. Substructure B
Substructure B represents a single or multi subject configuration with lower level
subjects and CWP’s. Figure 3 shows an example of a Substructure B. Subject A

includes the combination of a subject (e.g., Subject 1) or several subjects with the



same level as control work packages (e.g., CW1 and CW2). Subject 1 contains only

CWP’s therefore it has a Substructure A configuration.



Subject A

| 1
Level m-1 CWP 1 Subject 1 CWP 2
Level m

CWPa CWPb CWP ¢

Figure 3. GPCS substructure B

b. MPCS performance measures

Since the GPCS is hierarchically constructed (see Figure 1) the yield’s computation
process is aggregative. Commencing at the lowest level, which is the control work
packages level from subject j level up to level 1, the category level. The categories
_ yields computation are based on comparing the subjects’ performance to predefined
performance levels (CRj). These levels (for the various subjects) are defined by the
project’s management that takes into account the required control sensitivity
requirements. These levels are designed to detect unreasonable digression. A
reasonable digression is one in which subject j’s performance, in yield terms, is higher
than the defined performance level. In case of an unreasonable digression the
project’s team will be asked to take corrective action. The process of defining the
Threshold values by the project management is based on the definition of each control
work package as a critical CWP or non-critical CWP. A critical CWP is one that must
be successfully performed in order to proceed with project execution otherwise the
project will not reach the predefined aims and objectives .For example, a threshold

value (CRj) equals to 1 means that every CWP that belongs to a subject j must be



successfully performed otherwise that project execution will not reach the project
objectives. A threshold value (CRj) of a specific subject equals to 0.5 means that up to
50% of the CWP related to this specific were defined as critical CWP. Performing
50% or more of the CWP subject is defined as a successfully performed of the subject

1. Subject Yield

As described earlier every GPCS can contain both topologies: Substructure A and
Substructure B (see Figures 2, 3). In the case of Substructure A the performance of
each control package k is tested during the performance stage. If performed as
planned, then &, =1, otherwise &, =0. An identical weight is assigned to each

control work package k (out of M control work packages) related to subject j out of L

subjects.
(

2.5

m ¥y = k}l Vi

1 IfCWP kis successfully performed

O Otherwise

When index Y is not equal to 1, it means that there are differences between planning
_and performance.

In the case of Substructure B, computation includes the yield calculation for all
subjects on the same level, which are then compared with their respective threshold
values (CRj) as defined by the project management. When the threshold value is
higher than the yield, then 6, =0, and when the subject yield value exceeds the

threshold value, then &, =1 . Control package values are calculated in the same

manner as in Substructure A.



1 IfY;;> CRy or CWPk is successfully performed
0 Otherwise

II. Category yield

When the subject’s yield Y, is equal to, or exceeds the threshold value then the
subject’s performance is defined as being successful then auxiliary variable @, equals

to 1, otherwise 8, =0.

The closer CR;is to 1, the higher the conirol sensitivity will be, indicating that the

project is responding to specification requirements. The GPCS structure includes N
categories and each category has L subjects. '

Due to the GPCS’s structure, the categories are independent of each other. However
their importance and contribution to the success of the project’s performance are not
identical. Therefore, each subject weight is determined according to its position in the
GPCS specification based on King’s algorithm [2]. Equation (3) presents the yield

computation of category i.

L
©) > 6,28
_ =l .
Y,- = ——'L—"TVZ
j-
Where: Z 2
Jj=1
, 1 1fYij>CRj
g = .
() Otherwise



III. MPCS managerial indices

The MPCS system defines two types of indices. The first is a performance index Y,
for each dimension/category i and the gap G, for each dimension/category i. The

second is the Gap Performance (GP) index presented in equation (4) is based on
Rozenes et al. [4].

N

2.G!
4 GpP=1Z=
“4) i

Where: N is the number of dimensions/categories

The Gap Performance GP index has a normalized value. The closer its value to 0, the
closer the project performances are to the respective plans, i.e., complete and full
responsiveness to the requirements presented in the GPCS. The GP index may be used
by the manager to compare the performance several projects with the index
representing performance on a 0-1 scale. Thus, planning performance can be

compared with project performance within the project life cycle. This index can be

easily computed with a spreadsheet.

4. MPCS implementation procedure

The MPCS Implementation methodology incorporates two phases based on the
project life cycle; the planning phase and the execution phase, as shown in Figure 4.
The planning phase begins with the GPCS definition. Managerial decisions defining
the measurement processes are made as well as performance and report procedures
and the selection of MPCS threshold values. The execution phase performs yield
calculations at every GPCS level with calculations being completed at the highest
level in the GPCS structure, i.e. the category. Control indices computations are done
by comparing yield results to the predefined MPCS threshold values (CRj).
Examination of these control indices determines what corrective actions should be

taken. The implementation methodology will be discussed in details using a

computational example.
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Planning Phase
1. GPCS definition.
2. Defining Measurement Procedures.
3. Defining Execution and Reporting Processes.
4. MPCS Threshold values.

Execution Phase
1. Yield computation.
2. Control indices computation.
3. Control Indices examination.
4. Corrective actions.

Figure 4. MPCS Implementation Methodology

5. “Building garden project” — an illustrative example

An example of a garden building project is used for understanding the MPCS
implementation. The project combines landscape construction, building techniques
and planting flora. The project content is described using a work breakdown structure
(WBS) and the project team is described using an organizational breakdown structure
(OBS). Figure 5 describes the garden project WBS, which defines the total scope of
the project. It contains all the tasks needed to build a garden and includes the planning
and performance processes involved in establishing an infrastructure, followed by
planting of the garden. The WBS is divided into 3 main topics: Planting, Layout
. functionality and Infrastructure. Each topic includes work packages that define the

exact tasks that should be executed during the project life cycle.
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Garden
WBS
Layout Infrastructure
Planting functionality
h
Grass Tool Shed Pathways
Childrens' .
Soil
Trees play corner
Barbecue
Shrubs comer Rockery
Flowers Greenhouse
Pond
Compost
heap

Figure S, Garden Project WBS

Figure 6 represents the Organization Breakdown Structure (OBS) for the garden
building project. It contains a traditional project structure, including the main Human
Resources functions such as: Garden Operations responsible for both the garden
infrastructure and flora, Purchasing, Control and Landscape Design which covers
design and engineering. The garden project management is assumed to include the

project manager, the landscape design manager and the garden operations manager.
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Project

Manager
Garden 3 Landscape
Operations Control Purchasing Design
— l l
Flora Infrastructure Equipment Materials Design Engineering

Figure 6. Garden Project Organizational Breakdown Structure

6. The implementation methodology
As discussed earlier the implementation process of the MPCS contains two phases

based on a typical project life cycle: the planning phase and the execution phase (see

Figure 4).

a. The planning phase

This phase includes the definition of the project control system. Following is the
composition of this phase:

\ 1. GPCS structure definition

Defining the GPCS structure includes the entire array of the required control

activities needed during the life cycle of the project. Figure 7 represents the GPCS

control specifications for the garden building project. The GPCS control

specifications includes three categories, which comprise the control dimensions:

Design, Operations, and Quality. The GPCS structure contains a combination of

subjects and control work packages on various hierarchical levels. For example, the

design category includes two subjects (Infrastructure, Planting (and one control work

package (Concept verification).

The garden building project GPCS includes all the control activities that should be

executed in order to successfully perform the project WBS. For exarﬁple, successfully

13




performing the Infrastructure issue of the WBS should result in successful
performance of both Design Infrastructure and Operations Infrastructure subjects at
the GPCS level 2.

It can be seen that the garden project GPCS structure differ from the garden project
WBS (see Figure 5). The aim of the WBS design is to activate the project in a rational
way in order to establish the bases of the Cost Breakdown Structure (CBS). The aim
of the GPCS design is to controlling the project, therefore the GPCS categories
represent the main control dimensions that are needed. For example, the garden
project WBS (see Figure 5) includes Planting at level 1. The Planting includes the
work packages Shrubs and Trees. These work packages include a definition of type,
quantity, location and nature of planting. Controlling these work packages have two
dimensions, Design and Operations.

The GPCS control work packages Shrubs and Trees, at the Design category, deﬁ(nes a
comparison process between the design that was made by the Landscape Design team
(see Figure 6) and the design done as is customary in the field of landscaping. At the
Operations category the CWP Planting defines the control process of performance for

all the Planting components during the execution phase.
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Figure 7. Garden Project GPCS
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II. Measurement procedures

Each control work package defines the measurement processes for the purpose of
evaluating the project’s performance. For instance, the control work package Trees &
Shrubs is defined in Figure 7 level 3 and includes a procedural definition of how the
measurement should be executed. For example, does ‘color’ define the mixture of
color that has the best emotional impact? and so on.

A CWP performed according to the specifications is indicated by §, =1, a CWP not

performed according to the specifications is indicated by 6, =0.

HI. Execution and reporting procedures

Based on the project’s OBS (see Figure 6), each organizational unit is responsible for
execution of each specific control work package. Table 1 presents a partial report
matrix of the various control work packages in the project. The Table defines those
involved in the project report (i.e., the X’s). A report of a CWP includes the output of
the process (J, ) and a concise description of the required corrective actions. A report
of any subject or category will include a quantitative index which will be computed

employing Yield terms.

Table 1. Partial report matrix

Project Garden | Landscape
Level | Description | Classification manager | Operations |  Design
1 Design Category X - X
2 Infrastructure | Subject X - X
Concept
2 ) ) cwp X X X
verification
2 Planting Subject X - X
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IV. MPCS threshold values

Project management defines the threshold values in the MPCS system.

Each subject in the GPCS has a predefined threshold value (CRj) through which the
management indicates a satisfactory performance of the project state.

The project management (e.g. project manager, landscape design and garden
operations) defines each control work package as a critical CWP or non-critical CWP.
A critical CWP is a control work package that a successfully performed is needed in
order to proceed with project execution, otherwise the project will not reach the
predefined aims and objectives. The garden project threshold values are presented in
Table 2. In the GPCS of garden project shown in Figure 7, the subject Infrastructure
incorporates 3 control work packages: Pathways, Soil and Garden Layowt, @soee
management defined CWP Soil as a critical CWP. It means that it must be
successfully performed. Looking from the Infrastructure subject perspective at least /3
out of the 3 control work packages (CWP Soil) must be successful preformed.

If the project management would have thought that one of the two other CWP (i.e.
Pathway and Garden layout) should be successfully performed then CRj should be
0.67. Therefore, the project management can define the threshold level (CRj) between
0.33 (minimum threshold level) and 1 (maximum threshold level). In this case it was
fixed at 0.67, i.e. successful performance of two out of the three control packages,
including Soil, will satisfy project management. The subject Planting does not have
any critical CWP. The subject Workmanship incorporates 2 CWP both critical, i.e.
threshold value is 1.

Table 2. Threshold value

Level | Subject CRj Number of Essential CWP
CWP/ Subjects

2 Infrastructure 0.67 3 Soil

2 Planting 0.67 3 -

5 Workmanship . ) Quality components,
Quality performance

3 Flowers 0.5 2 Species adjustment

3 Grass 0.5 2 Species adjustment

17



b. The execution phase

This phase (see Figure 4) includes measuring, monitoring and taking corrective

action. Following 1s the composition of this phase:

I. Yield computation

Yield Computation includes the calculation of both subjects’ yield and categories’

yield. These are now considered.
Subject yield calculation

Subject yields are calculated aggregately on the GPCS structure at each control point
in the project life cycle. In order to compute this calculation, both substructures A and
B must be assessed.

The GPCS in the Garden project represented in Figure 7 contains both Substructure A
and Substructure B. In order to clarify the explanation, only the Design category in
the Garden Project is displayed in Figure 8. One component of the Design category is
the Infrastructure. This subject is based on the Substructure A of the GPCS and is
marked with a dotted line.

The actual results of the execution phase are presented in Figure 8. The notation
0, =1 means that a CWP was successfully performed. For example, in level 3 the
~ CWP Pathways was successfully preformed; Figure 8 depicts the MPCS threshold
encircled by a dotted line and the actual Yield results.
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Figure 8. Design Category garden project
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The CWPs’ performance for the Infrastructure subject is presented in Table 3.

Table 3. Infrastructure subject - CWP performances

CWP 5k Successfully
performed

Pathways 1 Yes

Soil 1 Yes

Garden Layout 0 No

The Infrastructure subject yield calculation is presented below using Equation (1) and

is calculated as follows:

_1+1+0

Y Infrastruture

=0.67

The Infrastructure subject yield result (0.67) is equal to the Infrastructure subject
threshold value (0.67) presented in Table 2, which means that the project management
will consider the Infrastructure subject as successfully performed.

The Planting subject in Figure 8 (encircled by a solid line) is presented as an example
of the calculation of the yield for Substructure B. Table 4 presents the Planting subject
CWP performances. Every subject contains two control packages situated at level 4.

In each of the two subjects only one was successfully performed. The subject yield

calculation is based on these results.
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Table 4. Planting subject CWP performances

Subject | Subject CWP | CWP Successfully 0,
Level Level performed

2 Planting 3 Trees & shrubs No 0
3 Flowers 4 Species adjustment Yes 1
3 Flowers 4 Color mixture No 0
3 Grass 4 Size & shape No 0
3 Grass 4 Species adjustment Yes 1

The flowers subject is a Substructure A configuration and its yield is calculated as

follows:

2
Z 516 1
YFIowers = _k=12— = E: 05

The Flowers subject yield result (0.5) is equal to the Flowers subject threshold value
(0.5) presented in Table 2, which means that the project management will consider the

Infrastructure subject as successfully performed.

_ The Grass subject is a Substructure A configuration and its yield is calculated as

follows:
2
Z 5k 1
Vi = —===0.5
Grass 2 2

The Grass subject yield result (0.5) is equal to the Grass subject threshold value (0.5)
presented in Table 2, which means that the project management will consider the

Infrastructure subject as successfully performed.

These results are shown in Figure 8. Table 5 presents the Planting subject

performances. The Planting subject is defined as a Substructure B configuration
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where the yields for Flowers and Grass were calculated. The subject auxiliary variable

value &, =1 indicates a satisfactory performance of the subject according to the

threshold predefined value (e.g. the subject Flowers and the subject Grass).

Table 5. Planting subject performances

Subject yield
CR, [Subiectyield [5 ~ Tg

J J
Flowers (Subject) 0.5 0.5 - 1
Trees & Shrubs (CWP) - - 0 -
Grass (Subject) 0.5 0.5 - 1

The yield for the Planting subject was calculated as follows:

Z 5k 2
— k=1 — —
YPlanting - 3 - 3 = 0.67

The Planting subject yield result (0.67) is equal to the Planting subject threshold value
(0.67) presented in Table 2, which means that the project management will consider
the Infrastructure subject as successfully performed.

Category yield calculation

Yield calculation for the Design category depicted in Figure 7 is based on Equation
(3) and presented in Table 6.
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Table 6. Design category performances

0. 51{ CRj | Subject yield

J
Infrastructure ( subject) 11 - 0.67 |0.67
Planting ( subject) 1 - 067 |0.67
Concept verification ( CWP) - 0 - -

Yield calculation for the design category is as follows:

*+* O*
;. _1*4+41%240%1

Design —
€ 7

=0.86

GPCS control specifications for the Garden project presented in Figure 7 includes two
additional control dimensions, the categories of Operations and Quality. Listed below
is the yield calculation for both categories. Table 7 presents the performance data for

the Operations category.

Table 7. Operations category performances

CWEP 5k Successfully
performed

Infrastructure 1 Yes

Layout functionality 0 No

Planting 0 No

The yield for the Operations category is calculated as follows:

7 _1*4+0%2+0%1

Operations —

=0.62

Performance data for the Quality category is given in Table 8.
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Table 8. Quality category performances

Subject Subject CWP Level Cwp o, Successfully
Level performed
2 Workmanship | 3 Quality Components No
2 Workmanship | 3 Quality Performance No
2 Suppliers performance Yes

The yield calculation for the category includes the yield calculation for the

Workmanship subject situated on level 2.

Y, Workmanship ~

2
DI,

2 2

The Workmanship subject yield result (0) is lower than Workmanship subject

threshold value (1) presented in Table 2, which means that the project management

will consider the Infrastructure subject as not successfully performed.

The yield for the Quality category is thus:

Y,

_0*2+41%1

Quality —

=0.33

IL. Control indices computation and examination

MPCS control indices computations results are Y,

Y,

Quality

wign = 0-86, Yoo, —0.62 and

=0.33, as calculated previously. There is a gap between the ideal situation

defined by yield values equal to 1 and the Garden project performances. Gap values

are calculated as; Design Gap = 0.14, Operations Gap = 0.38, Quality Gap = 0.67. It is

noticeable that the Quality performance is poor and corrective actions must be taken.

The Gap Performance (GP) index, presented in equation (4) is a managerial support

tool, where the lower this index, the smaller is the gap between planning and

performance. Applied to the Garden project, the GP index is:
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_[6] _Jo14* +038% 067

5 ) =045

The project performances according to the GP index are revealed to be unsatisfactory

GP

and that corrective actions are required to improve project performance.

III. Corrective actions

In order to improve the performance of the project, the project manager must take
corrective actions, which will reduce the value of GP. In the garden building project
the Quality category holds the largest gap; therefore a corrective action should be
taken in order to reduce the gap. Table 9 summarizes the performance results given in
Tables 2 through 6 and presents the control work packages that have not been
properly performed. Table 9 indicates in which CWP a corrective action will
contribute to the yield result. For example, performing a corrective action in CWP
Garden Layout can increase the Infrastructure subject yield result to 1. However the
Infrastructure subject threshold value (CRj) is 0.67. Therefore the Design category

yield cannot be changed, i.e. the corrective action is redundant.
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Table 9. Control Work Packages that do not satisfy the GPCS demand (5, =0)

Category Subject Yield Cwp
Design Infrastructure 0.67 Garden Layout
Design Planting — Flowers | 0.5 Color Mixture
Design Planting — Grass 0.5 Size & Shape
Design Planting 0.67 Trees & Shrubs
Design NA 0.86 Concept Verification
Operations | NA 0.62 Integration
Operations | NA 0.62 Planting .
Quality Workmanship 0 Components Quality
Quality Workmanship 0 Performance Quality

The Quality category shows that the Workmanship subject contains two control
packages: Components Quality and Performance Quality. The threshold value
determined for this subject was 1, i.e., the two control packages should be accurately
performed. The improvement in both the Gap Vector and the GP index will be
examined when these packages are satisfactory performed, when both receive the

valueof 6, =1 .

Yield calculation for the category will include the yield calculation for Workmanship

found on level 2.

The Quality category yield would then give:

1*241%1
Yousy =——5—=1
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The updated yield results are ¥y, , =086, Yo i =0.62 and Yy, =1,

The updated gaps are: Design Gap=0.14, Operations Gap=0.38, Quality Gap=0, and
the GP index will be:

G 2 2 |, 02
GP:uzJo.M +038" +0° _ s

B 5

There was a 49% improvement in the GP index when the Quality subject deficit was
corrected. Corrective actions in other dimensions did not generate as meaningful
improvement. For example, corrective action performance in level 4 (see Figure 7)
control packages that belong to the Flowers and Grass subjects will increase the yield
value of the subjects. However, since the original values were greater than the

threshold value, J, of the subjects, the yield value of the Garden subject remained

unchanged, as did all project dimensions. The data presented in Table 9 serves as a
managerial report. It points out which CWP needs to be revised. Computerizing the

MPCS implementation methodology will include Table 9 as a printout.

7. Summary and conclusions

A new methodology called the MPCS, has been presented which integrates all known
dimensions of the project giving appropriate weightings to each. The MPCS uses a
control tool, the GPCS, which determines control specifications by defining control
tasks through the project life cycle.

* The use of MPCS presents the project performance in all of its dimensions of
operation. There is no averaging of the various operations. Accordingly, the system
will be able to draw attention to poor performance in a certain dimension, and the
Project Manager will be able to understand the extent of its influence on achieving
the project objectives.

The MPCS methodology presents an innovative concept that integrates definition of
GPCS control specifications with a computational process that presents the status of

each dimension in terms of yield.

MPCS is implemented using a procedure based on the GPCS hierarchical structure.
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The presentation of control system status focuses management’s attention to the
power and the direction of corrective actions that must be performed in order for

performance to be identical to planning.

A computerized system supporting the MPCS methodology is planned to be develop

as a friendly managerial tool.
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Abstract

The progression of several projects in parallel is a common situation in organizations,
therefore a comparison of the various project performances is required. It is proposed
that a comparison process be performed using the data envelope analysis (DEA)
approach together with the MPCS (Multidimensional Project Control System) which
provides control of individual project. The reference points for examining the
performances of different projects and the directions of improvement for the projects
are not necessarily found on the efficiency frontier. An algorithm is developed for
applying multi-project system control having a relatively large number of inputs and

outputs while maintaining the validity of the DEA methodology.
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1. Introduction

Project control systems indicate deviations from agreed project specifications. For
Figure 1 shows the gap between the planned and actual variables, and narrowing this
gap may be accomplished by one of the following alternatives:

(a) Define corrective actions to achieve the desired results according to the original
plan (moving from B to A in figure 1) ; (b) Define adjusting activities , changing

planned variables to actual performed results (moving from A to B in figure 1).

vs)

Actual

Planned

Control Point Time

Figure 1. The gap between planned and actual values of a given variable

Mayor (1999), Meredith et. al. (2000) , Shtub, et. al. (1996) PMBok (2000), and
-project management practitioners suggest that each project should strive to achieve
the following aims: (a) be on time , (b) be within budget, and (c) satisfy the
customers technical and/or performance standards.

PMBOoK (2000) defines nine categories that exist throughout the project lifecycle:
Project Integration Management, Project Scope Management, Project Time
Management, Project Cost Management, Project Quality Management, Project
Human Resource, Management, Project Communications Management, Project Risk
Management and Project Procurement Management

Although these categories are integrated into the project lifecycle, they have separate

control systems which are implemented at each project phase.



Correct planning relies on techniques that support all categories. The Work
Breakdown Structure (WBS) via cost identification defines the hierarchical
organization of work in terms of supply to the customer — production, services and
information,. Critical to accurate planning, WBS is a useful tool during performance
when project control equates plannihg vs. actual performance. The typical project
control system is not an integrative system that incorporates all project categories but
performs control in that specific category (such as, quality control, engineering
content control, etc). The methodology that effectively integrates two categories is the
Earned Value (EV).

Integrated cost and scheduled control systems were introduced in the USA during the
sixties and were mainly used in defense projects. These systems created standards
supported by guidelines such as DoD 7000.2 (1997). Rozenes Vitner and Spraggett
(2003) introduce another control methodology called MPCS (Multidimensional
Project Control System).The MPCS is a quantitative approach for quantifying
deviations from the planning phase to the execution phase with respect to the global
project control specification (GPCS). The GPCS specifications provide an integrative
solution for all project categories; it is hierarchically constructed and contains all
control operations that are performed during the project life cycle. The first level in
the hierarchy includes all indexed dimensions in the project which are defined as
categories. Each category incorporates various subjects situated on the lower
hierarchical levels. Each subject may contain additional subtopics. The lowest level
in each subject contains control packages that include a set of control tasks that it

~ must perform and are similar to the work packages in WBS.

Figure 2 displays a typical GPCS structure that contains 3 control dimensions (or,
categories): "Technical/ Functional"" Operational" and "Quality". Each category
contains various control subjects.

The "Technical / Functional" category includes the technical data needed to produce
the project. It may include the following subjects: functional flow analysis, integrated
test planning, data management plans, configuration management plans, system
safety, human factors analysis, value engineering studies and life cycle cost analysis.
The "Operational" category contains the project operating system, as well as the
project flow process and priorities determination. It may include the following;
preliminary requirements, system/cost analysis, effectiveness analysis, synthesis,

logistics support analysts, technical performance measurement planning, engineering



integration, preliminary manufacturing plans and manpower requirements/personnel
analysis.

The "Quality" category defines project quality requirements. Among the subjects
included are the following: requests for contractors ISO 9000 certification, requests
for contractors ISO 14000 certification, application of statistical process control (if

needed), quality cost systems, and quality measures

GPCS
I
I | |
Technical/ : .
Level 1 Functional Operational Quality (
Subject Subject Subject
12 . - !
Leve 1. 1.j 1.j
Level u Sub}ect Subject Sut-)Ject
1.] 1. 1.
Level m HH HlH Hl’
CwPik  CWP Lk CWP 1.k

Figure 2. Global Project Control Specifications Structure

The MPCS aims at minimizing the gap between planning and results, and uses the
GPCS’s control specifications, as illustrated in Figure 2. The GPCS defines control
assignments during the course of the project’s life. The logic of the GPCS
methodology creates the need for a measuring method to be used with various
categories and various related units of measurement. A useful measuring tool has
been the yield concept. Should there be a gap between planning and performance, a
warning is indicated by the system in order to take corrective action. This comparison
process is conducted while measuring actual performance using the yield index. The

MPCS’s output constitutes the category yield’s for all categories -included in the



GPCS specifications. Since the GPCS is hierarchically constructed, the yield’s
computation process is aggregative commencing at the lowest level (control work
packages level) up to level 1 (category level) through the subject level. The subject
level yield computation input is based on performance in the control packages level.
The categories yields computation input is based on the subjects’ performance. The
project’s management, taking into account that the leading consideration is the
required control sensitivity measure, defines the minimal acceptable measure of these
levels in the various subjects. These levels are designed to detect unreasonable
digression. A reasonable digression is one in which subject j’s performance, in yield
terms, is higher than the defined performance level. In case of an unreasonable

digression the project’s team will be asked to take corrective measures.

2. The data envelope analysis (DEA)

The data envelope analysis (DEA) is a mathematical programming approach which
assess the comparative efficiency of a set of decision making units (DMU), such as
banks, hospitals, factories, universities etc, where the presence of multiple inputs and
outputs makes comparison difficult. Charnes et al. (1978) first introduced the DEA
concept and many articles have appeared that deal with the various types of
implementations (e.g. Friedman et al. (1998), Park et al (2000) , Cook et al. (2000),
Maital et al.(2001)). Thamassoulis (2001) introduced a DEA comprehensive
explanation that elaborates DEA foundations and applications. The DEA is a non-
parametric approach that allows efficiency to be measured without any assumptions
» regarding the functional form of the production function or the weights for the
different inputs and outputs chosen. The DEA defines best practice efficiency frontier
that can be used.

Charnes et al. (1978) recognized the difficulty in seeking a common set of weights to
determine relative efficiency. They proposed that each DMU should be allowed to
adopt a set of weights, which shows it in the most favorable light in comparison to the
other DMUs. They used the following formulation: the efficiency of a decision-
making unit (DMU) j incorporated multiple inputs and outputs denoted in equation 1;
the efficiency of a DMU j is defined as weighted sum of its m outputs divided by a

weighted sum of its » inputs.
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3. Using DEA methodology to evaluate project performance efficiency
Several projects performed in parallel and at varying stages of their respective life
cycles occur fairly frequently in industry. The MPCS methodology is designed for the
' multi-dimensional control of single projects and it is not suitable for the control of
several projects in parallel. However, the comparative process for the performances of
several projects each controlled by the MPCS system can be accomplished through
the use of the DEA methodology. Each project presents its performance at specific
control points through the yield indices of the MPCS methodology while the DEA
enables the examination of performances of each project based on these indices.
Furthermore, the two control methods, the EV and MPCS method, can be used in
independently for each project.
Operating several projects in parallel using the MPCS methodology requires GPCS
standardization similar to the WBS standardization. The standardization means that

the two higher levels in the GPCS structure are identical in each project that is



managed and controlled in the organization. The creation of this standardization also
contributes to the improvement of the organizational learning process whilst creating
a comparative tool for projects in progress and those that took place in the past. Using

the GPCS standardization enables the DEA comparison process.

In the MPCS methodology the outputs represent the totality of dimensions by which
the project is measured. The outputs are the yield calculations of the different
categories. Their number derives from the control system planning process that uses
GPCS. In the EV method the system outputs are the control indices of the earned
value that present the schedule deviation and cost deviation. This combination will
usually make the characteristic systematical project controlled by the two methods
include many outputs.

The DEA evaluation is constrained by the total number of inputs and outputs. In
general, the following rule of thumb (see Friedman et al. 1998 and Jenkins 2003))
is used: the sum of input and outputs types should not exceed one third of the number
of decision-making units (DMU). There are cases that the total number of projects
executing in parallel are relatively small. However, the number of inputs and outputs
are relatively high because of these projects nature. Therefore there is a need for a
reducing inputs and outputs methodology.

A 3-stage methodology was developed, which adjusts the total number of outputs and

inputs to meet the rule of thumb while also representing the necessary information.

_ Stage 1: Inputs / Outputs Definition

When implementing the DEA in conjunction with the MPCS methodology, it is
essential to create a standardized frame for project control on all projects involved in a
given organization.

This procedure allows uniformity of reporting on all projects in the organization to

enable comparisons to be made.

Inputs definition

The input data characterize the different projects of the organization and generally
includes the following:



Cost

The total cost of the project is derived from the total costs of the cost
breakdown structure (CBS) of the project. The cost as an input variable
represents the budgetary importance of the project in the process of comparing

different projects.

Work content

The total hours allocated for the project including the planning stage. This
input represents the investment of resources required for the project. A large
gap between the Work Content cost and the total project cost represents an
indication for the characteristics of the project, for example the existing

purchase percentage in the project.

Level of monitoring

Control and follow up level required for performing the project. The higher
the complexity of the project is the higher the value given on a scale of
0-10. Therefore this number indicates the complexity of a project is

complicated comparing with all the other projects of the organization.

Level of uncertainty

~The level of uncertainty existing in the project is measured on a scale of 0-10.
The higher the value, the higher is the uncertainty level. In high tech projects

this number indicates the level of using advanced technology.

Output definition

The project control system combines the EV system with the MPCS system, therefore

the outputs of the system include the total output of both systems. The EV outputs are

Schedule Index (SI) and also Cost Index (CI). These outputs are relative and will

therefore have the same numerical level as the MPCS system outputs used for

comparison between the systems. The MPCS outputs are defined at the planning stage

through the GPCS and result from the Yield of each GPCS category. These outputs

are Yield categoryl, Yield category 2 up to Yield category n.



Stage 2: Grouping algorithm

When only a few projects are involved, a problem may occur when the definition of
outputs and inputs at stage 1 results in a relatively large number of inputs and outputs.
In order to maintain the rule of thumb for such a case the number of outputs and inputs
should be reduced while maintaining their information. The algorithm consolidates the
different inputs and different outputs to a reduced number to meet the rule of thumb.

The 3-step algorithm contains the following:

a. Inputs correlations and outputs correlations computation.

Stage 'a' includes the examination of correlation between the different inputs and
outputs. The correlation results are presented in the following matrixes:

Matrix [RI ij] contains input correlations. It presents the correlation ratio between
input j and i. Matrix [RO ij] contains outputs correlations. It presents the correlation

ratio between output i and output j.

b. Grouping process
The grouping process leads to the creation of inputs and outputs groups. When the
similarity level among these groups is high, it is possible to consolidate them in order
to perform comparison without significant loss of information.

Heragu (1997) describes a similarity coefficient (SC) algorithm that is used as a
grouping process.

The calculation of the similarity coefficient is based on the results of correlation
calculations that were calculated at the previous stage. In order to create suitable
statistic reliability, each correlation result that is lower or equal to 0.8 is defined as
being insufficient, therefore the value of the similarity coefficient is defined as 0.

SCOij is the output similarity coefficient for output pair 1j as expressed in equation 2.

0 If RO, <0.8
@ sco =

i~ RO ; Vij

Otherwise

Each case where RO, >0.8 reduces at least one output.



The similarity among the different inputs is examined in a similar way. SCIjj is the

inputs similarity coefficient for input pair ij as expressed in equation 3.

0 - If RI,<08

3) SCIU = RI

Vi

if Otherwise

Using the SC algorithm results in inputs and of outputs groups with similar

characteristics.

c. Selecting output / input representative

The third stage in the grouping algorithm is to find the output or input that represents
the group of common outputs or inputs that were defined at stage ‘b’, i.e.: one inp(ut or
output should represent each group in the DEA algorithm.

The decision criterion on the input or output representative is based on the highest
average similarity coefficient for each output and for each input.

The selecting process of the output representative is based on choosing the maximum
value of the average output similarity coefficients. An average is computed between

each output 1 and the other outputs. This rule is expressed by equation 4:

L SCO
(4) Max Z TU Vi
Jj=1

The selecting process of the input representative is based on choosing the maximum
value of the average input similarity coefficients. An average is computed between

each input i and the other inputs. This rule is expressed in equation 5:

J . P
(5) Max Z 7 y Vi
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Stage 3: Implementing sequential DEA

Braglia et. al. (1999) presented a DEA algorithm for reducing the number of outputs
and thus increases the discriminatory power of DEA. This algorithm is called
sequential DEA. This algorithm " includes several DEA computations based on
identical input data and different output data. A summarizing process is executed
containing the same output data and the input data is the DEA results of the previous
DEA computations. Stage 3 also uses the sequential DEA.

The output of stage 3 represents the comparison among the different project
performances and shows which project is on the efficiency frontier graph and those
project that are not (i.e., having relative poor performances). This comparison
provides the opportunity of determining whether the performance for the project is

relatively similar to the performances of all the projects.

4. Computational example

The following computational example is based on a data from of a typical Hi-Tech
company managing 11 projects in parallel. These projects contain hardware, software,
integration and testing elements.

Figure 3 includes the principal presentation of the GPCS structure of all the projects

found in the organization. The lower levels of each project GPCS are different in

accordance with the requirements of the different projects.

Level O

Level 1

Level j

Level n

GPCS

Design

Operations

Training

Documentati g

Project
management

Control Wor
packages

Control Wor
packages

Control Wor
packages

Control Wor
packages

Control Wor
packages

Figure 3. GPCS frame work
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The uniformity described in Figure 3 defines the GPCS standardization in the
organization. The upper two GPCS levels are identical and the lower levels are

dependent upon each specific project. The GPCS standardization enables the

DEA comparison process.

Stage 1: Inputs / Qutputs Definition

Projects inputs are previously defined by the organization management
according to each project characteristics and are given in table 1. For example
project 3 is a medium size project with total budget of 800,000 £. The project
contains 15,000 working hours; the level of monitoring required is 7 out of 10.

Project 3 is a high risk project ranked 8 out of 10.

Table 1.Inputs definition

Input Cost C::‘r,l(zgx{t Level of | Level of
Project (K£) (00 hours) Monitoring| Uncertainty
1 1500 300 6 6
2 100 50 7 6
3 800 150 7 8
4 1500 300 6 7
5 255 00 4 4
6 350 100 9 7
7 600 150 9 9
8 80 24 5 5
9 900 175 7 8
10 2000 400 8 9
11 75 40 7 6

The origination operates both MPCS and EV control systems. Table 22
contains the outputs which are direct derivatives of the MPCS methodology
using GPCS structure illustrated in Figure 3: design yield, operations yield,
training yield, documentation yield, project management yield.

The other outputs presented in Table 2 are the EV system outputs: the
scheduling index (SI) and the cost index (CI).

12



Table 2.0utputs definition

MPCS EV
Qutput Design | Operations| Training | Documentation M Project
: Yield | Yield | Yield Yield anagement | S | C1
Project 1e Yield
1 0.67 [0 0.5 0.75 0.54 0.5 0.6
2 0.286 |0 0.25 0.333 0.25 0.55 |[1.1
3 0.8 0.9 0.75 0.8 0.95 0.45 (0.85
4 0.2 [0.55 0.2 0.45 0.35 0.3 1.2
5 0.45 [0.35 0.35 0.45 0.45 0.45 (0.4
6 0.55 0.3 0.65 0.45 0.45 0.45 (0.6
7 0.3 0.45 0.6 0.6 0.5 0.45 10.65
8 1 1 1 1 1 0.9 1.2
9 0.55 10.66 0.75 0.7 0.68 0.55 0.9
10 0.7 0.65 0.72 0.9 0.5 095 |1
11 0.55 35 0.5 0.25 0.35 0.65 0.3

Table 22 shows that project 3 is not performing well according to the time and
cost measurements (SI = 0.45, CI= 0.85) .The MPCS performances reveal gaps
between the planning and the execution mainly in the: Training category
(0.75); Design category (0.8); and Documentation category (0.8). Project 8
has perfect MPCS performances, i.e, 1 within every category. The EV

measures are better than project 3 (SI= 0.9, CI= 1.2)

Stage 2: Grouping algorithm

a. Inputs correlations and outputs correlations computation.

At stage ‘a’ correlation examination are performed among the different inputs and

outputs.

Matrices RO, and RI is given in Table 3 and Table 4 respectively.
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b. Grouping process

1 2 3 4 5 6 7
1 1 0.56 0.84 0.75 0.82 0.65 0.08
2 0.56 1 0.70 0.64 0.79 0.37 0.42
3 0.84 0.70 1 0.77 0.83 0.61 0.14
4 0.75 0.64 0.77 1 0.81 0.55 0.44
5 0.82 0.79 0.83 0.81 1 0.32 0.27
6 0.65 0.37 0.61 0.55 0.32 1 0.24
7 0.08 0.42 0.14 0.44 0.27 0.24 1
Table 4. RI,; Correlation matrix
(
1 2 3 4
1 1 0.99 0.14 0.54
2 0.99 1 0.16 0.53
3 0.14 0.16 1 0.80
4 0.54 0.53 0.80 1

At stage ‘D’ the adjustment of the correlation calculation results are performed as

shown in Tables 3-4 which present the similarity coefficients of both the outputs and

" the inputs.

The outputs and inputs similarity coefficients SCOij and SCIij are given in Table 5

and Table 6 respectively.

Table 5. Outputs similarity coefficients

1 2 3 4 5 6 7
1 1 0 0.84 0 0.82 0 0
2 1 0 0 0 0 0
3 0.84 0 1 0 0.83 -0 0
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4 0 0 0 1 0.8 0 0
5 0.82 0 0.83 0.81 1 0 0
6 0 0 0 0 0 1 0
7 0 0 0 0 0 0 1

Table 6. Inputs similarity coefficients

1 2 3 4
1 1 0.99 0 0
2 0.99 1 0 0
3 0 0 1 0
4 0 0 0 1

Based on the correlation promoters presented in Tables 6-7, the created groups can be

presented.

Output groups and input groups are given in Table 7 and 8 respectively.

c. Selecting output / input representative

Table 7. Outputs groups

Outputs
Group 1 1,3,4,5
Group 2 2
Group 3 6
Group 4 7
Table 8. Inputs groups
Inputs
Group 1 1,2
Group 2 3
Group 3 4
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The selection of the output or input representative is performed according to the

criterion of maximization of the similarity coefficient average of the output within the

group. For this case group number 1 which includes the outputs 1,3,4,5 will be

discussed.

Table 9 contains computational results using equation 2.

It can be seen for example that the similarity coefficient value of output 1 is 0 in

the relation between it and output 4 and in the two other cases its value is higher than

0.8. The similarity coefficient average of output 1 is 0.55. On the other hand, the

average of output 3 is higher with a value of 0.83, therefore output 3 is the

representative of group 1.

Table 9. Selecting group 1 output representative

Output 1 | SCOj
1-3 0.84
1-4 0

1-5 0.82
Average | 0.55
Output 4 | SCOjj
4-1 0

4-3 0.83
4-5 0.81
Average | 0.54

Output 3 SCOjj
3-1 0.84
3-5 0.83
3-4 0.81
Average 0.83 *
Output 5 SCOjj
5-1 0.82
5-3 0.83
5-4 0.81
Average 0.82

Dealing with the inputs in this example is less complex since only one group includes

more than one input and in this specific case there are only two inputs. Hence, the

choice between them can be arbitrary, i.e., let input 1 be the representative of group 1.
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Stage 3: Implementing sequential DEA

The application of Sequential DEA is performed when the procedure inputs are

identical and the outputs vary. A Sequential DEA is performed in a 3-stage process as

follows:

a. Performing DEA with MPCS outputs

The DEA is performed on the MPCS outputs results are given in Table 30,

resulting in the DEA score is given in the last column.

Table 30. MPCS Efficiency Score

Inputs MPCS Outputs
DEA
Input _ . Score
Work | Level of | Level of | Design |Operations
Project Content Monitoring[Uncertainty]  Yield Yield
1 300 6 6 0.67 0 0.5583
2 50 7 6 0.29 0 0.2383
3 150 7 8 0.80 0.9 0.6429
4 300 6 7 0.20 0.55 0.4583
S 90 4 4 0.45 0.35 0.5625
6 100 9 7 0.55 0.30 0.3929
7 150 9 9 0.30 0.45 0.2500
8 24 5 5 1 1 1
9 175 7 8 0.55 0.66 0.4714
10 400 8 9 0.7 0.65 0.4375
11 40 7 6 0.55 0.35 0.5867
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b. Performing DEA with EV outputs

Using the same inputs the EV output results are given in Table 11

Table 11. MPCS Efficiency Score

Inputs EV Outputs
DEA
Output Score
Work Level of Level of
. . SI Cl
Project Content | Monitoring | Uncertainty
1 300 6 6 0.50 {0.60 0.4630
2 50 7 6 0.55 [1.10 0.7639
3 150 7 8 0.45 1[0.85 0.4427
4 300 6 7 0.30 [1.20 0.7143
5 00 4 4 0.45 10.40 0.6250
6 100 9 7 0.45 1[0.60 0.3571
7 150 9 9 0.45 [0.65 0.3009
8 24 5 5 0.90 |1.20 1
9 175 7 8 0.55 10.90 0.4687
10 400 8 9 0.95 |1 0.5864
11 40 7 6 0.65 [0.30 0.7704

c. Performing DEA integrating stages a, b results
The outputs in the final stage are the combined results of the MPCS efficiency scores

~and the EV efficiency scores using the same inputs as given in Table 12.
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Table 12 Integrated score

Inputs Outputs
DEA
Score
Work | Levelof | Level of MPCS EV
Project Content |Monitoring | Uncertainty | Efficiency [Efficiency
1 300 6 6 0.5583 | 0.4630 |0.4652
9 50 7 6 0.2383 | 0.7639 |0.6366
3 150 7 8 0.6429 | 0.4427 |0.4018
4 300 6 7 04583 | 07143 |0.5102
s 90 4 4 0.5625 | 0.6250 |0.7812
6 100 9 7 0.3929 | 03571 |0.2806
7 150 9 9 0.2500 | 03009 |0.1672
4
8 24 5 5 1 1 1
9 175 7 8 04714 1 04687 |0.2945
10 400 8 9 04375 | 0.5864 |0.3258
1 40 7 6 0.5867 | 0.7704 |0.8218

It can be seen that project 8 is on the efficiency frontier, though it is a relatively low

budget project. High budgeted projects like projects 10, 1 and 4, should improve their

performances to achieve better efficiency.

Projects 6 and 7 present relatively low performance levels compared to the other

projects both in the output of the MPCS system and in the EV outputs. Many projects
are far from the efficiency frontier, therefore systematical examination are needed in

order to achieve improvements.

S. Summary and conclusions.

The MPCS system described in the article by Rozenes, Vitner, Spragett (2003)
represents a project control system, which examines the performances of a single
project using a large number of dimensions. The infrastructure of the system is the
GPCS control specifications through which the project performances are examined in

comparison with the original planning. The results of the examination are calculated
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with the help of yield indexes that are calculated with aggregation. The result of the
MPCS system presents the power and direction of the gap between the plans and
performance. The MPCS system performs the control of each project individualy .The
DEA methodology allows the comparison among different projects operating in
parallel at different stages of their life cycles. The performance of the DEA
comparison is possible following the standardization in the GPCS definition of the
different projects. It is based on the uniform definition of the two higher levels in each
GPCS of the different projects. Comparisons are performed on the combined control
system, which includes two complementary control systems, the MPCS and the
traditional EV system. When only a few projects are in progress the DEA
methodology requires the building of an algorithim {hat provides fhe same nformation
through a smaller number of inputs and outputs. The DEA output allows the diagnosis

of those found on the efficiency frontier and those projects that need improvement.
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Introduction

“A project” is defined by PMBoK [1] as “a
temporary endeavor undertaken, to create a unique
product or service”. Temporary means that every
project has a definite beginning and a definite end.
Unique means that the product or service is
different in some distinguishing way from all similar
products or services. Typically, projects utilise a
control system, which monitors the difference or
gap between the planning variables and the actual
performed results.

Project control systems indicate the direction of
change in preliminary planning variables compared
with actual performance. Shtub et. al.[2], suggest
that the design of a project control system is an
important part of the project management effort. A
contro! system is based on a set of project goals
and their relative importance. For each goal, at least
one performance measure is required. There is
overall agreement between project management
researchers, (Lock [3] and Nicholas [4]), and project
management practitioners that each project should
strive to achieve the following objectives: (a) be on
time, (b) be within its cost budgets,(c) satisty
customer technical or performance standards.
Objective (c) combines and encompasses various
dimensional measures from different disciplines, e.g.
quality, operational, technical, etc. Control systems
may consist of one variable, two variables
(principally time and cost), or more. Integrated cost
and scheduled control systems were introduced in
the USA during the sixties and were mainly used in
defense projects. These systems created standards
supported by guidelines such as DoD 7000.2 [5].

Abba [6] describes the development process of an
integrated project control system in the US
Department of Defense (DoD).

Multidimensional Project Control System (MPF.‘S)
Earned Value (EV) is the classical project control
method used for monitoring two dimensions: time
and cost. This concept is based on the work
breakdown structure (WBS) planning tool.

The proposed MPCS methodology uses a
multidimensional control system vhich assists in
controlling  projects.  Project  management
methodologies are used in two phases of the
project life cycle: the planning phase and the
execution and control phase. The WBS is the
classic method used at the planning stage.
However, the Global Roject Control Specifications
(GPCS) replaces the WBS during the execution and
control phases when the MPCS methodology is
used in preference to the EV approach.

The differences between the two methodologies
(EV and MPCS) are exemplified by using the
structures illustrated in figures 1 and 2. Figure 1a
illustrates a classical structure of a project using the
EV methodology. It shows two types of tasks.
Work packages (WP) and control work packages
(CWP) determine task content and control content
respectively. Note that activities of both phases
(planning, control) are present in one structure.
Figure 1b presents the planning phase and Figure
lc represents the execution and control phase.
When implementing the MPCS methodology, each
phase has its unique stucture.
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Figure 2 illustrates a typical GPCS structure (based
on Figure lc). It presents the detailed control
activities throughout the execution phase.

Level 1 defines the various control dimensions /
categories, noting, there is no limit to the number of
dimensions that may be used. Typical categories
are quality, operational characteristics etc. The type
and number of dimensions depend on the nature of
the project. Each category presented in level 1 may
have subcategories in level 2 to level m. These
subcategories are denoted as subjects. The lowest
level of any category defines the related control
work package (CWP),

The Technical / Functional category includes
technical data needed to produce the project. It may
include for example the following topics: functional
flow analysis, integrated test planning, data
management plans, configuration management
plans, system safety, human factors analysis, value
engineering studies andlife cycle cost analysis.
The Operational category contains project
operating systems. It also contains project flow
process and priorities determination. It may include
for example the following: preliminary requirements,
system/cost analysis, effectiveness analysis,
synthesis, logistics support analysis, technical
performance measurement planning, engineering
integration, preliminary manufacturing plans and
manpower requirements/personnel analysis.

The Quality category defines project quality
requirements and may include the following:
requests for contractors 1SO 9000 certification,
requests for contractors ISO 14000 certification,
application of statistical process control , quality
cost systems, and quality measures.

The logic of the GPCS methodology aeates the
need for a measuring method to be used with
various categories and various related units of
measurement, A useful measuring tool has been the
yield concept. We propose to utilize the yield
concept as the measuring method for project
categories. This is discussed below.

MPCS Principles

The control system aims at minimizing the gap
between planning and results. The planning basis
in the MPCS system constitutes the GPCS’s control
specification, as indicated in Figure 2. The GPCS
defines control assignments during the course of
the project’s life. Should there be a gap between
planning and performance, a waring is indicated
by the system in order to take corrective action.
This comparison process is conducted while
measuring actual performance using the yield index.

The MPCS’s output constitutes the category
yield’s vector presentation for all categories
included in the GPCS specifications. Since the GPCS
is  hierarchically constructed, the yield's
computation process is aggregative. Commencing
at the lowest level, which is the control work
packages level from subject j level up to level 1,
which is the category level. The subject level yield

(Y,j ) computation input is based on performance in

the control packages level. The categories yields
computation input is based on comparing the
subjects’ performance to predefined performance
levels (CRj). The measure of these levels in the
various subjects is defined by the project’s
management, taking into account that the leading
consideration is the required control sensitivity
measure. These levels are designed to detect
unreasonable digression. A reasonable digression
is one in which subject j’s performance, in yield
terms, is higher than the defined performance level.
In case of an unreasonable digression the project’s
team will be asked to take corrective measures.

Subject yield

The various GPCS control packages are defined in
the planning stage. The performance of each
control package kis tested during the performance

stage. If performed is as planned, then &y =1,
otherwise, 5K =0. An identical weight assigned

to each control work package k, out of M control
work packages, related to subject j out of L
subjects.

M

>,

Y, =4V
M J

M *i

Where:

0, =

1 If CWP k is successfully performed

0 Otherwise

When the index Yﬁ . 1s not equal to 1, it means that

there are differences between planning and
performance.

Category yield



When the subject’s yield ¥, . equals or exceeds the

threshold value defined by the project
adminis tration, then subject’s performance is

defined as successtul. ie., @; =1. The closer

CR, is to 1, the higher control sensitivity will be,

indicating that the project is responding to
specification requirements. The GPCS structure
includes N categories and each category has L
subjects.

Due to the GPCS’s structure, the categories are
independent of each other. However their
importance and contribution to the success of the
project’s performance are not identical. For example,
the subject “configuration management” in a
software project is more important than the subject
“value engineering studies”. Therefore, subject
weight is determined according to its position in the
GPCS specification based on King’s algorithm [7].
Equation (2) presents the yield computation of
category 1.

2 L A
@ 2912L_j
_ g4

Y, =L i
>
j=1

1

Where:

1 1ryij=Cgj

0 =
/ 0  Otherwise

Vectorial presentation

Based on the lack of dependence between the
GPCS’s categories. the control system is formulated
as an orthogonal vector system whose axes
constitute the various categories. Nicholas [4] and
Meredith etal. [8] performed a similar use of an
orthogonal presentation for representing the
project’s goals. Such a formulation of the control
system enables the use of vector analysis’s
mathematical principles and tools. Employing the

results of equation (2), vector P can beformulated
as the actual performances of the various N
categories in yield terms as in equation (3). (

3) ﬁ=Y1f+Y2j+-°-+YN}5

an
Where: |, J,...n areumnil veclors.

Vector, £ , shown in Figure 3a, represents a three-
dimensional case of actual performance which 1s not
compatible with planning. There is evidence of a
gap existing between the planned and actual

performance, represented by the I vector, where

Y,=1vi=1-N.

The smaller the gap, the closer will vector,fbe to

vector, P

Category 2

Category 1

Category 3

Category 1

Category 2

Figure 3 vectorial presentation

@ G=I-F

(C)G =(-r) +A=Y)j+ -+ (Q-Yy)A
The gap vector (G ) presented in Figure 3b is a
managenal tool whose size and direction represent

the effort required in taking corrective action, i.e.,
comparing planned to actual performance. The
desired value for this vector is zero.

The MPCS system defines two types of indices.

The first is a performance index Y, for each

Category 3




dimension/category, and the second is the gap
vector G which constitutes an inclusive index
examining the entire array of the project’s
performance. The Gap Performance (GP) index
presented in equation (6) serves as an additional

inclusive index.
g

JIN

Where: N is the number of dimensions/categorics

©) GP =

The Gap Performance (GP) index has a normalized
value. The doser this value is to 0, the closer
project performances are to planning, i.e., complete
and full responsiveness to the requirements
presented in the GPCS. The GP index is designed to
be wused by the manager, comparing the
performance of a number of projects with the index
representing performance on a 0-1 scale. Thus,
planning performance can be compared with project
performance within the project life cycle. This index
can be easily computed with a spreadsheet so that
the manager need not know vectorial aalysis to
derive these measures.

Summary and Conclusions

Typically, project specifications will  be
hierarchically structured, based on the WBS
structure. Controlling a project is a highly complex
activity and is currently achieved by using a
number of independent systems. The EV
methodology, although used internationally, only
integrates the cost and the schedule. Hence, other
dimensions such as quality, technology, operations
etc. are not integrated into the system and
consequently must be controlled usmg other
systems.

The EV methodology is based on an integrative
calculation of the WBS. Accordingly, there may be
situations in which the control indices indicate a
reasonable project status, but the actual situation
will lead to non-compliance with the p roject goals.
A new methodology, MPCS, has been presented,
which integrates all known dimensions of the
project giving appropriate weights to each. The
MPCS uses a control tool, the GPCS, which
determines control specifications by defining
control tasks through the project life cycle.

The use of MPCS presents the project performance
in all of its dimensions of operation. There is no
averaging of the various operations; accordingly,
the system will be able to draw attention to poor

performance in a certain dimension, and the Project
Manager will be able to understand the extent of its
influence on achieving the project objectives.

The computational example illustrates the
advantage of the MPCS methodology over the
classic EV methodology. It may be seen that the
MPCS system draws attention to problems of
integration whose cost is relatively low and whose
advantage is relatively high in contrast to the EV
system which does not provide such alerts to the
senior management level.

The MPCS methodology presents an nnovative
concept that integrates definition of GPCS control
specifications with a computational process that
presents the status of each dimension in terms of
yield and provides a vectorial representation of the
entire system.
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Abstract - Currently, project control systems often fail to
support management in achieving their global project goals. A
Multidimensional Project Control System (MPCS) deals with its
the control of a single project and defines its performances in
comparison with the plan. The progression of several projects in
parallel is a common situation in organizations, therefore a
comparison of the various project performances is required. It is
proposed that a comparison process be performed using the
Data Envelope Analysis (DEA) approach. The reference points
for examining the performances of different projects and the
directions of improvement for the projects are not necessarily
found on the efficiency frontier. An algorithm is developed for
applying multi-project system control in Small Manufacturing
Enterprises (SME) organizations having a relatively large
number of inputs and outputs while maintaining the validity of
the DEA methodology.

Keywords: Data envelope analysis, Project control, Project
management.

I. INTRODUCTION

Project control systes indicate deficiencies from agreed
project specifications. It can be illustrated in Fig. 1 while
shows the gap between the planned and actual variables.
Narrowing this gap may be accomplished by one of the
tollowing alternatives:

(a) Define cormrective actions to achieve the desired results
according to the original plan (moving from B to A in
Fig. )

(b) Define adjusting activities , changing plamed
variables to actual performed results (imoving from A
to B m Fig. 1).

Cost

1

Planned

I G Sl v

»

Control Point Time

Fig.y The gap between planned and actual values of a given variable

Mayor[9] , Meredith et al.[10], Lock [7], Shtub, et al.
[14] PMBok [12] , and project management practitioners
suggest that each project should strive to achieve the
following aims: (a) be on time , (b) be within budget, and (c)
satisfy the customers technical and/or performance standards.

PMBoK [12] defines nine categories that exist
throughout the project lifecycle; Project Integration
Management, Project Scope Management, Project Time
Management, Project Cost Management, Project Quality
Management, Project Human Resource, Management, Project
Communications Management, Project Risk Management,
Project Procurement Management

Although these categories are integrated into the project
lifecycle, their control systems, which are implemented in
each project phase, are separate.

Correct planning relies on techniques that support all
categories. The Work Breakdown Structure (WBS) defines
the hierarchical organization of work by defining the work
packages in terms of supply to the customer — production,
services and information, through cost identification. Critical
to accurate planning, WBS is a useful tool during
performance when project control equates planning vs. actual
performance. The typical project control system is not an
mtegrative system that incorporates all project categories but
perfonins control i that specific category. Such as, quality
control, engineering content control, etc. The methodology
that effectively integrates two categories is the Earned Value
system (EV).

Integrated cost and scheduled control systems were
mtroduced in the USA during the sixties and were mainly
used in defense projects. These systems created standards
supported by guidelines such as DoD 7000.2 [15].

Rozenes et al. [13] itroduce another control
methodology, Multidimensional Project Control System
(MPCS). This methodology defines the control system
planning process in which the control specifications (GPCS)
are defined. GPCS specifications provide an integrative
solution for all project categories. Hierarchically constructed,
GPCS contains all control operations that are performed
during the project hife cycle. The first level in the hierarchy
includes all indexed dimensions in the project, defined as
categories. Each category incorporates various subjects
situated on the lower hierarchical levels. Every subject can
contain additional subtopics. The lowest level in each subject
contains control packages that include a set of control tasks
that it must perform, similar to the work packages in WBS.

Fig. 2 displays a typical GPCS structure that contains 3
control dimensions / categories: Technical/ Functional



Operational and Quality. Each category contains various
control subjects.

The Technical / Functional category includes technical
data needed to produce the project. It may include the
following subjects: functional flow analysis, integrated test
planning, data management plans, configuration management
plans, system safety, human factors analysis, value
engineering studies and life cycle cost analysis.

The Operational category contains project operating
systems. It also contains project flow process and priorities
determination. It may include the following: preliminary

requirements, system/cost analysis, effectiveness analysis.
synthesis, logistics support analysis, technical performance
measurement planning, engineering integration, preliminary
manufacturing plans and manpower requirements/personne]
analysis.

The Quality category defines project quality
requirements. Among the subjects included are the following:
requests for contractors ISO 9000 certification, requests for
contractors ISO 14000 certification, application of statistical
process control (if needed), quality cost systems, and quality
measures

GPCS

L

| l

Technical/ Operational uali
Level 1 Functional P Quality
Level2 | Subiect Sopleet

1.0 L1 1.
Levelu Subgect SUbj§Ct Sul.)ject

1.1 1.3
Levelm | l l | ‘ l l |

CWP 1.k CWP L.k CWP 1.k

Fig. 2. Global Project Control Specifications Structure

The MPCS control system aims at minimizing the gap
between planning and results. The planning basis in the
MPCS system constitutes the GPCS’s control specifications,
as indicated i1 Fig. 2. The GPCS defines control assignments
during the course of the project’s life. Should there be a gap
between planning and perfonnance, a warning 1s indicated by
the system in order to take corrective action. This comparison
process is conducted while measuring actual performance
using the yield index. The MPCS’s output coustitutes the
category yield's for all categories included in the GPCS
specifications. Since the GPCS is hierarchically constructed,
the yield's computation process is aggregative. Commencing
at the lowest level, which is the control work packages level
from subject j level up to level 1, which is the category level.
The subject level yield computation input is based on
performance in the control packages level. The categories
yields computation input is based on comparing the subjects’
performance to predefined performance levels. The project’s
management, taking into account that the leading

consideration is the required control sensitivity measure,
defines the minimal acceptable measure of these levels in the
various subjects. These levels are designed to detect
unreasonable digression. A reasonable digression is one in
which subject j's performance, in yield terms, is higher than
the defined performance level. In case of an unreasonable
digression the project’s teamn will be asked to take corrective
measures.

I1. USING DEA METHODOLOGY TO EVALUATE
PROJECT PERFORMANCE EFFICIENCY

The data envelope analysis (DEA) is a mathematical
programming approach which assess the comparative
efficiency of a set of decision making units (DMU), such as
banks, hospitals, factories, universities etc, where the
presence of multiple inputs and outputs makes comparison
difficult. Chames et al. [2] first introduced the DEA concept
and many articles have appeared that deal with the various



types of implementations (e.g. Friedman et al.[4], Park et al
[11] , Cook et al.[3], Maital et al.[8]. The DEA is a non-
parametric approach that allows efficiency to be measured
without any assumptions regarding the functional form of the
production function or the weights for the different inputs and
outputs chosen.

In many Small Manufacturing Enterprises (SME)
organizations several projects are performed in parallel which
are found in varying stages of their life cycle. The MPCS
methodology is designed for the multi-dimensional control of
a single project and it is not suitable for several projects. The
comparison process among the performances of several
projects controlled by the MPCS system can be performed
with the help of the DEA methodology. Each project presents
its performances at specific control points through the yield
indexes of the MPCS methodology while the DEA enables
the exammation of performances of each project found in the
organization based on these indexes. Furthermore, the two
control methods, the EV method and MPCS method, can be
used in parallel and independently for each project in order to
gain more control dimensions, i.e., time cost, operations, etc.
This comparison process can take place smce there is
standardization of the different control specifications. i.e. the
two higher levels in the GPCS structure are identical in each
project that is managed and controlled in the organization.
The creation of this standardization also countributes to the
improvement of organizational leamning process while
creating a comparative tool for projects in progress and those
that took place in the past. In the MPCS methodology the
outputs represent the totality of dimensions in which the
project is measured, examined and performed. The outputs
are the yield calculations of the different categories. Their
number derives from the control system planning process that
uses GPCS. In the EV method the system outputs are the
control indexes of the eamed value that present the
synchronization deviation and cost deviation. This
combmation will usually make the characteristic systematical
project controlled by the two methods include many outputs.

Using DEA - CCR evaluation is constrained by the total
number of inputs and outputs. Jenkins et al. [6] describe the
following rule of thumb used: the sum of input and outputs
types should not exceed one third of the number of decision-
making units (DMU).

A 3-stage methodology was developed, which adjusts the
total number of outputs and inputs to meet the rule of thumb
while also representing the necessary information.

Stage 1: Inputs / Outputs Definition

When implementing the DEA in conjunction with the
MPCS methodology, it is essential to create a standardized
trame for project control on all projects involved in a given
organization.
This procedure allows uniformity of reporting on all projects
in the organization to enable their comparison and grading.

Duputs definition
The input data characterize the different projects of the
organization:

Cost

The total cost of the project is derived from the total costs
of the CBS of the project. The cost as an input variable
represents the budgetary importance of the project in the
process of comparing different projects.

Work content

The total hours allocated for the project including the
planning stage. This input represents the invesiment of
resources required for the project. A large gap between the
Work Content cost and the total project cost represents an
mdication for the characteristics of the project, for example
the existing purchase percentage in the project.

Level of monitoring

Control and follow up level required for performing the
project. The higher the complexity of the project is measured
on a scale of 0-10, the higher the power of follow up, therefore
this number indicates the amount of how the project is
complicated among the different projects of the organization.

Level of uncertainty

The level of uncertainty existing m the project is
measured on a scale of 0-10. The higher the value, the higher
the uncertainty level is. In high tech projects this number
indicates the level of using advanced technology.

Qutput definition

The project control system combines the EV system with
the MPCS system, therefore the outputs of the system include
the total output of both systems. The EV outputs are Schedule
Index — SI and also Cost Index — CI. These outputs are relative
will therefore have the same numerical level as the MPCS
system outputs used for comparison between the systems. The
MPCS outputs are defined at the planning stage through the
GPCS and result from the Yield of each GPCS category. Call
these outputs are Yield categoryl, Yield category 2 and up to
Yield category n.

Stage 2: Grouping algorithm

When only a few projects are in progress, a problem occurs
when the definition of outputs and inputs at stage 1 leads to a
relatively large number of inputs and outputs. In order to
maintain the rule of thumb for such a case the number of
outputs and inputs should be reduced while maintaining their
information. The algorithm consolidates the different inputs
and different outputs to a reduced number to meets the rule of
thumb. The 3-step algorithm contains the following;



A. Inputs correlations and outputs correlations
computation.

Stage 'a’ includes the examination of correlation between

the different inputs and outputs. The correlation results are
presented in the following matrixes:
Matrix [RI ij] contains input correlations. It presents the
correlation ratio between input input j and i. Matrix [RO ij]
contams outputs correlations. It presents the correlation ratio
between output i and output j.

B. Grouping process

The grouping process leads to the creation of inputs and
outputs groups. When the similarity level among these groups

(1) SCO ij: RO

Each case where ROij > 0.8, reduces at least one output.

1s high, it is possible to consolidate them in order to perform
comparison without significant loss of information.

Heragu [5] describes a similarity coefiicient (SC) algoritlun
that is used as a grouping process.

The calculation of the siumilarity coefficient is based on the
results of cormrelation calculations that were calculated at the
previous stage. In order to create suitable statistic reliability,
each correlation result that is low or equals to 0.8 is defined
as being insufficient, therefore the value of the similarity
coefficient is defined as 0. SCOQij is the output similarity
coefficient for output pair ij as expressed in (1).

0 If RO, <08

Vij

ij  Otherwise

The similarity among the different inputs is examined in a similar way. SCIij is the output similarity coefficient for input pair ij

expressed in (2).

0

i

Using the SC algorithm results in inputs and of outputs
groups with similar characteristics.

C. Selecting output / input representative

The third stage in the grouping algorithm is to find the
output or input that represents the group of common outputs
or inputs that were defined at stage B, i.e: one input or output
should represent each group in the DEA algorithm.

The decision crterion on the input or output
representative is based on the highest average similarity
coefficient for each output and for each input.

The selecting process of the output representative in group i,
is to use the rule expressed in (3):

@ Max {$CO,} Vi

The selection process of the input representative in group
1, is using the rule expressed in (4):

@ Max {SCT,} i

Stage 3: Implementing sequential DE

Braglia et al. [1] presented a sequential DEA algorithm
in to reduce the number of outputs and thus increase the
discriminatory power of DEA.

If p1<08

Vi

Otherwise

This process includes several DEA runs based on
identical input data and different output data and after a
summarizing process that contains the same output data with
the DEA results of the previous runs. Stage 3 also uses the
sequential DEA.

The output of stage 3 represents the comparison among
the different project performances and it shows which project
is on the efficiency frontier graph and those project that do
not (i.e, relative poor performances). This comparison
provides the opportunity of determining whether the
performance of the project is relatively similar to the
performances of all the projects.

III. COMPUTATIONAL EXAMPLE

The computational example is based on a case of a
typical MSE company which managing 9 projects in parallel,
Their projects contain hardware, software, integration and
testing elements.

Fig. 3 includes the principal presentation of the GPCS
structure of all the projects found in the organization. The
two higher levels are identical in each project. While the
lower levels differ in accordance with the requirements of the
different projects.



GPCS
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Fig. 3 GPCS frame work

The uniformity described in Figure 3 defines a  Stage 1. Inputs/ Quiputs Definition
homogeneous work standard in all the projects of the Projects inputs are previously defined and are given in
organization and allows the performance of comparison table 1.
among the managerial performances of the different projects

TABLE 1 INPUTS DEFINITION

Input Level of
oroi Cost Work Content Monitoring Level of Uncertainty
roject
1 1000, 400 8 8
2 800 300) 7 6
3 700 173 6 6
4 1000 450) 9 9
5 600 135 8 7
6 500 325 7 9
7 200| 85 3 3
8 9004 350 8 7
9 100 30 4 7
Table 2 contains the outputs which are direct derivatives Other outputs presented in Table no. 2 are the outputs of

of the MPCS methodology using GPCS structure illustrated  the EV system, i.e.: SI- Scheduling Index, CI- Cost Index
in Fig. 2: design yield, quality yield, operations yield,
documentation yield, project management yield.



TABLE 2 OUTPUTS DEFINITION

MPCS EV
Output
Project Design Yield Quality Yield Operations Yield Documentation Yield SI C1

1 0.75 0.65 0.78 0.8 0.35 0.4
2 0.54 0.45 0.62 0.6 0.8 0.9
3 0.84 0.69 0.75 0.8 0.75 1
4 0.68 0.65 0.65 0.59 0.88 1.2
5 0.49 0.48 0.3 0.34 0.4 0.35
6 0.55 0.57 0.62 0.65 0.5 0.5
7 0.9 0.75 0.85 0.78 1 1
8 0.67 0.71 0.68 0.59 0.78 0.88
9 0.82 0.75 0.76 0.87 0.8 0.7

Stage 2: Grouping algorithm . Matrices R()y. and RI; is given in Table 3 and Table 4

A. Inputs correlations and outputs correlations vel

computation. respectively.

At stage ‘a’ correlation examination is performed among
the different inputs and among the different outputs.

TABLE3 RO j CORRELATION MATRIX

1 2 3 4 5 6
! 1 0.89 0.85 0.83 0.51 0.42
2 0.89 1 0.76 0.71 0.47 0.37
3 0.85 0.76 1 0.92 0.5 0.44
4 0.83 0.71 0.92 1 03 0.22
S 0.51 0.47 0.5 0.3 1 0.9
6 0.42 0.37 0.44 0.22 0.9 1

TABLE 4 R] 5 CORRELATION MATRIX

1 2 3 4
! 1 0.88 0.88 0.49
2 0.88 1 0.82 0.64
3 0.88 0.82 1 0.71
4 0.49 0.64 0.71 1




B. Grouping process

At stage ‘b’ the adjustment of the correlation calculation
results is performed as shown in Tables 3-4 which presents
the similarity coefficients of both the outputs and the inputs.

The outputs and inputs similarity coefficients SCOyj and
SCIjj are given in table 5 and table 6 respectively.

TABLE 5 OUTPUTS SIMILARITY COEFFICIENTS
1 2 3 4 5 6
1 1 0.89 0.85 0.83 0 0
2 0.89 1 0 0 0 0
3 0.85 0 1 0.92 0 0
4 0.83 0 0.92 1 0 0
5 0 0 0 0 1 0.9
6 0 0 0 0 0.9 1
TABLE 6 INPUTS SIMILARITY COEFFICIENTS

1 2 3 4

1 1 0.88 0.88 0

2 0.88 1 0.82 0

3 0.88 0.82 1 0

4 0.49 0 0 1

Based on the correlation promoters presented in Tables
6-7, the created groups can be presented. Output groups and
input groups are given in table 7.

C. Selecting output / input representative

TABLE 7 INPUT / OUTPUTS GROUPS

Outputs
Group 1 1234
Group 2 5,6
Inputs
Group 1 1,23
Group 2 4

The selection of the output or input representative will be
performed according to the criterion of maximization of the
similarity coefficient average of the output within the group.
For this case we discuss group number 1 which includes the
outputs 1,2,3.4.

Table 8 contains computational results using equation 3.

We see for example, the similarity coefticient value of
output 4 is 0 in the relation between it and output 1 and in the
two other cases its value is higher than 0.8. The similarity
coefficient average of output 4 is 0.58. On the other hand, the
average of output 1 is higher value therefore output 1 is the
representative of group 1.

TABLE 8 SELECTING GROUP 1 OUTPUT REPRESENTATIVE

Output 1
1-2 0.89
1-3 0.85
1-4 0.83
Average* D.86,
Output 2
2-1 0.89
2-3 0
2-4 0
Average 0.30

Qutput 3
3-1 0.85
32 0
3-4 0.92
[Average 0.59
Output 4
4-1 0.83]
4-2 0
4-3 0.92
Average 0.58




Dealing with the group 2 in this example is less complex

TABLE 9 SELECTING INPUT REPRESENTATIVE

since it includes only two outputs. Hence, the choice between Input 1
them will be arbitrary, i.e., output 5 is the representative of 1-2 0.88
group 2. The inputs example presented in Table 9 is dealt 13 0.88
with the same methodology. Average* 0.88
Stage 3 Implementing Sequential DEA
The application of Sequential DEA is performed when
the procedure inputs are identical and the outputs vary. A foput?
Sequential DEA is performed in 3-stage process as follows: 21 0.88
2-3 0.82
A.  Performing DEA with MPCS outputs Average 0.85
At this stage, running the DEA is performed when the
MPCS outputs results are given in Table 10
Input3
3-1 0.88
3-2 0.88
Average 0.88
TABLE 10 MPCS EFFICIENCY SCORE
Inputs MPCS Output
DEA Score
Project Cost Level of Uncertainty Design Yield
1 1000 6 0.67 31.25
2 800 6 0.29 30.00
3 700 8 0.80 46.67
4 1000 7 0.20 25.19
5 600 4 0.45 23.33
6 500 7 0.55 23.40
7 200 9 0.30 100.00
8 900 5 1 31.90
9 100 8 0.55 100.00
B. Performing DEA with EV outputs
The EV output results, using the same inputs are given in Table 11
TABLE 11 EV EFFICIENCY SCORE
Inputs EV Output
Project DEA Score
Cost Level of Uncertainty SI
1 1000 6 0.35 13.12
2 800 6 0.8 40.00
3 700 8 0.75 37.50
4 1000 7 0.88 29.33
5 600 4 0.4 17.14
6 500 7 0.5 15.37
7 200 9 1 100.00
8 900 5 0.78 33.43
9 100 8 0.8 100.00




TABLE 12 INTEGRATED SCORE

Inputs Outputs DEA Score
Cost Levelof =\ b5 Efficiency | EV Efficiency
Uncertainty
1 1000 6 3125 13.12 11.72
2 800 6 30.00 40.00 20.00
3 700 8 46.67 37.50 23.33
4 1000 7 25.19 29.33 9.78
5 600 4 23.33 17.14 10.00
6 500 7 23.40 19.37 8.88
7 200 9 100.00 100.00 100.00
8 900 5 31.90 33.43 14.33
9 100 8 100.00 100.00 100.00

C. Performing DEA integrating stages a, b result

The outputs in the final stage are the combined results of
the MPCS efficiency scores and the EV efficiency scores
using the same inputs as given in table 12

It can be noticeable that project 9 is on the efficiency
frontier, though it is a relatively low budget project. High
budgeted projects like project 1, project 2 and project 4
should improve their performances to achieve better
efficiency results. Many projects are far from the efficiency
frontier, therefore systematical examination is needed in
order to perform improvement.

IV. SUMMARY AND CONCLUSIONS.

The MPCS system described in the article by Rozenes et
al. [13] represents a project control system, which examines
the performances of a single project using a large number of
dimensions. The infrastructure of the system is the GPCS
control specifications through which the project performances
are examined in comparison with the original planning. The
results of the examination are calculated with the help of
yield indexes that are calculated with aggregation. The result
of the MPCS system presents the power and direction of the
gap between the plans and performance. The MPCS system
performs the control of each project singly .The DEA
methodology allows the comparison among different projects
operating in parallel at different stages of their life cycles.
The perfonnance of the DEA comparison is possible
following the standardization in the GPCS definition of the
different projects. It is based on the uniform definition of the
two higher levels in each GPCS of the different projects.
Comparison is performed on the combined control system,
which includes two complementary control systems, one of
them is MPCS and the other 1s the traditional EV system.
When only a few projects are in progress the DEA
methodology requires the building of an algorithm that
provides the same information through a smaller number of
mputs and outputs. The DEA output allows the diagnosis of

(
those found on the efficiency frontier and those that need
improvement.
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MPCS:
Multidimensional
Project Control System

Shai Rozenes

Project

A temporary endeavor undertaken, to
create a unique product or service.

Temporary means that every

project has a definite beginning

and a definite end. Unique means

that the product or service is

different in some distinguishing  PMBoK 2000
way from all similar products or /
services

Shai Rozenes

Control

A broad view of what is meant by
Control is taken. Planning, measuring,
monitoring and taking corrective
action are all usually included in the
Control cycle.

APMBoK 2000
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Project Life Cycle

o Conceptual Phase
e Planning Phase

e Execution Phase

o 7ermination Phase

Shai Rozenes
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MPCS Methodology

Conceptual Phase
Planning Phase
* WBS + GPCS definition.
» Defining Measurement Procedures.
« Defining Execution and Reporting Processes.
s MPCS Threshold values.
Execution Phase
¢ Yield computation.
» Control indices computation.
» Control Indices examination.
* Corrective actions.

Termination Phase
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GPCS definition
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Global Project Control Specifications
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GPCS example MPCS Methodology
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o WBS + GPCS definition.
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MPCS Methodology
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MPCS Methodology

Planning Phase
o WBS + GPCS definition.
« Defining Measurement Procedures.

¢ Defining Execution and Reporting Processes.

@ MPCS Threshold values.

Execution Phase
Yield computation.
Control indices computation.
Control Indices examination.
Corrective actions.
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MPCS Methodology

e Planning Phase
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+ Control Indices examination.
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Shal Rozenes




__,m‘
Hock
Trange
gesernhion

iperanenw

ey ation
Tyslemeost |
anaysis
EAecimeness
annk s

Logisiics
unood

T Tecnnrats . |
Funchon?
System sately

gt alan
gk
TN,
descrphon
__Jusvlncaum

Lde cyel
cost anayss

Subject Yield Computation

Loantes

ey anon
F—
Syare nrost
anasis
[Efectve e |
IELLVE I

Anal ais

J
Y
);,.“" Jdoem
3 3
.. o . L, —mm
~ Shat Rotenes » Shat Rezenes | Yield Result l‘“
— — ey
. .
Category Yield Computation
08 0.19
;
/.g.\ 0.67 | 0.67 1 Integration e ot
e [ Tyalenvcost oescaplioe Fovervean]
078 | 0.65 | 1 —{ e Sysiem safety e o si5
Efecivene| (FEfcweneii ]
imepaon | 1033 ] 067 [ 0 | L _onayss | integeation | g |
055 | 060 | O e B Vare temen St
COSt anal s CO8) Ay sis

b vl
F=tf =2T=(B)

25

i _ | Threshold
[ Yield Result |

Shal Rozenes

__value

Shal Rozenes




BN
MPCS Methodology

* Planning Phase
* WBS + GPCS definition.
» Defining Measurement Procedures.

o Defining Execution and Reporting Processes.
e MPCS Threshold values.

e Execution Phase
¢ Yield computation.
@ Control indices computation.
» Control Indices examination.
» Corrective actions.
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