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M anagement summary

Bosch Security Systems Eindhoven Co. (Bosch CCTV) is engaged in development projects for
advanced digital video security systems, mainly cameras and recorders. Because of market
competition, these developing products get increasingly more functions which lead to increasing
complexity and uncertainty. To cope with this increasingly uncertainty, to improve protection of
projects from delays, and to increase schedul e performance and rdiability, Bosch CCTV decided to
embark on the Critical Chain Project Management (CCPM) system at its development division. For
product development organizations, meeting of project due dates is the vital element for successful
introduction of a new product on the market. However, despite the promising benefits and many
successful stories of CCPM deployment, Bosch CCTV did not achieve the main benefits of Critical
Chain approach as presumed in the literature e.g., reducing project duration, gaining more reliability
and predictability, and increas ng productivity or throughpuit.

This aim of this study is to investigate the CCPM deployment at the Baosch CCTV devd opment site
regarding the CCPM rules and prescriptions, CCPM asserting benefits, important aspects for the
CCPM implementation and how these are addressed, and finaly provide some improvement
proposals for the perceived problems. The methods used in this study were interviews, a literature
review, and experiences or findingsto date at Bosch CCTV devel opment department.

The experiences a Bosch CCTV indicate that the Critical-Chain application gives more visibility or
transparency in the projects status as it is asserted. CCPM addresses the existing uncertainty in the
project schedule through setting aggressive schedules by removing safety time from the individua
tasks and aggregating them in time buffers, which are inserted to strategic places in the project
network schedule in order to capture the existing variations in the project duration.

We perceived, however, that because of incorporated high uncertainty and risks in the development
projects, the alocated project buffers do not provide sufficient protection for the original promising
project due dates. In the development projects, despite simple monitoring of the critical tasks with
high buffer consumption rate, the CCPM prescription for swapping resources from non-critical tasks
to the critical tasks for recovery means is difficult to execute. The tasks in these projects often contain
non-routine activities that require the resources assigned to them to acquire necessary knowledge
during the executing tasks which enables them to complete their task. This makes the flexibility of
resource swapping or inter-changing of resources between the chains difficult or amost impossible.

Further in this research, the important aspects for the CCPM implementation are explored and
usefulness of piloting CCPM deployment is discussed. In addition to the required changes for the
CCPM implementation within the organization, we observed that ability and performance of Criticd-
Chain methodol ogy has also an impact on implementing of these aspects, e.g. the organization support
for CCPM deployment and maintaining of implemented changes within the project organization,
because CCPM does not address the technol ogical uncertainties and risks which highly incorporated
in the devel opment project tasks.

To improve coping with uncertainties and risks by CCPM application, we recommend including the
risk management activities in the project planning and taking them in the buffer sizing cal culations. In
case of unrecoverable depletion of project buffer, we further recommend rescheduling the project.
Rescheduling, however, provides an update of the developments in the project scope and an update of
critical tasks in the course of project execution. To avoid confusion and dissatisfaction in
responsibilities and activities induded in each role we suggest reaching and maintaining clear
agreements between the project participants. To deal with the substitution and interchangeability
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problems for human resources, we suggest not assigning all existing resource capacity to the projects.
These highly trained and capable resources can then fredy support the running-tasks in case of delay
or interruptions and substitute the resources in case of absence Also we suggest that other resources
that are temporally idle invest their time in the identified criticad tasks to increase the
interchangeability of resources working on them.

The projects in each portfolio at Bosch CCTV, i.e. Camera or Digital Video Recorder are usualy
interdependent and share a common resource pool. To deal with these interdependencies and to
decrease overloading of resources, finally we propose to separately pipeline each group of
interdependent projects, i.e. with technical and resource dependencies. In case of identifying multiple
constraining resources between the interdependent projects in each group, the most bottleneck
resource should be chosen.
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Abstract

Bosch Security Systems Eindhoven Co. (Bosch CCTV) is engaged in devedopment projects for
advanced digital video security systems, mainly cameras and recorders. Because of market
competition, these developing products get increasingly more functions which lead to increasing
complexity and uncertainty of the development project. To cope with this increasingly uncertainty, to
improve protection of projects from delays, and to increase schedule performance and reliability,
Bosch CCTV has decided to embark on the Critical Chain Project Management (CCPM) system at its
devd opment division. For product development organizations, meeting of project due dates is the
vitd eement for successful introduction of a new product on the market. However, despite the
promising benefits and many successful stories of CCPM adoption, Bosch CCTV did not achieve the
main benefits of Critical Chain approach as presumed in the literature e.g., reducing project duration,
gaining morerdiability and predictability, and increasing productivity or throughput.

The aim of this study is to investigate the CCPM deployment at the Bosch CCTV devel opment
department regarding the CCPM rules and prescriptions, CCPM asserting benefits, important aspects
for the CCPM implementation and how these are addressed and formulating proposals for the
perceived problems. The first part of this thesis eaborates on the Critica-Chain rules and
prescriptions and explores its differences with traditiona project scheduling. Further the critical chain
prescription for the multi-project environment is discussed. In the second part of this thesis, the
genera characterigtics of the (software) development projects are discussed and the Critical Chain
gpplication for the development project at the development department is surveyed. Further the
important factors for the successful CCPM implementation are explored. The outcomes are a list of
the perceived deficiencies of the CCPM deployment, the encountered problems for the CCPM
implementation, and providing some i mprovement proposal s for the most significant problems.
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1 Introduction

11 Background

Product devel opment projects often exceed their planned schedules. According to the Standish Group
Report of 1999, nearly 75% of all development projects missed their target rel ease due date or never
completed at al (Standish Group, 1999). Thisis often related to uncertainty or contingencies inherent
in development projects in which requirements, technology, skills base, business environment, and
culture are in a state of flux. To cope with the uncertainty, managers and project personnd have
traditionally learned to compensate by adding additiona time to their schedule estimates. Yet even
when they do, projects still overrun their schedules.

Achieving speed to the market is a critical success factor of today's (new) product development
projects. Thisincorporates accel erating of the devel opment process from concept generation to market
launch. Traditional project management is not sufficient to meet the needs of the high-paced and
competitive product development projects. The competition forces shorter cycle times and project
planning demands better predictability in product re ease dates. Product development projects are
inherently uncertain, resources mostly are shared between a number of concurrent projects, and tasks
often do not complete on time. Project duration is considered the magor constraint of projects in
genera (Steyn, 2002). The magnitude of the problem creates a need to find an aternative approach to
how projects are planned, launched, and executed.

Critical Chain (Goldratt, 1997; Newbold, 1998) is a reatively new way of project scheduling and
management. The reasons for introducing this new approach are the perceived deficiencies in more
traditional project scheduling techniques. To cope with uncertainty and contingencies, estimated
durations in traditional project scheduling typically indude a safety time for each task. However,
these safety times are often wasted because starting a task is left to the last minute (Student
Syndrome) or work is expanded to fill the time available (Parkinson's Law). Critical chain reall ocates
these safety times in the form of buffers and strategically places them in the project network schedule
to protect the whol e project from delays.

Many examples of successful applications of Critical Chain methodology have been quoted in the
literature (Leach, 1999; Zultner, 1998). Growing experiences with the Critical Chain methodology
shows exceeding benefits across many cases (L each, 2005):

- Increased on time delivery of project

- Reduced project duration (increased speed)

- Increased project team satisfaction, improved teamwork and focus

- Increased organization throughput with same resources (producti vity)
- Increased project schedule reliability and predictability

Critical Chain Scheduling (CCS) differs from traditional project scheduling in how to prioritise task
and resources and how to ded with uncertainty and the effects of Murphy's Law (if anything can go
wrong, it will). It has advantages over the standard way of planning according to the Critical Path
Method (CPM) but it has its own drawbacks. It is no silver bull et that solves al schedul e performance
and schedule rdiability problems. Critical Chain methodology is simple to understand but it is also
challenging to implement (Zultner, 1998). It has high potentials but these are hard to achieve due to
the culture changes required throughout an organization (Devine, 2004).

Implementing CCPM is not only about installation of the software package supporting its rules and
teaching project participants to use it. The necessary changes in mind-set, achieving project people
support, and involvement throughout an organization are major factors and are also impediments in
successful CCPM implementation. Frequent monitoring and eval uation of the change process during
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and after CCPM implementation help organizations to maintain CCPM rules in practice. Otherwise
there is the possibility that sooner or later the adopted Critical-Chain principles and obtained CCPM
buy-in (sufficient agreement to make or tolerate the changes) among project staff will be lost and the
organization reverts to its old habits. The CCPM potentia benefits are to be reaped if it correctly
implemented and maintained. In a detailed report, Herroelen & a. (2002) state: "The critical chain
scheduling and buffer management methodology has much to offer if applied wisdy and if the
practical implications and limitations are well understood."

The CCTV Business Unit (BU) of Bosch Security Systems (Bosch ST) is aleading producer of video
surveillance equipment including Closed-Circuit Television (CCTV) cameras / monitors, switchers,
control systems, Digital Video Recorders (DVRS), and the latest IP (Internet Protocol) network video
products for usein security systems, which are sold in all countries of the world. Bosch ST/CCTV BU
products can be found e.g. in shopping malls, casinos, and banks or airports. To create unique
products both in features and performance, CCTV BU designs its own key components such as
dedicated Integrated Circuits (IC's) for use in their CCTV products. All products are developed in
projects that follow the Bosch ST/CCTV Product Redlization Process.

In order to protect projects from delays and to increase schedule performance and rdiability, the
Criticd Chain Project Management (CCPM) system has been implemented in the CCTV
Development Division of Bosch Security Systems in Eindhoven (The Netherlands) and Lancaster
(USA) at the end of 2004.

1.2 Problem Statement

Despite promising benefits and many successful stories about CCPM implementation, the Bosch
CCTV Deve opment Eindhoven has still not achieved the main benefits of Critical-Chain application
eg. gaining more rdiability, productivity, and reducing the project duration. Management of CCTV
takes the view that the mgjor cause behind this is that the CCPM rules and principles are not
sufficiently adhered to or not effectivey utilized by the project stakehol ders at the Bosch CCTV.

13 Resear ch objective and questions

The intent of this thesis is to study the CCPM system at the development department of Bosch
Security Systems Eindhoven (Bosch CCTV) and to explore opportunities for improvement in order to
address the identified problem. To address the identified problem we formulate the following research
questions:

1. What are the mgor differences between the Critical Chain Scheduling (CCS) and the
Traditional Project Scheduling (TPS)?

2. Are there differences between the theoreticd Critical Chain rules principles and the CCPM
gpplication at the Bosch CCTV devel opment site?

3. Wha are the CCPM implementation aspects for deploying CCPM in an organization? How
far these are achieved at the CCTV devel opment department?

4, What areas need improvement? What possibilities are there for improvement?

14 Resear ch M ethodology

In order to elaborate on the rules and concepts of the critical chain project management (CCPM), and
to explore the CCPM implementation factors, different reference books, papers and handouts about
the CCPM theory will be reviewed.
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Further, to investigate the CCPM depl oyment a the devel opment division and alsoto gain
information and explore the improvement areas, we interviewed 13 CCPM practitioners (1 senior
manager, 2 Project Managers, 4 Task Managers and 6 Task Performers) at Bosch CCTV about their
experiences and findings regarding the CCPM deployment at the devel opment department.

15 Resear ch Scope

This research is limited to the elaborating on the Criti cal-Chain principles and rules through a
literature review, investigating the CCPM application in software product devel opment projects a the
Bosch CCTV devel opment department, and exploring areas for improvement as perceived in practice.
This thesis also explores the important aspects for CCPM impl ementation and surveys how these are
addressed by the Bosch CCTV.

1.6 Thesis Structure

Thetext of thisthesisis structures as follows. Chapter 1 introduces and formulates the problem
statement. Chapter 2 addresses the first research question and reviews the critical chain scheduling
and traditional scheduling methods. In chapter 3 we study the critica chain approach for the multi-
project domain. Chapter 4 addressed the second research question and provides an overview of the
characteristics of the software devel opment proj ects and investigates the CCPM application at the
Bosch CCTV deve opment Division. Chapter 5 addresses the third research question and describes the
important aspect for the CCPM implementation and perceives how these are addressed by the Bosch
CCTV. In chapter 6, forth research question is addressed and some improvement proposals are
provided regarding the significant encountered problems for the CCPM deployment at Bosch CCTV.
Finally a summary of main conclusions and suggestions for further research are given in Chapter 7.
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2 Critical Chain Scheduling versus Traditional Project
Scheduling

2.1 Introduction

Critical Chain Project Scheduling (CCPS) has been introduced as an improvement to the Traditional
Project Scheduling (TPM). However, key concepts of the Critical Chain methodology are readily used
as an extension to the well known Critical Path Method (CPM). This chapter aims to answer the first
research question “What are the major differences between the Critical Chain Scheduling (CCPS) and
the Traditional Project Scheduling (TPS)?’ In order to answer this question, we first give areview of
traditional project scheduling methods and describe the Critica Chain Project Scheduling (CCPM)
methodol ogy. Further we describe the differences between the two scheduling techniques.

2.2 Traditional Project Scheduling (TPS)

In this section the traditional project scheduling methods and the devel opments for improving them
are described.

221 CPM (Critical Path Method) / PERT (Program Evaluation and Review Technique)

The Project Management evolution started with the deve opment of Gantt chart in 1917 and the
devdopment of the project scheduling techniques Critica Path Method (CPM) and Program
Evauation and Review Technique (PERT) in the late 1950's. For the first time CPM was applied in
1957 to the construction of a new chemical plant by DuPont Corporation and PERT was developed in
1958 by the U.S. Navy to help measure and control the progress of the Polaris Fleet Ballistic Missile
program. CPM is a deterministic method that uses a fixed time estimate for each task while PERT isa
network model that allows for randomness in task completion times. Both methods share similarities
and still form the basis of the project planning and control of many projects. The key distinguishing
factor of PERT as compared to CPM is the use of probabilistic task durations.

CPM/ PERT models the tasks of a project as a network, and provides a graphicad view of the
sequence, and rel ationships among the individual project tasks that are required for the completion of
aproject. Typicaly, reationships between tasks are defined as be ng finish-to-start (FS) whereby the
preceding task must be finished before the succeeding task can start. The precedence technique is
designed to handle other situations as well, namely start-to-start (SS), finish-to-finish (FF), and start-
to-finish (SF) .These relationships are used to specify tasks that overlap to some degree There aretwo
graphical variations of CPM/PERT. The traditional so called (PERT) Activity on Arrow (A-0-A), or
an arrow diagram, because tasks are presented in the network as arrows or lines. Another and most
used approach for both PERT and CPM is Activity-on-Node (A-0-N) or Precedence diagram (Figure
2.1).

RN o SN

Figure 2.1 A Precedence diagram

CPM/PERT identifies the sequence of tasks (the critical path(s)) in the project and predicts how long
the entire project will take. The critical path is the longest sequence of depending tasks (each
dependent on the preceding one) from the begin task toward project end task in the project network
that together requires the longest duration to complete the project. The critical path determines the

10
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earliest time by which the project can be completed. The significance of the critical path is that the
tasks that lie on it cannot be deayed without delaying the project, which means the tasks on the
critical path(s) have no slack or float.

The critica path can be identified by determining the following earliest and latest (start and finish)
times for each project task in the project network schedule

- ES ealiest start time the earliest time a which the task can start given that its precedent
tasks must be compl eted first.

- EF- earliest finish time: equal to the earliest start time for the task plus the time required to
compl ete the task.

- LF- latest finish time: the latest time at which the task can be completed without delaying the
project.

- LSlatest start time: equal to the latest finish time minus the time required to complete the
task.

These times can be computed for all tasks within a network by making so-caled Forward Cal culations
when calculating the earliest (Sart or finish) times and Backward Calculations when calculating the
latest times on the project network. If in the project network, one task has more than one predecessor
(more arrows coming into a subsequent task) the largest completion time among precedence tasks
must be considered in forward calculations (tasks E or H in Figure 2.2). In case of backward
calculation, when one task has more than one successors (more than one arrow going out of a
precedent node) the smallest LS (latest start) time among the subsequent tasks must be chosen (task B
inthe Figure 2.3)

S —» " H Y= F

Figure 2.2 Calculating the forward pass
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Figure2.3 Calculating the backward pass

11
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The (total) slack or float time for atask is the time between its earliest and latest start time, or between
its earliest and latest finish time. So the (total) slack is the amount of time that a task can be delayed
without delaying the project. The critical path is then the path (or paths) through the project network
in which none of the tasks has slack, that is the path for which ES=LS and EF=LF for all tasks on the
path. Consequently, if the completion of one or more (critical) tasks on the criticd path takes longer
than firstly estimated durations then the whole project schedule will slip unless corrective action is
taken. Because of its impact on the entire project, a critical path analysis is an important aspect of the
CPM / PERT project planning method. An identified critical path in the project network diagram is
shown in Figure 2.4. The tasks with bold borders are on the critical path.

e, RIS

Figure 2.4 Identifying Critical Path

In CPM / PERT project scheduling, also tasks with non-zero slacks are schedul ed as-soon-as-possible
(ASAP) from the project start date. This scheduling places work as cl ose as possible to the front of the
schedule.

2.2.2 RCPSP (Resource Constrained Project Scheduling Problem)

The well known CPM and PERT techniques that were developed independently are based on the
unredlistic assumption that the resources are unlimited (e.g. human, machine or tools, material, etc)
and neglect the issue of resource contention. This assumption can lead to ineffective resource usage
during the project execution and project delays. Consequently, the importance of resource availability
gave rise to the subject of project scheduling under limited resources and emerging of (deterministic)
Resource Constrained Project Scheduling Problem (RCPSP) thereafter (Pritsker et al., 1969).

This problem has a set of one or more limited resource types and a set of task to be scheduled. The
tasks are interrdated by two kinds of constraints: precedence constraints, which indicate that certain
tasks cannot be started before their predecessors have been finished, and resource availability. The
execution of each task consumes both time and resources. This problem ams to determine a
precedence and resource feasible basdine schedule (the origina planned schedul e against which the
actual project execution is compared) that minimize the project duration. The well known RCPSPis a
deterministic problem and it assumes that each task has a fixed duration and during its execution there
is a fixed resource demand for each type of resources. The RCPSP is a generaization of job shop
problem and is NP-hard which means it cannot be solved optimally in polynomial time (Blazewicz et
a., 1983). Thelast 20 years, devel oping d gorithms and heuristics to solve this problem dominates the
project scheduling literature (for overviews: Herroden et al. (1998); Kolisch and Padman (1999);
Kolisch and Hartmann (1999); Brucker et a., (1999); Demeulemeester and Herroeen (2002)).
However, the NP-hard nature of RCPSP makes it difficult to apply it in realistic sized projects. Due to
this difficulty most commercial software packages (tools) often use simple priority rules based
heuristics for constructing a precedence and resource dependent schedul e that are hoped to be close to
the optimum (Herroden, 2006). Despite the RCPSP objective to provide a precedence and resource
dependent project baseline schedule, the generated basdline schedule cannot cope with uncertainties
and contingencies during the execution phase of project tasks. Because of the stochasti ¢ nature of task
durations and inherent uncertainty in task estimates, project tasks may take longer or shorter than
initially estimated, resources may not available when they are required and occurrence of unforeseen
disruptions during task execution, etc. Hence, the validity of static deterministic scheduling has been
guestioned and criticized (Goldratt, 1997).

12
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2.2.3 TPSshortcomings and need to new project scheduling approaches

Traditional project scheduling techniques were devel oped to plan and control large scale and complex
but fairly routine projects with minimal uncertainty in the project completion times. For projects with
non-routine tasks, such as product development, there is more uncertainty in completion times and
scope of work. Hence, this uncertainty limits the usefulness of the deterministic CPM and RCPSP
techniques because they do not consider the time variations that have a great impact on the
compl etion time of a complex project. The uncertainty existing in every project isthe underlying main
cause for most schedules overruns (Rand, 2000). Recently, however, besides the need for a resource
and task feasibility of a basdline schedule, stability of generated schedule has become a central point
of attention in project scheduling (Herroelen and L eus, 20053).

To cope with uncertainty, however, thetraditional PERT scheduling technique, alows for randomness
in task duration times. Task durations are then modeled as stochastic variables with an appropriate
beta distribution, and a simple approximate method is used to calculate task durations. For each task,
PERT includes three time estimates, the shortest possible (most optimistic) timethe task will take, the
most likey length of time, and the longest time (most pessimistic) that might be taken if the task takes
longer than expected. For a beta distribution, the expected duration for each task can be approxi mated
as the weighted average of the most optimistic, the most pessimistic, and the most likely time
estimates. PERT ded s with uncertainty in the same way for al tasks, whether or not they are on the
critical path (Rand, 2000). Also the stochastic variant of RCPSP (that allows the stochastic task
durations) while being more redlistic, leads to much more complexity in the solving procedure
because of NP-hard nature of RCPSP.

In traditional project scheduling to protect the completion time of each task against contingencies
during the performing of tasks, safety times are included in the estimated task duration. Unfortunately
during the execution phase of a project these safeties are wasted because of main focus on the due
date of each task as a milestone. This approach encourages the negative behaviors of human-resources
eg. using al time that is available for executing of atask (known as Parkinson's Law) and losing of
stimulant among resources for schedul e savings through early finishes.

Also, theissuetoday isthe need for a project scheduling approach that supports multiple simultaneous
projects that commonly use a pool of shared resources. In a multi-project environment projects are
interdependent. Traditionally projects are scheduled as if they are independent, and it isimpossible to
foresee how ddays in one project impact other projects in an organization. In particular, companies
that concurrently launch new product development projects encounter the complexities in managing
multi-proj ects. Because of the complexity of these projects, incorporated uncertainties in the tasks and
project scope, and changing priorities in multi-project environment, the RCPSP solution provides no
practical and stable schedul e for the uncertai n multi-project environment.

2.3 Critical Chain Project Management

In order to cope with uncertainty, and its negative impacts on projects completion time and doing
more projects without adding resources (multi-project management), the Critical Chain Scheduling
and buffer management approach were deveoped. Criticd Chain methodology is based on an on-
going improvement methodol ogy called the Theory of Constraints (TOC), first devel oped by Goldratt
(1984). TOC is wdl established in manufacturing as a methodology for managing production
planning and scheduling. It is atool for managing repetitive production systems based on the principle
that every system has a constraint, and system performance can only be improved by enhancing the
performance of the system constraint (Raz et d., 2004).

In a manufacturing environment, TOC assumes that not more than one manufacturing station will be
operating at its full potential capacity when the system is performing as well as possible. Using of full
capacity of each manufacturing station can cause work in process inventory at the constraining station
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in the production sequence. The result is then increased lead time and wasted resources. Hence, the
performance improvements in a system cannot be achieved through any local improvement unless the
bottleneck station is relieved. Goldratt defines global system performance in terms of throughput
(Throughput istherate & which products are produced or projects are compl eted).

The application of TOC to project management was first described by Goldratt (1997). TOC is
gpplied to both single project and multiple-project environments. TOC first requires that the goal of
the entire system is identified. Applied to a single project, TOC identifies the promised project due
date as the primary goal. In a multi-project environment, concurrent projects depend on a pool of
shared resources and the objectiveis to maximize the throughput of projects.

The TOC approach prescribes that the system constraint has to be identified. It is then should be
focused only on the identified constraint and dleviate it until it is not a constraint any more. The TOC
is based on five focusing steps for globa system performance improvements and applied to project
management as follows:

1. Identify the system’'s constraints. TOC identifies the system’s constraint as that part of the
system that constraints the objective of the system. For a single-project environment this
means identifying the Critical Chain, or “the longest chain of precedence and resource
dependent tasks that determines the overall duraion of a project.” as the constraint. In the
multipl e-project environment the so called drum resource that more than any other limits the
number of projects that an organization can deliver, isidentified as a constraint.

2. Decide how to exploit the system's constraints. For a single-project this means focusing on
the tasks in the critical chain to ensure that work is performed efficiently and without delays.
To achieve this, the key contributors of ddays in tasks compl etion time should be identified.
Applied to multiple-project situation this means prioritizing all projects and then staggering
them according to the capacity of the drum resource, ensuring that it is not overloaded.

3. Subordinate everything else to above decision. Applied to a single-project this means that
non-critical tasks must not interfere with or delay work on critical tasks. In multiple-project
environment this means that non-critical resources may wait to ensure high utilization of the
bottleneck resources across the projects.

4. Elevate the system's constraints. For both single and multiple-project cases this step suggests
investment in additional resources, or increasing the capacity of resources that most impact
the critical chain or tota project organization throughput. In certain cases, € evating of critical
chain constraint may be carried out by assigning some of the non-critical resources to the
critical chain tasks.

5. If, asaresult of the previous steps, the constraint has alleviated, return to Sep 1.

In traditiond CPM/PERT project scheduling, resource availability is not taken into account and
resource allocation is done as an additiona step. Resource dependencies, compounded with task
dependencies, further decrease the probability that a task will finish on time. In order to obtain a
reglistic and stable basdine schedul e, the RCPSP, however, takes resource availability into account to
the extent that tasks done by same resource type with limited capacity, if it’s not possible to perform
in paralld, are scheduled and performed in series. CCPM defines the critical chain (see Figure 2.5) as
the set of tasks which determines the overal duration of the project, by first solving the RCPSP and
taking into account both precedence and resource dependencies (availability of resources) when
cregting a project base line schedule. The CCPM identifies the longest chain of both precedence and
resource dependent tasks in the generated project schedule as the critical chain of project network
schedule. If resource availability is not a constraint, then the identified project's critical chain is
identical to critical path of CPM method.
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Figure 2.5 Solving of the resource constraint project scheduling problem (RCPSP)
before identifying of critical chain in CCPM

The traditional Resource-Constrained Project Scheduling Problem (RCPSP) is essentially the samein
the Critical Chain Scheduling. However explicit attention to the presence of uncertainty, protecting of
generated (deterministic) precedence and resource dependent base line schedule (during the project
execution) through inserting of buffers, are the key difference between the two approaches.

The CCPM approach does not prescribe a specific RCPSP agorithm out of the numerous a gorithms
that have been published in the literature that vary in terms of average distance from the optimum.
Consequently, the identification of the critical chain(s) is entirely dependent on the procedure used for
generating the basdline schedule (or solving of the RCPSP). Depending on the used RCPSP
agorithms or heuristics for constructing Critical-Chain (resource constrained) schedul g, the sequence
of the resource-dependent tasks may differ in the resulted Critical-Chain schedule. The resulting
Critical-Chain schedules from the most known CCPM packages ProChain, Concerto and PS8 show
differences in the sequence of some resource-dependent tasks and the durations of the resulting-
CCPM schedules because each CCPM tool uses different simple priority rules for dealing with RCPS
problem (Cerveny, 2005). Goldratt referred to this issue, daims that in each case “the impact of
scheduling method used is seldom larger than the uncertainty of the project” without defending it
(Coldratt, 1997, p217).

Intheliterature, the Critical-Chain schedule is also referred to as resource leveled CPM schedule. The
resource leveling (leveling of resource usage over the already obtained project due date by CPM) is
different than solving the resource-constrained project scheduling problem (minimizing the project
duration subject to the precedence and resource constraints). Hence it should be noted that the
generated CCPM schedule is not the same as the resource leveled CPM schedule (Herroelen and
Leus, 2005b, p105).

Resources demanded by the tasks on the critical chain are critical resources. However, the CCPM
method resolves al anticipated resource congtraints while determining the project critica chain.
Because at least some of the resources have limited availability, the resulting basdine schedule is
likdy to be longer than the schedule obtained with basic Criticad Path Method, as critical tasks are
sequenced while waiting for the resources they require.

Consider two tasks that use the same limited resource, such as the back-cross-hatched tasks in Figure
2.5. They are scheduled in series because they share the same resource. This requirement expands the
project duration. The critical chain is identified as the chain of precedence and resource dependent
tasks that determine the overall duration of the project.
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Figure 2.6 Identifying of Critical Chain and setting of non- critical tasks ALAP
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In the constructed critical chain schedule the non-critical tasks are scheduled as-late-as-possible
(ALAP) based upon the target due date (Figure 2.6). This approach provides advantages similar to
those offered by ‘just-in-time’ (JIT) in a production environment. These benefits include minimizing
work-in-progress (WIP) and not incurring costs earlier than necessary. Also, by scheduling tasks as-
late-as possible, more knowledge is available and will minimize the need for re-work when possible
changes in the scope of the task imply a higher risk of rework of tasks that are started ASAP. Less
rework will aso result from the fact that the task performers simply have better information about
their task mission. Finally, starting work ASAP creates countl ess opportunities for multi-tasking. The
main drawback directly related to the ALAP-scheduling is that, in traditional critical path
terminology, all tasks become critical. An increase in duration of any task will push out the project
end date. Aswill be explained in Section 2.3.5, buffers areinserted a key points in the project plan to
act as shock absorbers in order to protect the project end date against variations in task duration. In
this way, we can exploit the benefits of ALAP-scheduling with adequate protection against
uncertainty (Steyn, 2002).

2.3.1 Variation and Uncertainty

In the context of project management, variation concerns the inherent uncertainty of task durations.
The duration of any task will vary, depending on various reasons. Those reasons could be due to
common cause variation (normal random fluctuations) or special cause variation, which could be
identified, i.e., a cause that is specific to some group of workers, to a particular producti on worker, to
a specific machine, or to a specific local condition. However, even when each and every step of atask
is executed within acceptable duration, the project as a whole will ill contain a degree of variation.
This is referred to as common cause variation. The common causes are variations in duration that
predictably occur because they are part of the system within which projects are performed. Special
cause variation refers to the variation in parts of the task process, which essentially makes those parts
of the process unpredictable. Specia causes are dealt with as part of risk management (Leach 2005,
p104).

Traditional project scheduling accounts for the presence of inherent common cause variation through
adding safety time (the amount of time needed to ensure on time task completion) to each project task,
whether they are on the critical path or not. A project manager’s job then consists of making decisions
and taking actions based on the finish date of each task and how it affects the overall project schedule
This practi ce makes project management and control difficult. CCPM instead offers an alternative, in
order to manage the variaion, resulting in shorter schedules. It improves the accuracy of prediction
(reliability) for project plans by addressing variation through the use of time e ements called buffers,
placed in strategic positions in the project schedule. These buffers aggregate the protection (by
removing of safety from the individua tasks) that a project needs to meet its due date and alow focus
on project duration (Leach, 1999).

2.3.2 Negative Resource Behavior

Traditional project scheduling mode s rely on tasks with embedded safety times and task due dates to
schedule and control projects. This approach does not take into account the impact of negative
resources behaviors that will minimize the ability to gain time on the schedule. However, as discussed
above, project tasks are likely to take much longer than expected, and less likdy to take a shorter
time.

The Critical Chain methodology is not only a scheduling tool but also provides managing guidelines
in order to deal with the human (resource) nature that can adversdy affect the duration of task
execution. To this end, the CCPM methodology uses an aggressive project schedule with shortened
task duration estimates based on the idea of correcting such behaviors and focuses on human
problematic behaviors during performing tasks in a project. Traditiona project scheduling methods
gtimulates these negative behaviors because task performers are aware of embedded safeties of task
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estimates and tend to commit only on the estimated duration and due date of each task. Examples of
these behaviors are;

Parkinson's Law: “Work expands so as to fill the time available for its completion” (Newbold,
1988). This can happen when a resource is unsure of the completion criteria and continues to work a
task often to a perceived due-date. This can also happen when a resource hits an obstad e to task
completion. As the obstacle delays the completion of the task, the resource may work on other
aspects of the task, thereby expanding the task-content to fill the time it takes to get the obstacle
resolved. The best course would be to focus on the obstacle, get it resolved, and then finish the task.
The negative behaviors are explained bel ow are aso other exampl es contributing to Parkinson’s Law.

- Gold-plating: This is induding enhancements that are not necessary to accomplish the objective
of aproject’ stask. Thisis a significant factor in software devel opment projects. The critical chain
helps to minimize “gold plating” when atask performer whois on the critical chain is aware that
taking time to add features will delay the project completion. This consciousness encourages the
task performers to compl ete their task as soon as possible.

- Three-minute egg rule: This happens when there is a belief that the quaity conditions are not to
be met if the task is completed in shorter time than the estimated duration time for it or the
assumption that quality conditions requires using the entire time allotted to execute a task.

- Sandbagging: Thisisan American slang term that implies inflating an estimate. If resources finish
their or her task earlier than planned, they might be accused of sandbagging the estimates instead
of being rewarded for completing ahead of schedule In such an environment, resources are
worried about the future estimates that will be cut by management. Hence, they enjoy keeping the
early finishes hidden and officially finish on schedule.

Multi-tasking: Another reason that cause tasks take longer is multi-tasking. Multi-tasking occurs when
the project organization assigns a resource to perform multipl e tasks during a particular time window.
As aresult they need more time to complete their tasks or may start their tasks later than planned.
Multi-tasking can be done on the same or on different projects. This does not happen often in
construction and engineering projects, because it is physicaly impossible. In IT projects the
temptation for multi-tasking is strong because they are human-resource intensive projects. Sometimes
multi-tasking can contribute to the proper execution of task. Hence the obj ective is to avoid bad multi-
tasking that causes delaying of tasks.

Expectations: Task A

Task C
Lost Productivity due to context switching

nanasers 8 (] I D () I

Priorities are
Should happen: Task A Task C established and
followed

Figure 2.7 An example of multi tasking and lost productivity because of it
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Sudent syndrome: Resources sometimes start tasks later due to the Student Syndrome or
procrastination, like a student who waits until the last minute to complete an assignment for which
more than adequate was originally considered. This generd tendency also exists in many of human-
resources involved in a project. Often, the major difficulties in completing a task are not discovered
until the resource really performs his or her assigned task. This usually happens in the latter part of
task execution and it is then impossible to compl ete the task within the time estimate.

Milestone date

Effort Student syndrome
performance

Task time

Figure 2.8 Student syndrome or procrastination
(Source: Avraham Goldratt Institute)

De-Synchronization or Dependencies effect: One reason that tasks are not completed earlier than
planned is the effect of dependencies. This can happen when resources are not available when
expected to work on a task and/or when task completion criteria have not been fully met from
predecessor tasks. Both situations drag out task accomplishment (Kendall, in Kerzner 2003, ch.22)

CCPM confirms these human problematic behaviors hidden in each task and assumes that resource
behaviors can be modified. To minimize the mentioned resource behavioral problems and to avoid
wasting of dlotted safety times in the duration estimates of project tasks, CCPM recommends that
task duration estimates should be shortened and safeties embedded in duration estimate of each task
should be diminated. CCPM then aggregates the amounts of safety time in the form of buffers to
protect due-date performance, and to avoid wasting this safety time because of bad multitasking,
student syndrome, Parkinson's Law, and poorly synchronized integration. Besides, conditions should
be provided wherein the basdine schedul e with shortened task duration estimates, can be protected. In
the next section, these conditions will be further described.

2.3.3 Aggressivetask durations estimates

CCPM is based on the premise that uncertainty in task duration is the major factor affecting the ability
to compl ete the project on time and strives to better manage the safety times that are added to each
task for dealing with uncertainties.

Traditionally, planners protect tasks completion by adding safety times to task duration estimates.
These safeties must deal with the uncertainty involved in the work (uncertainty embodied in
Murphy's Law: if anything can go wrong, it will). Unfortunately in practice most of these safetiesin
different manners as mentioned above are wasted. Goldratt also refers to this matter and argues that
the main reason for project overrun is because of the misuse of the safety time created within the
estimated times for each task. He believes also that a consequence of the three time estimates used in
PERT and their weighted mean being used for scheduling by CPM, will be atendency to overestimate
the times to give areasonabl e degree of certainty of timely completion (Rand, 2000).
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In traditional project scheduling, tasks duration estimates are such that the probability of timey
completion is about 90%. To avoid negative behavioral problems CCPM removes the embedded
safety time from the task estimates and shortens them to the point where the probability of timey
compl etion for task is about 50%. The difference between an estimate with 90% confidence and an
estimate with 50% confidenceis then the removed safety time of each task (L each, 2005). The Critical
Chain methodology requires that the schedul e be built with the 50% estimates without any safety. The
reduced task duration is the time that a task expects to teke, if a full sustainable leve of effort to be
made to perform it, the required resources are available when needed, and there are no significant
problems during task execution (Patrick, 1999).

P(t)

&

' 50% E(X) 90% time—»

[T Satety

¢ Conservative or pessimigtic
estimate 90% confidence

Aggressive or optimistic
estimate 50% confidence

Figure 2.9 A typical probability distribution for a task with uncertain distribution.

Figure 2.9 illustrates a typica probability distribution for a task with an uncertain distribution. The
horizontal axis shows time, the vertical axis shows the probability of task completion at a given time.
Timet0 is the median or the time it takes to complete the task with 50% certainty. The long tail at the
right side of curve reflects the time required for the task to complete with a high degree of certainty.
Goldratt (1997) suggests using the median, while the Product Devel opment Institute (1999) arguesin
favour of the mean. Herroden and L eus (2001) concluded from their full factorial experiment that the
use of the mean task duration provides the safest estimates of project duration. Figure 2.10 illustrates
an aggressive CCPM schedule with shortened task duration estimates (with 50% certainty of
compl etion).

A 4

Figure 2.10 Shortening of tasks duration from 90% completion certainty to 50% certainty

234 Rday-Race (Road Runner) Behavior

To make 50% task duration estimates achievable, a further principle of CCPM is that the start and
finish dates of individual tasks are not monitored during project execution. This is done to remove the
pressure on task performers that work on the critical (chain) tasks and to promote acceptance of the
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idea that one half of the time tasks can overrun their estimated durations. In these situations, task
performers do not need to wait for the scheduled start date of each task on the critical chain and each
successor (critical) task can be started as soon as its predecessors are completed. This is known as
Relay Race work ethic or behavior - start immediatdy after receiving the baton. Once started, finish
as soon as possible and pass the baton to the next process (Lechler et al., 2005).

Inthisway it is possibleto take advantage of early finishes of tasks and to compensate delays of some
of late tasks. Task performers that work according to the relay race are assured that in case of
reporting early finishes, their next task durations will not be shortened. CCPM strives to substitute the
negative resource behaviors with the relay racer behavior by encouraging resources to focus on one
project task at a time, and passing on their completed work as soon as possible CCPM counters the
Parkinson’s Law by using 50% task duration estimates, not revealing scheduled task start and finish
dates, and using frequent schedule updates. It counters the student syndrome through aggressive task
duration estimates, providing resources prioritized task lists, and frequent status reporting.

Also because of setting of 50% probability of successful completion for each task estimate, 50% of
the tasks are expected to be ddayed. The primary emphasis of CCPM is for resources working on
tasks to work as efficient as possible to achieve the aggressive schedul ed task duration. For being late,
no pendlties are given if best efforts by task performers are made to avoid it. The expected delays can
be absorbed by aggregated time buffers made from the removed tasks safety that are placed in
drategic positions of the project schedule. The operating mechanism of time buffersin critical chain
schedule will be described in the next section.

2.3.5 Buffer Insertion

The critical chain approach suggests the shifting of focus from assuring the achievement of individual
task estimates (sub-optimisation) to assuring the only project completion due date that is the global
goa of the project. To protect the project due date, and to avoid wasting task safety times, CCPM
prescribes that safety times should be iminated from the individual task duration estimates and
aggregated in the form of time buffers at strategic locations in the basdine schedule because CCPM
daims that an aggregation of task safeties in the form of buffer provides a better protection regarding
singletask safety times (Herroden et a., 2002). Leach (2005) states “The Critical Chain methodology
exploits the statistica law of aggregation by protecting the project from common-cause uncertai nty of
the individual tasks in atask path with time buffers at the end of path in the project network” (Figure
2.11). The protecting time buffers are not slack time. They are an integral part of critica chain
schedule with shortened or aggressive task duration estimates. In addition, estimates of durations are
never perfect. Without inserting of absorbing time buffers the protecting of project completion due
date and committing to it in the critical chain planning cannot berediable.
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Figure 2.11 Achieving 90% certainty with an aggregated Project Buffer (Source: Zultner, 1998)
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CCPM shifts the safety times associated with the critica chain tasks to the end of the critical chainin
the form of a Project Buffer to protect the project due date promised to the customer from variation in
the tasks of critical chain (figure 2.12). This improves the reliability of the overall due date as well.
The promised delivery date of the project is then the sum of the critical chain duration plus the Project
Buffer duration.

e el S5 T T
s

Figure 2.12 Inserting of Project and Feeding Buffer(s) to protect shortened project schedule

Feeding Buffers are another type of time buffers in CCPM that are inserted whenever a non-critica
chain task joins the critica chain (figure 2.12). Their aim is to protect the critical chain from
unforeseen difficulties and disruptions on the non-critical tasks feeding it, and to allow critical chain
tasks to start early in case things go well. When the project network consists of only one path, no
feeding buffers are needed.

Thereis apossibility that the insertion of a feeding buffer into a non-critical chain make the resulting
feeding chain longer than the criticd chain. This means that non-critical tasks have to be started
before the first task on the critical chain or that time gaps need to be introduced into the critical chain
of buffered baseline schedule. To answer this problem, the critical chain is smply defined as the
longest chain of resource and precedence the un-buffered CCPM project schedule before the buffer
insertion (Herroelen and L eus, 2001).

The third type of buffer used by CCPM is cdled a Resource Buffer, which is a virtud task inserted
prior to critical chain tasks that require critical resources. Critical resources are resources that work on
the critica-chain tasks and should not be interrupted or multi-tasked during their performance. The
resource buffer works as an advance warning signal to the critical resources that should work on a
critical chain task which is expected to start shortly. According to CCPM, this wake-up call will cause
the critica resource to complete any non-critical task and be ready to start work on the critical chain
task as soon as its predecessors are completed. The resource buffer does not use time on a schedule
which it protects the critical chain from lack of availability of required resources and provides the
possibility for critical chain tasks to start early (Leach, 2005).

CCPM recommends that the buffered basdine schedule and the identified critica chain should not
change during project execution except for major disruptions that consume in high speed the
protection offered by the project buffer. Thisis encouraged by theideathat rescheduling and changing
the critical chain may lead to losing focus.

2.3.6 Buffer Management

In CCPM, in order to provide focus and be proactive during project progress, the buffers are
monitored to ensure that critical chain and project due date are protected. This mechanism is called
Buffer Management and is the key to managing and tracking of project performancein CCPM. Every
task in a criticd chain scheduling is connected either to a project buffer or feeding buffer. As project
execution proceeds, if a task takes longer than estimated, it consumes the buffer that its path is
connected to.
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The buffers hep management to act proactively. Buffer Management identifies potential problems
much earlier than they would ordinarily be detected using traditional project management techniques.
Buffer Management frequently compares the consumption rate of each buffer to the progress rate of
the (task) chain leading to it. Aslong as there is some predetermined proportion of buffer remaining,
the chain progress (project progress in case of project buffer) is assumed to go wdl. If the executing
chain consumes a buffer by a certain amount, a warning signal is raised. If the buffer consumption
raeis high so that whole of the buffer are expected to be consumed before completing of the tasks
leading into it, corrective action should be taken.

The buffers are divided into three equaly sized regions (Green, Ydlow, and Red). If the buffer
consumption is in the green zone, no action is required. If the consumption enters the yellow zone,
then the project manager should assess the problem and think about possible courses of action. If the
buffer de etion reaches the red zone, then the project manager should act. Figure 2.13 illustrates the
three zones associated with a buffer.

Figure 2.13 Buffer Zones Green, Yellow, and Red (Source: Goldratt, 1997)

The two essential measurements of project performance in buffer management are the percentage of
the critical chain completed and the amount of the project buffer consumed. The relationship between
the critical-chain completed to the amount of project buffer consumed is the signal to management for
gppropriate action. Project review meetings focus on whether the compl etion of the critical chainis a
a pace for completion without consuming the project buffer. In this environment, the role of the
project leader shifts from afocus on all tasks to those tasks that are on the critical chain. Also, focus
remains as necessary for any feeding chains that may be in danger of impacting the ability to start a
task on the critical chain.

The tri-colored graph located below is caled a Fever Chart. This chart shows the % Buffer
Consumed vs. % chain complete for a (single or multi) project. The purpose of the Fever Chart isto
instantly tell the project status to the project manager, the client, the project team, and senior
management. Measuring the trend of buffer consumption i mproves the early-warning aspect of buffer
management.

If thetrend line enters the red zone (L ast third of the buffer- Figure 2.13), the project isin trouble The
Project Manager must then prepare to intervene. The project stakeholders must meet to discuss
immediate corrective action that is required for the project. If the trend line is in the yellow zone
(middie third of the buffer) the project manager must assess the project status carefully. Recovery
action may be needed or considered. If the project isin the green zone (first third of the buffer), al is
wdl with the project. If the project finishes in the green zone, most likdy the schedule had too many
safeties injected and was not properly scheduled using CCPM techniques.
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Figure 2.14 Measuring the trend of buffer consumption using Fever Chart

Figure 2.14 is aso-called Fever Chart for asingle project. The Fever Chart provides an instantaneous
snapshot of the project status. By measuring the percentage of buffer consumption relative to the
percentage of the critical chain completed, the management is able to measure the status of the project
a any giventime Thetrend linein the figure 2.11 indicates that at the beginning of project execution
the project buffer is being consumed rapidly relative to the amount of the critical chain tasks
accomplished.

To calculate the buffer consumption rate and project progress, frequently reporting the Remaining
Duration of each task is needed. Compared to the traditional project monitoring, this is a shift from
focusing on percent of work (task) complete to focusing on how much time is left to accomplish
unfinished (chain) tasks. This traditional manner of project control is subject to different
interpretations. There is a human tendency to say that atask is 90% completed very quickly, and then
spends just as long or longer finishing up the last 10%. Hence CCPM tracks progress through the
team members estimates of remaining duration rather than work performed. A comparison of the
remaining duration of atask withits original estimated duration is an effective measure of progress of
the tasks on the chain. The buffer management reports the remaining duration of the project buffer as
measurement of the project performance.

In the Fever Chart two factors are frequently calculated: Chain Percent Complete and Buffer Percent
Consumption.

- Calculating Chain Percent Complete for Critical Chain:

% Chain Complete = (original Critical Chain duration — remaining duration of longest chain) /
original Critical Chain duration

- Calculating Chain Percent Complete for Feeding Chains:

% Chain Complete = (original duration of longest feeding chain — remaining duration of longest
chain) / original duration of longest feeding chain

Example:
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Figure 2.15 Calculating of Percent Chain Complete in Buffer Management
(Source: Realization Technologies Inc.)

- Cadlculating Percentage of Buffer Consumption:

The percentage of buffer consumed (% Buffer Consumption) for a buffer is the consumption rate by
the chain leading to it. If there are multiple chains, the worst valueis taken.

Example:

10 days
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Figure 2.16 Calculating of Percent Buffer Consumed in Buffer Management
(Source: Realization Technologies Inc.)

2.3.7 Task Management

The necessary changes in the behavior of task performers (see Section 2.3.4) requires finding new
people or defining new functions, e.g. task management in order to support the optimal utilization of
the Critical-Chain rules. Active and close managing of tasks during project execution ensures that
tasks are performed with the right priority, with minimal interruptions during execution and in an
efficient manner. In order to achieve these objectives, task managers use the outputs of the buffer
management analysis and monitor the remaining duration of executing tasks. They coach task
performers in their task mission and play a key role in minimizing multitasking, student syndrome,
gold-platting, and maintaining Critical-Chain rules during the project execution in order to keep the
project on track (Leach, 2005). The process needs also to protect task performers from micro-
management (a management style where a manager closely observes or controls the work of ther
empl oyees) while all owing the work to be performed with arelay race mentality. This keeps resources
productive instead of keeping them constantly busy. Otherwise, without monitoring and managing of
tasks, allocated buffers get wasted which creates the feeling that aggressive task estimates are
unredlistic. This causes that the organization loses gradualy its CCPM support and reverts to its old
manner of working, i.e adding safeties to project individual tasks, missing insight in the setting of
priorities and dropping back into the old behavior patterns. The identified critical chain tasks and ther
buffer status are the focusing point for managing of tasks until they are not critical anymore or are
compl eted.
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In CCPM, one of the key changes is how people are measured and managed (L each, 2005). CCPM
points out that uncertainty in the projects exists, which implies that there is no direct way of
measuring if a person is under-performing or is faced with uncertainties. Also through imposing
aggressive task duration times, it is expectabl e that not all of tasks are performed within the planned
estimates of the durations that were made. At the same time, there is a process in place that builds
accountability for how resources are used. Therefore in CCPM the resources, e.g. task performers are
asked not to report their work progress in percentage of completion since this assumes fixed task
durations and focuses on the amount of work done. In the CCPM monitoring and control process, the
constant question is the amount of work that is left to do for each task (project), in other words, how
many days are still needed to finish the task (project). The reason behind this question is the
fluctuations during the task execution depending on the severity of obstacles that are encountered.
Hence, in the Critical-Chain approach, the executing-tasks of project are frequently updated whenever
tasks are gtarted, finished or are still in progress (not completed yet). Task Manager uses updated
buffer reports to decide which tasks to focus on next, and to determine when and where to take action
to recover if the tasks are in the red zone. Issue resolution is other important task of the Task
Managers. Issues are areas of concern that impact the reaching of atask (project) completion.

Task Time

Work Content Interruptions  Parkinson’s Law

v

Figure 2.17 Needed total time because of execution losses

Figure 2.17 illustrates the time needed while working on a task. There is time for doing the work
content, and time allowed for interruptions (waiting for issues to be resolved, decisions to be made,
priorities to be clarified, waiting for other tasks to complete, multi-tasking on other higher priority
work, etc). Findly, there is time consumed by Parkinson's Law (work expands to fill the time
available). CCPM recognizes that actual task performance times include common-cause varieion, eg.
as outcome of Parkinson's Law, and task performers are not criticized for ther task-duration
performance.

2.3.8 Buffer Sizing

In the literature, different ways for sizing of buffersin Critical-Chain Scheduling are mentioned. One
of these was given by Goldratt (1997) who suggests that the project buffer size should approximatey
be haf the size of the sum of the preceding tasks (with aggressive or median time estimates).
Similarly, the sizes of feeding buffer should be 50% duration of the feeding chain leading into it. This
method is called Cut and Paste Method (C&PM). The reasoning behind this method originates in
gatistical rules to combine variances, which means that it is possible to protect a chain of tasks to the
same levd of probability with much less total safety time than the amount of protection needed for
each individua task. In other words the overall variance of the Critical Chain will be much less than
the addition of all the individual variances for each task. Consequently, aggregation of the safety
times dramatically reduces the overall estimated time for chain of tasks.

However this method is simple, it is a linear process, which means that as the size of the buffer
increases linearly with the length of the chain with which it is associated. Consequently, the result
may be an unnecessarily large amount of protection, which could lead to uncompetitive promised due
dates and loss of business opportunities. In addition, due to the linear mode upon which the cut and
paste method is based, short chains of tasks tend to get dangerously short buffers. Herroelen and L eus
(2001) reported in their study that the Cut and Paste method serioudy overestimates the buffer sizes.
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In general, using the Cut and Pate Method for project environments such as new product devel opment
are not recommended (Tuke et d., 2006; Product Devdopment Institute, 1999). Leach (2005)
recommends in each case, the size of the buffers should never be less than 25% of the time (Iength) of
the (critical) chain leading to it, and the project buffer are typicaly sized between 30% and 50% of the
critical chain duration. He argues that chains with many tasks of uniform length may calculate a
rdatively small buffer, providing i nsufficient protection.

The adternate buffer sizing method is known as the Root Square Error Method (RSEM). This method
requires both safe and aggressive task duration estimates for each task. The first estimate should
include enough safety to protect the execution of tasks against the contingencies. The second estimate
is the average estimate without safety time whereby the task will be performed at a full leve of effort
without interruptions imposed by external factors. The RSE method uses then the difference between
safe (90% probable time) and aggressive (50% probable time) estimates to calculate the most likey
error in the duration of entire chain. It sizes a buffer as the square root of the sum of the squares of
task safeties for each chain of tasks. In this method it is assumed that project tasks are independent. In
Figure 2.8, as an example, the critical chain plan uses the 50% probable time to create a critical chain
of thethree tasks that is 15 days long. The project buffer, the square root or the sum of the squares of
the differences between the 50% time and the 90% time (each 5 days) is 8.66. The tota project
duration is then about 21 days and that is 6 days |ess than the project duration in the traditional project
planning. Tukel et al. (2006) pointed out that compared to C&PM; RSEM has a distinct advantage of
not generating very large or very small buffer sizes based on the length of the feeding chain.

The methods explained above do not incorporate the project nature, e.g. resource tightness (the ratio
of tota resource usageto total resource availability) and complexity of project network schedule, into
account when determining buffer sizes. Tukel et a. (2006) state “When in a project the total resource
usage is close to the total resource availability, it is more likdy that ddays will occur. Thus there
should be larger buffers to absorb the delays. Similarly, for a given number of tasks, as the number of
precedence rel ationships increases, it is again more likely that delays will occur. In this case the tasks
aremoreinterrelated and adelay in atask completion will influence all of its successors. Therefore, as
the number of precedence rdationships increases, the buffer size should also increase” To address
these issues they suggest new adapti ve methods for the sizing of buffers.

24 CCPM Critiques

Although the Critical Chain methodology acts as an important eye-opener to traditional way of project
scheduling and control, with the idea of setting an aggressive precedence and resource dependent
schedule and protecting it against uncertainty by means of inserting buffers. However, thereis till a
lack of consensus in the CCPM over the underlying assumptions and the availability of supporting
empirical evidence.

CCPM suggests reducing of the task duration estimates by a certain percentage, e.g. 50%. Raz et al.
(2004) refer to this issue and state “ Clearly such an approach is problematic, not only due to the need
to justify the percentage reduction chosen, but also due to the fact not all people overestimate by the
same amount. At any rate, the behavioral aspects of identifying the precise amount of safety margin
and taking it away from the task owner are dedt only superficidly by CCPM literature, and till
require empirica support”.

CCPM, however, does not provide a sdentific basis for determining the buffer size, while the sizing
of buffers obviously has a significant impact on the CCPM project due date (Raz et a., 2004).
Therefore, it is confusing when no sound guiddines or prescriptions for the amount of cutting in
original estimated task duration that has a direct impact on the project performance, are given.
However, despite the different suggested methods in the literature, (Section 2.3.8) thereis still alack
of consensus for the amount to be cut in original estimated task durations. Furthermore, determining
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the size of a buffer in a highly uncertain and competitive environment, such as the product
devd opment, is more crucial than in construction projects where the magjority of tasks are routine and
with |ess uncertainty.

The CCPM theory does not prescribe a specific agorithm or heuristic for solving RCPSP, out of the
numerous methods that have been published in the literature and that vary in terms of average
distance from the optimum. Creating a precedence and resource dependent base line schedule that
minimizes the project duration is not easy because the RCPSP is NP-hard. Different sub-optimal
procedures for solving a RCPSP may yied different schedules with different critical (chain)
sequences. CCPM minimize this issue by saying that the impact of the scheduling method used is
sdldom larger than the uncertainty of the project (Herroden and Leus, 2001). Also if there is more
than one critical chain in the schedule, CCPM recommends choosing one and buffering the others, but
does not say the reason behind this.

Another critique is that the CCPM schedule may not be stable during the project execution. However,
uncertain events during the project execution-task delays, the necessity to insert new tasks,
unavailability of resources may sometimes dramatically change the composition of the critica
sequences. In this situation the project buffer cannot absorb completely the schedule changes and it is
not sufficiently protective. Despite the CCPM dissuasion to reschedul e frequently, CCPM seems not
adapted to environments with very high uncertainty such as new product development, where
uncertain evolution structure of the projects certainly requires frequent rescheduling (Herroelen and
Leus, 2004). Also, with inserting feeding buffers, non-critical chains push back intime. This may lead
to new resource conflicts and changing of the already solved RCPSP in un-buffered projected
schedule. The literature is not clear about how this can be solved (Herroden and L eus, 2004).

Herrodlen and Leus (2001) have validated the working principles of CCPM. They reached the
condusion that the Critical Chain methodology acts as an important eye-opener but constitutes a
serious oversimplification of the real problem and induces the need for additional research. Even if
CCPM is simplistic and oversold, it is worth studying for its several pieces of good advice, in this
respect, CCPM:

- Accounts for duration uncertainty by making buffers explicit;

- Explicitly addresses the resource availability;

- Focuses on the critical tasks and resources;

- Provides aproactive tool for project monitoring by managing inserted buffers;
- Provides advance notice of upcoming work to critical resources;

- Takes advantage of early finishes;

- Provides visibility to the schedule when a project is in troubl g

- Addresses expliditly the problematical aspects of human-resource behavior.

25 Summary

The mgjor difference between traditiona and critical chain scheduling is in how uncertainty is
managed. In traditiona project scheduling, uncertainty is managed by adding safeties into task
durations, starting tasks as early as possible, multi-tasking and focusing on meeting task due dates.
While in Critical-chain scheduling, uncertainty is managed by setting aggressive task duration
estimates, generating a precedence and resource dependent baseline schedule by solving RCPSP,
scheduling back from the date a project desired to complete (scheduling tasks as late as possible),
inserting aggregate buffers at key pointsin the project network schedule in order to protect the project
due date and the critica tasks against duration increases and variation, and using buffer management
to monitor and control the project execution.
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Critical Chain suggests the shifting of focus from assuring the achievement of task estimates and
intermediate milestones in the traditional project scheduling to assuring the only date that matters and
that is the final promised due date of a project. The criticd chain scheduling method requires the
dimination of task due dates and milestones in the CCPM schedul es, and differs from the traditiona
project scheduling in that it is also based on dynamic schedul es that are robust against uncertainty and
disturbances.

In the traditional CPM method, the critical path is the longest path through the network diagram and
has no slack or float. This longest chain of tasks based upon task dependencies while in the CCPM
planning the critica chain is the longest chain of tasks that consider both task dependencies and
resource dependencies. It is not necessarily equivalent to the longest chain in project network since,
sometimes, there are non-critical tasks that begin before the critical chain tasks. This happens when
the feeding buffers are inserted by pushing back their feeding chain. The critical chain, the important
chain of tasks that is supposed to determine the duration of project, is started later than non-critical
chain task. Also gaps may be created in the critical chain of buffered critical-chain schedule. The
critical chainisthus the longest chain before the buffers areinserted in the project schedule.

There can be more than one critical path if the lengths of two or more paths are the same. The critical
paths may change as the project progresses. This occurs when other paths experience delay, and
redefines the longest (zero float or slack) path to complete the project. The critica chain however
does not change during project performance. If there exist more than one critical chain, an arbitrary
choice is made. The critical path often changes during execution because there is no buffer to absorb
the variation in task durations. The Critical Chain schedul e and the Criticd Chain itsef do not change
throughout the life of the project, because the buffers absorb the uncertainties in task duration.

In the traditional project management, the negative behavioral aspects of resources are not explicitly
addressed while Critical Chain methodology addresses them and strives to substitute a dedicated
behavior (relay race mentality) wherein people are not measured and are not held accountabl e for task
delays. Managing tasks by due dates is not done, and resources are asked to pass on ther outputs to
the next resource as quickly as possible.
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3 CCPM for the multi-project environment

3.1 Introduction

Nowadays in project environments many projects occur concurrently and compete for the common
critical resources. As a result managers have to constantly monitor and react to contingencies during
execution of interdependent projects within the organization, but a the same time they do not have
sufficient visibility of how problems and decisions on one project impact other projects. This chapter
reviews the Critical-chain approach in multi-project environments and how it addresses the
interdependencies of projects.

3.2 CCPM in multi-project environment
The CCPM approach provides a prescription in both, single-project domains by identifying critical
chain of tasks, and multi-project environments by staggering projects based on the identified most
critical resource between multiple projects.

In single-project environments, projects are considered as independent and the critical chain is the
constraint for each single project. In the multiple-project environment, constraints are the heavily
loaded resources, which are demanded by multiple projects that restrict the number of executing
projects of an organization. The multi-project approach of CCPM identifies the most constrained
resource (Drum Resource) which is commonly used across the organization projects and more heavily
demanded relative to other resources. If overloaded or not available, this resource is the one most
likdy to impact on the project duration of al projects. The CCPM staggers the project schedules
based upon projects priority in order to remove the drum resource conflict throughout the whole
organi zation, whilst maximizing the throughput of the organization (number of completed projects).
This is the objective of the CCPM approach for multi-project environments (Steyn, 2002; Leach,
2005). The staggering of projects across drum resource is also known as projects synchronization
(Patrick, 2001).

In a multi-project environment projects are interdependent and they share a common pool of
resources. Traditionally projects are scheduled as if they are independent. Consequently, it was
impossible to foresee how delays in one project impact on the due date of other projects in an
organization. As a solution, the Critical-Chain methodology integrates each project schedule into a
Drum (pipdine) schedule. The aim of integrating project schedules (pipdining) is to improve the
throughput of the organization, also known as completion rate of projects. Hence, the intention of
pipelining of projects is not about starting projects as soon as possible, but it is about getting more
projects compl eted.

While scheduling a pipeline of prioritized projects, CCPM identifies a drum resource, which is
commonly used across projects, is heavily in demand, and its unavailability constrains the projects
completions. After identification of a drum resource, CCPM staggers the projects considering the
drum resource availability combined with individual critical chain project schedules. Critical chain
daims in this way the resource conflicts between projects will be decreased which results to
increasing the organization's throughput. In the next section the steps for making a CCPM multi-
project planning are explained.

3.21 Prioritizing of projects

The Critical-Chain multi-project (pipelining) approach begins with projects prioritization in order to
avoid multi-tasking for use of the drum resource at project level. This prioritizing can be based on
market devel opments, financial benefits the organization expects to gain by project compl eion, or any
other appropriate organizational measure.
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Figure 3.1 Three prioritized project schedules

3.2.2 Staggering (synchronizing) of projects

In a multi-project environment, CCPM removes resource conflicts on the most constrained
(bottleneck) resources across al projects of an organization (Patrick, 2001). This happens through
staggering (synchronizing) of the projects across the identified drum resource. Figure 3.2 illustrates
the staggering of the projects across the Drum Resource (for the tasks with longest duration on the
critical chain of each project- in this case the middletask with a duration of 10 days).

The purpose of identifying the drum resource is to stagger the start of the projects in order to avoid
drum resource conflicts between the projects and to reduce overloading for al resources. To achieve
the maximum effect of staggering the projects, Leach (2005) suggests that the identifying drum
resource should be the resource that controls the largest amount of critical chain time on projects
(Leach, 2005, p155).
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Figure 3.2 Staggering of projects across a (drum) resource
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To stagger the organization projects, after prioritization, the drum resource and therefore the
constraint on system throughput should be identified. In the Figure 3.1 the red tasks (those are marked
with the letter R) are presumed to be the tasks with more heavily demanded resources across the
depicted three projects. In the next step, the resource R among the three projects is staggered so that
the resource conflicts between the tasks requiring the identified drum resource are removed.
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Figure 3.3 Identifying Drum Resource between the projects
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Figure 3.4 staggering across drum resource according to the project prioritization
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Staggering the projects in this way reduces resource conflicts for other critical resources, not just the
drum resource. This happens especially when the projects are identical or similar (Figure 3.4). Most
multi-project environments, however, do not have similar projects. Hence synchronizing of projects to
the drum resource eiminates only the drum resource conflicts (Leach, 2005, p151). The remaining
conflicts between other resources are absorbed through inserting of so-called Capacity Buffer (see
next Section) between the projects (Patrick, 1998).

Kendal (2003) pointed out that staggering projects to the availability of the drum resource e also
reduces the effect of bad-multi-tasking between the projects and improves the progress of projects.
This also helps to increase the predictability in each project outcome and to increase the effectiveness
of critical resources. A shorter individual project cycle time and an increase of the number of projects
that can be pushed through the system without increasing resources result from staggering the rel ease
of new projects (Kerzner, 2003, ch22).

As mentioned above, with multiple projects CCPM approach does not synchronize al resources
across all projects. Instead, it focuses on the most demanded resource shared between multiple
organization projects (e.g. department, facilities, and equipment). If increasing the capacity of such
most demanded resource is not possible, then it is necessary to protect and monitor workloads. CCPM
synchronizes the projects using the drum resource only, and leaves handling the other resource
demand fluctuations in the drum (pipeling) schedule to the project and capacity buffers.

CCPM first solves the resource constrained project scheduling problem (RCPSP) for each individual
project at the multi-project organization with a simplified approach in order to ensure that there is
enough time in each project base line schedule according to the available resource capadities. The
CCPM Multi-project gpproach does not suggest solving RCPSP across dl organization projects
because during the execution the individual project schedules are still subject to uncertainties, which
lead to new resource conflicts among projects and schedul e disruptions. The RCPSP isadeterministic
technique and the task durations are probabilistic, i.e. exhibit substantial variation. Instead, by
staggering each single project in multi-project environment and placing a strategic capacity buffer
between projects, CCPM addresses the recourse contention between projects and captures the
variability in one project that impacts the delivery commitment of another subsequent project of
organi zation (L each, 2005).

3.2.3 Inserting of Drum and Capacity Buffer

In Critical-chain multi-project approach, two additional buffers are used to ensure the availability of
identified drum resource in the multi-project environment. A capacity buffer is placed between the
projects in the pipdine schedule to link the use of the drum resource. While a drum buffer is placed in
each project schedule prior to the task demanding the drum resource, that requires starting a preceding
task, which does not demand the drum resource earlier so that the drum resource does not need to wait
for a preceding task to be accomplished.

The drum buffer exploits the early availability of the drum resource by assuring that all of the
preceding tasks are complete if the drum resource completes its task in the predecessor project early.
In that respect, the drum buffer operates as a feeding buffer (Figure 3.5). It can be sized as a feeding
buffer for the chain of tasks that precedeit.
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The Capacity Buffer ensures that the drum resource is available for the subsequent project in the
schedule because the staggering may not be enough to buffer one project from variances in the
preceding project causing negative effects to the promised due date of the succeeding project (Figure
3.6). Leach recommends that the capacity buffer should be sized in the range of 25% to 30% of the
constraint-resource capacity but does not defend his recommendation (L each, 2005, p159).
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.

Figure 3.6 Capacity Buffer in Multi-project scheduling

As shown in Figure 3.7, a capacity buffer represents a possible time lag between the completion of
work by the drum resource R on one project and the beginning of work by the same bottleneck
resource on the succeeding project.
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[ Capacity Buffer ]

Figure 3.7 Inserting of Capacity Buffer between two projects

3.24 Task Priorities between multiple projectsin the pipeline scheduling

In traditional project management, the multi-project organizations often tend to launch projects as
soon as possible, concurrently with other projects within the organizati on without sufficient regard to
the capacity of the organization. Consequently, conflicting priorities occur among various projects
and aso the individual projects may claim priority over the use of shared resources to their own
advantage. This may result in multi-tasking if the critical resources are shared by multiple projects at
the same time in order to move various projects along. When multitasking is the result, the work of
task performers may be constantly interrupted by the work being performed on other project, and thus
al projects may have to be delayed.

The CCPM Multi-project approach assigns critical resources on critical-chain tasks of the project with
a high rate of buffer consumption. If during the execution a critical resource it is required to work
simultaneously on several tasks of different projects, CCPM prioritizes the task of the project that isin
the greatest risk of missing its committed date, as measured by the project buffer (consumption)
consumption rate. According to the CCPM rules, working concurrently on the tasks (by a critical
resource) that belong to different projectsis not alowed (Raz et d., 2004).

Task priorities and resource alocations are based on the project priorities and the criticdity of a
project task. In multi-project environment, for each individua project CCPM uses the proportional
ratio of critical chain percent completeto percentage of project buffer consumption to set apriority for
assigning a critical resource between the concurrent tasks of multiple projects. This proportion is also
called Performance Index (or Flow Index). Among multiple projects, tasks that lie on the chain with a
low performance index got a high priority. This provides that buffers are optimally used, and also
reduces pressure to multi-task between projects. For the calculations of chain percent complete and
buffer consumption rate see Section 2.3.6.

- Calculating Performance Index for anindividua project in multi-project environment:

Performance Index = % Chain complete / % Buffer consumption

Example:
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Figure 3.8 CCPM sets the task priorities based on relative impact on buffers of different chains
(Source: Realization Technologies Inc.)

In Figure 3.8, in Project 1 the amount of buffers consumption is 60% while the amount of completed
chain is 50%. The Performance Index here is defined as the proportion of Chain Percent Complete to
Buffer Consumption Rate. The Performance Index for chain 1 thenis 0.5/0.6 = 0.83. In the same way
the Performance Index can be cal culated for the Project 2 as 0.7/0.5 = 1.4. According to the CCPM
rules, the hatched task in the Chain 1 of Project 1 has the higher priority because it has a lower
Performance I ndex.

3.25 Buffer Management in Multi-Project Critical-Chain

CCPM suggests that the combination of the buffer management monitoring technique and the
synchronization of project launches improve the throughput of the organization. Buffer management
is the key to tracking project performance in both Critical-chain single or multi-project approach. At
multi-project level, buffer management compares the project buffer consumption of each single
project to the progress on the critical chain that project buffer protects. The organization projects are
aggregated into a portfolio or system level view of the status of all projectsin the organization. Thisis
shown in the Figure 3.9:

Project
Due Date

% Buffer Consumed

Project
Early Finish
Project

Start % Chain Complete Project

Complete

Figure 3.9 Fever Chart reporting schedule progress on a portfolio of projects

In this example, the projects portfolio has good status. Project A is delayed but projects B and C are
far enough along and in the green zone so that resources of these projects can be swapped to work on
the critical chain tasks of project A in order to get it back on track. In this way buffer management
changes the tracking of complex product development environment into simple and effective decision
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making tool to mange product deved opment process in rea-time. Also it provides the focus for
determining priority of assigning resources to tasks across all projects.

3.2.6 Inserting of New Projectsin the Pipdine (drum) schedule

In a multi-project environment like (new) products devel opment projects, besides the running projects
of the organization, new projects may be considered to be launched. It is then required that all projects
again are prioritized and the status of al projects to be considered. Therefore, it is first needed to
prioritize the upcoming new projects among all the existing projects. If the new project has a lower
priority than the current projects, the schedule then determines the start time for the project by taking
the priority of other projects and the availability of the drum resource into account. If the new project
has a higher priority than a number of running projects, this may lead to interruption or suspending of
these projects. The pipelining of projects to the capacity of most demanded resource of the
organi zation (drum resource) helps to decide when and how it is possible to launch additional projects
and enabl es the management to anal yze how a new project will impact the project pipeline.

3.3 Critiquesof the CCPM Pipdining approach

The critical argument for buffer sizing in the Critical Chain single-project approach aso holds for the
CCPM multi-project prescription, i.e. for sizing Capacity and drum buffer. Raz et al. (2004) state
“CCPM dedls with a multi-project environment by staggering the projects around the most loaded
constraining resource. In principle a any given point in time there could be several constraining
resources, each leading to a different schedule. The premise that there is a single constraining
(bottl eneck) resource seems more applicable to the stable manufacturing and operations environment
than the most project environment”. Thereis, however, no guarantee that the CCPM pipeline schedule
derived from the Critical-Chain schedule of individual projects remains unchanged when the project
portfolio changes dynamically or when a new project should be inserted in the pipeline schedule
Hence the need for re-pipdining is inevitable, which it requires gaining agreements gain throughout
the organization, while there is no warranty that through pipdining the throughput increases. The
other criticism is that by simplistic staggering of projects the resource conflicts between non-critical
resources are not directly addressed. This could lead to overloading and pressure to multitasking of
other resources.

34 Summary

In traditional project scheduling, each project is often managed independently of al other projects.
Shared resources force dependencies between single projects, and each project’s schedule sd dom
accounts for these dependencies. Consequently in traditional ways of scheduling it is impossible
foresee how delays in one project impact other projects of the executing organi zation.

In multi-project environments, criticd chain gpproach connects dl projects in a multi-project
environment together in a pipdine by primarily identifying the most constraining resource within the
multi-project organization. This constraint is a common resource between projects that is heavily
loaded and forms a bottleneck (drum) resource for the release of new projects. It determines the pace
of al projects within the portfolio. Each project is then scheduled across the drum resource in a
manner to maximize the usable capacity of the drum resource. In other words, the start of new
projects is staggered so that new projects reach the drum resource sequentially, based on priority, due-
date, etc. Thisis different from traditional project scheduling, where each new project is released to
operations to start the work as soon as possible, independent of all other projects in the pipdine. The
CCPM suggests that the staggering of projects through the resource constraint help make the
interdependency visible for all projects in the pipeling, and it results in the reduction of bad multi-
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tasking and of the number of active projects in the entire organization at a given point intime. It aso
minimizes the resource conflicts between the projects which lead to projects that are completed in
shorter durations or that more projects can be delivered in the same time period with the same
resources (increasing throughput). Also, the impact of any new projects can be determined quickly
and it helps to decision making process for the launching of new projects inside an organization.

Summarized the Critical-Chain multi-project is about performing three sequenced rules:

1. Buffering of single projects (to manage uncertainty)

Setting aggressive task duration estimates

Scheduling tasks as late as possible from right to left

Devel oping Precedence and resource dependent basedline schedul e by solving RCPSP
Identifying critical chain of each project

2. Pipdining of single projects (to increase throughput)

Prioritization of projects to meet drum resource demand

Staggering projects across drum resource capacity instead of starting as soon as possible
Enabl es the management to anal yze how launching a new project will impact the pipeline
schedule

3. Buffer Management (to prioritize tasks)

Monitors the tasks that are most effecting the system throughput and projects due date
Provides task priorities within the entire portfolio of projects with a common pool of
resources

Provides early warnings to allow the management and the project team to prepare
recovery actions at an earlier stage of project execution.
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4 CCPM application at Bosch CCTV Eindhoven
4.1 Introduction

The purpose of this chapter is to address the second research question:

- Are there differences between the theoretical Critica Chain rules and principles and the
gpplication of CCPM at the Bosch CCTV Eindhoven devel opment department?

In this chapter we describe the characteristics of software devel opment projects. Further, we survey
the CCPM application for (software) product devel opment projects at Bosch CCTV, and finadly we
provide an overview of perceived strengths and deficiencies regarding the CCPM rules and principles
as explained in Chapters 2 and 3. We interviewed different CCPM practitioners at the CCTV
devd opment site. In this study we di stinguished between application or deployment of Critical-Chain
concepts and CCPM implementation. With Critical-Chain application, we mean running projects
according to Critical-Chain rules and principles at project level without regarding to how the rest of
the organization runs its projects. CCPM implementation means making it part of the daily activity of
project’s stakeholders in the organization from executives to project team.

4.2 Natur e of softwar e development projects

In this section we describe the general characteristics of software projects, and the reasons that make
scheduling and executing these proj ects more difficult and uncertain.

Invisible and intangible developing process. Software products are generdly as complex as the
hardware on which it runs. Hence, hardware ddivery usualy depends on successfully developing
software. In comparison, software is an intdlectual product as opposed to a physica or hardware
product. Intellectual products are intangible and largely invisible. This makes software devel opment
projects more challenging because both the software and the procedures for creating the software are
not routine work.

Non-routine tasks: Also, theresult of a software project is always a unique product and consequently
devd opment tasks are mostly non-routine. Software devel opment has few routine tasks and includes a
significant design component which requires creativity and innovation. Together these characteristics
make software projects more uncertain and | ess predictable than hardware projects.

Human-intensive tasks: The software deve opment processes are human intensive and the duration of
atask in software projects depends mostly on the skill of the human-resource assigned to the task as
wdl as the resource learning rate. Hence, if a task is executed by an aternative task performer, this
may result the different expected task durations. Therefore, a managing approach proposed for
software devel opment projects should incorporate resource assignment features in order to cope with
the uncertai nti es caused by the human-intensive processes.

Customisation: If a project involves the custom-development and customisation of software
components based upon the needs of a customer, it is completdy unique and contains more
uncertainty and risk compared to repdiitive, standard, tangible or physicd projects. The reason is that
software development projects incorporate the acquisition of intangible data (requirements of the
customer which are often imprecise) as wdl as the involvement of ateam of task performers whose
sills cannot be measured with certainty. This all makes the software development process more
complex and uncertain (Ozdamar and Alanya, 2001).
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Multi-project environment: Software projects are usualy done in multi-project environments. In
redity, the development projects are not carried out in a single project environment. In software
devd opment, projects with a great volume of scope and lead times are decomposed into manageable
number of so-called sub-projects and assigned to a shared resource pool. This is a multi-project
environment in which projects compete to use resources from a common resources pool within the
organi zation. These projects are often complex regarding to the interdependenci es in resources, sizes,
priorities and progress levels (Lee and Miller, 2004).

Uncertainty is inherent and inevitabl e in software devel opment processes and products (Hadar et al.,
1996). The Critical-Chain approach daims to dea with the uncertainties mentioned above and
provides an approach in order to capture the uncertainties incorporated in the project duration
estimates. Critical chain scheduling differs from the traditional project scheduling methods in how
uncertainty is managed, by aggregating safety times of individual tasks and using them in the form of
protecting buffers in order to absorb contingencies and uncertainties during the projects execution.
CCPM dso dedls with the negative behaviour of human-resources and provides an approach for
multi-project domain wherein multiple projects share a common resource pool in the organization.
These dl indicate the Critical chain methodology as an aternative for planning and managing of
software projects.

43 Product development at Bosch CCTV

The Bosch CCTV Eindhoven (until 2002 Philips Communication, Security and Imaging) devd ops
products for security means namely CCTV cameras and Digital Video Recorders (DVR). Cameras
and recorders consist of Hardware (HW) or technical parts and embedded Software (SW) or
functional parts as their main components. The structure of the development organization is also
concentrated around the main two hardware and software devel opment activities (Figure 4.1).

Development
Eindhoven
Hardware Software
Development Development
HW Project SW Project Leadership
Leadership

DVR Camera DVR Camera
HW Development HW Development SW Development SW Development

Figure 4.1 Project organization structure of Bosch CCTV

Figure 4.2 shows the phases of the Product Redization Process (PRP) within CCTV Business Unit,
each with milestones marking the transition from a phase to the next. New product devel opment spans
the period from initial product definition to mass production phase. These phases are almost identical
for different types of products. The devel opment phases of products are project based, which means
that the phases and the activiti es within each phase are managed as a proj ect.
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Figure 4.2 New Product Development Phases and Milestones

The period between the QA1 and QA2 milestones forms the more practical and time consuming stage
of the whole development process. The development phases for software (SW) and hardware (HW)
are organized and managed in parallel. After the accomplishment of the hardware and software
deve opment phases, the developed hardware and software components are integrated. Depending on
the market situation and adjustments in (product) development targets, it may be decided to develop
further hardware, software or both components of a (new) product. Figure 4.3 illustrates the parall e
process of HW and SW devel opment.
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Figure 4.3 HW and SW Development Phases (QA1-QA2)

In today's digital market, new security products constantly possess more functions. These product
functions are facilitated through software embedded within it. The more functions a product is
planned to have the more complex the software component needs to be Hence, in today's
increasingly digital world, software development has become a critical component of product
devd opment. Software projects are uncertain by nature, and this causes project delays. Regarding the
Critical-Chain approach and its guidelines in order to deal with incorporated uncertainty in the project
schedule, compared to traditional project scheduling techniques, it can be an alternative for project
scheduling and monitoring of (software) devel opment projects.

44 CCPM application at Bosch CCTV

The Bosch CCTV development department also experiences the complexities mentioned in Section
4.2 in its software development projects. In order to cope with the high levels of uncertainty in the
devd opment phases of the software components and to increase the reliability of the project schedules
and predictability of project promises, Bosch CCTV decided to utilize CCPM system in its
devd opment departments. The reasons behind this decision were the promising benefits of the
Critical-Chain appli cation (L each, 2005).

To gain an overview about the current situation and also to get information about the findings and
experiences of Bosch CCTV about the CCPM application, we interviewed 13 CCPM practitioners (1
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senior manager, 2 Project Managers, 4 Task Managers and 6 Task Performers) at the devel opment
department who were responsible for the execution of a new software project. This software project
was also launched as a CCPM pilot project in order to embark on the CCPM principles and work
methods. To support the CCPM deployment, Bosch CCTV purchased the Concerto tool. Concertoisa
web-enabled CCPM software package which uses the popular Microsoft Project planning software
package within its framework, and automates the CCPM processes described in Chapters 2 and 3 in
both single and multi-project applications. The pilot project network was fed into the Concerto tool,
and then the project buffer and feeding buffers were cal culated automatically.

The interviewees had been taught earlier about the CCPM theoretical principles and rules and had
attended different CCPM training workshops. In the interview we asked the project staff about their
findings and experiences with the currently implemented CCPM at Bosch CCTV. In this section we
first sum up the subjects (themes) of the questions in the interview. Next, for each question’s theme,
we compare the experiences and findings of the CCPM practitioners at the Development Department
with the principles and concepts of the CCPM approach. Findly, a summary will be given. In Chapter
5 we pay attention to the CCPM impl ementation aspects in an organization and areas for i mprovement
of the CCPM application at the Bosch CCTV Division, and give some recommendations in order to
improve them.

The interview consisted of different questions about the reasons of implementation of CCPM system
a CCTV, objectives achieved through implementation of it, the weaknesses and strengths of CCPM
principles in practice, application of CCPM in software development projects, the positive
aspects/lessons learned from CCPM deployment at CCTV BU, and the negative aspects and observed
differences in CPM usage a the CCTV department regarding CCPM principles. B ow an overview
of these question and answers to each is given.

4.4.1 Reasonsof the CCPM adoption

From the interviews the following were identified as the major reasons for the CCPM adoption at the
deve opment division:

To prevent project delays; project delays and schedule overruns are named as the main reason for
deciding to apply CCPM at Bosch CCTV.

To increase visibility or transparency; also attempts to get more visbility in project status or
transparency are mentioned as important motivations.

To increase predictability (schedule reliability); predictability or schedule reliability is another reason
embarking on the CCPM approach. Using protecting buffers and monitoring of them helps to operate
proactively and to prepare recovery actions to cope with possible delays.

To increase throughput; increasing the projects flow i.e. compl eting more projects in the organization
with the same resources

Many examples of successful application of the Critical-Chain methodology in the literature indicate
that these objectives are achievable (Leach, 2005). One of proven benefits of Critica-Chain is the
simple and consistent view of the project status. The measurement of the project buffer consumption
rate provides an easy and simple method to monitor and report the project status. Traditional project
monitoring methods do not provide an obvious or early indication that a project schedule is going to
overrun. The CCPM approach provides sufficient early warning signals. The early warnings create
opportunities to alow the management and the project team to prepare recovery actions at an earlier
stage of project execution.
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4.4.2 The objectives achieved through CCPM deployment

More insight and visibility; the answers that are given about the achieved objectives indicate that
through CCPM deployment, more insight into the status of the current deve opment projectsis given.
Also the predictability in terms of promised project due date to both internal and external customersis
improved, which means that it is possible to see what the actual status is of the project execution and
when the project with the current execution trend will be finished. This gives opportunities to the
project organization to operate proactively and prepare recovery actions when there are indications
that the project due date cannot be met.

Shorter delays; in the opinion of the interviewees, despite planning and managing of projects
according to the CCPM approach, schedule delays still happen. They have the impression however
that by using CCPM the delays are shorter than in the past. They named the compl exity of projects,
unforeseen scope requirements or changes, and inability to sound detailed planning because of
technological uncertainties as the major causes of the recurring project delays.

Increasing predictability; another achieved objective is that by means of the early warning operation
system through buffer management system in CCPM, the tracking and removing of conflicts and
problems can be done in an earlier stage of project execution. This provides more predictability for
project managers, project owners and suppliers and assists the decision making process by early
warning system. CCPM anticipates when the project with the current rate of buffer consumption will
be finished.

Improving throughput; the improving of throughput (doing more projects with the same resource
pool) at Bosch CCTV actually was not achieved. Unfortunately at the time of doing this research, the
utilization of CCPM mullti-project approach at the Bosch CCTV devel opment department was still in
the experimental stage and consequently there were no findings or outcomes that confirm the
promised improvements of Critical-Chain multi-project approach as mentioned in Chapter 3.

443 Thestrengths of CCPM approach perceived in practice

a) Transparency and predictability; CCTV observed that through CCPM deployment more visibility
in the project status — transparency & predictability is achieved. The supporting tool of this CCPM
feature is the buffer andysis. The buffer trend (fever) chart reflects the rate of project buffer
consumption during the project execution. It provides a good insight into the project status and
predicts when the project with current execution speed can be completed. The buffer consumption rate
indi cates the speed in which the running-project is progressing.

b) Focus on essentials; the interviewees agreed with the claim that the Critica-Chain approach
focuses on essentials (critica tasks/resources) and has a direct impact on project due date. Through
buffer management, it is possible to make sound priorities and focus on critical tasks and resources.
For the working mechanism of buffer management, see Sections 2.3.6, 3.2.4 and 3.2.5.

¢) Early warning mechanism; the buffer management of CCPM acts as an early warning mechanism
and it is a useful tracking system. Through monitoring of the buffer consumption rate in the fever
chart (sngpshaot of current project status) it is possible to see the current status of the project and
whether the project can be completed on the promised due date. If the amount of buffer consumption
is high, this indicates that the project due date with this high trend of buffer consumption is not
achievable, and it is time to prepare and to undertake recovery actions to compensate the buffer
consumption rate and bring the buffer usage rate to the normal situation.
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d) Coping with resources negative behavior; the consciousness about the negative nature of resource
behavior helps to increase alertness in order to save time. The task performers that work according to
the critical-chain rules on the project tasks are more conscious of the obstructing behaviora factors,
e.g. multi-tasking, gold-plating and trying to avoid them as much as possible. However, the complete
eimination of these negative behaviors is not always possiblein practice (see Section 4.4.4).

4.4.4 Theweaknesses of CCPM methodology encountered in practice

During the executing of software (interdependent) mini-projects, project personne also encounter
some drawbacks of CCPM.

a) Szng of buffers has not a solid basis; Critical-Chain prescribes cutting the task duration estimates
by 50% and sizing of buffers about 50% of the length of the chain leading to each buffer. The CCPM
daims that an aggregation of task safeties in the form of buffer provides a better protection regarding
single task safety times. Using the 50% or Cut and Paste method (see Section 2.3.8) provides a short
(or aggressive) buffered basdine-schedule that is shorter than the origind un-buffered baseline
schedule. The Bosch CCTV handles this method differently than its original form. They first increase
the task estimates by 25% to account for the possible delays as a result of the absence or illness of the
task performers which are not easily replaced with another task performer. In the next step the task
duration are cut to 66% and the rest (34%) is put into buffers. Consequently the resulted aggressive
buffered base-line schedule is longer than the 50% cut and paste method but it amost has the same
duration of the original un-buffered baseline schedule. Bosch CCTV targeted initially the protecting
of projects due date rather than shortening the duration of project (schedule) at once in order to get
experienced firstly with the practicing the CCPM rules and principles, and to increase the reiability
and predictability of scheduled project due dates toward its sales office. In spite of simplicity of the
Cut and Paste method for sizing of buffers, this method is however dissuaded for the product
devd opment projects, because of providing unnecessary and uncompetitive large buffers (see Section
2.3.8). Despite this we encountered the inserting project buffers were totally (unrecoverable) depleted
during the pilot project execution, because the assigning buffers were not sufficient to cope with the
significant scope changes and appearance of unforeseen new tasks as consequence of technologica
uncertainties and risks which are known as special causes of variation. This indicates the need to
bigger buffer sized in order to capture different kind of uncertainties in the product devel opment
environment,

b) Re-scheduling the CCPM schedule is inevitable; in product development projects, it is not often
possible to foresee the future tasks with consistent detail over the entire period of the project. To
address this issue, the development projects are mostly scheduled by the so called Rolling Wave
Project Planning (RWPP) method. The Rolling Wave scheduling provides a project plan with detailed
short term estimates right from the beginning and saves extra efforts for (an inaccurate) long term
planning which is open to changes and uncertainties, and will not provide stable due dates. The focus
is mainly on short term tasks and the future tasks are broken into detail when ther executing timeis
coming up. This method phases the project plan with higher level of detail and lower level of
uncertainty associated with the near-term and less detail and more uncertainty for the later phases of
the project. Also despite the use of this approach the technological uncertainties are ill incorporated
in the future tasks of the project schedule because at the beginning phases of project making of
accurate estimations are not possible. Therefore, it is difficult to define the required size of project
buffer to protect the project schedule against technical uncertainties, risks and common causes of
variation. This necessitates periodically re-scheduling of the project schedule and re-sizing of the
project buffer when significant scope changes occur in order to get an update number of remaining
tasks and to focus on the new critical tasks as the project further devel ops.

¢) CCPM is not comprehensive; according to the opinion of the interviewees using only CCPM is not
significantly more effective than traditional project management methods for planning and managing
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of product development projects with a poorly defined scope, irregular scope changes, or gross
estimation of needed level of effort as a result of technological uncertainty in the (product)
devd opment projects. The present technological uncertainty in the (product) development projects
may have an influence on the schedule, cost and success of the project. Thetime buffersinthe CCPM
gpproach are primarily created in order to absorb the common cause variation in the known tasks of
the projects. The CCTV managers refer to quickly landing in the red zone of the fever chart as a
consequence of uncertainties in the scope of product development. This led gradually to
dissatisfaction of the tasks performers when despite devoting sufficient effort on their executing tasks
were still in the red zone of the CCPM fever chart. Leach (2005) points out that potential causes of
risks or specia cause of project variation should be addressed by the conventional risk management
method and state “risk monitoring, prevention, and mitigation should be part of the project plan”.
Also, Kendall et al. (2001) support this recommendation and state, “Risk management in planning is
performed to identify, analyze and respond to project risks. It results in an understanding of how
much time should be allocated to the project buffers’. Therefore it is required, except the CCPM
deployment, for high uncertain environments, a risk management process in order to cope with the
special cause of variaion, e.g. technological uncertainties and significant scope changes, is included
in the project planning for the estimating of tasks and sizing of buffers.

d) CCPM procedures are intensive and time consuming; as mentioned above the interviewees
consisted of people from different functions and responsibilities in the project mission, e.g. project
managers, task performers who have different expectations and points of view about the i mplemented
CCPM system. Hence, it is possible that some of the observed drawbacks by people from one
functional position, e.g. task performers (resources) are not visible for the other group, e.g. project
managers. For example, from the task performer’s points of view, the CCPM tracking and updating
procedures areintensive and time consuming, e.g. attending the daily meeting with atask manager. In
this meeting, issues like reviewing of the remaining time they need, reviewing of the check list,
discussion about possible interruptions and issue resol ution are addressed.

€) Avoiding negative behaviors is not always feasible; from the project and task managers point of
view, the CCPM behavioral modification (e.g. preventing bad multi- tasking) is not aways feasible in
practice. For example, the resources with a supporting role, e.g. software architects are mostly
involved in different tasks. During the software project execution, these resources simultaneously
support performing of different tasks and assist the task performers. So they cannot wait until ther
current task completely finishes, otherwise the dependent task performers of other tasks have to wait
for them and consequently they cannot meet the estimated task duration. Thus the eimination of bad
multi-tasking is not always feasible.

f) Placing of resource constrained tasks disregarding required execution sequence in the schedule; in
the CCPM (resource constrained) scheduling, tasks that demand the resources from the same type, in
case of limited availability of resources, are randomly leveled or positioned in the schedule where
enough resources of the same type are available. This may not be appropriate in practice because
during the project execution some tasks are not only technically dependent, but they may be preferred
to perform by the same resource(s), i.e. the out put of the precedence tasks is the input for the same
resource(s). If the resources are overloaded, the Critical-Chain scheduling, however, leves the tasks
demanding these resources unnoticed and place them in other un-overloaded places in the project
schedule where enough resource of the same type are available. This leads substitution of resource(s)
while performing of the next tasks by the same resourceis desired or assigning them to the new tasks
with inputs from the precedence task from the other recourses. For example, when executing a
software design project, for each component, tasks like Specification, Design, and Coding are desired
to be performed sequentialy by the same task performer of one resource type. For example, for three
individual components X, Y, and Z the Critica-Chain (resource-constrained) scheduling may
schedul e the Specification task of component Y next to Specification task of component X instead of
Design task of component X, and etc. This is not appropriate in practice because the same task
performer who is executed the Specification task of component X is able to directly start the Design
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task of component X and does not need extra switching time because the hand-off (the output of the
predecessor task) is aready provided by the same resource. Otherwise the total completion time of
required tasks for component X takes longer than when they executed consecutively by the same task
performer.
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Figure 4.4 Longer completion time when the tasks (specification, design and coding) for each component
(X, Y and Z) are executed by different task performers or when they are executed separately

g) Interchangeability of resources; in product development projects usualy human-resources like
knowledge workers are involved. This makes the appropriate utilization of the CCPM resource
assignment feature difficult. As mentioned earlier CCPM dynamically assigns the resources based on
task priorities that are defined by the proportion of buffer consumption to percent complete of chain
feeding it known as Performance Index in an individual projects. In a multi-project environment, in
case of equa Performance Index among projects, the project with the higher priority is digible for
assignment of the critical resource. But in practice it is not always feasible that resources after
completing work on their tasks are swapped between the projects or even between the tasks of a
project. Once the project has started, this flexibility (resource interchangeability) starts to decrease,
dowly at first and increasingly as the project moves on. It is moderatdy difficult to swap resources if
achain of tasksis not yet started or no affinity to the task has been developed. The further the chain
progresses, the harder resource swapping becomes. It is very difficult to swap resources in the middle
of a chain (for example in software deve oping process, analysis and design are done, and then to
swap somebody eseto writethe actual code). Thisis becausethe origina resources have developed a
knowl edge pool that would need to be transferred to the new resource (task performer). This requires
extra time or revision of the task duration that almost negates any time benefit of resource swapping.
However, the resource interchangeability in development projects wherein knowledge workers are
involved is not impassible by any means. It is inevitable when the primary resources have suddenly
become unavailable (illness, |eft the company), but it is difficult. The answers of CCPM practitioners
a the CCTV deve opment department confirm the above mentioned drawback.

h) Time is the main focus; CCPM focuses on the project schedule as a main dimension or aspect of
project management and it provides no guidelines to the other two important project constraining
dimensions, i.e. budget and qudity. Therefore in the Critical-Chain approach, time is the main focus.
The critical chain approach is in fact a scheduling and monitoring technique. It does not directly
provide solutions for improving other project management objectives like cost and quality. The
CCPM targets to shorten projects cycle time with the same amount of resources. However the time
savings during the project execution or speeding up the project progress may negativey influence the
ddivered quality and budget of project. Most of the task performers (software engineers) within
Bosch CCTV, however, agreed with this claim because they believe that the time savings sometimes
are only achievable at the cost of quality or budget. Also focus on short-term accomplishments may
result in neglecting other important work and losing sight of project goals and be ng reactive instead
of proactive toward foreseeabl e events and contingencies.
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45 Summary and Conclusion

Although the Ciritical-Chain approach gives more insight into the project status, the experiences at
Basch CCTV Eindhoven indicate that it is unable to catch the al uncertainties embedded in software
(product) development projects. The inserted time buffers in the CCPM project schedule are only
amed to protect the project from the common cause variation in the known or foreseen individual
tasks of the projects. Incomplete scope definition, appearance of new tasks are examples of specia
cause variations (or technological uncertainties) that should be addressed via proactive risk
management techniques, or considering reactive risk mitigation plans by additional prepared
resources when the risks strikes. Hence, it is not redistic to count on the inserted buffers to make up
for technol ogical risks and drasti c scope changes.

Development projects are uncertain by definition. Hence, it is required to be prepared for the
expecting schedule delays and large amount of buffer consumption. When the project buffer is totaly
consumed, to bring the project back on track, recovery actions should be taken, otherwise the
remaining project tasks should be rescheduled and a new commitment date should be considered.
However, in the highly uncertain environment of (product) devel opment projects, often big changes or
adjustments in project estimates and schedul es may occur. Therefore, to create and maintain arealistic
project schedule, it is required to frequently re-schedul e the project network and to negotiate the new
project due dates with the project stakeholders and external parties.

The Critical-Chain methodology suggests that during the project execution, for recovering the
detected tasks with the red buffer status, it is possible to pull resources from the non-critical tasks, i.e
with the green buffer status, and dispatch them to the tasks with the red status. In the product
devd opment project where mostly high skilled people and the so-called knowledge workers are
engaged, the CCPM prescription for interchanging resources is difficult to apply. In practice, as the
project progresses, the resource interchangeability decreases. It is then difficult to swap resources
when a chain of tasks is started and affinity to the tasks has been developed. The further the chain
process, the harder the resource swapping becomes. This is because the original resource has
devd oped a knowledge poal that would need to be transferred to the new resource which takes more
time than what is remaining or estimated in the original task. In particular circumstances when
resources have suddenly become unavailable, i.e illness or leaving the company, the need to swap
resourcesisinevitable.

In spite of the perceived deficiencies of CCPM methodology in the practice of (software)
devd opment projects, Basch CCTV is pasitive about the CCPM adoption at its devel opment division
because of the observed benefits of the CCPM application, i.e. visibility of project status, simple
project monitoring, predictability in setting of project due date, and visualizing the negative human
resource behaviors in the scheduling and managing of the project tasks.

In the next chapter, we explore the i mplementation aspects of CCPM at the organizational level and
how these are addressed at the CCTV deve opment department.
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5 CCPM implementation aspects and the way these are
addressed at Bosch CCTV

In this chapter the CCPM implementation aspects at the organization level are discussed. This chapter
ams to find an answer to the third research question:

- What aspects are required for deploying CCPM in an organization? How far these are attai ned
a the CCTV deve opment department?

In order to answer the third research question, we first provide an overview of important aspects for
the CCPM implementation in an organization. Next, we study the CCPM implementation at the Bosch
CCTV department. To this end, we interviewed some of the project personne a Bosch CCTV about
their experiences and findings from implementing the CCPM system at the devel opment department.

51 CCPM implementation aspects

When reviewing the Critical-Chain theory as described in Chapters 2 and 3, we indicated that the
CCPM theory is easy to understand, but it is challenging to implement, because i mplementing CCPM
requires a new way of thinking about planning and managing of projects, and changes in mindset and
behavior, i.e the culture of the entire project organization. Also, Devine (2004) states “while the
CCPM concepts and rules are easy to understand, the implementation of CCPM is more difficult due
to the culture change required throughout the organization”. Therefore exploring and identifying the
required changes or adjustments for implementing CCPM and addressi ng them are

Meanwhile many organizations successfully tried to implement CCPM methodology for managing
and monitoring their projects, but of course not al of them had success and some had to give up
(Leach, 2005 p187). The dtatistics of 150 CCPM implementation attempts indicate that only about one
third of CCPM implementations were successful. Also despite the initial successes, about 15% of
these i mplementations failed to be maintained (Gupta, 2005).

5.1.1 Critical success factorsfor the CCPM implementation

The necessary changes and requirements below are typical reasons that make the implementation of
CCPM approach a chalenge for many organizations. These requiring changes form the important
aspects for implementing CCPM within an organization, and are explored through experiences and
lessons learned form many real-world implementation attempts in the different companies that shared
or published in the CCPM literature.

Obtaining the organization’s endorsement; support and involvement of the senior management and
the project staff, and full understanding of the CCPM implication by the project stakeholders are one
of important success factors for the CCPM implementation in an organization, because pursuing the
Critical-Chain rules in practice needs a paradigm shift and requires a change of mind-set, behavior,
culture and rules within the organization. Experiences from the different CCPM applications show
that changing the work habits of the task resources (from task switching to relay racer) is easy if
management supports the change (Simpson, 1999; Leach, 2005). Organizations still using an older
paradigm or atraditional project management methodology show especialy difficulties to implement
a paradigm shift and break the old habits. For example, for a software development organization it is
not easy to convince the software engineers to do things very differently from what they have been
doing for along time, even if it islogical and correct, the need is great and its benefits are big. Hence,
the implementation of CCPM should be carefully organized to move peopl e from possibl e resi stances
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to change, which can impede implementing CCPM and exploitation of its potential benefits (Zultner,
1998). Therefore, obtaining endorsement of project stakeholders is an important success factor for
implementing CCPM in an organization.

Changing old habits and behavior; implementing the required changes for the CCPM implementation
in practice, i.e. working with aggressive task duration estimations, starting tasks as soon as preceding
tasks are done, finishing open tasks (WIP-executing tasks waiting to be completed) as quickly as
possible, avoiding negative behaviors, eg. bad multi-tasking, student syndrome, reporting early
finishes of WIP tasks by task performers (resources) are seen as critical success factors for effective
implementation (L each, 2005; Devine, 2004).

Clear defining and assigning roles and responsibilities; besides the CCPM scheduling rules, defining
roles, determining responsibilities and providing internal procedures are influencing factors on the
project due date time within the executing company. Task management is one of key functionsin the
CCPM deployment within an organization (Leach, 2005). Task managers play an important role in
pursuing and maintaining the CCPM rules and principles through coaching of task performers in the
executing of their tasks regarding the Critical-Chain prescriptions (see Section 2.3.7). Although there
are multiple software tools (packages) available for supporting the CCPM processes, however, these
CCPM (software) tools are not an answer in itself without fundamental changes or adjustments in the
roles, behavior, culture and rules of the organization (Lechler et al., 2005b). For effective CCPM
utilization, it is therefore required to define whom are responsible for planning, updating and
compl eting planned tasks and monitoring and protecting project schedules through using the buffers
analysis, eg. defining task priorities and anticipating of possible delays, and identifying and taking
recovery actions.

Changing performance-measurement attitude; the CCPM implementation requires adopting a
different mentality and attitude when judging those responsible for completing tasks, working
according to relay race mentality (see 2.3.4), and providing reassurance for task performers that there
are no pendties for deays regarding aggressive duration estimates and micromanagement of task
performers (to manage with great or excessive control or attention to details) are avoided. They are
asked to report early finishes that contributes to the project buffer protection. Also, instead of asking
the compl eted percent of work, tasks performers are asked frequently to report the remaining duration
of running-tasks, interruptions and obstacles in order to smooth out as quickly as possible execution
problems (Patrick, 2001).

Shifting focus from the individual tasks to project due date; CCPM insists on continuous i mprovement
to meet the system’s globa objective, not the local one. This means in the single-project domain
changing the direction from protecting individual tasks (local optimization) to protecting the project
as awhole (global optimization) and in the multi-project domain shifting focus from protecting each
project to protecting completion rate of multiple projects (throughput). CCPM explicitly emphasizes
on shortening of project duration and increasing of throughput as objectives for respectively single
and multiple project environments (Lechler et al., 2005).

Communication with the external parties; Submitting of Critical-Chain planning with the external
suppliers and third parties; the CCPM project schedules are different than traditional project
schedules, because they are shortened (or aggressive), and contain buffers instead of safety times or
due dates (milestones) for each task, and non-critical tasks are scheduled as late as possible. Therefore
the externa parties, suppliers and clients should be informed about these changes in the organization’s
schedul es and procedures when using the CCPM methodology (Lechler et a., 2005b).

Sustaining of the implemented changes; Also, sustaining the implemented changes for the CCPM
deployment in the organization is an important factor for successful CCPM implementation. The
existence of the CCPM reference points or experts within the organization is an important supporting
factor for maintaining of the implemented changes. Also, evaluating of theinitial outcomes and
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addressing improvement areas contribute to sustaining introduced changes and understanding of them.
Otherwi se the organization reverts to its previous manner of working, i.e. including safetiesin each
individual task, working with task due dates, etc (L each, 2005).

5.1.2 Piloting CCPM implementation

The CCPM implementation itsd f can be seen aso as a project. Depending on the specific needs of an
organization it can vary in content and scope. The implementation is an incrementa process, and its
success requires not changing everything at once and depends on the behaviors the organization
currently demonstrates. It can be piloted first with one or two projects in order to obtain endorsement
of project personnd or applied to all organization projects smultaneously, but this latter approach
needs more preparation and coordination efforts and trainings of project personnd throughout the
entire organization before beginning the execution. However, each of these approaches has its own
advantages and disadvantages.

Conducting a CCPM pilot project shows how the Critical-Chain concepts work in practice and helps
to develop a practical understanding and belief in the CCPM methodology. It is intended to get the
project team acquainted and skilled using the CCPM rules and to determine which changes within the
organi zation are needed. It helps also to make preparations in order to expand the CCPM application
to the rest of the organization, to make the CCPM impl ementation successful. For the CCPM piloting,
a (few) project(s) and aresource group within the organization are required. The advantage of using a
pilot project is that it requires less training effort and achieves faster results. In case of successful
outcomes of pilot project, it is intended that the deployment of CCPM is further roll out to other
projects. The pilot project helps also to create a practical interna capability to exercise and teach the
CCPM rulesin order to expand a critical chain planning and control system across the organization.

The CCPM pilot project increases also the improvement opportunities for the next CCPM projects by
incorporating of experiences and lessons learned from CCPM application on it. In addition, applying
CCPM to a single project as the pilot is smple and easy to understand. Also in a multi-project
organi zation with the shared resource podl, it is reasonable to pilot a single project if possible. This
requires, however, extra care (Herroden and Leus, 2002). Alternatively, a direct piloting of the full
multi-project solution is not impossible, but it requires more effort and preparation that may make it
risky. Also, conducting a CCPM pilot-project requires less initial investment of the organization, and
in case of falure the CCPM implementation can be stopped to save further effort and costs. In the
literature there are no specific reasons mentioned that company-wide implementation approach or
simultaneous depl oyment of CCPM to all organization projects is better or worse than an incremental
gpproach. However, depending on the organization and its project types these approaches can have
changing priorities.

52 The CCPM implementation at Bosch CCTV Eindhoven

Bosch CCTV Eindhoven is the Development Division of advanced digital video security systems,
mainly Cameras and Digital Video Recording (DVR) products. Because of market competition these
products get more functions, which require more and more embedded software Hence the
devd opment projects for these products became increasingly more complex and uncertain, and raised
gradualy difficulties for the planning and control of these projects. To cope with the growing
complexity and uncertainty in the product devel opment projects, Bosch CCTV decided to embark on
the Critical Chain Project Management methodol ogy.

5.2.1 Brief history

Bosch CCTV found out about the CCPM approach through the Atos Origin Co., one of the suppliers
of the Development Division which had taken over the KPN software house (formerly Lucent) in
2002. Thefirst isolated tria of Critical-Chain methodology without the CCPM tool support (software
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package) was done in 2003, the implementation steps were continued as follows: serious orientation
in May 2004; involvement of consultants of Redlization Co. in August 2004; first (software pilot-
project) project schedule in Concerto (CCPM package) in December 2004; start of second phase:
CCPM Multi-Project Pipdining in September 2005, further roll-out to projects of Camera portfolio in
the Devel opment Division anticipating by then proven success of earlier projects during 2006.

5.2.2 Current situation and achievements

In this section we surveyed how far the mentioned critical success factors and the required changes
(Section 5.1.1) are implemented within the CCTV development department.

The CCPM implementation at Bosch CCTV was done through a top-down process and the senior-
management support and involvement was the starting point of the CCPM implementation within the
devd opment division. According to the CCPM adherents at the Development Division without the
senior manager’s buy-in and involvement of the CCPM adoption within the Devel opment Division
was not possible

For the training of project personnel, and supporting the CCPM implementation activities within the
devd opment department, e.g. understanding CCPM scheduling and tracking techniques, applying the
CCPM supporting package, etc. Bosch CCTV decided to involve the Realization firm of consultants.
The project personnd at the department experienced the organized workshops and training sessions, a
useful way to understand the CCPM principles and rules. The experiences of task performs indicated
that through the CCPM behavior modification guidelines task performers became more conscous
about the negative behaviors influencing the project completion. However, pursuing the prescribed
rday race behavior rules in practice and sustaining them are experienced as a difficult part of the
CCPM deployment, especiadly when different aspects in the organization, e.g. proper defining roles
and responsibilities, impact the performance of executing- projects.

To define roles and responsibilities and requirements within each function, were aso severa
documents provided and training workshops for the prospective CCPM practitioner’s organized and
internal procedures and agreements were made. The importance of the task management role and
finding appropriate people for fulfillment of this function are found as a challenging success factor for
CCPM deployment within the CCTV devel opment department. Task managers are required to possess
strong interpersonal skills for coaching of the task performers, and spreading the relay race mentdity
among the task performers. The experiences at the Bosch CCTV, however, showed that it is not easy
to find qualified and talented people for this function.

5.2.3 Piloting CCPM at Bosch CCTV

At the time of this research, the utilization of CCPM multi-project approach at the CCTV
devd opment department was still in the experimental stage and it is not gpplied in practice. This
happened while the launched pilot project was executing in a multi-project environment. Depending
on volume and cycle time software projects are usually decomposed to the manageable number of
sub-projects which use a common resource pool. The CCPM piloting project induded four steps
(increments). Each consisted of ten interdependent mini-proj ects with the common resource pool (task
performers, software architects etc). The interdependency of these projects was defined by so-called
integration points where continuation of a particular mini-project was dependent on reaching
(completing to a defined level) one or more integrati on points of preceding (prioritized) mini-projects.
Unfortunately later this project was cancelled because of delays as a consequence of high
technological uncertainties and disruptions. The internal evaluations of this failure indicate that
neglecting of dependencies between the mini-projects was one of the mgjor reasons of delay of the
pilot project. To cope with these dependencies and to decrease resource contention in multi-project
gpproach, CCPM suggests the prioritizing and staggering (pipelining) the projects before starting the
projects. However, this did not happen because each mini-project was scheduled and executed
separately. Also, because of the high technical complexity and uncertainty there was no guarantee that
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with proper implementing and pursuing of CCPM rules this project could be successfully completed
on time.

As mentioned in Section 3.2, in the multi-project approach of CCPM another objectiveis targeted: the
enhancement of the organization's throughput, i.e. the number of delivered projects with the same
resources of the organization. Implementing the Critical-Chain multi-project approach requires first
the i dentification of the drum resource (the most loaded resource shared across projects) in the multi-
project organization which limits the flow of projects (throughput). Each project is then scheduled
sequentially across the drum resource in a manner to maximize the utilization of the drum resource
CCPM claims reducing the overloading of the drum resource between projects in a multi-project
environment will increase the rate at which projects are completed (throughput). This requires the
organization’s support for prioritizing and pipeining of organization projects, and also needs more
coordination effort than Critical-Chain single project approach. Hence, the piloting of CCPM at multi-
project level requires also more preparations and coordination effort. Furthermore, there is no
guarantee that through piloting the objective as throughout improvement to be achieved. Therefore,
sdecting and conducting a complex and challenging software project, which consisted of multiple
interdependent mini-projects (multi-project environment), for piloting of the CCPM rules was not a
wdl-considered decision for CCPM implementation at the Basch CCTV division. Piloting of CCPM
rules in the multi project level needs high preparation and coordination effort. The earlier attempts on
the single project level can be hdpful for gaining initia experiences and skills to accustom with
CCPM rules when deciding to go through CCPM multi-project approach. However, early piloting at
CCPM multi-project level without sufficient training and skills and lack of support for the prioritizing
and staggering (pipeining) of mini-projects, and consequently insufficient attention on the
interdependencies of mini-projects through integration points, made the CCPM piloting a risky
adventure within the devel opment division which led to a failure.

524 Theencountered difficultiesin theimplementing CCPM pilot-project

In this section we give an overview of the perceived improvement areas for the CCPM
implementation. These are those i mplementati on aspects (section 5.2.2) which are not sufficiently
attained at the Bosch CCTV devel opment department and need to be further improved.

a) Obtaining task performers endorsement; The existing guidelines and the provided CCPM
references or documents by Redlization were for a great part CCPM tool-related and were not
specifically developed or sufficiently adjusted for software development projects. Also, the involved
consultants did not possess a technica or project-reated background or a good understanding of
software development process to smooth out the CCPM application problems properly. As we
described in Chapter 4, some of the Critical-chain rules are not completey applicable or compatible
with the nature of projects of Bosch development department, e.g. coping with project risks and
swapping of resources as CCPM supposes.

b) Shifting focus from individual tasks to project due date; experiences at the devel opment department
showed that this CCPM emphasis often is hot adhered by the CCPM practitioners. Too much focus on
the running-tasks (WIP tasks), and short term accomplishments, and less initiative for improving and
recovery actions were evidences for veering this CCPM emphasis. This resulted increasingly in loss
of quality of completed work, e.g. mistakes or rework and increasing dissatisfaction among task
performersin the CCPM pilot project.

¢) Clear defining and assigning role and responsibilities; despite the importance of task management
role in the Critical-Chain deployment, the appointed persons to this function were not fully qualified
or capable for this role. To meet the requirements of this function, it is required that task managers
besides the task related (technical) knowledge and experience, aso possess fully understanding of the
Critical-Chain rules and concepts and strong interpersonal skills and. Also, there was still confusion
over the exact responsibilities and contents for this function that resulted in not sufficient adhering to
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the CCPM rules and prescribed procedures. Also the supporting-CCPM package was not properly
utilized because of lack of buy-in for the CCPM multi-project approach and proficency in the multi-
project features of the CCPM tool.

d) Changing performance-measurement attitude; the buffer status is not only used as a measuring tool
for the pilot project progress but dso it was used for the judgment for the performance of the task
performers at the development department. Critical-Chain approach recognizes the likdy deays of
tasks as result of setting aggressive task durations and tight schedules and assumes that the task
overruns can be captured through inserting-buffers in the strategic places of the project network. Also,
it prescribes the relay race mentality to take the advantages of early finishes of tasks which
contributes to the compensation of project buffer. The amost constant reporting of the red buffer
gtatus (going into the red zone of the fever chart) as a consequence of high tasks overrun because of
complexity of tasks and high technological uncertainty, however, observed by the managers partly as
a result of the insufficient performance of the project team. Hence, the red buffer status was
experienced by the task performers as a warning for coming tough measures by the management, e.g.
overwork. While there were usually different reasons for high buffer depl etion rates or even too soon
total depleting of project buffer, e.g. appearance of unforeseen new tasks and significant changes in
the project scope.

€) Sustaining of implemented changes; despite the initial CCPM buy-in by the task performers, setting
overly aggressive and unreglistic task duration estimates, and tight schedules resulted in gradual loss
of CCPM support among the task performers. Congtantly being confronted with delays and being in
the critica red zone of the fever chart as a consequence of high project buffer deletion rate caused
gradualy dissatisfaction and sandbagging, especialy when despite devoting sufficient effort on
executing tasks in pilot project, the project buffer totally depleted even at the beginning period of
project execution. This happened because the inserting buffers were not able to capture the high
amount of technologica uncertainties and to i ncorporate unforeseen new tasks as result of significant
scope changes in the course of the pilot project.

f) Existing resistance to CCPM deployment and roll-out; resistance existed to the further expanding of
the CCPM deployment for al projects of the CCTV devdopment division, eg. hardware
devd opment, and to the company-wide implementation of CCPM pipelining approach. The technical
project personnel considered the technical complexity of devel oping-product as the main challengein
their mission, and were not concentrated in the issues as the project scheduling and monitoring. The
CCPM however takes the time dimension into account and does not address the other two i mportant
project’s dimensi ons like budget and quality. Also, despite the success stories about the benefits of the
CCPM rules and assumptions for improving the project scheduling and tracking, efficient and detailed
procedures for applying this technique to a portfolio of projects, i.e. multi-project environment are
gill unclear. The evidences of its success are still almost exclusively anecdotal and based on single
case studies and simplistic depictions. To date no large scale empirical research exists to prove its
efficacy.

5.3 Summary and Conclusion

In this chapter we explored the important success factors in the CCPM implementation. These aspects
are obtained through the experiences and findings reached by many CCPM implementation attempts
within the different companies. Attaining the senior management support and involvement for the
CCPM deployment, understanding of Critical Chain implications and concepts and changing
measuring attitude, shifting focus from loca toward globa view, i.e. from individual tasks to whole
project due date, clear determining role and responsibilities and assigning them to appropriate people,
proper communication with both internal and externa clients and suppliers of the CCPM
organi zation, and sustaining the implemented changers are important implementation aspects for the
CCPM implementation within an organization.
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Also, piloting of CCPM rules and prescriptions is a useful way for practicing of the CCPM rules and
concepts, exploring the required changes, and analyzing the outcomes to decide for the further
implementing of CCPM system or rolling out to the rest of organization. Piloting of CCPM single
gpproach is easy while in multi-project environment requires more coordination and preparation
effort, because of required decisions and agreements for prioritizing and pipdining of multiple
projects which sharing a common resource pool. Also, though piloting of CCPM multi-project
gpproach, analysis of outcomes like throughput are not aimed to achieve, otherwise the whol e projects
of company or particular project portfolio should be added in the pipeline schedul e and executed.

Study of the CCPM implementation a the Bosch CCTV showed that not al mentioned
implementation aspects are sufficiently realized or maintained within the development department.
The highly uncertain environment of product devel opment projects and selecting a complex software
project for piloting of CCPM system that were executed in a multi-project domain, i.e. including
multiple mini-projects with a common resource pool, contributed also to this failure. Appearance of
unforeseen new tasks in the schedule, high or even unrecoverable rate of buffer depletion because of
high technological uncertainties and risks were major reason for too soon confronting the red buffer
gtatus for the CCPM pilot project.

Also, the critical-chain tasks in pilot project received the most focus which led to the loss of focus on
the new critical and compl ex tasks which had an impact on the status of whole project. Furthermore
the appointed peopl e were not sufficiently capable for their roles. Also, there existed some confusion
about the exact content of their functions, e.g. task management. Furthermore, the continua reporting
of the project red buffer status or total (unrecoverable) depletion of project buffer, led to gradual loss
of CCPM buy-in among the task performers, while the encountered problems were for a great part
caused by the huge complexity and consequently created high uncertainties which could not be totally
captured by the alocating buffers in the project network schedule. This is, however, the CCPM
deficiency in the high uncertain environments. Therefore, exploring and recognizing of the CCPM
deficiencies or abilities help to sustain the obtained endorsement of project team. Beside these
difficulties we observe some positive aspects in the CCPM implementation within the department:
The senior- management support and involvement for CCPM deployment at the devel opment
department and obtaining the project staff endorsement and understanding of the CCPM concepts and
implications, and increasing consci ousness about the required changes, e.g. negative behaviors which
impacting the project due date through organizing training workshops and practicing of the CCPM
rules by means of a pilot project were the positive attempts done by the CCTV devel opment
department. I1n the next chapter we address the most significant problems described in this chapter and
provide some improvement suggesti ons.
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6 Improvement proposals and recommendations

This chapter provides an answer to the fourth research question.
- What areas need improvement? What possibilities are there for improvement?

Referring to the encountered difficulties in the CCPM implementation a the Bosch CCTV
Development (5.2.4), and the perceived deficiencies for deploying the CCPM rules and concepts in
devd opment projects (4.4.4), we formulated some i mprovement proposals. Because of the compl exity
of encountered problems we addressed the significant issues regarding the CCPM deployment and roll
out within the CCTV development department. These are provided through reviewing CCPM
literature and publi cati ons, experiences and lessons learned at the Bosch CCTV development division,
and our findings in the course of this research.

6.1 Suggestionsfor improving the encountered problemsat Bosch CCTV

Adjusting of tasks estimate and buffers size regarding the project risks and uncertainty; to cope with
both common and specials causes of uncertainty or risks, and setting redistic task estimates and
buffers, we recommend addressing the technological uncertainties and risks, and deploying risk
management techniques. Repeating total buffer depletion (referred to 4.4.4.a) in pilot project occurred
for a great part due to significant scope changes and appearance of new tasks in the planning as a
conseguences of the technical uncertainties that could not be captured by initial determined buffers
that CCPM prescribes. CCPM however addresses only common causes of variation. Consequently,
dlocating buffers to the project schedule without addressing the technical uncertainties and
complexities incorporated in the development projects will not provide sufficient protection.
Therefore, to cope with the project technical risks, and to aleviate extreme buffer depletion rate as a
consegquence of risks, we recommend to aso incorporating the risk management activities in the
project planning and consider them in the buffer sizing cal culations.

Re-scheduling CCPM project schedule in case of significant scope changes and total buffer depletion;
in the literature, the frequent rescheduling of project scheduleis discouraged because shifting focus of
the project team. However, the re-scheduling in the high uncertain product devel opment environment
is not inevitable completely because the alocating buffer cannot absorb al kind of uncertainties
existing in the development projects. As we experienced in the CCPM pilot project, the all ocating-
buffers were not able to absorb specia causes of variation in the project, eg. technological
interruptions and risks, and unforeseen scope changes and addition of new tasks. Therefore we
recommend in case of total or unrecoverable buffer depletion to eva uate the reasons for this and
address them in the next scheduling attempts. Hence, the buffer status, should not be directly used for
measuring the performance of the tasks performers (referred to 5.2.4.€). Re-scheduling is required
only when significant changes in the project scope are happened or when the project buffer is totally
depleted and is not recoverable anymore. As mentioned, incorporating the risk assessment and risking
mitigation, avoidance or prevention activities, and considering these activities in sizing the project
buffer decreases the need to frequently reschedule. Re-scheduling, however, provides an update-
network schedul e regarding the devel opments in the project scope and number of project tasks in the
course of project execution. Further, it isrequired to early inform the project stakeholders and clients
to about the new schedul e and the new project due date and to reconsider the new situation.

Combining of technical dependent tasks regarding resour ces interchangeability problem; for the tasks
with the internal hand-offs dependencies, i.e. the output of the predecessor tasks is the input to start
the successor task by the same resource(s). I n the literature is recommended that these tasks should be
incorporated into one task in the project schedule (Austin and Peschke, 1999). Otherwise, when
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constructing a (resource constrained project CCPM) schedule, the resource dependent tasks are
leveled or postponed to other places in the project network schedule where sufficient resources of the
same type are available This is not always appropriate because of leveing of these tasks to the later
periods in the project network or performing them by other task performer takes more time because of
the required preparations (referred to 4.4.4.f). For example, for each component X, Y or Z in Figure
4.4, the tasks like Specification, Design, and Coding are incorporated in one task (Figure 4.4-B). By
incorporating of the tasks with internal hand-offs within a bigger task for each component, the
activities for each component are executed by the same task performer. This provides more focus and
less preparation time and prevents the task performers against multitasking. The disadvantage of this
solution isin this way the tasks in the project schedule become larger and consequently the tracking of
the executing items within the task scale become more difficult. Therefore, it is required to make a
detailed list of the contai ning-activities and accomplishments when executing these tasks.

Explicitly defining and assigning CCPM roles, responsibilities and procedures; the CCPM concepts
and rules are general and are not developed for a specific organization or project type. Depending on
the organization's structure and the nature of projects, clear references or guidelines regarding the
CCPM rules and necessary changes for applying them need to be provided. Further clear role
definition, determining responsibilities, and assigning them to appropriate people are required. For
example, CCPM suggests frequently (daily) updating of the completed, in progress and upcoming
tasks. How data gathering and updating should take place, depends on the reached agreements and
defined procedures within each organization. Referring to the dissatisfaction of the task performers
about the time consuming monitoring procedures at the development department (referred to 4.4.4.d),
we note that gathering of update-information and issues resolution are continues processes during the
project execution and should be done in an efficient and sustainable way to achieve and maintain
cooperation of the project parti ci pants. Setting of time-consuming procedures and meetings may cause
loss of CCPM buy-in and stimulate the negative resources behaviors. Also to implement the relay-
race mentality and maintaining it among the task performers and to remove negative resource
behaviors, capable and qualified task managers with a good insight into human character are required.
Further, the shortened task duration estimates in the aggressive project schedul es and the sized buffers
should create a sense of dedication for the task performers and be targeted to reach with the sufficient
amount of efforts by the resources. Also, a good substitution should be sought, when a task manger
needs to be replaced in case of absence or leaving.

Using standby supporting- resources and upgrading the resources usability and interchangeability; to
cope with the resource substitution and interchanging difficulties (referred to 4.4.4.g), and supporting
recover actions in order to deal with the likely addition of unforeseen new tasks, interruptions, and
facilitating supporting-activities for the task performers during their task mission, we recommend not
to plan al resources into the CCPM schedule. These task performers can operate then as supporting-
resources for facilitating and removing possible interruptions in executing-tasks, or when they are in
the red buffer status, or in the case of absence or sickness of task performers working on them.
Meanwhile these supporting-resources can be trained or involved in the specifications and
requirements of the identified critical tasks in addition to the task performers working on these tasks,
to support task performers if their tasks have the red buffer status. Also, to cope with the non-routine
nature of software development tasks and consequently the difficulty in the resource transfer or
swapping, we propose also to inform and involve some of the assigning-task performers in the content
and requirements of the identified critica tasks when they are temporarily idle or have freetime. This
facilitates the resource interchangeability or transferability from the non-critical tasks to the
executing-tasks with the red buffer status, if it is required. In the software development projects the
tasks are often not routine and consequently when a task performer is assigned to a new task, it is
often required to know what the previous task performers have already done.
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6.2 Proposalsfor thefurther CCPM-implementation and roll-out

Deploying the CCPM Pipelining approach separately for each projects portfolio; The devel opment
projects in each portfolio (Camera or DVR-digital video recorder) a& Bosch CCTV Eindhoven are
mostly interdependent and share a common team of task performers for executing- projects.
Depending of scope of a project, this might be divided into number of manageable smaler sub-
projects which are then also technicaly interdependent, i.e. reaching defined level of one or more
sub-projects provides the input for starting/completing the next one. To ded with these
interdependencies and to decrease overloading of resources, we propose to deploy the CCPM multi-
project (pipelining) approach separately for the interdependent group of projects with technica and
resource dependencies. Although CCPM prescribes the prioritization and staggering (pipdining) of
the interdependent projects which used a shared resource pool, within the organization, to our view
thisis not applicable for the whole projects of the Bosch CCTV devel opment division. Because of the
specific specialization and expertise of projects, these are clustered in different portfolios, and each
group possesses its own team of professionas. Also the projects within one project group are
independent of the other. However, the resources are occasionally swapped over one group to another.
The experiences at the department showed that most constraining (drum) resource is not the same
between the different project portfolios i.e. Camera or DVR. Therefore, we propose to pipeline
separately the interdependent projects using common resources team or having technical
dependencies. Also, in case of identifying several constraining resources between each group of
interdependent projects, the most bottleneck resource should be chosen.

Also, before deploying the multi-project approach, it should be considered what the Bosch CCTV
devd opment division primarily aims to achieve. As referred, the objective of CCPM multi-project
(pipelining) approach is to increase the organization's throughput or the number of compl eted projects
with the same organizati ons resources. CCPM claims that starting projects as soon as possible without
regarding the availability of resources or organization capacity, increases the resource conflicts
between the projects and obstructs the progress of each individual project in the multi-project domain.
Therefore, to implement the CCPM pipeline approach, it is first required to prioritize all of an
organi zation’s proj ects (depending on organization's goals and market situation) and the stagger them
across the most bottleneck resource of organization. As mentioned above, however, putting al
organization’s projects in a pipeline schedule is not always required or applicable in practice. Thisis
not useful when an organization has separate project groups each with its own project specialization,
resource team, and budget. Furthermore, consolidating of the development projects in a pipeine
(drum) schedule requires integral view and agreements for the prioritizing or seguencing of
organization projects. It requires also the subordination of managing the individual projects to the
needs and goals of the entire organization. However, the projects priority is for a great part depending
on the developments on the market and may drastic change during the execution of the pipeline
schedule. Hence, it is then required to reflect on these changes in the pipeline schedule again and to
reach new agreements within the department for re-pipdining, i.e. prioritizing and staggering of
projects. This all discourages the deployment of CCPM pipelining for all projects of development
department. Hence, we finally recommend deploying and rolling-out the CCPM pipdine approach
separately for each portfolio or group of interdependent projects with impacting resource and
precedence i nterdependencies.
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7 Conclusions and suggestions for further research

This chapter summarizes the conclusions drawn in this research. This thesis aimed to survey the
deployment of Critical Chain methodology for the planning and managing of the development
projects, to explore important CCPM implementati on aspects, and surveying how are these addressed
a the Bosch CCTV development department, and finally to formulate some improvement proposals
for the encountered problems.

Chapter 2 daborated on the critical chain scheduling method and compared it with the traditiona
project scheduling. In this chapter we addressed the first research question about the major differences
the Critical Chain Scheduling (CCS) versus the Traditional Project Scheduling (TPS). Coping with
the existing uncertainty in the project schedule through setting aggressive schedules, by removing
safety time from the individua tasks and aggregating them in time buffers, which are inserted to
drategic places in the project network schedule to absorb the existing variations in the project
duration, is the mgjor difference between the Criticd Chain scheduling method and the traditional
scheduling methods. Critica Chain methodology also prescribes guidelines to deal with the negative
human-resource behaviors which are not explicitly addressed in the traditional project scheduling.
Also, we reviewed severa critiques to the Critical-Chain approach. The significant one is that the
Critical Chain however did not provide a solid basis for cutting-time of tasks duration and sizing of
inserting-buffers which has adirect impact on the project duration.

CCPM aso suggests a scheduling approach for the multi-project environment. Chapter 3 eaborates
the CCPM prescription for the environment wherein multiple projects share a common resources pool
within the organization. The CCPM suggestion for pipdining of projects, however, requires reaching
many agreements for the identified drum resource, prioritizing of projects and staggering of projects
across the drum resource. Also, in practice it is often difficult to identify exactly the single heavily
loaded (drum) resource within the multi-project organization because of each of the professional
teams or project portfolios had its own (drum) resource bottleneck. Further, because of changing-
priorities of projects during the project execution and the devel opments on the market, e.g. in the
product development environment, repeatedly re-pipelining (re-prioritizing and re-staggering) of
competing projects and high coordination efforts are required. Furthermore, the suggested approachis
introduced in a simplistic form through identical (resource-dependent) projects that in practice is
certainly not the case. Hence, there is no warranty that the prioritizing and staggering of projects
across the drum resource without regard to the number of tasks, their interdependencies and the
different tasks each task demand will increase the throughput as it supposed.

In Chapter 4, we addressed the second research question involving the differences between the
Critical Chain rules and concepts as supposed in the theory and the Critical Chain application at
Bosch CCTV. The experiences a the devel opment division indicate that Critical-Chain planning gives
more visibility or transparency in the projects status as it is asserted. The findings of the CCPM users
a the development department endorse the buffer-management feature of the CCPM approach as an
effective advantage. Through monitoring the buffer status CCPM provides an early warning tracking
system and helps the management to take measures by anticipating delays. We perceived, however,
that because of existing high uncertainty and complex nature of the (software) devel opment proj ects,
some CCPM rules are not be sufficiently compatible or applicable in practice. For example, because
of the high technological uncertainty, i.e. significant project scope changes or appearance of
unforeseen new tasks, the alocated project buffer did not often provide sufficient protection for the
origina project due date. Hence, the frequent re-scheduling of the project network was inevitable
CCPM, however, does not address the special causes of variations and risks. Also, for recovery
attempts, CCPM suggests transferring resources from non-critical (chain) tasks to the critical (chain)
tasks with the red buffer status to recover or protect project due dates. This is, however, in the
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devd opment projects not aways feasible because the tasks in these projects usually contain non-
routine activities. Hence, the new task performers need to acquire required knowledge about the
executing tasks which enabl es them to complete their task.

To address the third research question, in Chapter 5, we provided an overview of the explored
determining factors for the successful CCPM implementation and investigated how far these are
achieved at the Bosch CCTV deve opment division. Without regard to the outcomes, we discussed the
usefulness of piloting for facilitating and analyzing the required changes for implementing CCPM.
Piloting of CCPM single-project approach is easy while in multi-project environment requires wide
coordination effort, because of required decisions and agreements for prioritizing and pipdining of
multiple projects which sharing a common resource pool or technical interdependencies. Also,
through piloting of CCPM multi-project approach, analysis of some outcomes like throughput are not
likdy to be achieved, because it involves mostly limited projects of the organization and is not a
company wide deployment as we aso perceived at the Bosch CCTV development department. Study
of the CCPM implementation a Bosch CCTV showed that not the al critical aspects are sufficiently
addressed within the development department. Also, the complex characteristics of developing
projects and choosing a complex project with high technological uncertainty as a pilot project
contributed to these failures. The continual red project buffer status or total (unrecoverable) depletion
of project buffer reduced the CCPM support among the task performers, while the due date overruns
were for a great part due to the complexity and technical risks which could not be totaly captured by
the CCPM buffers. Also resistance still existed to the CCPM methodology and company wide
pipeining of projects. The reasoning is that despite the success stories about CCPM, efficient and
detailed procedures for applying this approach to a portfolio of projects (multi-project environment)
are still not provided.

Chapter 6 addressed the fourth research question and provided some recommendations and
improvement proposals for the significant problems for the CCPM deployment and implementation
described in Chapter 4 and 5.

7.1 Areasfor thefurther research

Bosch CCTV Eindhoven looks at the CCPM deployment as a passed no-return point in its project’s
organization. The CCPM single approach is meanwhile deployed throughout the development
division. The implementation experiences and outcomes from CCPM application (through pilot
project) were evaluated, and efforts for improving its application and exploring possibilities for
improvements are encouraged, that was the motivation behind this graduation study. The methods
used in this study were interviews, a literature review, and experiences or findings to date a& Bosch
CCTV. The results are an overview of the perceived deficiencies in the CCPM application, the
encountered difficulties in its implementation, and aso provide different proposals and
recommendations for i mprovement.

Regarding the outcomes of this study the following suggestions are made for further research:

Despite the perceived deficiencies and weaknesses for the CCPM i mplementation and deployment at
the Bosch CCTV development department, we eval uated the Critical-Chain as a simple but effective
gpproach for the scheduling and monitoring of the development projects if the projects risks are
sufficiently addressed. Compared with the traditional project scheduling, CCPM is more predictable
in terms of promised due dateto both internal and external customers of a project in case of sufficient
buffer protection. For the product devel opment projects, meeting of due datesis one of success factors
of introducing of a new product on the market. We observed that the sizing-buffers, however, do not
provide sufficient protection against the specials causes of variation and inherent technological risks
in the development projects. Therefore, in addition to CCPM the risk analysis and risk mitigation
techniques should be applied to address the development project risks. CCPM enables the project
managers to monitor the impact of uncertainty by means of buffer management, which helps them to
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operate proactivdy and be prepared for likely recovery actions in earlier stages of project execution
to protect the promised project due date. Hence, to increase the CCPM protection and reliability in the
high uncertainty domain of product devel opment projects, integrati ng the risk management techniques
with the critical chain methodology for avoiding or mitigating of risks is needed. As an extension to
this research, further investigating this subject is suggested. Furthermore, the evidences of CCPM
success are gill amost exclusively anecdotal and demonstrated by simplistic depictions that are based
on single case studies, and are mostly about its application in the manufacturing environment or the
single-project implementations. To our knowledge, to date no large scd e empirica research on the
Critical-Chain multi-project approach exists to prove its effectiveness. This forms another obvious
area for further research.
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