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Abstract: Traditional project management methods are based on scientific prin-
ciples that would be considered “normal science,” but lack any theoretical basis
for this approach. [33, 34, 65] These principles make use of linear step—wise re-
finement of the project management processes based on a planning—as—
management paradigm. Plans made in this paradigm and adjusted by linear
feedback methods cannot cope with the multiple interacting and continuously
changing technology and market forces. They behave as if they were is linear

closed loop control system.

This paper suggests that adaptive control theory may be a better foundation for
a model for project management. Using closed loop adaptive control system
rules, parallels are drawn between control systems and agile project manage-
ment. From these parallel, a comparison can be made between project man-

agement practices and adaptive control algorithms.

Finally a control systems view of the project management practices is provided
with a discussion of how this view can be applied to agile project management
practices. Constructing the connection between control systems, especially
adaptive control systems, and project management is the goal of this paper.
This project management process is then applied to the management of soft-
ware development and the agile methodologies currently moving into the mar-

ketplace.
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1 Introduction

Since the earliest days of the computer software industry managing of software devel-
opment projects has been fraught with uncertainty and risk. While the technical con-
tent of software products and the technical methods used to build them have changed
over time, the fundamental issues that determine the success or failure of software
projects have remain constant. The fundamental management mistakes have remained

the same.

The success rate of applying traditional methods to complex software development
projects over the years has been underwhelming. [29] This linear step—wise approach
has its roots in the waterfall methods of the 1970’s. It was clear then [63, 62] and has
become even cleared today that this approach to managing software projects is inap-
propriate in many domains. What is not answered in the project management litera-
ture is the question — is there an underlying theory of project management appropriate
for software development projcets? A secondary question is — can a theory be con-
structed that is consistent with adaptive system and agile processes currently in use in

manufacturing, science, economics, biology, and ecology?

One approach is to look for theories in other domains that closely match the behav-
ioral aspects of project management. Control systems theory is one such domain. Per-
formance references, control loops, and stochastic processes all have similar para-
digms in project management. In addition the theory of complex adaptive systems and

adaptive controls for those systems has a similar paradigm in the “agile” domain.
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The development of software systems has substantial elements or creativity and inno-
vation. Predicting the outcome of the development effort, given a fixed set of re-
sources and time is difficult. Add to this process external market forces, incomplete or
ill-formed requirements and changing stakeholder’s needs creates three questions for
consideration: a) what methods are appropriate for the management of software de-
velopment projects? b) what theoretical aspects of project management can be applied
to the software environment? ¢) what gaps exist in current project management meth-

ods that should be closed to meet these new needs?

1.1  Project Management Theory

The current project management literature describes project management in terms of
controlling, planning, and scheduling. This literature often assumes project manage-
ment takes place within the paradigm of management-as—planning. This paradigm
holds the view there is a causal connection between the actions of management and
the outcomes of the project. Assuming the translation of plans into action as a simple
matter of execution. This view of project management regards projects as instruments
with which to achieve a goal rather than as individual organizations in their own
right. * Feedback from this planning process is based on an after the fact variance de-
tection. As a feedback control system, gaps in the feedback include: delays that can be

used to correct the plans and execution before the deviation grows too large, adaptive

! The origins in industtial society can explain why much project management theory assumes that projects take
place within a single organization. This basic assumption is out of step with post-industrial society’s joint ven-
tures, and strategic collaborations.
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planning through adaptive feedback loops, and feed—forward controls to direct the

execution based on inputs about future needs of the stakeholders.

In the literature, project management methods are reduced to stable, technical, and
linear processes. 2 The impact on the project from external forces or from problems
within the project is given little attention. It is assumed in this traditional model that
“change” is an undesirable thing, when in fact change in the business systems world is
not only natural it is desirable. The conflict between “managing in the presence of
change” and “managing change” by attempting to control it is the source of many of

the gaps between traditional project management and agile project management.

One approach to defining a theory of project management can be found in [45]. It is
conjectured that a well-functioning bureaucracy aided by scientific planning tools can
efficiently deal with a project through these “normal-science” methods. This ap-
proach assumes projects are carried out under conditions of complete rationality. ® It
also assumes that projects are repetitive, with their requirements and stakeholder

needs built existing knowledge.

The majority of software development projects are not conducted under conditions
rationality. Software projects are not repetitive, stable, or linear. They are unique,
driven by unstable requiremenets, technology, and market forces, and contain many

non-linear activities. Software development is complex, the exact business and tech-

2 Linear project management models are sometimes referred to as waterfall models. In these models it is assumed
that each phase of the project is completed in a fixed sequence, followed by the next logical phase.

3 All rational action embodies some sort of precautionary principle. What kind of harm can be averted? What kinds
of cost are willing to be incurred by the stakeholders? In the rational context, risks can be pre—identified, produc-
tion rates are known, defects can be statistically analyzed, and requirements can be elicited up front.
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nical outcome is difficult to plan. The processes used to manage the outcome may
chaotic. Software projects are often subjected to forces outside the control of the pro-

ject manager, developers, and stakeholders.

More importantly the development and deployment of software creates a non-linear
feedback loop between the development and the deployment processes. Once the
software is deployed the users have new and sometimes disruptive requirements —

once they know understand how the application works.

The framework for examining this situation can be found in a similar approach to

management of systems engineering activities. [59]

Figure 1 presents an overview of both the elements and dimensions of project man-
agement. The “control systems” involved in project management are not shown, since
this is a static view of the elements and their interactions. The important aspect of
Figure 1 is the connection between the components of the problem domain and the

solution domain.
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The normative advice provided by the traditional project management bodies of

knowledge — planning, execution, and control — forms a closed loop linear system.

This advice is usually based on rules that specify which choices will maximize bene-

fits to the participants. Normative theory suggests a project is a series of sequentially

related activities. In practice software project management is a set of multiply inter-

acting interdependent activities behaving in a non-linear and adaptive manner. Com-

plex adaptive systems (CAS) are one way of looking at project management. Adap-
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tive control systems offer a simpler model without the complex and intractable

mathematics of CAS.

The distinctions between traditional and agile can be summarized in Figure 2:

Traditional Methods Emergent or Agile methods

Planning drives results Results drive planning

Delivery is focused on planned results Delivery is focused on derived results
Defined process steps Self-organizing process steps using princi-

ples of agile alliance or similar statements.

Figure 2 — Distinctions between Traditional and Agile PM methods

1.2 Information Technology Project Management

Information Technology (IT) projects traditionally use formal management processes
for the acquisition or development, deployment, and operation of the system that em-
phasizes planning in depth. This approach organizes work into phase’s seperated by
decision points. Supporters of this approach emphasize that changes made early in the

project can be less expensive than changes made late in the project.

In the past this approach has been called waterfall. * The waterfall approach contains

several erroneous assumptions that negatively impact IT projects:

4 The term waterfall has been used many times as a strawman by the agile community. In fact very few pure waterfall
projects exist today. This is not to say there are not abuses of the concept of waterfall — sequential development
based on the simple algorithm REPEAT [Design, Code, Test] UNTIL Money = O.In practice,
development and deployment processes based on incremental and iterative methodologies are the norm. The
literature contains numerous references and guidelines to this iterative project management approach dating back
to the 1980’ [62].
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= Planning — the assumption that it is possible to produce a plan so that its imple-
mentation is merely a matter of executing a defined set of tasks in a predefined

order.

= Plans for complex projects rarely turn out to be good enough for to remain
intact through out the project life cycle.

= Continuous re—planning, re-adjusting of priorities, and re-analyzing the con-
sequences of these changes is common practice.

= Unanticipated problems are the norm rather than the exception.

= Change - It is not possible to protect against late changes.

= All businesses face late changing competitive environments.
= The window of business opportunity opens and closes at the whim of the
market, not the direction of the project manager.
= Stability — Management usually wants a plan to which it can commit. By making
this commitment, they give up the ability to take advantage of fortuitous devel-

opments in the business and technology environment [66].

= In a financial setting this is the option value of the decision.
= Deferring decisions to take advantage of new information and new opportu-
nities is rarely taken into account on IT projects [67].

1.3 Post—Normal Science

The term “Post-Normal” was coined by Funtowicz and Ravetz [26, 27]. A simple

definition is...
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(g)oing beyond the traditional assumptions that science is both certain and value—free, it makes
system certainties and decision stakes the essential elements of its analysis. It distinguishes be-
tween “applied sciences” where both dimensions are low, “professional consultancy” where one
of the dimensions is salient, and “post—normal science” where at least one dimension is ex-

treme.

Figure 3 describes the relationships between the various “domains” of scientific proc-
ess to demarcate the realms of applied science, professional consultancy, and post—

normal science.

The realm of applied science is the search for objective truth. The interests of the cli-
ent are the realms of consultancy. Post-normal science contains a theoretical core of
quality assurance. It argues the need for new methods with involve extended peer
communities who deploy extended facts and take an active part in the solution of their

own problems [28].

These concepts form the basis of many of the “agile” processes in management and

development of software systems:

= Full participation of the stakeholders in defining the “value” delivered by the sys-

tem.

= Emerging requirements from the “deployment” of the systems, rather than from

the pre—definition of the system. °

5 Many would argue that non—functional requirements need to be defined “up front.” And this is likely the case,
since irrevocable decisions need to be made regarding infrastructure.

9/32



A Work in Progress
Copvright, © Glen B. Alleman, 2004

= Errors in the system are expunged as they are encountered, rather than through a

formal process of quality assurance.

= The stakeholders take an active part in the solution. They become the “customer”

in all of its logical definitions.

These concepts are distinctly different from the “normal” science point of view for
software projects, in which analysis, design, code, and test are the typical linear cy-

cles.

High

Professional
Consultancy

Decision Stakes

Low

Low High
System Uncertainities

Figure 3 — Post-Normal Science Domain

14 Project Management as “Post—-Normal Science”

Modern project management is heavily influenced by the belief that a project man-
agement process can be improved by scientific methods [13, 7]. These projects create

a set of myths based on the “normal science” paradigm that:
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= Clear—cut investment opportunities exist with an explicit purpose, beginning, du-

ration, and end can be identified early in the project.

= Low opportunity costs for each business or technical decision exist, in most in-

stances with a reversible decision process.

= Feasible, suitable, and acceptable project attributes can be identified.

= Accurate predictions of project duration and resource demands are possible once

the requirements have been defined.

= Worst—case consequences can be determined in advance.

= The failure of the project was due to lack of technical and managerial skills rather

than inappropriate feasibility, suitability, or acceptability of the solution.

This is a “normal science” view of software project management can be replaced with

a post—-normal view, in which there are:®

= Highly uncertain facts about the project attributes.

= Constant disputes about the values and expectations.

= High decision stakes with irreversible consequences.

= Urgently needed decisions must be made in the presence of insufficient informa-

tion.

¢ Classical science and conventional problem solving were labeled “normal science” by Kuhn [44]. Post—Normal
science acknowledges there is high system uncertainty, increasing decision stakes, and extends the peer review
community to include the participants and stakeholders, who insure the quality and validity of the conclu-
sions [25, 49, 16].



= Qutcomes that affect broad communities of interest beyond the direct participants

and stakeholder in the project.

Agile methods do not mean that the normal—-science model is irrelevant, just that such

a model is applicable only when uncertainty and decision stakes are low [26].

A fundamental attribute of post-normal science is the reliance on heuristics. Using
heuristics to guide the development using agile methods allows the management of IT

projects to be placed in a post-hormal science context.

15 Agile Methods

Agile methods have entered the market as a remake of Lightweight Software Devel-
opment processes. Agile processes emphasis both the rapid and flexible adaptation to
changes in the process, the product, and the development environment [Aoyama
98A]. This is a very general definition and therefore not very useful without some

specific context — which will be developed below.

Before establishing this context, agile methods include three major attributes, they

are:

= Incremental and Evolutionary — allowing adaptation to both internal and external

events.

= Modular and Lean — allowing components of the process to come and go depend-

ing on specific needs if the participants and stakeholders.

= Time Based — built on iterative and concurrent work cycles.



= Self-Organizing — in the sense that normative guides have little to offer in terms

of structure and control. Agile methods rely primarily on heuristics and participa-

tive processes rather than normative and rational methods and guidelines.

1.6 Project Management as a “Control System”

The vocabulary of the project management [17] is similar to that found in control sys-

tems [40, 49]. These terms includes:

Project Management Process

Monitoring — tracking and reporting of pro-

gress to a reference.

Evaluating — an assessment of the project’s
progress to plan using some normative unit of

measure, usually money, or time.

Control System

Reference signal — an independent variable
(or set of variables) that defines the desired
output. The error signal is the arithmetic dif-
ference between the reference signal and the

output signal.

Plant or process — is a continuous operation or
development marked by a series of gradual
changes that success one another in a rela-
tively fixed way and lead toward a particular
result. An artificial or voluntary, progres-
sively continuing operation that consists of a

series of controlled actions or movements

7 In the case of a simple temperature controller, the reference signal is the desired temperature. The error signal is
the difference between the desired temperature and the current temperature. If this error is positive, then the
process is instructed to lower the temperature. If this error is negative, then the process is instructed to raise the
temperature. This is a very sizple example, but will serve to illustrate the point that project management has simi-

lar terms and concepts as closed loop controller.



systematically directed toward a particular

result or end.

Control — monitors and measures progress Controller — which uses feedback, in the pres-
against plan to identify variances and provide  ence of disturbances, tends to reduce the dif-
corrective action, generating feedback to the ference between the output of the system and

decision making process. the reference input.

Figure 4 — Project Management and Control Systems VVocabulary

2  Project Management as a Control System

Control systems play an important role in engineering, science, economics, and bio-
logical systems. They has play an important role is creating models of other general
systems, either as models of these systems or as metaphors of the models of these

systems. [8].

Early control systems were based on linear feedback models. As the entities being
controlled became more complex, the classical control theory, which dealt with single
input and single output systems, became less useful. Multiple input and output sys-
tems now dominate control systems theory and practice. Recently adaptive and opti-
mal control systems have been developed. Applications of modern control theory to
non—physical fields are also the norm. Biology, economics, sociology and other dy-
namic systems are also common practice. Complex Adaptive Systems is a popular

topic today.

Constructing a connection between control systems, especially adaptive control sys-

tems and project management is the goal of this section.



2.1 Basic Problems in Control System Design

Before moving forward some comparisons between control systems and project man-

agement systems will be helpful.

Process Control Project Management

Process A natural and progressively con-
tinuing operation or development
marker by a series of gradual
changes that succeed one another
in a relatively fixed way and lead

toward a particular result.

Systems A combination of components
that act together and perform a

certain objective.

Disturbance A signal which tends to adversely
affect the value of the output of a

system.

Feedback control An operation which, in the pres-
ence of disturbances, tends to
reduce the difference between the
output of a system and the refer-

ence input.

Damping



Feedback control

system

Closed loop system

Open loop system

Process Control

A system which tends to maintain
a prescribed relationship between
the output and the reference input
by comparing these and using the

difference as a means of control.

Is one in which the output signal
has direct impact on the control
action, as shown in Figure 6. Ina
closed loop system the error sig-
nal, which is the difference be-
tween the input and the feedback
is fed to the controller to reduce
the error and bring the output of

the system to a desired value.

Is one in which the output signal
has no direct impact on the con-
trol action, as shown in Figure 6.
In an open loop system the output
is neither measured nor fed back
for comparison with the input. For
each reference input there is a

fixed operating condition.

Project Management



Process Control Project Management

Adaptive control

system

Performance index Is a quantitative measure of the
performance, measuring the de-
viation from the ideal perform-
ance. The specification of the
control signal over the operating

time is called the control law.

Adaptive Any alteration in structure or
function of an organism to make
it better fitted to survive or multi-
ply. Change in response of sen-
sory organs to changed environ-

mental conditions.

Learning control Many open-loop control systems

systems can be converted to closed—loop
control system if a human opera-
tor is placed in the loop. This
operator compares inputs with
outputs and makes corrective
actions based on the resulting

errors.

Figure 5 — Attributes of Control Systems and Project Management Systems
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Figure 6 — Open and Closed Loop Systems

2.1.1 General Requirements for a Control System
Any useful control system must satisfy the following conditions:

= The first requirement of any control system is stability.

= In addition to absolute stability, the control system must have relative stability,

that is the speed of response must be reasonably fast and must show reasonable

damping.

= A control system must be capable of reducing errors to zero or to some small tol-

erance level.



The requirement for relative stability and steady—state accuracy are actually incom-
patible. The design of a control system becomes a tradeoff between these two re-

quirements.

2.1.2 Adaptive Controls

Adaptation implies the ability to self-adjust or self-modify with unpredictable
changes in conditions of environment or structure. In an adaptive control system, the
dynamic characteristics must be identified at all times so that the controller parame-

ters can be adjusted in order to maintain optimal performance.

2.2 Basic Approach to Control Systems Design

One approach to the design of control systems, which will be useful here, is to use
block diagrams, which are pictorial representations of the functions performed by
each component of the system and the signals that flow between these components. @
Figure 7 is a logical depiction of a closed loop control system. This system consists of

two elements:

= Block element — is the symbol of the operation performed on the input signal to
produce the output signal. The notation inside the block is usually the transfer

function of the block given as the Laplace function.

8 For the moment the specific notation used in Figure 7 will be ignored, since the interest is in applying control
systems theory to project management. The “functons” R (S) , E (S) ,and C (S) , represent the reference, er-
ror, and control signals respectively. These are functions of Laplace space rather than of time. For not familiar

with the Laplace transform it is defined as [I: f (t):l =F(s)= j; efStdt[ f (t):' =J‘: f (t)e dt. By transform-

ing a time varying function to Laplace space it can be manipulated as an algebraic expression rather than as a dif-
ferential equation.



= Error detector — produces an error signal, E(s), which is the difference between

the reference input, R(s) and the feedback signal, C(s). The choice of the error

signal is very important. Any imperfections in the error signal will be reflected in

the performance of entire system.

R(s) —Input»@E(s)» G(s) Output—> C(s)

i

Feedback

Figure 7 — A Logical Depiction of a Closed Loop Control Systems

2.3 Adaptive Controls Design

In most feedback systems, small deviations in parameters values from their design
values will not cause any problem in the normal operations of the system, provided
these parameters are inside the loop. If the process parameters vary widely because of
environmental changes, then the control system will exhibit unsatisfactory behaviors.
In some cases large variations in process parameters will cause instability in non—

adaptive systems.

A simple definition of a adaptive control system is: a control system in which con-
tinuous and automatic measurements of the dynamic characteristics of the process are
taken, comparisons are made with the desired dynamic characteristics, and differences

uses to adjust the system parameters — usually the controller characteristics — or the



generation of an actuating signal so as to maintain optimal system performance, re-

gardless of the environmental changes to the process.

Decision ) Id or I
Measurement
— Input Controller Process Output——»

A

Figure 8 — Adaptive Controller
To be called adaptive, some form of self-organizing features must exist. An adaptive

controller consists of the following three functions:
= |dentification of the dynamic characteristics of the process.
= Decision making based on the identification of the process.
= Modification or actuation based on the decisions made.

By performing these functions continuously, self-organization can take place to com-

pensate for unpredictable changes in the process.

2.3.1 Identification

The dynamic characteristics of the process must be measured and identified continu-
ously. This measure should be accomplished with effecting the normal operation of

the system. Identification may be made from normal operating data or by the injection



of test signals. Identification with normal data is possible only when this data has

adequate signal characteristics (bandwidth, amplitude, etc.) for proper identification.

2.3.2 Decision making

Decisions are made on the basis of the process characteristics, which have identified
and on the computed performance index. Once the process has been identified, it is
compared with the optimal characteristics (or optimal performance), and then a deci-
sion made as to how the adjustable controller characteristics should be varied in order

to maintain optimal performance.

2.3.3 Modification based on Decisions Made

Modification refers to the changes of control signals according to the results of the
identification and decision processes. There are two approaches to modifying controls

signals:

= Controller parameter modification — in which the controller parameters are ad-

justed, to compensate fro changes in the process dynamics.

= Control signal synthesis — in which optimal control signals are synthesized based
on the transfer function, performance index, and desired transient response of the

process.



3  Project Management Theory as Control Theory

3.1 Control Theory

Control is a guiding a set of variables towards a common goal. Management Control
Theory may be seen as after—the—fact control or before-the—fact control. Control the-
ory, suggests that where consequences are easily monitored, after—the—fact controls
are more effective. Where consequences are unique and hard to monitor, before-the—

fact control is appropriate.

4  Agile PM and Adaptive Control

What is needed now is some way to tie adaptive control theory to agile project man-
agement. A simple approach is to compare the primary attributes of adaptive control

with agile PM methods.

Adaptive Control Agile Project Management

Identification

Decision Making

Modification based on the decision made

5 A Framework for Traditional Project Management Processes

One question is are the methods described in traditional PM frameworks appropriate

for Agile Project Management? One place to look for traditional frameworks if the



Project Management Institute’s Project Management Body of Knowledge. There are

other BoK’s but PMBOK will be a good starting point.

First let’s look at the control block picture of the PMBOK?’s functions. Figure 9 de-

scribes a simple view of PMBOK’s control elements.

Performance Reports

Controller Process

i Control Change | | &y ecution Output——»
| Control

3 Y

Plan Plans

Figure 9 — PMBOK Control Blocks

5.1 What's Missing?

In Figure 9 there several things missing when viewed from a traditional control loop

process.

= There is no reference signal — the flow of control makes use of performance re-
ports to define the change control signal. These performance reports have no ref-

erence signal by which create a “error” signal.

= There are multiple control signals — both plans and change control are used as a

control signal.
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= The dynamics and transfer function of each process is not specified. This includes

the sample rate and the response rate of each process.
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