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Abstract

The ability to handle changes is a characteristic feature
of successful software projects. The problem addressed in
this paper is what should be done in project planning and it-
erative replanning so that the project can react effectively to
changes. Thus the work presents research results in software
engineering, as well as transfer of methods in knowledge en-
gineering to software engineering, applying the AI planning
technique to software process modelingand software project
management. Our method is based on inter-project expe-
rience and evolution patterns. We propose a new classifi-
cation of software projects, identifying and characterizing
ten software process evolution patterns and link them to dif-
ferent project profile. Based on the evolution patterns, we
discuss the planning support for process evolution and pro-
pose several methods that are new or significantlyextend ex-
isting work, e.g. cost estimation of process changes, evo-
lution pattern analysis, and a coarse process model for
the initial planning- and the iterative replanning process.
The preliminary results have shown that the study of evo-
lution patterns, based on inter-project experience, can pro-
vide valuable guidance in software process understanding
and improvement.

Keywords: Software Process Modeling, Software Pro-
cess Evolution, measurements, planning.

1 Introduction

Coarsely, we have four kinds of changes/evolution in
software processes. First, we have two kinds of changes in a
normal development process, namely delayed planning (e.g.
of design details), or replanning due to unforeseen events
(e.g. changes in requirements or in staffing). Due to the
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unstructured nature of many of these changes, traditional
project management tools are grossly insufficient [6]. A
third kind of changes occur in a later maintenance process,
where a stream of change requests are being handled. These
changes can be characterized as perfective (50%), corrective
(21%) adaptive (25%) and preventive changes (4%) [12].
Lastly, a fourth kind of changes is the more long-term soft-
ware process improvement (SPI), which implies goal-driven
and systematic evolution of the entire software process be-
tween projects, cf. CMM [20] and Experience Factory [3].

So the scope of research in software process evolution is
vast. The particular problem addressed in this paper is what
should be done in project planning, so that the project can
react rationally and effectively to changes. Thus, we focus
on the first two kinds of changes, with some emphasis on the
fourth (i.e. SPI).

We propose a framework of project profiles, process evo-
lutionpatterns observed in projects, and the relation between
project profiles and evolution patterns. Then we discuss the
planning phase in depth, aiming to provide the project man-
ager with method support in configuring a more realistic and
flexible project plan. This includes initial planning before
the start of the project and iterative replanning during the ex-
ecution of the project. The method is based on inter-project
experience and the evolution patterns. For a new project,
a matching baseline project is selected from an Experience
Database to predict the potential change patterns that are
likely to occur in the new project. Based on this information,
the project manager can make more appropriate decisions in
the project plan, so that the project is better prepared for the
potential changes. These decisions will be followed and/or
revised, when changes do occur during the execution of the
project. We also present some preliminary, experimental re-
sults, including an industrial case study, which covers part
of this paper.

This work presents not only research results in software
engineering alone, but also transfers methods of knowledge
engineering to software engineering, applying the AI plan-
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ning technique to software process modeling and software
project management.

2 Related Work

Lehman [11] have presented a classification of software
projects and process evolution, listing five evolution enti-
ties: Software Releases, Software Systems Under Develop-
ment, Application Domains, Development Process, and the
Process Model. The paper also describes the evolutionary
characteristics of each of these entities. However, the dis-
cussion is in a very abstract manner.

On the other hand, [18] proposes a functional frame-
work (neither too abstract, nor in operational details) to clas-
sify process evolution and link evolution patterns to dif-
ferent project profiles. The evolution characteristics are:
where (origin), why (cause), what (process element), when
(phase), how (kind of change), by-whom (modifier). All
these characteristics can be subclassed.

The original EPOS Planner [14] exploits a mixture of hi-
erarchical and linear planning [1] to generate parts of the
task network in a process model. [15] presents an incremen-
tal replanning algorithm to deal with “microscopic” changes
in the process model. For example, the replanning algorithm
can adjust an existing task network to reflect changes in the
Product Structure and/or in task types (the template process
model). But in real processes most changes with major im-
pact on the process quality and improvement are “macro-
scopic”, see [19]. Our previous work on replanning was also
confined to individual projects, and inter-project experience
on process evolution was not considered. The (re)planning
method presented here is based on inter-project experience
and more general evolution patterns.

In the domain of software experience databases, we have
mentioned the Experience Factory improvement method de-
veloped at NASA-SEL and Univ. Maryland. This proposes
a centralized improvement taskforce in a company, with
long-term and company-specific SPI as a goal, and is inter-
nally exploitingan experience database. There is also the as-
sociated TAME project [4] to exploit reuseable process arti-
facts in an experience database, e.g. to make decisions about
subsequent projects within the same organization. Further,
much work on experience databases and corporate memory
as a vehichle for for organizational learning has been done,
especially in the engineering sector. This has often been ac-
companied by techniques, such as statistical analysis, data
mining like that provided by rough-sets [21], or AI-oriented
methods like case-based reasoning [10]. Finally, we can
mention initial work on use of OO-style patterns to repre-
sent reusable classes of projects [8].

More recently [9] proposes a systematic method for risk
management, where risk is seen as variance or degree of im-
precision. The idea of risk scenarios (the hierarchy of risk

factor – risk event – reaction) is adapted in this paper to sys-
tematically make planning decisions about how to deal with
changes which are likely to occur in the project, see Sec-
tion 4.3.

3 Classification of Process Evolution

3.1 Classification of Projects

First we observe that it is not realistic to talk about
evolution patterns for software projects in general, with-
out linking them to different profiles of projects. Typi-
cal overall-profiles may cover aspects, such as cost-critical,
time-critical, safety-critical, research-oriented etc. – with
sub-profiles. In addition comes another axes of overall-
profiles, such as:
(T1). Application domain (Telecom, Business-Processing,

Military, MIS, Banking, ...);
(T2). Novelty (release vs. new software; familiar vs. new

application domain; ...);
(T3). Software maturity level of the organization; etc.

In addition to the overall-profile of projects, we have
an operative-profile, including categories such as: project
manager, participants, contractual-constraints,project size,
external-suppliers, customers, operating-platform, imple-
mentation-languages, etc. Each part of the operative-profile
is assigned a corporate-specific weight, representing the rel-
ative importance of the part in determining the similarity be-
tween various projects of the corporate. For example, a soft-
ware house XXX may assign a high weight on contractual-
constraints, as it learned that projects with matching con-
straints behave similarly.

When we speak of project profile, we mean both overall-
and operative-profile. In the following, we assume that the
Experience Database has been initialized with data from a
non-trivial number (20-50) of historical projects, accord-
ing to the profile classification described above. Linked to
these project descriptions, we have attached template pro-
cess models, that have been used in these projects. Such
templates constitute a repertoire of reusable process model
parts, that can be combined and instantiated into operative
process/project models. In such an Experience Database we
also store estimation/risk models for project planning, and
quality models e.g. about defect densities.

3.2 Evolution Patterns and their Relation to
Project Profile

In our approach, evolution patterns are recognized in the
following five steps:

(1). Set up a framework with a hierarchy of characteris-
tics describing various aspects of change. In this paper we



use the following top-level attributes, being an extension of
those in Minh’s PhD thesis [17] (Figure 2):

� Source of change: internal (triggered by feedback), or
external (triggered by change of input).

� Scope of change: local (microscopic), or global
(macroscopic).

� Timing of change: in early or late phases of the process.

� Evolving entity: application-domain /environment
/product /process /process-model.

� Forward-action: actions taken in the forward path of
the process.

� Backward-action: actions taken in the backward loop
(feedback loop).

� Impact on schedule etc.: big/moderate/small impact on
schedule/quality/cost.
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Figure 1. Relation Between Project Overall-
Profiles and Evolution Patterns.

(2). Keep track of change occurrences over a large num-
ber of projects in an organization, record them in a form

complying with the framework, and store the data into an
Experience Database of the organization.

(3). Set up the criteria to classify changes. Two recorded
changes with the same attribute values are considered “iden-
tical”.

(4). Retrieve and analyze the evolution data stored in the
Experience Database, grouping similar changes with only
“small differences” according to some criteria.

(5). Each group of similar changes with significant num-
ber of change occurrences (say, more than 5% of the total
number of changes being analyzed) can be seen as an Evo-
lution Pattern.

As mentioned, Figure 2 shows some common evolution
patterns. For each pattern we give the “normal” value for
each of the attributes. Each evolution pattern contains the
following information: The occurrence frequency of a cer-
tain change in the project; The explicit/implicit reactions
taken to deal with the change; The impact of the change
on schedule, cost and quality (the risks); and The associ-
ated metrics (measuring procedure, data attributes, analysis
model and analysis results). Naturally, such evolution pat-
terns are also recorded in the Experience Database, and their
usage are described in Section 4 on planning.

The relation between project profile and evolution pat-
terns could be extracted from the Experience Database, or a
model of this relation could be validated/invalidated by the
data in the database. Figure 1 shows an example of such a
relation, linking project overall-profiles and evolution pat-
terns.

4 Planning Support for Software Process
Evolution

As mentioned, our method is based on inter-project expe-
rience and evolution patterns. For a new and current project,
we must first assign a project profile to it. The project man-
ager then uses the profile as a criteria to search the Experi-
ence Base to identify a previously completed project best-
matching with the current project as the baseline project.

The evolution patterns of the identified baseline project,
are also recorded in the Experience Database. In the fol-
lowing we will discuss how a project manager can utilize
the evolution information of the baseline project to predict
and configure a more realistic, flexible plan for the current
project. Project planning consists of initial planning and it-
erative replanning.

We first present in Figure 3 our coarse process model (as
pseudo-code) of the project planning process, significantly
extending the one e.g. in [24]. The planning process has four
steps, S1-S4, where we will focus on step S1 “Initial Plan-
ning” and S3 “Replanning”. The following subsections will
describe our methods for each of the plan items, focusing
on the core problem: “How to deal with possible changes”.



The resulting plan will be “better” than the ones which are
based on a particular individual’s experience or on some al-
gorithmic models. It is “better” because it is based on the
whole organization’s experience, and pre-prepared for pos-
sible changes.

4.1 Task Network Layout and Scheduling

The task network shows the task hierarchy (sub-tasking)
and inter-dependencies. Initially, only a rough task network
can be created. During project execution (e.g. in the design
phase), high-level tasks are gradually decomposed into sub-
tasks in a hierarchical way.

The project schedule should fill in start/end time and re-
source allocation for each task, milestones representing im-
portant stages in the project, and the critical path – the
longest path in the task network. Scheduling is based on cost
estimation which is the subject of the next subsection. The
project manager must consider possible scheduling changes.
The following guidelines apply:

1. Schedule first as if nothing will go wrong, then increase
the time periods and resources for tasks affected by an-
ticipated changes (see Section 4.3).

2. Estimates in the initial project schedule must be com-
pared with actual elapsed time in order to revise the
schedule for the later parts of the project, even re-
partition the later parts to reduce the length of the crit-
ical path (see Section 4.4).

3. To react to a change during project execution, the lay-
out of the current network may need to be modified
(adding/deleting/modifying tasks). In most cases, the
modification is a human decision (such as adding an
extra review task to enhance reliability), and can only
be done manually (with some help of graphical editing
tools).

4.2 Cost Estimation

Project cost reflects efforts, training, equipment, and so
on. Here we only consider the efforts costs – the costs of
paying project staff according to hours spent and their price.

Initial cost estimation is necessary to negotiate the project
budget and the product price, to set the periods and resources
for each task in scheduling. Continuous cost recording is
later needed to ensure that spending is in line with budget
(often being the estimate). Cost estimation for changes is
necessary to effectively manage the process evolution.

Our overall method for cost estimation is:

� Using experience data to help traditional cost estima-
tion:

There is extensive literature on this, describing two ker-
nel techniques of software cost estimation: Estimation
by analogy (often manual) and Algorithmic cost model-
ing (often automatic). Our method is helpful for both.
Estimation by analogy is based on completed projects
of the organization and in same application domain (the
baseline); Algorithmic estimation models such as CO-
COMO [5] have to be tuned to the need of a user orga-
nization using historical project data. In our approach,
the baseline project and historical measures are both
stored in the Experience Database and available to the
manager of the new project.

� Cost estimation of process changes:

– The baseline project contains historical cost data
for each change pattern. These data can be used
to estimate the cost of similar changes in the
new project. This method can be applied to
the review-modify cycle (pattern IX), test-
modify cycle (pattern X), and other evolution
patterns.

– For a new requirement, COCOMO or other mod-
els can also be used to estimate the cost to satisfy
the requirement, e.g. expressed as FPs.

– For requirement modification, the cost depends
on the timing of the change occurrence. Mod-
ifications occurring in early phase cost little, as
the real implementation work has not started
yet. Changes occurring in later phases, how-
ever, may cause costly profound re-design and re-
implementation. Requirements traceability tech-
niques [13] can be used to identify the affected
software modules to estimate the efforts of such
re-work.

4.3 Evolution Pattern Analysis

We propose a systematic method to conduct the evolu-
tion pattern analysis and to make corresponding decisions.
Several evolutionpatterns can be expected for a new project.
Each pattern could cause different change events, and each
event has alternative reactions and impact on the sched-
ule/quality/cost. To provide a control mechanism for anal-
ysis and decision making, we can create and use evolution
scenarios. In the Riskit method [9]), Kontio suggests to
classify identified risks into elements (factors and events),
and describe plausible reactions for each event, resulting in
a risk scenario. However, this method does not utilize inter-
project experience. In our case, an evolution scenario is a
path from an evolution pattern to one of its events, and fur-
ther to one possible reaction. The evolution patterns are an-
ticipated from the baseline project. Thus, it is easier and



more natural to break down a pattern into several events,
and to provide alternative reactions to each event. All these
are guided by the information in the evolution pattern which
embodies inter-project experience. Another difference be-
tween our method and Riskit is that, our proposed decisions
also are mainly made during the planning phase, before a
project starts, while risk analysis in Riskit is mainly carried
out during the project execution.

Using evolution scenarios, the main steps in decision
making become:

1. For each evolution pattern, perceive the possible
change events;

2. For each change event, perceive the alternative reac-
tions.
Each path in the above decomposition graph is now an
evolution scenario;

3. For each scenario, estimate the impact on sched-
ule/quality/cost based on data in the baseline – the ac-
tual impact in the baseline project for similar scenario;

4. For each scenario, estimate its probability based on the
frequency data in the baseline project;

5. If there are too many scenarios, select the ones with
high probabilities and/or big impact, and make deci-
sions to change the project profile and/or the process
model, or to set appropriate contingencies to deal with
the expected, important changes.

Figure 4 shows examples of evolution scenarios and de-
cision making for some typical evolution patterns.

4.4 Measurements and Risk Analysis

Systematic and valid process improvement
can be achieved only by analyzing the process in a quan-
titative way, i.e. requiring measurements. We can mention
the Goal-Question-Metric (GQM) method [2], that defines
goals for software process improvement, before embarking
on software measurement tasks. Our method for predictive
process evolution relies heavily on software metrics. Thus
the project plan should include measurement of the product
as well as of the process.

In our case, the process goals for measurements are:

� To monitor projects and their environments for factors
that could fail, and to predict risks to schedule, budget,
and product quality (risk analysis);

� To revise/refine the project plan to react to (anticipated)
changes;

� To track change reactions for their cost and effective-
ness;

� To learn experience for future projects; etc.

In the project plan, the following measurement mecha-
nisms should be specified:

� The process/product attributes to measure during
project execution;

� The data collection procedures, tools and timing;

� The mathematical/statistical/empirical models used in
data analysis;

� The data analysis procedures and their results;

� How to use the results of data analysis, e.g plan revi-
sion, risk warning, future learning, ...

For a particular project, the project manager should focus
on selected issues based on the expected evolution patterns.
In the following, we give some examples.

1. Requirement Change – Evolution Pattern I

� Data Collection and Analysis:
Count periodically the number of requirements
(initially and number of added /deleted /modified
requirements).

� Risk Analysis: If the requirements are still being
modified, then the schedule is still at risk. If the
total number of requirements is stabilizing, the
risk is minimal.

� Reactions: If the risk to schedule is high, re-
negotiate the budget or adopt the incremental sys-
tem development and delivery approach.

2. Review-Modify Cycle – Evolution Pattern IX

� Data Collection and Analysis: Measure mod-
ule characteristics (size, complexity, fan-in/fan-
out, etc.). Use some model of correlation be-
tween module characteristics and module risk
level. Applying the model to each module, we
can estimate its risk level.

� Risk Analysis: To identify ”high risk” modules
that exceed their estimated or recommended com-
plexity and size.

� Reactions: ”High risk” modules may need further
investigation or even re-design.

Based on different evolution patterns, the project plan
should specify appropriate mechanisms for risk analysis and
management (data collection, analysis method and models,
risk analysis method and models, etc.) and pre-allocate nec-
essary resources for reactions.



5 Preliminary Experiences

Parts of the (re)planning process in this paper has been
prototyped, using the EPOS system [17]. Real projects were
“simulated” in EPOS, with active process models. The em-
pirical data were taken from a case study conducted with a
Norwegian banking software house, called YYY [19]. In
that study we classified five historical projects and collected
actual change occurrences in these. Organization YYY is
ISO-9001 certified since January 1995, and thus has a docu-
mented quality system. The purpose of the case study was to
collect actual evolutiondata based on parts of the framework
described in this paper. The preliminary analysis shows that
most changes originate from customer delays or require-
ment changes. Many such changes occur in the design and
testing phase, and constitute a major impact in term of ex-
tra cost. However, the case study and the initial EPOS im-
plementation covers only part of the work presented in this
paper. E.g., the classification system was not fully utilized,
and replanning was largely incomplete.

The experience database for YYY has now been re-
implemented in ORACLE, and is being filled up with data
from 50 past projects and tried out on 10 ongoing projects
[7]. The gained experiences is being fed back to the orga-
nization for making effective improvement decisions. YYY
now uses a classification metrics called Project Implementa-
tion Profile (PIP) to specify the operating-profile [23], using
10 factors and each with 10 values.

The proposed classification and planning framework will
be tried out on a larger scale in the Norwegian SPIQ project
in 1997-2001, where SPIQ stands for “Software Process Im-
provement for better Quality”. Most of the 15 participat-
ing SPIQ companies (including YYY) are interested in es-
tablishing a corporate Experience Base to improve project
estimation and generally to achieve SPI. Four of them are
now building up small, web-based experience bases to im-
prove their estimation capabilities. Their initial goal is bet-
ter cost/time estimation of current projects, and not to man-
age unanticipated process changes. However, such pro-
cess changes represent the (un)expected variation in such
estimates, and are thus valuable information. In the next
round, more up-front planning for process changes can be
employed. For instance, one of these companies use five
major tollgates in their projects, where they assesss progress
and (re)plan further activities. This is consistent with the
proposed planning support in this paper.

6 Conclusion

The central topic of the paper is the planning support for
software process evolution. This work presents not only re-
search results in software engineering alone, but also trans-
fers methods of knowledge engineering to software engi-

neering, applying the AI planning technique to software pro-
cess modeling and software project management. The main
contributions in this work are:

� We propose a new classification of software projects,
and several special overall-profiles of projects (time-
critical, safety-critical, and prototyping) are identi-
fied apart from the classical time/budget constrained
projects. In addition, several factors to constitute
operative-profiles are introduced.

� We identify and characterize ten software process evo-
lution patterns and link them to different project pro-
files.

� Based on the evolution patterns, we discuss the plan-
ning support for process evolution. The following
methods are new or significantly extend existing work:

– Cost estimation for process changes;

– Evolution pattern analysis, and decision making
for local contingencies or for more global SPI.

– A total process for initial planning and itera-
tive replanning, documented by a coarse process
model (as pseudo-code).

The presented framework is a bit preliminary and needs de-
tailing towards individual companies and cases. However,
its core parts has been tried out with preliminary, encourag-
ing results.
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Figure 2. Classification of Evolution Patterns.



epos/papers/seke98-plan-evol.tex



Define project constraints

end while

Define project milestones and deliverables

while

Generate automatically the top−level task network

Make the initial schedule

Enact the tasks according to schedule

if  (the risk is high)
then revise estimate

revise schedule
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{project is not completed}

if 
then

end if

end if
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(Section 4.1)

or
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Deal with Changes:

execute the reaction of the scenario
record the occurrence of the scenario

elseif

deal with it based on the manager’s judgement
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Initial Planning

Task Decomposition:
Decompose high−level tasks during the execution
Whenever possible, use the automatic Planner
Otherwise use Graphic Editor to do so manually

(Section 4.1)

(Section 4.3)

Make sub−plan for measurements and risk analysis (Section 4.4)

Continuing, iterative, (re)Planning

Estimate initial project profile

Estimate project cost (whole and for each phase)   (Section 4.2)

(task break−down,  period/resource allocation,  Section 4.1 and 4.2)

(a change scenario occurs)

Tracking and Monitoring
Track progress

Collect and analyze the collected measures according to the measurements sub−plan

(Section 4.4)

(Section 4.4)

 (Section 4.3,  4.1 and 4.2)

Evolution pattern analysis:

Try to change the project profile and/or the process model, adapted to evolution patterns
Whenever possible and desirable

Otherwise
Put contingencies in the project plan

Experience Packaging and Learning: put back into Experience Database

S1.

S2.

S3.

S4.

Figure 3. The coarse Process Model of Project (re)Planning Process.



Requirement
Change

Sub−
Contractor
Delay

Pattern I

Pattern IV

Occur in
early
phase

Occur in
later
phase

Delivery
delay

Re−engineering

Change
product

Delay
project
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scheduling
later phase

Evolution
Patterns

Change Events

event 1

event 2

event 3

Reactions

scenario 1

scenario 2

scenario 3

scenario 4

scenario 5

scenario 6

event 4

probability

probability

probability

probability

probability

probability

Impact Decision

Impact

Impact

Decision

Impact

Impact

Impact

Decision

Decision

Decision

Decision

Call in the
supplier

90%

10%

20%

10%

40%

50%

Scenarios/Impact/Decisions

contingency
in the
requirement
analysis

contingency
and extra
resource
in impl.

schedule++

schedule++
cost++

schedule++

schedule++
cost++

depends
on the
result
of negot.

contingency
in testing

contingency
in testing

keep reqm.
analysis
to later 
phases

Re−negotiate

Malfunction

minor
(normal
situation)

keep
resources
longer
than planned

Incremental
system 
development 
and delivery

scenario 7

event 5

probability
10%

DecisionImpact

unstable
schedule,
incremental
cost

milestones
for each
delivery

requirements
are revised
or added
incrementally

Figure 4. Evolution Scenarios and Decision Making.
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change

Scope
of 
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entity

Forward−
action

Backward−
action
(feedback)

Timing
of 
change

impact on
schedule,
product quality,
cost etc.

Pattern I

Pattern II

Pattern III

Pattern IV

Pattern V

Pattern VI

Pattern VII

Pattern VIII

Pattern IX

Pattern X

requirement
change

customer delay

resource
re−allocation

review−modify
cycle

test−modify
cycle

market change

sub−contractor
delay

macroexternal appl.domain,
product,
process

(usually)

external macro any time

external

external

external
(internal
to organ.)

internal

internal

internal

micro

micro

macro
   or
micro

macro

new development
technology
infusion

new process
technology
infusion

internal

internal

micro

macro

macro
   or
micro

macro
   or
micro

later phase
of process

any time

any time

environment,
product

environment,
process

environment,
process

environment,
process

process,
process−
model

process

product,
process,
process−
model

product,
process

product,
process

re−design,
re−analysis

re−implem.,
re−design,
re−analysis

moderate

moderate

re−analysis,
re−design,
re−implem.

re−analysis,
re−design,
re−implem.

early phase: moderate
later phase: big

early phase: moderate
later phase: big

risk to schedule:
depends

risk to schedule:
depends

risk to schedule:
big

re−schedule
forward path

improvement
in forward 
path

improvement
in forward 
path

none

none

none

negative
feedback
to constraint

negative
feedback
to constraint

none   moderate

global impact
is constrained
by negative feedback

global impact
is constrained
by negative feedback

re−schedule
forward path

re−schedule
forward path

re−schedule
forward path

re−schedule
forward path

internal
schedule
adjustment

early phase

early phase

(usually)

late phase

late phase

early phase

early phase

re−schedule
forward path

wait till
termination
of the cycle

wait till
termination
of the cycle

Figure 5. Classification of Evolution Patterns.


