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Measurement-based Controlling in Project Management System

Ken-ichi Matsumoto  Shinji Kusumoto  Tohru Kikuno Koji Torii

Faculty of Engineering Science, Osaka University

The activities for controlling a software development project consist of the followings: (1) knowing an actual
state of the project, (2) clarifying the difference between the prescribed plan and the actual state of the project,
and (3) helping the developers to accomplish the prescribed plan.

This paper proposes a project management system with a measurement-based controlling subsystem which
supports these three activities based on quantitative and objective data collected from the project. The system
has tools for data collection from the project, data analysis of productivity and quality of the software, and
information feedback to developer, project manager, and experience manager respectively. Additionally, during
the project execution, the system invokes them according to three kinds of scripts which explicitly describe
these control activities.
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1. Introduction

Large software systems often provide incomplete
functionality for what customers want, take too long
time to construct, cost too much, use too much mem-
ory space or other resources to run and rarely evolve
to meet the changes needed[). These problems as-
sociated with development of software, especially
large-scale software, have emphasized the need for a
more disciplined and systematic approach. Software
project management is one systematic approach to
produce cost-effective, reliable software within spec-
ified time constraints!?.

Two major functions of software project manage-
ment are “planning” and “controlling.”l*ll¢] Planning
is executed before constructing the actual software
product. The purpose is to enable the objectives of
the project to be accomplished effectively. On the
other hand, controlling is executed dynamically dur-
ing the software construction phase in the project
and is done to carry out the project in pursuance of
the prescribed plan if deviation from the prescribed
plan occurs.

This paper proposes a project management sys-
tem with a measurement-based controlling subsys-
tem and describes characteristics, architecture of
the controlling subsystem. The subsystem supports
three major control activities: (1) knowing the ac-
tual state of the project, (2) clarifying the difference
between the prescribe plan and the actual state of
the project, and (3) helping the developers to ac-
complish the prescribed plan based on quantitative
and objective data collected from the project. It also
provides the project managers with valuable infor-
mation for modifying the prescribed plan and the
experience managers with valuable information for
packaging experience acquired in the project.

The main characteristics of the proposed system

are summarized as follows:

(1)Script-based controlling

The control plan, which is constructed by the
project manager and provided for the measurement-
based controlling subsystem, includes three kinds
of scripts: script of data collection, script of data
analysis, and script of information feedback. The
measurement-based controlling subsystem interprets
them and invokes tools for data collection, data anal-

ysis, and information feedback. Therefore controlling

process becomes more explicit and understandable
than the process in conventional system for project

controlling.

(2)Three types of feedback

There are three kinds of feedback from the
measurement-based controlling subsystem.  First
type of feedback is provided to developers in order
to control the project, the second one is to project
manager in order to modify the project plan, and the
last one is to experience manager in order to analyze
and package experience acquired in the project as a

new experience.

Section 2 shows major functions of software
project management and concept of measurement-
based controlling.  Section 3 describes project
management activities and major characteristics of
project controlling on the proposed system. Section
4 presents an architecture and major functions of
the controlling subsystem which is one of the major
subsystems of the proposed system. Finally, Section
5 summarizes the ideas discussed in this paper and

presents some areas for future research.

2. Project Management
2.1 Major functions

In the classic management model, management is
partitioned into five separate functions or compo-
nents: planning, organizing, staffing, directing, and
controlling!®]. These functions can be classified into
two types. The first type includes planning, orga-
nizing and staffing. These are executed before con-
structing the activities of the software project. Their
purpose is to enable the objectives of the project to
be accomplished effectively. The second type of func-
tions includes directing and controlling: These are
executed dynamically during the software construc-
tion phase in the project and are done to carry out
the project in pursuance of the prescribed plan if de-

viation from the prescribed plan occurs.

2.2 Measuremcent-based controlling
Controlling a software development project is de-
fined as all the management activities ensuring that
the actual work goes according to plan!®l. To con-
trol the project, the manager has to know the actual
state of the project, clarify the difference between



the prescribed plan and the actual state, and help
the developers accomplish the prescribed plan.

In measurement-based control for the software
development project, data collection, data analy-
sis, and information feedback are essential activi-
ties. The manager can assess the actual state of the
project by collecting data from the project and ana-
lyzing them. In addition, the manager can help de-
velopers correct their activities and accomplish the
prescribed plan by providing the analysis results the
packaged experience in the past project as feedback
informationf!(€],

For complex software, this is extremely important
because it allows us to discern trends and patternl®.
The measurement of resource expenditures is a good
example of the benefit of this type of description.
The resources expended on a project, particularly
in terms of a human effort, are translated directly
into costs. By collecting and analyzing information
about exactly where these resources are being ex-
pended (for example, what phase of the life cycle,
what types of activities, what parts of the system),
one can identify the major cost “drivers” within a
software organization. Then, one can answer ques-
tions such as “What types.of activities consume large
portions of the available manpower?” and “Where is
the effort being wasted?”[3] Therefore it can lead to
the instructions for the developers or modification of

the prescribed plan.

3. Project Management on Proposed Sys-
tem

3.1 Outline of project management

Figure 1 shows outline of project management on
a proposed system. The proposed system consists
of two subsystem: “Planning Subsystem” and “Con-
trolling Subsystem.”

Activities of project management on the system is
divided into the following three steps(ll:
Step 1: Planning

“Project Manager” constructs a project plan based
on the users’ requirements for functions, perfor-
mance, and qualities of software to be developed.
“Experience Manager” who maintains the packaged
experience, helps the Project Manager construct a
project plan by providing the packaged. experience.
In some cases, he includes organization’s require-
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Figure 1 Project management on the proposed system

ments in the project plan.

The project plan consists of a development plan
and a control plan. The development plan speci-
fies development process, activities to be executed
by “Developers”, schedule to be kept in the project.
On the other hand, the control plan specifies data
collection process for recording the actual state of
the project, and data analysis process for knowing
the actual process of the project , and information
feedback process for providing valuable information
for the Developers, the Project Manager, and the
Experience Manager.

Step 2: Executing and Controlling

The Developers construct software in develop-
ment environment according to the development plan
which specifies the development process and the ac-
tivities to be done, and the Controlling Subsystem
collects and analyzes data, which represent the activ-
ities of the Developers, from the development envi-
ronment according to the control plan. The Control-
ling Subsystem also provides valuable information for
the Developers and the Project Manager according
to the condition specified in the control plan.

Step 3: Packaging

When the project has been finished, the project
plan, collected and analyzed data from the devel-
opment environment, and feedback information pro-
vided for the Developers or the Project Manager are
given to the Planning Subsystem from the Control-
ling Subsystem. And then, the Experience Manager
analyzes and packages them as new experience of
planning, executing {development) and controlling in

the software development project.

3.2 Script-based controlling
The control plan constructed at Step 1 mentioned
in subsectiond.1, is specified by three kinds of scripts:



#define TIME_INTERVAL 30min
#define TESTDATA Jusr/local/testdata

record date, calendar_time;
list_of_developer = search_logon_file;
record list_of_developer;

if (phase(now) == UNIT TEST) (
for each developer in list_of_developer {
record developer;
list_of_program = search_program;
record list_of_program;
for each program in list_of_program (
record program;
record testing_effort;
exec test_coverage{ TESTDATAY;
record coverage, testdata usage rate;
record list_of_used_testdata, list_of_unused_testdata;
}
)
) elseif ...

Figure 2 Example of script of data collection

#define TIME_INTERVAL 120min
record date, calendar_time;

if (phase(now) == UNIT TEST) {
for each developer in list_of_developer {
record developer;
total_testing_effort_est = 0;
for each program in list_of_program
total_testing_effort_est +=
testing_effort_estimation(
coverage, testdata_usage_ratc);
)
record total_testing _effort_est;
)
} else if ...

#define TIME_INTERVAL 120min

#define COVERAGE %0%
#define USAGE_RATE 100%
#define TESTING_EFFORT 1000min

record date, calendar_time;

if (phase(now) == UNIT TEST) {
for each developer in list_of_developer {

if ( ( average(coverage) < COVERAGE) &&
( average(usage_rate) < USAGE_RATE) &&
( (total_testing_effort_est - TESTING_EFFORT)
/TESTING_EFFORT < -10%) ) {

feedback_to_developer
(coverage, average(coverage), COVERAGE,
usage_rate, average{usage_rate), USAGE_RATE,
list_of_used_testdata, list_of_unused_testdata,
total_testing_cffort_est, TESTING_EFFORT);

) elsc if ( ( average(coverage) < COVERAGE) &&
{ average(usage_rate) >= USAGE_RATE) &&
( (TESTING_EFFORT - sum(testing_effort))
/TESTING_EFFORT > 20%) ) {
feedback_to_rnanager
{developer,
coverage, average(coverage), COVERAGE,
usage_rate, average(usage_rate), USAGE_RATE,
list_of_used_testdata, list_of_unused_testdata,
sum(testing _effort), TESTING_EFFORT,
experience No. 235
% Effects of insufficient coverage on project
expesience No. 242
% Plan to improve coverage);
) elsciif ...

} elseif .... )
clse if (phase(now) == PROJECT_END) {

feedback_to_analyst (all records);
)

Figure 3 Example of script of data analysis

script of data collection, script of data analysis, and
script of information feedback. These scripts are de-
scribed by using the language we have been design-
ing.

(1) Script of data collection (see Figure 2)

The script of data collection specifies what kind of
data should be collected and when and from where
they should be collected. But it does not provide
any concrete mechanisms for data collection or what
kind of tools should be used for data collection.

The Controlling Subsystem. interprets- the script
and invokes data collection tools in the system.

(2) Script of data analysis (see Figure 3)

The script of data analysis specifies what kind of
values should be calculated and what timing should
they be calculated. But it does not provide any con-

Figure 4 Example of script of information feedback

crete mechanisms for data analysis or what kind of
tools should be used for data analysis.

The Controlling Subsystem interprets the script
and invokes data analysis tools in the system. These
calculations are executed by using data collected by
the Controlling Subsystem according to the script of
data collection. :

(3) Script of information feedback (see Figure
4) ‘

The script of information feedback specifies con-
ditions for executing information feedback and what
kind ‘of information should be fed back to the De-
velopers, the Project Manager, 'and the Experience
Manager. But it does not provide any concrete mech-
anisms for information feedback. The Controlling

Subsystem interprets the script and invokes informa-



tion feedback tools in the system. Information to be
fed back are made from the collected and analyzed
data by the Controlling Subsystem according to the

scripts of data collection and data analysis.

3.3 Three types of feedback

The Controlling Subsystem provides three differ-
ent types of feedback information for the Developers,
the Project Manager, and the Experience manager,
respectively, in order to accomplish the project plan
effectively and package collected and analyzed data
as a new experience in Planning Subsystem. What
kinds of information should be fed back and to whom
as well as the timing of feedback are defined by the
script of information feedback in the control plan as
mentioned in subsection 3.2. The contents of these
feedback information are summarized as follows:
Type I To Developer

During the Step 2 mentioned in subsection 3.1, if
deviation from the prescribed plan occurs and the
deviation is considered so small that the Developers
can correct their activities immediately, the Control-
ling Subsystem provides the Developers with the re-
quired information. If any experiences that are vhelp—
ful for the Developers to correct their activities, are
prescribed in the control plan, they are also fed back
to the Developers. )

For example, let us consider the following case
that a developer has to realize 95% of test cover-
" age for his/her program but the actual test cover-
age is 80%. If these are some test cases which have
not ye(: beén applied ta his/her program and he/she
has enough time to apply them to his/her program,
then the Controlling Subsystem provides the devel-
oper with information about test coverage and let

him/her know that there are test cases which should A

be applied to his/her program.
Type II: To Project Manager ‘ ;
During the Step 2 mentioned in subsection 3.1,if

the difference between the prescribed plan and the .

actual state of the project becomes large and it is
considered so large that the Developers can not re-
move the difference only by themselves then the
Controlling Subsystem prov1des the PIOJect Manager
with information on what kinds of deviation has been
occurred in order to modify the project plan. The
project plan is also provided for the Project Man-

ager. If some experiences that are helpful for the
Project Manager to modify project plan, are pre-
scribed in the control plan, they are also fed back to
the Project Manager. ‘

For example, let us consider again that a devel-
oper has to realize 95% of test coverage for his/her
program but the actual test coverage is 80% in this
case. If he/she has already applied all the test cases
provided by the development plan and he/she has
not enough time to create additional test cases for
his/her program, then the Controlling Subsystem
alerts the project manager about test coverage and
lets him/her know that there is no test case which
should be applied to his/her program and he/she has
not enough time to create additional test cases for
his/her program in order to urge the project man-
ager to modify the project plan.

Type IIX: To Experience Manager

At the end of the project, the project plan, col-
lected data, analyzed data, feedback information,
and so on are sent to the Experience Manager in or-
der to be analyzed and packaged as new. experience

of the software project.

4. Controlling Subsystem
Figure 5 outlines the system architecture of the
Controlling Subsystem, which also describes inter-

active information processing among the Planning

'Sixbsystem, the Controlling Subsystem and the De-

velopment Environment. The data flow is also ex-
plicitly given in Figure 5. The Controlling Subsys-
tem consists mainly of five logical units: “Plan Inter-
pretation”, “Data Collection”, “Data Analysis” and
“Information Feedback,” and “Data Management.”
The architectural components of each unit are de-

..scribed in detail helow(SI[7,

(1) Plan Interpretation Unit
The Plan Interpretation Unit interprets three

* kinds of scripts in the control plan and invokes tools

in the Data Collection Unit, Data Analysxs Unit, In-
formation Feedback Unit according to these scripts.
(2) Data Collection Unit

The Data Collection Unit consists of two compo-

‘nents, (CMl) through (CM2):

The (CM1) Process Data Collection component

"accumulates all data concerned with development

process, which are passed from a process manage-
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ment system in development environment.

The (CM2) Product Data Collection component
accumulates a series of intermediate product (includ-
ing the resulting product) and collects historical data
about product modifications. Product data collec-
tion also occurs indirectly through a product man-
agement system in development environment.

(3) Data Analysis Unit

The Data Analysis Unit consists of four compo-
nents, (CM3) through (CM6):

The (CM3) Preprocessing component prepares the
expanded data for evaluation. Preprocessing in-
cludes transforming data that were collected in the
physical unit (i.e., file) into data for the logical unit
(i.e., module).

The (CM4) Productivity /Quality Evaluation com-
ponent.calculates several values according to the al-
gorithms or guidelines for measurement. The evalua-
tions are assumed to be for purposes of productivity
and quality of the software.

The (CM5) Past Process Evaluation component
calculates a historical data of the past process, that
begins at the start of the project and ends at the
current tirme. The calculation is executed based on
the values of development process which are trans-
mitted from (CM4). The historical data are stored
in Project Data Base, and used on the successive
calculations of historical data.

The (CM6) Future Process Prediction component
estimates a future process, that begins at the current
time and ends at the prescribed date (deadline) of
project completion. The estimation is performed by
using the historical data of the past process which
are transmitted from (CM5).

(4) Information Feedback Unit

The Information Feedback Unit consists of two
components, (CM7) and (CM8):

The (CMT7) Feedback Management component re-
trieves elements of feedback information from the
Project Data Base, and constructs overall of feed-
back information by using them. The feedback in-
formation is sent to the (CM8) Image Construction
component.

The (CM8) Image Construction component builds
up an image of feedback information which consists
of the target value of productivity or quality of the
project along with the historical data of the past pro-
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Figure 6 Conceptual drawing of feedback
information to developer

cess, and the predictive value along with the data
of the future process. Figure 6 shows a conceptual
drawing of a feedback information provided by the

Image Construction component.
(5) Data Management Unit

The Data Management Unit consists of three com-
ponents, (CM9) through (CM11):

The (CM9) Data Compression component saves
mernory by storing as little data as possible. For
example, all of the updated files in software devel-
opment and their update times are compressed into
the histories of modifications and the latest version
of the file. The history of modifications are accu-
mulated by computing a difference between the new
version of the file and the latest version of the file
by using the file comparator when the file is updated
within the past five minutes.

The (CM10) Data Base Management component
provides data storage and information retrieval. The
data from the Data Collection Unit and the informa-
tion from the Data Analysis Unit are stored in the
Project Data Base. The relevant information, such
as the date and the names of project, team, devel-
oper, file, module, and statement, is added to each
original data.

The (CM11) Data Expansion component restruc-
tures the original data based on the compressed data

created in the (CM9) Data Compression component.



5. Conclusion

This paper proposed a project management sys-
tem with a measurement-based controlling subsys-
tem. The controlling subsystem interprets the con-
trol plan generated by the planning system and pro-
vides valuable information for the developer, the
project manager, and the experience manager.

We have a plan to develop a prototype system of
the proposed project management system and apply
it to the academic and industrial field in order to
evaluate usefulness and effectiveness of the system
in realistic software development project and organi-

zation.
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