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Abstract

The more complexity a software projects
contain, the more frequently the developments
fail. However we can reduce the systems
complexity by using a matrix which I propose
in this paper.” A software development project

could be divided into 8 elements, and the
complexity of the

system development
depends on the interdependenc

1 and complex
relations between element and one another.

This paper explains how project complexity is
well managed by the interdependency and
simple relationship.

1. Introduction

Technology progressions are not solution of
software development. Projects might be more
complex. And failure rates of system
developments do not decrease by only
improving development process. Thus we
should consider another dimension of the
systems complexity which leads us to new
approach to improve the success rates of
complex system development.

2. Structure of software
development project and its
problem

The project contains 8 elements: teams,
activities, artifacts, components, functions,
requirements, features and needs. If these
elements are independent, it will be easy to
manage projects. The complexity of a project is
defined in terms of a difficult level of element
itself and interdependency between element

and other elements. The difficulty level of
element itself tends to reduce by the
progression of technology. But, even if the
difficulty level would be reduced, if the
interdependency will be still complex, the total
effectiveness could be offset. In other words,
the result might be same or more complexity.
Basically, it is important to not only reduce the
difficulty level of element itself but also
simplify the relations between elements.
(Figurel)

It is a challenge to realize it that we
visualize the project totally and well organize
the relations between elements.
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3. The concept of proposed model

This paper shows a model that can be useful
if it will be used to analyze complexity of

elements in a project qualitatively and
quantitatively. It will help us to well
understand the complexity of software

development projects. As I mentioned before,
eight elements of a system development
project are “Needs”, “Features”,
“Requirements”, “Functions”, “Components”,
“Artifacts”, “Activities” and “Teams”. I think



those elements have relationships like this:

At the beginning, “Needs” are broken down

into “Features”. Next, “Features” are defined
s “Requirements”. “Functions” realize the
“Requirements”. “Components” implement
the “Functions”. In the design of the
“Components”, it is necessary to make
“Artifacts”. At the end, “Teams
(organizations)” execute “Activities” in the
process of making the “Artifacts”. Then, the
design information is transmitted to these eight
elements.

If an element connects to just another, it is
simple relation (Figure2, (left)). In this case, 8
elements of a project could be connecting as
one line from “Team” to “Requirement”. So, it
is one line one project. Thus, each line of a
project has not interdependency with other
lines. So, the line of a project is able to execute
only the project. But, in many cases, a project
of software development has a lot of
connections to elements in other lines and the
difficulty level of elements is also high
(Figuer2, (right)).Therefore, design work and
elements could be interdependency and affect
each other. And if the difficulty level of
elements is high, it might lose the design
information. Like this, in a development
project, the elements in a project should have
single relation with other element which is
contained in the project. The complexity of
relation is reducing the quality of a design
work itself.
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4. How to conceptualize and use

model

4.1. Concept

If the network diagram (Figure2) is
transformed into a matrix (Figure 3), the matrix
model can be used to perform quantitative
analysis. The matrix can organize eight
elements.

Additionally, for example, a project manager
needs administrative documents for managing
artifacts. This matrix model can be made easily
by using an artifact-artifact matrix (bottom five
matrixes in Figure 3).
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4.2. How to set the each values in the matrix
In this section, I will explain how to set the
each value in the matrix. If there is no
relationship between elements, the value will
set to “0”. If there is a relation between
elements, the value will set to “1” (Figure 4).
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Figure4 How to set the elements value

For example, if there is strong relation, the
value will not be set to “1” but set to “0.5”. The
number is selected by project members. It is
important for a project to define the numeric
standards beforehand.




A diagonal matrix is the most independent of
the relation. In other words, design information
adequately reflects each element. A triangular
matrix is more dependent than dose a diagonal
matrix. A full matrix is the most dependency
matrix.

4.3.  Qualitative analysis of a matrix

If the matrix model consists of a full matrix,
the project will be complexity. As shown in
Figure 5, in case of including one or two full
matrixes, all results of multiplying matrices is a
full matrix.
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In this figure, it is easy for us to see which
pattern is the simplest one. The simplest case is
the pattern 5. In another case, the results are
full or triangular matrixes. In other words, the
project will be complex. The full matrix is root
caouse of complexity. It is important for
project menbers to focus on managing the
relations with a full matrix.

4.4. Quantitative Analysis by Quality, Cost,
Delivery

In order to understand the project, we
analyze the result of multiplied matrixes.
O Project Quality (Complexity)

The project complexity is defined by both
the interdependency and the difficulty of the
configuration elements.

The interdependency is determined by an
inner product (figure6). This concept is similar
to “Vector space model” (“term vector
model”).

The difficulty is caused by the value of the
configuration elements. In this study, the
difficulty is the norm of project matrix.

As aresult, project complexity is defined as

‘Project complexity =cos0x1,” norm‘
Consider the following example.
(rl, r2) are vectors pointing in the
requirement, (t1, t2) are that vectors pointing in

the team.
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To evaluate the project, we calculate the

eigenvalues, and eigenvectors.
Eigen values are A=3/2, -1/2
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The norm is the maximum eigenvalue = [3/2| =

3/2. The difficulty is calculated by taking the

inverse and equal 2/3.

Further, if A = 3/2 and eigenvector to calculate

eigen vector al = (1, 1),

If A =-1/2, eigenunique vector a2 = (- 1, 1)

Asaresult, A=3/2 xal +(-1/2) xa2 =(2, 1)
4-=021-(11) =2x1+1x1=3

4-7 - |A [éfeos
cos & = 3/+/10 = 0.949

As a result the interdependency is 0.949.

The project complexity is  multiply

interdependency to difficulty.

2/3x0.949=0.632 0.63

@ Project Cost

When the requirement vector (y) has the unit

of “¥” and the team vector (x) has the unit of
“manpower”, matrix A  shows just
“Yen/person”. Matrix A is expressed in “y =
Ax”. Therefore, it is possible to derive the
theoretical price of each requirement.
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In this case, each elements costs 2560000
Yen/person, and the team vector is (t1, t2, t3,
t4) = (4 month, 2 months, 2 month, 1 month),
we have

256 256 256 256) (4 2304
256 256 256 256| |2 2304
“|256 256 256 256 |2 2304
256 256 256 256/ |1 2304

The requirement vector (rl, 12, r3, r4) can be
calculated as (23040000 yen, 23040000 yen,
23040000 yen, 23040000 yen).

@ Project Delivery

The delivery process depends on two
matrices. Two matrices are team-activity and
activity-artifact.
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Figure7 Concept of Delivery
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As shown in Figure7,

Stepl: We prepare the activity-artifact and
team-activity matrixes.

Step2: In matrix of activity-artifact, we
focus on the output columns and then rebuild
the matrix.

Step3: We set the values in the two matrixes.
The Delivery matrix is created by multiplying
the two matrixes (activity-artifact,

team-activity).

If each team requires the work days (t1, t2, t3,
t4, t5) = (10, 20, 10, 5, 10) days, artifacts (al,
a2, a3, a4) will be equaled to (10, 30, 5, 10). In
this example, it is possible to calculate the
delivery period, because the entire process is
clear. Activities p4 and p5 are parallel tasks.
Therefore, when artifact a4 exits, the task is
complete. As aresult, the delivery period is this
calculation is, al+a2 +a4 = 10 + 30 + 10 = 50
days.

5. Verification by case study

As shown in Figure 8, this is the sample
cases of a software development project
5.1.  Use case model

In this use case study, there are two actors, a
customer and a bank.
The “Log in” use case has three requirements.
Reql. System can confirm user.
Req2. System can change the password (PW).
Req3. System can lock out the users, if they
will enter a wrong password for consecutively

three times.

Req2 : System can thange the =
password.
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Figure 8 Use Case Model
The "withdraw" use case has three
requirements.

Reqg4. System can withdraw from an account.
Req5. System cannot withdraw from an
account over savings.

Req6. System can withdraw from another
bank.

The “Deposit” use case has two requirements.
Req7. System can deposit in account.



Reg8. System can deposit in account of other
bank.

This case study verifies the matrix model. In
addition, (1) if you deploy a source code
generator, (2) if you use package (PKGQG)
software and (3) if you prepare source code by
yourself(scratch”). These three cases are
compared and verified. Their network
diagrams are shown as additional illustrations
in “Appendixes 1, 2, and 3”. These figures use
the UML class diagram. The stereotype is
“matrix category”. The teams are project
management, requirement  management,
architect, detail design, implementation, and
test. The activities are business logic design,
DB (database) design, and the user interface

design. The artifacts are wuser interface
specification, user interface transition
diagrams, work flow diagram, feature

specifications, system interface specifications,
entity-relationship diagram, and source code.
The components are the login screen, menu
screen, withdrawing screen, on site screen,
administration, withdrawing, savings,
bank-bank interface, customer management
data, deposit management data. The functions
are the user ID (UID) input features, password
(PW) input features, menu selection feature,
withdraw amount input features, deposit
amount input features, UID-PW management
features, deposit balance management feature,
bank-bank interface features, user search
feature, registration withdrawing amount, and
registration deposit amount. These functions
realize the requirements.

5.2.  Comparative study(cost, productivity)

In this section, we have tested the assumption
that each team vector has “one” manpower
(effort). Teams have five efforts in total. If a
matrix means productivity, the requirement
vector will be the price of each request.

(Figure9)
(1) Generator: five months of effort, work of
2000000 yen
(2) PKG: five months of effort, work of
1800000 yen

(3) Scratch: five months of effort, work of

2400000 Yen
As a result, the productivity is less 360000 /
man month (PKG) than 480000 / man month
(scratch). PKG 1is the best in terms of
productivity. Scratch development has the
poorest productivity.
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Figure 9 Cost Comparison

In this case study, all elements has been set
the value 1. Normally, the elements value must
be decided according to the actual efforts.

5.3.  Comparative study (quality)

In this section, it is shown complexity in
Figure 10. Interdependency is calculated from
cosO(inner product). The unit matrix is the
baseline (quality value = 1). Scratch
development has the lowest value. “Scratch” is
the most dependent on each element, and the
most difficult one in these cases. In a
network-related diagram, the scratch case has
the most complex relation. The following is a
generator.
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Figure 10 Comparative Study of complexity

54. Improvement

In three appendixes, the teams are related
with many activities. The requirements are
realized by many functions. These are the
points of improvement. Project members need
to discuss about the structure. They must
consider how to decrease the number of
relations between the teams and their activities,



and between the requirements and the
corresponding functions. This model helps
visualize project.

6. Examination

6.1. To-Be model

It is possible to describe the structure of a
project by the model proposed in this paper.

In software engineering, the each elements
of a software development project have been
discussed such as process, tools, and
requirements. However the relations of each
element have not been discussed. The proposed
model gives you a bird’s-eye view of the
project structure. Further, you can obtain the
quantitative status of project. We find that the
most desirable configuration of a project is
shown on a unit matrix.

6.2.  Quantitative evaluation of productivity
In this research, it is possible to evaluate the
project quality (complexity) by the theoretical
calculations. For example, the approach using
a generator is more productive than scratch
development. According to calculation,
productivity is expected to increase 17%. In
real development project, using a generator,
we have measured productivity increases
18.4%. This calculation result is a sufficient
proof of the feasibility of the proposed model.
6.3.  Analyzing about Complexity

It is possible to quantitatively and
qualitatively analyze the project. Diagonal
matrix is more productive than triangle matrix.
And Triangle matrix is more productive than
full matrixes. After all, the matrix which
satisfies with Axiomatic Design (independence
axiom and information axiom) is the most
productive. In the case of your project, it is
necessary for you to carefully consider the
develop strategy about the relations of
elements. Complexity  determines  the
robustness of the project. No matter how the
project members implement technology
solutions, it will be disordered by a wrong

Strategy.
6.4. Complement the blind spot in CMMI
CMMI  (capability — maturity  model

integration) 1is useful to evaluate the
organization’s activity. But this model is not to
mention the other elements (components
function, etc). The methodology described in
this research evaluates all elements of project
(team, activity, artifact, component, function,
and requirement).

7. Conclusion

This paper proposed a matrix model that
represents the relationships between project
elements.

An ideal model is wunit matrix. By
comparing each matrix to this criteria (unit
matrix), this model will helps understand
structure. As a result, larger, more complex
software project will be successful. This model
will allow software to continue providing
reliable service as a social infrastructure.

8. Future Study

In this paper, interdependency is
determined by the “inner product”. However,
in future study, we will attempt to calculate
interdependency by using the “norm”. The
“norm” is the length as between a project
matrix and a unit matrix.
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Appendix 1 In case of using a Generator
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The component design documents automatically
generate source code by the source code generator.




Appendix2 In case of using Package Software
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documents uses the PKG component.




Appendix3 In case of Scratch
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Create the source code from design specifications

The source code is created for each component
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