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IV

ABSTRACT

A Quantitative Analysis o f the Carnegie Mellon Software Engineering Institute's 

Capability Maturity Model/A Latent Variable Model

By

Shaoming Chang 

Advisor: Professor Howard Rubin

The Capability Maturity Model developed by Carnegie Mellon University's Software 

Engineering Institute (SEI/CMM) was the most commonly used method for enhancing 

software development/maintenance processes in the 1990s. The focus o f SEI/CMM's 

research is to build a common production function for each o f  the five maturity levels (I 

to V) by comparing the behavior o f the production functions o f each level and then 

assessing the advantages and disadvantages o f each production function for advancing 

the organization's maturity level.

This research chose the Latent Variable Model (LVM) to fit the production function 

because in the world o f software engineering, models must frequently be compromised or 

modified to reflect the sampled data. By introducing latent variables we could reproduce 

the most typical practical production environment. The LVM we studied is composed of 

the following two group o f  variables:

♦ tangible variables, that is. sampled data (Function point. Duration. Man month. Team
size)

♦ intangible variables, that is. latent variables (Management effort. Production process).

We also study Dr. Frederick Brooks' Man month myth among the five maturity levels.

To analyze the differences, we then used the COCOMO model with an additional Team
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size factor. Does the Team size overhead go away at higher maturity levels or does it tag 

along? One of the purposes o f  this study was to find an answer. To conclude the 

Production function, the Dynamic model was used.
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I
1. INTRODUCTION

1.1 Background: IT Hardware/Software Environment

Computer hardware performance continues to increase dramatically (5). Central 

processing units, random access memory, and mass storage are improving their price- 

performance-ratio by orders o f magnitude every decade (5). Unfortunately, the same 

improvement is not found in the world o f software engineering.

Software engineering is the discipline o f developing software. In 1972 F. L. Bauer 

offered the follow ing succinct definition of softw are engineering: "The establishment 

and use of sound engineering principles (methods) in order to obtain economical softw are 

that is reliable and works on real machines"(27). In recent years, software engineering 

has become even more critical because o f the demands o f business automation— for 

example, the ATM machine. Brokerage Trading Systems, and the growing Internet 

economy beginning in the 1990s. As a result, the size o f the software systems being 

constructed worldwide has increased dramatically (5). The changing cost structure of 

software development is reflected in the following chart from Fortune magazine 

(September 1989) (37):

APPLICATION LINES OF DEVELOPMENT COST
CODE TIME(MY) (Smillion)

Lotus 400.000 263 7.0

1989 Lincoln 83.000 35 1.8

Bank ATM 780.000 150 13.2

Checkout/Scanner 90.000 58 3.0

Space Shuttle 25.600.000 22.096 1.200.0
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In the 1990s. demand in the software market grew as a result o f the emergence o f  

the Internet, fourth-generation computer languages and application generators, and 

commercial off-the-shelf and reuse-driven approach to software development (10). Barry- 

Boehm's work provides a set o f  projections that illustrate the growth in software (5):

Software Cost (S billion/year)

USA/DOD USA World
1980 6 45 95
1985 11 70 140
1990 125 250
1995 36
2000 63 400 800

To quote Boehm (writing in 1987). "By 1995. a 20 percent improvement in software 

productivity will be worth 90 billion dollars worldwide" (5). Despite this growth, 

software production is still plagued by missed schedules and cost overruns. Mark Paulk 

cited a catastrophic example:

"An unpublished review o f 17 major Department o f Defense software contracts found 

that the average 28-month schedule was missed by 20 months. And the Government 

Accounting Office has repeatedly reported on costs rising by millions of dollars“(35).

An ideal software development process should be predictable (21). The concept 

o f predictability implies that cost estimates and schedule commitments are met with 

reasonable consistency and that the quality of the resulting products generally meets the 

users' needs (21). It is generally believed that if  software engineering is to exhibit 

predictable behavior process issues are the key (13). This leads to two key questions:

♦ Which process issues are significant enough to impact productivity?
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♦ Is there a model that can quantify the behaviors o f  software processes?

1.2 Millennium IT Workforce Labor Shortage

As demonstrated by Professor Howard Rubin's findings in the 1995 through 1998 

Worldwide Benchmark Project, the annual demand for information systems professionals 

in U.S. corporations is growing 25 percent per year: "One estimate o f the shortage is that

200.000 jobs currently remain unfilled (1996 survey). Based on the results o f the 1996 

Worldwide Benchmark Project, the amount o f software that could be produced if the 

vacancies were filled could support an additional S500 billion in corporate revenue and 

S10 billion in associated income. The shortage is potentially taking a half-billion dollars 

in revenue out o f the economy today” (41).

Thus, both B am - Boehm 's observation and Dr. Rubin's survey demonstrate the 

importance of software processing.

1.3 Common Models in the 1970s and 1980s

In the 1970s to 1980s. several models were introduced to describe and analyze 

softw are process behaviors. Three of the most important were the following:

♦ Code-and-Fix model(6)

— The stages o f this model are: wiite the code. test, fix the problem, then loop back

to test.

♦ Stagewise model(6)
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— In this model, software is developed in successive stages, namely: operational 

planning, developing operational specifications, developing coding specifications, 

coding, parameter testing, assembly testing, shakedown, system evaluation. (This model 

is a refinement o f the code-and-fix model, in that it divides the entire process into stages 

that can be monitored or controlled by software engineers. This was the first model that 

provided information that could be analyzed.)

♦ Waterfall model(6)

— This model is an improvement of the stagewise model. In the stagewise model, 

the process goes from the first stage then to the second stage and so on until they reach 

the last stage (system evaluation). The process could then go back to stage 1 and start all 

over. In the Waterfall model, however, evaluation or feedback could occur between any 

stage or phase.

George Hansen offers a chart (17)

Functional -----
Description

R equ irem en t ----------------
A n a l y s i s ( R e w o r k ) ----------^ ---------

4 4 4  -4 - 4 ------------------------- Prelim inary
-------------------- ► D esign

Design

-► C oding

T esting

Integration
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Clearly, the waterfall model provides more flexibility for making any change or 

adjustment to the process as well as better control.

As these models emerged, several quantitative software estimation models were 

also introduced, such as ESTIMACS. COCOMO. and SLIM (4). They all take a 

quantitative approach to estimating resource allocation, and they all model the 

productivity o f the software processes. Putnam's SLIM (Software Life Cycle Model) 

provides a good example o f how these models work:

S line of code = F (Life_cvcle_in_man_year. Develop_time_in_year.
Technology const)

Putnam's model provides a production function, (de liveredJineo f' code). which is a 

function of the following three process behaviors: life cycle in m an^ear. 

development j im e  in_year. and Technology constant. The SLIM model introduced 

good control and prediction into the software development process.
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1.4 COCOMO and COCOMO II

In 1981. the Constructive COst Model (abbreviated COCOMO) provided a 

method for gaining a comprehensive estimation o f  software cost (3). Based on 

Source J in e  o f  code combined with the Waterfall model, the COCOMO model provided 

a decent scheme for predicting the Man month and Schedule if there is a reasonable 

prediction o f Total line o f  code.

As technology evolves, new software development practices have emerged, 

including nonsequential and rapid-development process models: reuse-driven approaches 

involving commercial off-the-shelf packages, reengineering, and applications 

composition and generation capabilities: object-oriented approaches supported by- 

distributed middleware: and software process maturity initiatives.( 10) Because the 

COCOMO model has experienced difficulties in modeling these new practices.

COCOMO 2.0 has developed in 1995 (11). (The name "COCOMO II” replaced 

COCOMO 2.0 in 1997.)

The COCOMO II model has three submodels. Application Composition. Early 

Design, and Post-Architecture. COCOMO II can use both Source line o f  code or 

Function jjo in t. The three submodels operate in the following ways:

♦ The Application Composition submodel uses involves using prototyping to resolve 

potential high-risk issues such as user interfaces, software/system interaction, 

performance, or technology maturity.(11)

♦ The Early Design submodel involves explosive exploration of alternative 

software/system architectures and concepts o f operation. The corresponding
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COCOMO II capability involves the use o f function points and a small number of 

additional cost drivers. (11)

♦ The Post-Architecture model involves the actual development and maintenance of a 

software product. This submodel has a set o f seventeen effort multipliers and a set of 

five scale factors (10). It estimates for the entire life cycle o f the software production. 

The evolution from COCOMO to COCOMO II represents the progress being made in 

changing, replacing, or adding the cost drivers (effort multiplier) and scaling factors. The 

COCOMO II is suitable for the current as well as upcoming software development 

environments (08).

COCOMO/COCOMO II diagnoses the software processes from Micro 

Perspectives. Just as microeconomics analyzes economic behavior on a local or detailed 

level, but COCOMO/COCOMO II provides a very effective way o f estimating the cost, 

required effort, and schedule o f a software development process in a case by case bases.

In the late 1980s. a revolutionary framework for categorizing software processes 

was developed. This framework, known as the SEI Maturity Framework, groups 

software processes according to certain common characteristics.
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1.5 The SEI Maturity Framework

In 1987. the Software Engineering Institute (SEI) o f Carnegie Mellon University 

dev eloped a software process maturity framework (21) and maturity questionnaire (20) in 

response to a request by the U.S. government to provide a method for assessing the 

capability of their software contractors. This project was sponsored by U.S. Department 

o f Defense and was motivated by the following facts (21):

♦ The cost o f U.S. software cost was growing by 12 percent each year

♦ Schedule overruns were common

♦ Software often adversely affects the effectiveness o f weapon systems

Watts Humphrey evolved the maturity framework at the SEI from his previous work 

at IBM in 1986. He refined the concept—his vision—o f maturity levels and established 

the foundation for its current use throughout software industry (35).

Today, organizations can use the maturity questionnaire that was jointly developed by 

SEI and Mitre Corp. to assess an their maturity level (35). In the original model, there 

were 101 item questions requiring yes or no answers. Each question was associated with 

one maturity level. There were also special questions that were designated as being key 

to each specific maturity level. To qualify for a certain level. 90 percent o f the key 

questions and 80 percent o f  all the questions for that level had to receive yes answers.

The maturity levels themselves are hierarchical. Level 2 must be attained before 

Level 3. Levels 2 and 3 must be attained before Level 4. and so forth. The framework has 

a total o f five levels o f  process maturity, defined as follows (21):
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♦ Level I. Initial —Ad hoc; the organization has no control at all.

♦ Level II. Repeatable —The organization has achieved a stable process with a

Repeatable level o f  statistical control by initiating rigorous project 

management o f  commitments, cost, schedule, and changes.

♦ Level III. Defined —The organization has defined the process to ensure consistent

implementation and to provide a basis for improved understanding 

of the process.

♦ Level IV. Managed —The organization has initiated comprehensive process

measurements beyond those of cost and schedule performance.

♦ Level V. Optimizing —The organization now has a foundation for continued

improvement and optimization of the process.

Based on this framework, two newer frameworks hav e evolved to help the 

software organizations advance to higher maturity levels. They are CMM (Capability 

Maturity Model) and PM-CMM (People Management Capability Maturity Model).

Between 1990 to 1993. the ESPRIT (European Software Program for Research in 

Information Technologies) Project developed the BOOTSTRAP model. This model is 

based on SEI's CMM. the ISO 9000 series o f standards, and the European Space 

Agency's generic process model (42). BOOTSTRAP has a different process assessment 

and improvement framework than the CMM modeI(42):

♦ It provides detailed capability profiles and maturity levels.

♦ It gives profiles and the levels o f  organizations and projects separately.

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



10

♦ It allows benchmarking.

♦ It provides ISO 9000 Gap analysis.

♦ It allows SEI maturity levels to be calculated.

♦ It includes immediate feedback from the organization assessed.

1.5.1 CMM (Capability Maturity Model)

The CMM defines Key Process Area (KPAs) to help organizations enact the 

changes needed to advance to a higher level (34). The KPAs to advance from Level I to II 

are as follows:

—Software configuration management 

—Software quality assurance 

—Software subcontract management 

—Software project tracking and oversight 

—Software project planning 

—Requirements management

The KPAs to advance from Level II to III are the following:

—Peer review 

—Intergroup coordination 

—Software product engineering 

—Integrated software management 

—Training program 

—Organization process definition
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—Organization process focus

The KPAs to advance from Level III to IV are:

—Software quality management 

—Quantitative process management

And the KPAs to advance from Level IV to V are:

—Process change management 

—Technology change management 

—Defect prevention

1.5.2 PM-CMM (People Management Capability Maturity Model) (15)

The PM-CMM consists o f a five-level framework that establishes successive foundations 

for continuously improving employee talent (15):

• Initial Level (Level I )

The organization does not provide a consistent environment for managing talent, 

managers are using people skills inconsistently, and there is no basis for improving. The 

KPAs for advancing to the next higher level are:

—Work environment and participatory culture

-M anagement-guided practices for setting up consistent productivity behaviors
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—Standardized practices for compensation and reward that are also communicated 

to all employees

—Training and career development

—Performance management, that is. simply applying a sound metric 

—Developing staffing and people management value-including recruiting, 

training, and retraining

• Repeatable Level (Level II)

A repeatable capability can institutionalize the effective performance o f basic 

people management activities. To advance to higher levels, people management needs to 

formulate strategic, operational, and tactical unit plans for developing talent. The KPAs 

are as follows:

—Team building 

-Competence-based practices 

—Competence development 

—Knowledge and skill analysis 

—People management planning

• Defined Level (Level III )

At this level, the organization can develop a common organizational culture. To 

advance to a higher level, the organization needs to have good metrics. The KPAs are as

follows:
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--Organization performance alignment 

—Organization competence management 

—Quantitative people management

• Measured Level (Level IV )

This level o f people management capability gives the organization an important 

predictor o f the trends in its business capability. To advance to higher level, the KPAs

are:

—People management innovation 

—People management improvement

• Optimizing Level (Level V )

The organization has the means for identifying opportunities to strengthen its people 

management proactively. Its people management system is creating a culture of 

performance excellence.
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1.6 The SEI's Maturity Framework Today

The SEI's maturity frameworks have been widely adopted in the software 

engineering world (39). The CMM maturity framework is generally viewed as the best 

way to characterize the behaviors o f  any software organization and to map out the 

capability/productivity o f  that organization. As a result, the SEI's maturity framework 

has become the most widely accepted assessment standard. It is considered the best 

practice available to software organizations for improving their productivity/quality by- 

advancing to higher maturity levels (39).

Now let's take a look at some software organizations that adopted the SEI 

framework and benefitted from advancing to higher maturity levels. The following 

figures that show, respectively, the improvement in M otorola's engineers from 1992 

through 1995 by advancing to Level III (33) and the increase in software productivity at 

Motorola when it practiced SEI/CMM in the next page.

S o f t w a r e  P r o c e s s  C a p a b i l i t y  P r o g r e s s

§  ® 3 0 0 0

?  > e 20002 _l £
® S  -2> 1 0 0 0

Year 1 = 92 ,2=92 .5 ,3=93 ,. .7=95
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S o f tw a r e  P r o d u c t iv ity  P r o g r e s s

20

_j

t-  c*5 w  r~- o> »—

Year  1 =92; 2 = 92.2 5; 3=92.5 ;...1 2=94.75

The following figure shows Schlumberger's improvement in scheduling from 1992 to 

1995 (46). Through its Software Improvement Program Schlumberger's adherence to 

schedule improved from 50 percent in 1990 to 80 percent in 1991 and to 95 percent in 

1992. They only practiced the CMM model.

Scheduling Improvement

100% /

1=1990:2=1991; 3= 1992
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2 MODELING

Scientists trying to understand behavior rarely have the luxury o f the simple bivariate 

experiment in which a single independent variable is manipulated and the consequences 

are observed for a single dependent variable. The more common method for dealing 

with a model is to use multiple variables, some of which are observed and some 

unobserved, or latent.

2.1 Introduction to Latent Variable Model

The Latent Variable Model has two types o f variables. In the research the following 

variables are used to build the production model:

• Observed variables (Man_month. Function_point. T eam size . Duration)

• Unobserved variables / latent variables {Management Effort. Production Process)

As Figure 1 shows, these two types of variables are connected by arrows, which represent 

the causal relation.

M an Month

MANAGEMENT
Effort

PRO DUCTION
P R O C E S S

DURATION Team_size'
h

\ \

FUNCTION,
POINT

\

Figure 1 : L atent Variable M odel/S am ple I
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Two models were studied in this research:

• Model without latent variable--Modified COCOMO Model

• Model with latent variables—Integrated Production Model 

The following two sections will discuss each o f these models.

2.2 Modified COCOMO Model

As shown in Figure 2. the COCOMO model used three variables (\fan_.Vfonlh. 

Function_point. Duration) (4). Brooks's law suggested a strong relation between the 

Team  size and the Scheduling (13). We therefore we built this modified COCOMO 

model with an additional variable (Team size) and discussed the consequences and 

influences o f this variable (if any).

Function_pointMan Month

DURATION TEAM SIZE

Figure 2 : Modified CO C O M O  M odel
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2.3 Integrated Production Model

In search of the role management/production played in the software process 

mystery, two latent variables {Management effort. Production_process) and four 

observed variables {Function_point. Man month. Duration. Team size) were selected to 

build the model. As a result, three models (potential combinations— see Figures 3. 4. 

and 5) were tested/analyzed and discussed later in this section.

M an_M onth j 1

 v < r >  x  ^

' V
PRODUCTION 

MANAGEMENT P R O C E S S
Effort

FUNCTION
POINTDURATION T eam _ size

Figure 3 : T es t M odel I
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DURATION A
M anagem en t

T eam  size

Man Month

FUNCTION POINT

Figure 4  : T e s t M odel II

M an Month DURATION

MANAGEMENT
Effort

PRODUCTION
P R O C E S S

T eam  size V
S i

FUNCTION
POINT

Figure 5 . T e s t M odel III
1

This research used the structure equation approach (SEA. see Section 3.2) from 

four observ ed variables. The covariance o f the observed variables are 

Q = 4 + 3-1-2+1 = 10 and Degree of Freedom = Q -  C. where C is elaborated in column 

6 of the following table:
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Tested
Model

Latent
Variable

Observed
Variable

Covariance Implied
Equation

Model Variables C Goodness of Fit

1 2 4 10 6 10 =
6 + (Variables) 
3 + (Inter dependence) 
1 (constant)

Degree of Freedom 0 
- F Test meaningless 
no room for error

II 1 4 10 8 13 =
8 + (Variables) 
5 (Inter dependence)

Equation > Variables 
(Over Deterministic) 
No Goodness of Fit

III 2 4 10 5 8 =
5 + (Variables) 
2 +  (Interdependence) 
1 (cluster)

10 >8. DoF = 2. 
Reasonable Choice

Analysis o f Models :

In Model I there are too many unknown variables that need to be resolved. If 

using the structure equation approach, each arrow will form an equation, so six equations 

will be formed. In Figure 2. all three relations. AD. EF. and BC. form an 

interdependence correlation. This will reduce another three degrees o f freedom, along 

with one constant, leaving a total o f  ten variables that need to be estimated. So this will 

not be a good fit because there is no room for error.

In Model II. eight equations to fit five variables is overdeterministic and would be 

a bad choice. Model III had a decent value for "goodness o f  fit." so it was chosen for this 

study.
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3 FITTING THE LATENT VARIABLE MODEL

The Latent Variable Model is usually represented as a Path Model, like the model shown 

in Figure 6.

Y2
Y1

X
| F igure 6  : P a th  M odel E xam ple

The rectangle represents the observed variables (X I. X2. X3. X4). The circle represents 

the latent variables (Y l. Y2). The arrow shows the causal relation, and all relations are 

linear. Two methods are commonly used to build (fit) the model: the path approach and 

the structure equation approach. We will apply each in the next two sections.

3 .1 Path Approach

From the right side o f Figure 6. the causal relations can be drawn as follows:

Covariance (X4. X3) = A * C
Covariance (X4. X2) = A * B + D * F
Covariance (X2. X3) = B * C
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Three variables, three equations—so the model provides a "just determination" situation.

The left side is the same as the right side:

Covariance (X4. X I) = D * E
Covariance (X4. X2) = D * F A * B
Covariance (X I. X2) = E * F

Again, three variables, three equations—so it provides a just determination situation, that

is. the model can be fitted with the proper values o f A. B. C. D. E. and F.

3.2 Structure Equation Approach

Each o f  the equations in Section 3.1 expresses a downstream variable as a 

function of the causal paths leading into it. There will be as many equations as there are 

downstream variables. Refer to the Path Model shown in Figure 7.

DURATIONMan M onth

MANAGEMENT
Effort

PRODUCTION
P R O C E S S

FUNCTION
POINT

T eam  size

I F igure  7 : Exam ple M odel /  S tructure  E quation  A pproach

For this Path Model, the following hold true.

Function Point = ProductionProcess * Alpha2 + Code * Alpha3 (Code is for 
clustered)
Man_Month = Team_size * Alpha4
Duration = Production_Process * Alpha 1
Team size = M anagem entEffort * Alpha5
Production Process = Management_Effort * Alpha6
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This research, the structure equation approach(SEA) was adopted.

3.3 Goodness-of-Fit Criteria

A variety o f criteria have been used to describe how closely the correlation or 

covariance implied by a particular set o f  trial values conforms to the observed data. The 

three most commonly used criteria are the following:

♦ Ordinary least squares (OLS)
♦ Generalized least squares (GLS)
♦ Maximum likelihood (ML)

Refer to the Path Model shown in Figure 8.

F1 F2

X1
'N

in ; x :

X2 X3 X4

\ !

i  ! Fig 8 : E xam ple  M odel / C alculation
1

The example Model (Fig 8) from the observed variables X I. X2. X3. X4 for the 

covariance is presented in the following table:

X1 X2 X3 X4
X1 1
X2 a 1
X3 b c 1
X3 d e f 1
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The various criteria (or discrepancy functions) are the differences between 

corresponding elements o f  the observed and implied covariance matrices. And the 

different methods to weight the differences, made the different optimization approach.

For the Model in Fig 8. let the vector S= (a.b.c.d.e.f)'. and C is the corresponding 

estimated vector. In this case, the discrepancy function may be expressed as follows: 

( S -C ) 'W (S  - C )

where fS  - C’/  means "transform the vector.” W is a weight matrix, and different versions 

o f it yield different criteria. When the IF is an identity matrix, 

it becomes (S -  C)1 (S  -  C). Ordinary Least Squares.

If the observed variables have a distribution that is multivariate normal, the

general expression (S -  C)1 IV (S -  C) can be simplified to

•/= tr ((S -  C) V):. ( 2 1 )

where the tr transfers to the trace o f a matrix (the sum o f  its diagonal elements),

and l i s a  weight matrix. The choice o f weight matrix defines the following:

V = I OLS. ordinary least squares

V = S '1 GLS. generalized least squares

V = C"1 ML. maximum likelihood.

The goodness-of-fit index. GFI = 1 - Tr(V(S -  C)):) / Tr((WS)2)

3.4 Covariance versus Correlation in Model Fitting

In general, if one wants to take variance differences into account when comparing 

different groups, different times, and so on. one should analyze the covariance matrix.
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Unless one wishes to ignore variance differences, one might choose to analyze 

standardized variables, that is. a correlation matrix.

Using a correlation matrix involves some technical issues (26). The statistical 

theory underlying maximum likelihood and generalized least squares solutions has 

mostly been developed for the case o f covariance matrices rather than for correlation 

matrices.

The covariance is used in this study.
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4 THE SURVEY DATA

More than five thousand companies were surveyed in the 1998 World Benchmark 

Project: only six hundred o f them practiced SEI/CMM. The data we used are the 

completed software projects from those six hundred companies, with the completed 

metrics, that is. Function jpoint(line o f ' code). Duration. Team size. Man month.

The count o f the completed records breaks out as shown in the following table and

figure (the Cluster column shows the cluster analysis data):

Maturity Level Complete Project in 
Function_point

Complete Project in 
Line of Code

Record
used

Cluster A: B

I 82 106 82 79 : 3
II 38 54 92 90 : 2
III 27 10 37 36 : 1

1 9 9 8  Wo r l d  B e n c h m a r k  S u r v e y

1 2 0

1 2 3

S E I  M a t u r i t y  L e v e l
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4.1 Preliminary Data Selection

The Level I data is the candidate for the m odel's "goodness o f fit." Using Capers 

Jones's conversion table, convert all Line o f  Code metrics into Function_point metrics 

(29). Because Function_point has such a large range, we take the natural log function and 

use the logged data to build the model.

♦ Level I Data. The combined Level I data did not pass the statistical criteria. The 

combined data only showed as a single cluster, and the correlation are not significant 

(the P-value was less than 0.05: it was too small to accept these criteria). Also, when 

we used the combined data, the combined data did not fit any of the aforementioned

models.

It may be that the Line o f  Code metric does not fit and so cannot be 

converted into Function jjo in t  for the Level I projects. As a result, in Level I data, 

we only choose the projects with Function_point metric. The cluster analysis yielded 

two clusters (79: 3) out o f the 82 projects, and the 82 records also showed reasonable 

fit for our statistical model. Although the Level I organization could be an ad hoc 

environment, we still attempted to study it. The correlation for the Level I 

Function_point metric data, with records = 82 and cluster as (79:3). is shown in the 

following table.

Function_pt Man month Duration Team size
Function _pt 1 0.40436 0.27195 0.11373
Man_month 0.40436

p=(0.0002)
1 0.42826 0.67189

Duration 0.27195
p=(0.0135)

0.43826
p=(0.0001)

1 0.18576

Team_size 0.11373
p=(.3090)

0.67189
p=(0.0001)

0.18576
p=(0.0947)

1
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Some P-values are acceptable (if 0.05 is the criterion), but only (Man_month. team_size) 

showed some correlation. (0.7 > 0.67—correlation > 0.5).

♦ Level II Data. Level II data converted all Line o f  code metrics into Function_point 

metrics and combined them with native Function_point metrics projects. The 

correlation for the Level II combined data, with combined records = 92 and cluster as 

(90:2). is shown in the following table:

Function_pt Man_month Duration Team size
Function_pt 1 0.12765 -0.0145 0.02565
Man_month 0.12765

p=(0.2253)
1 0.3248 0.6333

Duration -0.01453
p=(0.8907)

0.3248
p=(0.0016)

1 -0.05234

Team_size 0.02565
p=(0.8082)

0.6333
p=(0.0001)

-0.0523
p=(0.6202)

1

The P-value showed much greater improvement for the Level II data than for the Level I

data. It showed the following:

Weak correlation <XIan month versus Teamsize> 0.6333
j Light correlation <Man month versus Duration> 0.3248

No correlation <X/an month versus Function_point> 012765
No correlation <Function jyo in t versus Duration> -0.01453
No correlation <Function jpoint versus Team size> 0.02565

j No correlation <Duration versus Team size> -0.0523

♦ Level III Data. For Level III data we convert all Line o f  code metrics into

Function_point metrics and then combine them with native Function_point metric 

projects. The correlation for the Level III combined data, with combined records = 37 

and cluster as (36:1). is shown in the following table:
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Function_pt Man month Duration Team size
Function _pt 1 0.44274 0.45706 0.22635
Man_month 0.44274

p=(0.0061)
1 0.81571 0.78109

Duration 0.45706
p=(0.0045)

0.81571
(0.0001)

1 0.54822

Team_size 0.22635
p=(0.1779)

0.78109
p=(0.0001)

0.54822
p=(0.0004)

1

The P-value somehow dropped out o f  the significance test, but it suggested higher correlation for

Level II data than for Level II data. It show ed  the fo llo w in g :

! Strons correlation < Man month versus Team size > 0.78109
i Strong correlation < Man month versus Duration > 0.81571
j Weak correlation <Man_month versus Function_point> 0.44274
| Weak correlation < Function_point versus Duration > 0.45706
| Light correlation < Function_point versus Team_size > 0.22635
j Weak correlation <Duration versus Team_size > 0.54822

From our observations. Level II and Level III data showed the most homogeneous

nature. This taught us a significant fact: Level II and Level III organizations provide 

reliable/stable metrics for the software engineering process.

In general, if the correlation between two observed variables is greater than 0.7. 

they have a strong correlation. If the correlation is between 0.5 to 0.7. they have weak 

correlation. From our correlation analysis, only Team size versus Man month showed a 

weak/strong correlation among all the Level I. Level II. and Level III data. No other 

correlation had a consistent weak/strong correlation from Level I to Level III. So. the 

correlation analysis among our observed data suggested only the casual relation o f 

Team size versus Man month.
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5 BUILDING THE INTEGRATED MODEL

5.1 The Integrated Model

Note the following in the Integrated Model shown in Figure 9:

• The circles are the latent variables. Management effort and Production_process

• The triangles are the observed variables. Man month. Team size. Duration. 

Function _poinl.

Man Month

v

i ''l
DURATION • j

! I 
M

T eam  size

MANAGEMENT
Effort 6 ■

PRODUCTION

Fiaure  9 : In tea ra ted  Model

FUNCTION
POINT

7 \

The arrow shows the causal relation, and we assume the following relations:

—The 3 is used to differentiate the clusters within Function_point.

—Management effort has the control o f  the two relations.

—Team_size:5 and Production Process.^ (the numbers correspond to the 
drawing)

—Man month is the downstream variable o f Team_size:4

—Production_process influences the two observed variables. Duration: I and 
Function Point:2. and it is also the downstream variable o f M anagem ents

Because the data range is too large, we have to transform it by taking natural log

functions, then use the transformed data to build up our SEM (structure equation model).

We tried three optimization methods: least squares, generalized least squares, and
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maximum likelihood. The least squares and generalized least squares did not converge, 

nor did the goodness o f fit pass the T-test. Only the maximum likelihood had the good 

result. Next we will describe the results when we used maximum likelihood approach.

The SAS/Statistics package started to define this Path Model as a structure 

equation model. Management effort will represented by "Management." and 

Production jyrocess  will represented by "Production." The initial estimates are as 

follows:

Function_point = ALPHA2 ‘ PRODUCT + A LPH A3 * CODE +■ Error_02
M a n m o n t h  = ALPHA4 *Team-size + E rro r_03
DURATION =A LPH A 1 * PRODUCT + Error_01
Team size = ALPHAS * M anagem ent + E rro r_04
PRO D UCT = ALPHA6 * M anagem ent + E rror_05
The initial estim ation; ALPHA2=0.5: ALPHA I =0.5: ALPHA5=0.5; ALPHA6=I

We then use SAS package to fit the model.

5.2 Level I Data SAS Run Result

For the Level I SAS Run results, the GFI (Goodness o f Fit Index) was 0.8575.

indicating a good fit. The fitted model was as follows (all variables are log transformed):

NFP = 5.8509*FPRODUCT + 0.8034*CODE + 1.0000 E_02
Std Err 0.0280 ALPHA2 0.7652 ALPHA3 
t Value 208.6298 1.0499

MAN MTH = 1.9369*TEAM_SZ + 1.0000 E_03
Std Err 0.0785 ALPHA4
t Value 24.6701

DURATION= 2.0450*FPRODUCT + 1.0000 E_01 
Std Err 0.0699 ALPHA 1
t Value 29.2422

TEAM_SZ = 2.9636*FMGMT + 1.0000 E_04
Std Err 0.0193 ALPHAS
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t Value 153.3783

Latent Variable Equations

FPRODUCT= 
Std Err 
t Value

0.8510*FMGMT + 1.0000 E_05 
0.0708 ALPHA6 

12.0202

where A FP represents Function_point: M a n m t h  represents Man month'. Team s:  

represents Team size'. FM GM T  represents Management Effort: and FPRODUCT 

represents Product ion Process.

5.3 Level I Model

So for a Level I organization, the Integrated Model is built as follows:

Man month =  T eam _size 19369 
Duration =  PRO DUC TIO N 2 0450 
T e a m s iz e  =  M anagem ent 2 9636 
PRO DUCTIO N =  M anagement 0 8510

The Level I Model showed the following relations:

• Function points have a very strong relation to the Production process, by a power o f 

5.8509. This may fit the observation that in a Level I environment, the individual has 

great influence over productivity, and the individual's capability might dominate the 

whole process. In an ad hoc environment, any direct improvement to the software 

process would yield a significant productivity increase.

• Team size shows a good overhead to Man month, almost the square o f it. 1.9369.

Function_point =  PRODUCTION 5 8509
Or =  PRO DUCTIO N 5 8509 * e 0 7652 for second cluster

data
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• Duration has a positive effect on the Productivity, that is. a better Production process

will cause a big overhead to the Scheduling (Duration o f the project).

• Team size has a positive relationship to Management effort. The data suggested that

in a Level I environment. Management effort tends to increase the Team size in an

exponential manner.

• Production/management has an almost 1:1 relation to the whole process.

5.4. Level II Data SAS Run Result

For the Level II data SAS Run results, we used the same format for the process. 

We used the combined records (38 Function_poinl evaluated data, plus 54 records, 

which are converted from Line o f  code into Function_point). which yielded a total of 92 

records. As a result, the Goodness o f Fit Index (GFI) we obtained in the model was 

0.6905. which is acceptable.

We obtained the followinu relation:

NFP = 1.8004*FPRODUCT + 0.7694*ORIG + 1.0000 E_02
Std Err 0.0726 ALPHA2 0.2480 ALPHA3 
t Value 24.7934 3.1021

MAN MTH = 2.0022*TEAM_SZ + 1.0000 E_03
Std Err 0.0629 ALPHA4
t Value 31.8213

DURATION= 0.7234*FPRODUCT + 1.0000 E_01 
Std Err 0.0463 ALPHA 1
t Value 15.6280

TEAM _SZ= 0.9600*FMGMT + 1.0000 E_04 
Std Err 0.0558 ALPHA5
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t Value 17.1952

Latent Variable Equations

FPRODUCT= 1.0776*FMGMT + l.0000E_05 
Std Err 0.0953 ALPHA6
t Value 11.3125

5.5 Level II Model

For a Level II organization, the Integrated Model builds as follows:

Function_point = PRODUCTION 18004
Or = PRODUCTION 18004 * e 0 7694 for second-cluster data 

due to 79:3 cluster distribution, the second cluster could be ignored)

Man_month = T ea m size  2 0012 
Duration = PRODUCTION 0 7234 
T eam size = M anagem ent0'9600 
PRODUCTION = Management 1 0776

Function points showed how the Production process was positively affected and 

demonstrated the improvement o f the Production process. The exponential factor o f  1.8 

means that the Production increase would bring a significant increase in Function points. 

This might suggest that the Level II organization is a good candidate for introducing new 

techniques. This suggestion was as we anticipated: Level II organizations are ready to 

adopt new techniques, procedures, and so on. In addition.

• Man month has a positive relation with Team size. This explained that the 

communication overhead tends to be huge when Team size is big.

• Duration has a positive relation but much less effect on the Productivity.

• Team size has a positive and stronger relation to the Management effort.

•  Productivity has a positive and stronger relation to the Management effort.

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



3 5

5.6 Level III data SAS Run Result:

we also used the combined record (27 records that were using the Function_point 

metric. 11 records which were converted from L in e o fc o d e ) . total of 35 records used the 

same process, and

the Goodness o f Fit Index (GFI) was 0.7099. which is good. We obtained the following 

relations:

NFP = 2.9697*FPRODUCT + 1.1923*ORIG + 1.0000 E_02
Std Err 0.1216 ALPHA2 0.4899 ALPHA3
t Value 24.4187 2.4336

MAN MTH = 1.7872*TEAM_SZ + 1.0000 E_03
Std Err 0.0486 ALPHA4
t Value 36.7659

DURATION= 0.9210*FPRODUCT -j- 1.0000 E_01 
Std Err 0.0616 ALPHA 1
t Value 14.9533

TEAM SZ = 1.3 102*FMGMT + 1.0000 E_04
Std Err 0.1051 ALPHA5
t Value 12.4695

Latent Variable Equations

FPRODUCT= 0.8196*FMGMT + 1.0000 E_05 
Std Err 0.1110ALPHA6
t Value 7.3838

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



3 6

5.7 Level III Model

So. for a Level III organization the Integrated Model builds as follows:

Function_point =  PRODUCTION 2 9697
Or =  PRODUCTION 2 9697 * e 11923 for second-cluster

data
Man month =  Team _size 17872 
Duration =  PRODUCTION 09210 
T eam _size =  M anagement 13102 
PRO DUCTIO N =  M anagem ent0 8196

•  Function points have a positive, strong effect on Productivity. For example, bigger 

projects tend to be more efficient for the Productivity. This might suggest that as the 

project's size increases, the more beneficial this for a higher maturity level.

• Man month has a positive relation with Team size. This explained why the 

communication overhead does not overcome the contribution from additional staff.

•  Duration has a positive though smaller effect on Productivity.

•  Team size has a positive and stronger relation to the Management effort.

• Productivity has a positive and stronger relation to the Management effort.
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5.8 General Model Comparison

We also compared the Integrated Model behavior among the three levels. In the 

Integrated Model, the two latent variables we introduced had the following meaning

♦ Production process—means all direct influences, new techniques.

♦ Management Effort—Team size adjustment, schedule pressure, etc.

Now we'll discuss the parameters' differences among the three levels.

P ro d u c tio n _ p ro c e ss /F u n c tio n _ p t
C ontribu tion

8 --------------------------------------------------

2  6     __________________________T3 n nc
“ 4   - ---------------------------------------
o
5 9 „ r ^ i
O Z  -----   j  ------------ ----------------

iggi
0   J  | I ___

1 2 3

Maturity Level E

♦ For the Function points versus Production process (see the preceding figure). 

Function_point = PRODUCT ' s'0° Level I

Function_point = PRODUCT ' 8004 Level II

Function_point = PRODUCT 2 969' Level III

J*

- *:

1 2 3

Maturity Level
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The power indexes o f  Production_process showed strong advantage when advancing 

from Level II to Level III. As for the Level I environment, management sees significant 

benefit if it can simply modify the Production_process. Any improvement will yield a 

huge return in a Production_process increase.

Man_month/Team_size Power Index

2.05 
2

x 1-95 
0)
■o 1.9 
Z. 1-85
I  1-8
S. 1-75

1.7 
1.65

1 2 3

Maturity Level

■s

r" /
S  V 
•*v

■n* a

x ~

*_ r

- rV " {^mvzvrn.
>

♦ For the Man month versus Team size (see preceding figure).

M anm onth  = T eam size  l<>'69 Level I

Man month = Team_size 20022 Level II

Man month = Team_size 1 8:2 Level III

The power indices o f the Team size showed the improvement o f Level III over Level II 

for larger Team size. But the overheads o f  the Team size among all three levels are 

close. The sustained power index (1.93. 2.00. 1.78 corresponding to level I. II. Ill) 

showed a stubborn overhead for the Team size.
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♦ For the Duration versus Productivity process (see the following figure).
3 9

DURATION = PRODUCT :w;o Level I

DURATION = PRODUCT 07:3J Level II

DURATION = PRODUCT 09:10 Level III

P rod uctivity_process/Duration I nfi uence

2.5

2
xQ>
1  1-5
o>
5oQ.

1

0.5

0
1 2 3

Maturity Level
□  S 

e

The power indexes o f the Production jproccss showed the significant improvement from 

Level II over Level I. Level II and level III are close, but the Production/Duration 

indexes suggested some overhead for level III over Level II.
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♦ For the Team size versus Management effort (see following figure).

Team size = Management : 96̂ 6 level I

Team size = Management 09600 level II

Team size = Management 1 jl0: level III

Ma n ageme n t_effort/Tea m_s ize 
Influence

X

3.5
3

©
■o

2 h
JZ 2
©
5o

1.5
1

0_ 0.5
0

r- '

*

1 2

Maturity Level

The power indexes o f the Management effort demonstrate the diminishing influence 

from Level II over Level I. Moreover. Level I tended to overreact. Level II and Level III 

are close, but Management effort influence to Team size showed that Level III had more 

influence by the power factor o f  0.4.
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♦ For the latent variable. Management effort versus Production process (see next 

figure).

PRODUCT = Management 0 SM0 level I

PRODUCT = Management 10, 6 level II

PRODUCT = Management os,<)6 level III

Management__effort/Production 
Influence Index

1.2

x  1|  0.8 
~  0.6 
o> „
5 0.4 
o

cl 0.2 
0

All three levels have similar influence or relationships with respect to 

Production_process versus Management jiffo r t.

i  ^  r
■. _.v rv c -B r  

-----
r -  r

A

* ■“■j"

£  i P * '

1 2 3

Maturity Level
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6 BUILDING A MODIFIED COCOMO MODEL

Function_pointM an Month

TEAM SIZEDURATION

■ ! F igu re  10 : M odified COCO M O  M odel

We use the same data we used in the previous model. We discarded 106 Level I

records, which are using the Line o f  code metric.

Maturity Level ICompleted Project in 
iFunction_point

Complete Project in jTotal Record 
Line_of_code |

1 ! 82 - 82
II | 38 54 92
III 27 10 37

The maximum likelihood is used to fit the model.

6.1 Level I Data SAS Run

For the Level I data, the Goodness o f Fit Index (GF1) is 0.9473.

LEVEL I RESULTS WITH LOG TRANSFORMATIONS 
ESTIMATION OF PARAMETERS

Covariance Structure Analysis: Maximum Likelihood Estimation 
Manifest Variable Equations

MAN MTH = 0.4100*NFP + 0.5347*TEAM_SZ + 1.0000 E_01
Std Err 0.0313 ALPHA3 0.0995 ALPHA4
t Value 13.0962 5.3736

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



4 3

DURATION= 0.6336*MAN_MTH + 1.0000 E_02 
S tdErr 0.0192 ALPHA7
t Value 32.9755

6.2 Level I Model

The Modified COCOMO Model for a Level I organization is as follows:

Man_month = Function_point °'“ Team size °~U1 
Duration = Man_month 06636

If the environment with a fixed Team size, that is. Team size ° " 4 . becomes constant.

then it becomes a standard COCOMO model (3).

6.3 Level II Data SAS Run

For the Level II data, the Goodness o f Fit Index (GFI) is 0.9021.

LEVEL II RESULTS WITH LOG TRANSFORMATIONS 
ESTIMATION OF PARAMETERS

Covariance Structure Analysis: Maximum Likelihood Estimation 
Manifest Variable Equations

MAN MTH = 0.1861*NFP + 1.3898*TEAM_SZ + 1.0000 E_01
Std Err 0.0386 ALPHA3 0.1164 ALPHA4
t Value 4.8254 11.9441

DURATION^ 0.6026*MAN_MTH + 1.0000 E_02 
StdErr 0.0196 ALPHA7
t Value 30.6794

6.4 Level II Model

The Modified COCOMO Model for Level II organizations is as follows:

iMan_month = Function_point 01861 Team size IJ898 
Duration = Man month °'6026
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6.5 Level III Data SAS Run

For the Level III data, the Goodness of Fit Index (GFI) is 0.9244.

LEVEL THREE RESULTS WITH LOG TRANSFORMATIONS 
ESTIMATION OF PARAMETERS 

Covariance Structure Analysis: Maximum Likelihood Estimation 
Manifest Variable Equations

M A N M T H  = 0.1368*NFP + 1.3715*TEAM_SZ + 1.0000 E_01
Std Err 0.0393 ALPHA3 0.1150 ALPHA4
t Value 3.4842 11.9271

DURATION= 0.5015*MAN_MTH + 1.0000 E_02 
S tdErr 0.0167 ALPHA7
t Value 30.0303

6.6 Level III Model

The Modified COCOMO Model for Level III Oruanization is as follows:

Man_month = Function_point 01368 Team size ,J715 
Duration = Man month °'5015
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6.7 General Comparison

Next we compared the differences among the three Modified COCOMO Models.

■ For the Man month estimation function .

Man month = Function_point 0 4100 Team_size ° 'vl Level I 

Man month = Function_point01861 Team_size 13898 Level II 

M anm onth  = Function_point0168 Team_size 1,15 Level III

Modi f i e d  C O C O M O  M o d e l

1 .5

1  0 .5

1

F u n c t i o n _ p t &  T e a m _ s i z e

The equations mentioned here suggested that in Level II or Level III. the Team size has 

the similar but slightly lower overhead to the Man_month. For Level I. although the 

Team size power index (0.534) is small, but the power index of Function_point is 

much bigger than the indexes o f Level II and III. So. the Function_point influence will 

eventually over-write the Team_size influence. Now let's illustrate the mutual influence 

by an example, a project with 2000 Function_point and 5/10 Team size, the Man month 

diagram is as shown in the next page figure:
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Function_pt/Team_sz—> Man_month

£  150

1 2 3

Maturity Level — Team_sz 5/10 □

For the Team_size=5 (left side o f  the graphic), the Man month decreased over higher 

maturity levels. However, for 7era/M_j/re=l0(right side o f  graphic), the Man month 

increased first, then decreased over the higher maturity level.

■ For the Duration estimation (see the following figure).

Duration = Man m onth0 6" 6 Level I

Duration = Man_month 060:6 Level II

Duration = Man m onth0'01' Level III

Man_month/Duration Power Index

X 0 8
-£ 0 6 l2 ffi
— 3 0 4 I
S >  0.2 iI
o 0 IQ.

1 2 3

Maturity Level I

The equation just given clearly suggests that the more the level advances, the shorter the 

Duration (schedule) becomes.
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7 FACTORS CROSS MODEL COMPARISON

Now we compare the Integrated and Modified COCOMO Models to see if  there is 

any consistency over the higher maturity level.

7.1 Team size Overhead

In the Integrated Model, the Team size overhead is about the same among the three 

levels, showing only a slight advantage for Level III. This suggests that the Team size 

overhead will be slightly reduced at a Level III organization. In the Modified COCOMO 

Model. Level II and Level III had almost the same overhead for the Team size. Level I 

had lighter overhead for a larger Team size. which might be caused by the nature o f 

sampled data--data were from small enterprises that could run very efficiently (29).

7.2 Duration (Scheduling)

In the Integrated Model. Duration showed significant advantage when advancing 

from Level I to Level II. The duration o f  Level III is very similar to the duration of 

Level II although Level III has a slightly higher overhead. This provides a good 

explanation for the fact that Level I evolves to Level II—there is a huge Scheduling 

reduction.

In the Modified COCOMO Model, all three levels had very similar relations to 

the Man month. From the equations for the modified COCOMO model, we get

Man month = Function_point x Team_size Y 
Duration = Man month z
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The Z (0.66. 0.60. 0.50) corresponding to Level I. II. and III strongly suggested that the 

organization with the higher maturity level would do more efficient scheduling.

7.3 Man Month Factor

In the Integrated Model. Man month is regulated by the Team size. The influence 

showed significant decrease from Level II to Level III. although moving from Level I to 

Level II slightly increased the overhead.

In the Modified COCOMO Model, the Man month factor showed significant 

advantage from Level I to Level II. and some advantage from Level II to Level III. with 

the power index as (0.41. 0.18. 0.13). Now. we'll induce the direct relation between Man 

month and Function point.

The Integrated Model showed the following:

Function_point = Production_process ** C2  (1)

Duration = Production_process ** Cl  (2)

Man month = Team_size ** C4  (3)

Team size = Management_effort ** C5  (4)

Production_process = Management_effort ** C6 ....(5)

where C l. C2. C4. C5. and C6 are parameters in the Integrated Model. From (1) and (5). 

we get. Function_point = M anagem enteffort ** (C2 * C6)

From (3) and (4).

Man_month = Management_effort ** (C4 * C5)

Combine the two above, and we get
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Man_month = Function_point ** ((C4 * C5)/(C2 * C6))

Recalculate the Integrated Model for the Man_month versus Function Index as follows:

[Maturity Level C1 C2 C4 C5 C6 MM:FP Index Modified COCOMO
1 ' 2.045 5.8509 1.9369 2.9636 0.851 1.1529 0.41
! N 0.7234 1.8004 2.0022 0.96 1.0776 0.9907 0.18
I hi 0.921 2.9697 1.7872 1.3102 0.8196 0.9620 0.13

The last two columns showed the huge drop from Level I to Level II and slight advantage 

from Level II to Level III.

7.4 Management effort versus Production_process

From the data we studied, the relations are about 1:1 among all three levels, and they 

are only available in the Integrated Model. This might support Mr. Capers Jones 

observation that

"Small Enterprises (the sampled software projects in this research) can run very 

efficiently without much software engineering effort" (29).

7.5 Summar\' : Advantages o f  Higher Maturity Level

The advantages of advancing maturity levels can be summarized as follows:

• The scheduling (Duration) showed significant improvement from Level II versus 

Level I. Although the Integrated Model showed slightly more overhead in Level III. 

Level III had a significant Production_process(Vunction points increase.

• For Production_process versus Function points. Level III outperformed Level II 

by almost an exponential o f  1 (1.8 versus 2.9). This suggested strong
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productivity increases if  Maturity Level II advances to Level III.

• Man month reduction. Viewed from the modified COCOMO Model.

Man month = Function_pointx Team_size '
Duration = Man month 7

The X values were 0.41. 0.18. and 0.13. which corresponded to Level I. II. and III.

respectively. This strongly suggested that the higher the maturity level, the better

productivity.

As the following figure shows. Lawrence H. Putnam found that there was a relation 

between SEI level and Productivity Index and SEI Maturity Level (36). The PI 

(productivity index) value at which the transaction occurs (13.5. 18.5. 22.0. 25.0)

Productivity Index

X4>■oc
&
>

T3O

3 0

20

10

0

□  S e r i e s l

II III IV

SEI Maturity Level

corresponds to Maturity Level II to Level V.

There was some similarity in our Modified COCOMO Mode. For example, when 

Team size = 5. the model provides the similar trend.

M o d i f i e d  C O C O M O ' s  M o d e l

1 0 0 0  2 0 0 0  3 0 0 0  4 0 0 0  5 0 0 0

F u n c  t i o  n _ p  o in t

—♦— L e v e l  I —m— L e v e l  II L e v e l  III
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8. DYNAMIC MODEL

8.1 Reasoning for Dynamic Model

Abdel-Hamid Tare's massive work has introduced a Dynamic Model (1). In his 

integrated approach, all elements will influence each other in a circle (40). This 

approach will provide a more realistic environment as time passes and will provide 

management with a chance to simulate the process through different strategies (40).

8.2 Dynamic Model Introduction

We used the ithink™ product and its symbolic language to construct the model (25). 

There were five basic elements: stocks, flows, clouds, converters, andfeedbackloop.

They were defined as follows:

♦ "Stock"—represents accumulations: it is represented by a rectangular box.

♦ "Flows"—these fill up the stocks and are represented by an arrow. The "Work Rate" 

is used to control the flow.

♦ "Cloud"—means unlimited supply, or the boundaries o f the model.

♦ "Conv erter"—converters are used to elaborate the details o f stock and flow structure. 

Their symbol is a circle with one or more line emanating from it.

♦ "Feedbackloop"—stepwise via the period of time. In our model, management effort 

is the starting point, and the cycle ended at management effort.
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Based on the Integrated Model shown in Figure 9. we'll select the elements as

follows:

Stock: Work_completed(Function_point)

Converter: M anagem enteffort. Production_process. Duration. Function_point.

Team size. Estimated Schedule, and another six introduced (calculated) converters:

• M onthlyProduction (work completed: calculated from Function_point and Duration)

• Scheduledeliverable: calculated from the Remain in g W o rk lo a d  / 

M onthlyProduction

• Deadline (input variable)

• Total_Function_point (input variable)

• Schedule_pressure: determined by comparing Estim atedschedule and Deadline

• Project Status: determined by comparing Schedule_deliverable and 

Schedule_pressure

The Integrated Dynamic Model is shown in Figure 11. next page.
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Figure 11 : In teg ra ted  D ynam ic  M odel
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8.3 Simulation Program

Control Variables : /* input Variables */
T o ta lF  unctionPoint.
Deadline (Total_month_planned)
T eam size  = Initial_size
Alphal.Alpha2...Alpha6 /* level 1. level 2. level 3 correspondingly */ 
Management_effort_Upper_limit. Management_effort_Lower_limit. /* review in 8.5 */ 
M anagem enteffortdelta  =
(Management_effort_Upper_limit -  Management_effort_Lower_limit) / Deadline 

/* Initial control variables */
M anagem entEffort = Team size ** (1/Alpha5)
W orkcom plete = 0 /* Function_point *i 
M onthcounter = 0 
/* Management increase is based on 
/* LOOP */
Loop :
M onthcounter = M onthcounter ■+• 1

/* Part 1. Real Schedule under current productivity */
Production Process = Management_effort * Alpha6 

Team size = (Management_efFort * AlphaS)
Monthly Production = (Production_process * Alpha2) /

(Production_process * Alpha 1)
W orkcom plete = W orkcom plete + M onthlyProduction 

IF (W orkcom plete not< Total_Function_point) G O TO  FINISH: 
Schedule_deliverable = (TotaI_Function_Point -  Work_complete) /

Monthly Production 
/'* Part 2. Management Schedule */
Estimated schedule = Team size ** (Alpha4) / Team_size 
Schedule_pressure = 1/2 * (Dead_line + Estimated schedule) -  Month counter 

/* Decision for next Management Move */
IF (Schedule_pressure > Schedule_deliverable)

!* Add Management Effort to Speed up */
THEN Management_efTort = Management effort + Management_effort_delta 

IF (Management_effort > Management_effort_Upper_limit)
THEN Management effort = Management_effort_Upper_limit:

ELSE IF (Schedule_pressure < Schedule_deliverable)
Management effort = Management effort - Management_effort_deIta 

IF (Management effort < Management_effort_Lower_limit)
THEN Management effort = Management_effort_Lower_limit:

PRIN T
(Month court. Management effor;. Team size:Monthly Production:Estimated schedule) 
G O T O  Loop;
Finish :
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8.4 Simulation Control Variables

♦ Management effort is the only pivotal variable for the whole cycle. It is estimated 

from Team_size +/- 2 * standard_deviation (this would cover 95% o f the range).

Sample Size Mean Standard
Deviation

Lower
Bound

Upper
Bound

Level 1 82 10 17 1 44
Level II 92 14 17 1 48
Level III 37 23 28 1 79

—The Management_effort_Upper-limit = Team_size_Upper_Bound ** (1/Alpha5) 

—Management_effort_Lower_Iimit = Team_size_Lower_Bound ** (1/Alpha5)

♦ The dead line would also be a key variable for the simulation. There is a very good 

likelihood that the simulation will answer the following question: "Different Maturity 

Levels will make how much o f a difference in Time Pressure?"

♦ Initial Team size. This variable might tell people "Is it a critical variable for the 

process?"

The following table shows the simulation constants.

Level 1 Level II Level III
Alphal 2.045 0.7234 0.921
Alpha2 5.8509 1.8004 2.9697
Alpha4 1.9369 2.0022 1.7872
Alpha5 2.9636 0.96 1.3102
Alpha6 0.851 1.0776 0.8196
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9. CONCLUSION

The Team size in our data varies from ten to sixty. According to Capers Jones's 

observ ation (29). this size o f sampled data indicates small enterprises. Small enterprises 

can run very efficiently without too much software engineering effort. Thus, "to put in an 

effort to advance to a higher maturity level" may not be that crucial for them. This could 

be the reason why our model did not show significant advantages from Level III over 

Level II.

The practice o f COCOMO/COCOMO II started with a fairly refined questionnaire 

for fitting/classifying individual cases based on its specific model for choosing 

multipliers and scale factors. This practice is viewing the software process from micro 

perspectives. The SEI maturity framework is viewing from the macro perspective-that 

is. maturity level is only grouped from certain common behaviors. This purpose o f our 

research is to try to find some common denominators among the different levels.

Although the sampled data is from small enterprises, it still proves that it is w orthw hile 

to advance to a higher maturity level. The adv antages are significant.

The model built in this study has omitted a very important factor—cost. Dr. 

Howard Rubin's World Benchmark Projects has a cost factor associated with each 

project. It would be a very challenging model if the cost factor could be included. "Cost 

Effective Integrated Model" would be a valuable model to simulate 

Cost/Productivity/Scheduling "Dynamic Behavior." It might provide the final answer 

whether it is worthwhile to advance to a higher maturity level by knowing the cost o f 

the additional effort.
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The pros and cons discussed in our model are based on productivity and 

scheduling only (defect and quality are not discussed). The major focus/control o f  

maturity Level IV and V is quality. Will there be a consistent model for covering the 

defect o f all the levels (or if  the defect is insignificant for the lower maturity levels, such 

as II or III)? This will be another challenge.

Capers Jones has observed that "Some maturity level III Navy organizations were found 

to be deficient in terms o f software quality" (29). If there is such a Dynamic/Integrated 

Model by way o f simulation, perhaps it would provide an answer for the Navy's case.

The aggregated behaviors o f  different maturity levels have their value/advantages 

for illustrating software development processes. This research as viewed from the macro 

perspective will hopefully provide an incentive to other researchers to build models from 

the same perspective.
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/* SAS Input to Build Integrated Models;all Level Run * /
OPTIONS LS= 75;
CMS FILEDEF SI DISK LI TEXT A;

/' INPUT DATA FROM A DISK ' /

DATA A;INFILE SI MISSOVER ;INPUT 
ORIG NFP MAN_MTH DURATION TEAM_SZ ;

/- SAS MACRO 'CL' PERFORM CLUSTER ANALYSIS CLUSTER=4 */

;;MACRO CL;
TITLE ' CLUSTER ANALYSIS ';
PROC CLUSTER METHOD=AVE OUTTREE=TREE DATA=A NOPRINT;
VAR NF? MAN_MTH DURATION TEAM_SZ;
PROC TREE DATA=TREE NCL=2 OUT=P NOPRINT;
COPY NFP MAN_MTH DURATION TEAM_SZ;
PROC SORT DATA=P;BY CLUSTER;

PROC MEANS NOPRINT DATA= P;
VAR NF? MAN_MTH DURATION TEAM_SZ;
OUTPUT OUT=PP MEAN=; BY CLUSTER;
PROC PRINT DATA=PP;
IMEND;

/* CALCULATE PEARSON CORRELATION COEFFICIENTS */
/’ WITH ORIGINAL SCORES */

T I T L E  ' C O R R E L A T I O N  C O E F F I C I E N T S  A M O N G  T H E  F O U R  O R I G I N A L  V A R I A B L E S  R U N ;

PROC CORR ; VAR NFP MAN_MTH DURATION TEAM_SZ;

! '  MAKING NATURE LOG TRANSFORMATIONS */

DATA A;SET A;
MAN_MTH=LOG(MAN_MTH);NFP=LOG(NFP);
TEAM_SZ=LOG(TEAM_SZ) ;DURATION=LOG(DURATION) ;
J ' ± e ' i r - * ' * r ' * r - k ' k - i c ' k ' k ' i e - k ' k ' & - i e ' k - i c ' i r ' k ' l e ' k - k ' i e - k - i r - k ' k ' i e - i c ' t e ' i ' ~ k ' i c ' k - k ' i c ' i e - i e - i e ' k - k ' k - k ' k ' i e ~ k  J

/ *  CALCULATE PEARSON CORRELATION COEFFICIENTS */
/* WITH NATURAL LOG TRANSFORMATION */
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PROC CORR ; VAR NFP MAN_MTH DURATION TEAM_SZ;
TITLE ' CORRELATION AMONG THE TRANSFORMED VARIABLES 1 ; RUN ;
/ * , * , * * * * * * * * * * * * * , * * * » * * „ * * * * * * * * * * * * * * „ * /
/* RUN CLUSTER ANALYSIS - STARTS WITH 4 GROUPS */
^ - * e - < r - x - * e ' > r - K - ^ - K ' f c ' ^ e - i e ^ r ' i e ' i € ' f r ' k ^ r ' k - k ' t e ' k ' k - j e - x ' i e - i e - i c ' k - i e ' k - ' k ' K ' i r ' i c ' i r ' t r ' K - i e ' i e ' i r ' K ' k - K ' i e ' i e ' i e - i e  J

TITLE1 'LEVEL ONE RESULTS WITH LOG TRANSFORMATIONS RUN;
^ ■ K ^ r ^ f ' K i e ' k - ^ ' i e - t e - k ' k - i e - i e - i c - i e - k ' i f - i r ' t r - i e - i e ' i e ' i e ' i e ' i e ' i c - i r - i r - K ' i e - i e - i e ' i e - K ' i e - K ' i c ' i r - i e ^ e ' i e - i e ^ e ' i e - i e ' i r - i e  J

/~ RUN SYSTEM REGRESSION WITH ALL DATA AS ONE */

DATA AI(KEE?=CLUSTER CODE INTERCEP);SET P;
IF CLUSTER=1 THEN CODE=0;ELSE IF CLUSTER=2 THEN CODE=l; ELSE 
CODE=.;
IF CODE NE .;
INTERCEP=1;
DATA A;SET A;SET Al;

TITLE2 'ESTIMATION OF PARAMETERS';RUN;
PROC CALIS UCOV DATA=A MAXITER=500 0 0 MAXFU=50000 
OMETHOD=NR SE GTOL=0.001 METHOD=ML;
LIMEQS
DURAT ION = ALPHAI (0.5) FPRODUCT + E 01,
NF? ALPHA2 (0.5) FPRODUCT + ALPHA3 CODE + E 02,
MAN MTH = ALPHA4 TEAM SZ + E 03,
7EAM_SZ = ALPHA5 (0.5) FMGMT + E 04,
„ rr\\ô u'w l  — ALPHA6 (1.0) FMGMT + E 05;

STD
E 01-E 05 = ESP1-ESP5 (5*3.0),
FMGMT=PHI (1 . 0) ;

COV
E 03 E 04 = ESP2(.2) ;

BOUNDS
ALPHA6 > 0;

E_01 E_04 = ESP1(.2),

*IMODEL1;

/ *
IMACRO MODELI;

TITLE2 'ESTIMATION OF PARAMETERS 1;RUN;
PROC CALIS UCOV DATA=A MAXITER=500000 MAXFU=500000
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OMETHOD=NR METHOD=LSGLS
EDF=7 4 SE;
LINEQS

DURATION= 1.0 FPRODUCT
ME? = 1.0 FPRODUCT + ALPHA3 CODE
MAN_MTH = 1.0 TEAM_SZ
7EAM_SZ = 1.0 FMGMT
F?RODUCT= ALPHA1 (0.5) FMGMT

STD

COV

;MEMD;

E_01-E_05 = ESP1-ESP5 (5*3.0), 
FMGMT=PHI (0.5);

E_01 E_04 = ESP1 ( .2) ,
E 03 E 04 = ESP2 ( .2) ;

/  T
DURATION=

MAN_MTH = 
TEAM_SZ = 
FPRODUCT = 
' /

1 . 0  
1.  0 
1 . 0  
1 . 0

FPRODUCT 
FPRODUCT 
T E AM S Z 
FMGMT

ALPHA1 (0.5)

+ ALPHA3 CODE 
+ ALP HA. 4 CODE 
+ ALPHAS CODE 

FMGMT

E_01, 
E_02, 
E_0 3, 
E_0 4 , 
E 05;

E_0 1, 
E_02, 
E_0 3, 
E_0 4, 
E 05;
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/* SAS Input for Modified COCOMO MODEL */
OPTIONS LS= 75;
CMS FILEDEF SI DISK LI TEXT A;

/* INPUT DATA FROM A DISK */

DATA A;INFILE SI MISSOVER ;INPUT 
ORIG NFP MAN_MTH DURATION TEAM_SZ ;

, * * * * * * * * * * * * * * * . * * * * * * * * * * , * * * * . /

/' SAS MACRO 'CL' PERFORM CLUSTER ANALYSIS CLUSTER=4 */

MACRO CL;
TITLE ' CLUSTER ANALYSIS ' ;
PROC CLUSTER METHOD=AVE OUTTREE=TREE DATA=A NOPRINT;
VAR NFP MAN_MTK DURATION TEAM_SZ;
PROC TREE DATA=TREE NCL=2 OUT=P NOPRINT;
COPY NFP MAN_MTH DURATION TEAM_SZ;
PROC SORT DATA.= P; BY CLUSTER;

PROC MEANS NOPRINT DATA=?;
VAR NFP MAN_MTH DURATION TEAM_SZ;
OUTPUT OUT=PP MEAN=; BY CLUSTER;
PROC PRINT DATA=PP;
':MEND;

! -  CALCULATE PEARSON CORRELATION COEFFICIENTS */
/- WITH ORIGINAL SCORES ~/

TITLE 1 CORRELATION COEFFICIENTS AMONG THE FOUR ORIGINAL 
VARIABLES’;RUN;

PROC CORR ; VAR NFP MAN_MTH DURATION TEAM_SZ;

/- MAKING NATURE LOG TRANSFORMATIONS ’/

DATA A;SET A;
MAN_MTH=LOG(MAN_MTH) ;NFP=LOG(NFP) ;
TEAM_SZ=LOG(TEAM_SZ);DURATION=LOG(DURATION);

+ + + + + j
/ *  CALCULATE PEARSON CORRELATION COEFFICIENTS */
/’ WITH NATURAL LOG TRANSFORMATION */
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PROC CORR ; VAR NFP MAN_MTH DURATION TEAM_SZ;
TITLE 'CORRELATION AMONG THE TRANSFORMED VARIABLESRUN

/- RUM CLUSTER ANALYSIS - STARTS WITH 4 GROUPS */

TITLE1 'LEVEL RESULTS WITH LOG TRANSFORMATIONS '; RUN; 

/" RUN SYSTEM REGRESSION WITH ALL DATA AS ONE */

DATA A1(KEEP=CLUSTER CODE INTERCEP);SET P;

IF CLUSTER=1 THEN CODE=0;ELSE IF CLUSTER=2 THEN CODE=l;
CODE=.;

V -.W NE . ;
INTERCE?=1;

DATA A;SET A;SET Al;

T IT L E 2 ’ ESTIMATION OF PARAMETERS ' ; RUN ;
PROC CALIS UCOV DATA=A MAXITER=500 MAXFU=1250 METHOD=ML 
OUTEST=?l OUTSTAT=P2;
LINEQS
MAN_MTH = /*ALPHA1 INTERCEP+ ALPHA2 CODE + */

ALP HA. 3 NFP + ALP HA. 4 TEAM_SZ + E_01,
DURATION= /*ALPHA5 INTERCEPT ALPHA6 CODE + ”/

ALPHA7 MAN_MTH + E_02;
STD

E_01-E_°2 = ESP1-ES P2;
COV

E_01 E_02 = ESP3;
RUN;

ELSE
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The Survey Data: Level I
0_origin FP man_mth duration team-sz yr-complet

1 o 925 26.9 5 3 1995
0 4990 67.2 11.5 8 1995

1 o 3000 316 30 14 1997
1 0 1600 51 3.8 12 1994
I  0 400 31 4.4 8 1994
! o 450 10 4.6 5 1994
! 0 200 17 3 6 1993
! 0 300 1.5 1.4 3 1994

0 3854 26 11 6 1993
! o 400 20 4 6 1994
! 0 200 4 2 3 1994
! o 9312 1234 26 70 1986
! 0 1570 60.78 20 4 1993
! 0 937 25.26 19 4 1993
! 0 1939 86.84 14 15 1992
1 0 818 37.1 7 9 1993
! o 693 29.21 12 2 1993
l  o 3238 106 9 12 1994
! o 630 14 17 2 1994
1 o 617 8 7 2 1993
i  0 6839 257 25 11 1994
! o 1099 77.4 18 11 1993
! o 2571 214.9 21 10 1993
i  0 350 38.5 12 4 1994

0 121 7.2 8 1 1994
i  0 367 103.3 14 9 1994
i 0 2831 39.25 18 7 1988
!  o 1176 65.75 26 8 1990
1 o 4128 121.6 10 6 1991
! o 2348 91.8 13 7 1991
i  o 3470 102 26 9 1990
1 o 138 2 4 1 1994
1 0 66 0.75 2 1 1994
I 0 188 11.88 7 3 1994

0 91 24 7 5 1994
0 60 78 15 6 1994
0 125 98 13 9 1995
0 500 54 24 3 1995

1 0 23684 200 18 10 1994
0 129 4.8 16.5 54 1994
0 192 21.7 15.5 47 1994
0 63 15.8 9 54 1994
0 580 693.4 18 120 1994
0 779 8.9 4 2.5 1996
0 1697 27 17 1.5 1996
0 1060 17.9 14 1.3 1996
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0 770 16 14 1.2 1996
0 1147 97 9 15 1993
0 700 200 13 21 1993
0 346 10.07 9.87 5 1994
0 4494 40.58 16.4 9 1994
0 2449 33.22 12.7 7 1994
0 348 51.59 19 5.5 1992
0 961 90 14 13 1994

! o 1489 257 55 6 1994
i  0 507 69 18 4.25 1994
! o 692 109 22 8 1995
I o 447 38 10 7 1995
! 0 1384 120 22 7 1995
i  0 596 42.9 16 5 1995
i  0 25 11.6 12 2 1995
! 0 350 38.5 12 4 1994
! o 121 7.2 8 1 1994
1 0 1842 146 13 14 1996
[ o 616 23 8 4 1996
1 o 682 8.6 3 5 1996
! 0 35 12.5 12 2.8 1996
1 0 36 7.5 8 5 1996
i  0 50 9.5 9 4 1996
! 0 316 24 12 4 1998
i  0 535 27 4 8 1996
I  o 408 38 3 10 1996
i  0 186 23 3 6 1996

0 697 111 13 13 1996
0 602 47 13 9 1996
0 853 88 7 13 1996
0 125 18 9 7 1996
0 101 13 12 5 1996
0 110 6 3 3 1996
0 70 3 1 5 1997
0 738 69 18 4 1997
0 251 25.3 7 5 1997
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The Survey Data: Level II
|0_origin FP man_mth duration team-sz yr-complet
! o 212 14.8 21.45 2 1993
! o 236 20.9 27.85 2 1994
1 o 176 48.75 26.1 8 1994
! 0 1217 70.85 7.6 15 1994
!  o 290 46.25 25.05 7 1994
i o 212 296 429 5 1993
1 o 236 418 557 4 1994
1 0 176 975 522 5 1994
i  o 1217 1417 152 17 1994
i  o 290 925 501 5 1994
i  0 1411 94 14 10 1994
i  0 569 7 4 3 1994
i  0 644 20 8 4 1994
I 0 206 10 4 3 1994
! 0 6083 94 17 10 1994
i  0 4769 169 28 7 1994
1  0 4763 93 12 7 1994
! o 2983 53 22 4 1994

i  0 2250 76 7 7 1994
i  0 1000 18 3 10 1994
! 0 100 0.8 2 1 1992
! o 2117 17.7 6 2.5 1993
: 0 1680 95 14 6 1994
! 0 2788 151 16.6 10 1994
! 0 4300 659 28.8 34 1994
i  0 12000 2163 30 60 1995
!  o 6000 890 40 41 1995
!  o 6700 467 31 28 1995
i  o 2100 80 18 4 1995
!  o 98 6 4 2 1997
!  o 1389 131 17 13 1997
1 o 2.342 147 12 11.6 1996
i  0 2,500 1200 12 80 1997
!  o 3,000 450 18 40 1997
I  0 6000 24 6 4 1997
I 0 57 24 10 4 1996
i  0 57 24 10 4 1996

1 51.02 3 6 2 1993
1 18.74 3 6 2 1994
1 3203.13 727 22 50 1995
1 3437.5 636 24 48 1995
1 65.42 14 8 3 1994
1 37.38 1 1 2 1993
1 62.5 43 14 9 1994
1 101.56 30 6 5 1994
1 1326.53 2200 48 50 1995
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39.06 72 18 5 1994
i  1 93.75 90 14 8 1995
I  1 169693.9 288 36 8 1995
I 1 302000 684 36 18 1995
I 1 13120.9 54 6 13 1994

10909.09 384 46 48 1995
I 1 510.2 51 9 4 1996
! 1 58.11 19 12.2 2 1996
! • 17800 28 15 3 1996
i  1 357.82 66 12 3.4 1996
I  1 192.53 13.5 8.5 2 1996
i  1 486.95 13 14 0.9 1996
i  1 224.49 42 13 4 1996

2343.75 60 12 6 1993
!  * 22.45 345.6 48 85 1998
! 1 1272.73 150 10 15 1995
l  1i  1 625 20 5 5 1995
! 1 507.81 102 13 20 1996
I 1
t  1 468.75 62 15 8 1996
i 1 54.69 60 9 3 1996
: 1 156.25 3 6 3 1997
! 1 234.38 24 6 4 1996

i  1 367.19 180 7 45 1997
i  *\ 218.75 117 6 35 1997
! 1 781.25 150 18 10 1997
I 1 1326.53 300 24 18 1997

1 781.25 100 17 15 1997
! 1 7755.1 600 38 28 1997
i  * 2000 280 26 12 1997
I 1 1745.46 180 12 18 1997
i  1
i  1 35000 14 12 2 1997
i  1 8181.82 25 12 30 1997
! 1 727.27 2 6 3 1997
i  1 78.13 1 4 2 1997
I ^ 12500 120 30 10 1998
i  1 437.5 68 14 14 1997
! 1 195.31 23 12 12 1997
f 1 818.18 3 7 3

1 117.19 1 6 2
1 750 48 12 6 1998
1 35 14 12 2 1997
a1 781.25 150 18 10 1997
A 1326.53 300 24 18 1997

781.25 100 17 15 1997
7755.1 600 38 28 1997

2000 280 26 12 1997
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The Survey Data: Level III
jO-orgin FP Mam mth duration team-sz yr-complet
1 o 9500 840 23 105 1994
! 0 1420 51 15 5.5 1994
1 o 1180 49.5 11 6.5 1994
! 0 900 40.5 10 5 1994
! 0 450 19 5.5 5 1994
! o 450 19 5.5 5 1994
i o 192 7.7 7.5 4 1994
I 0 497 18.7 7 3 1994
! 0 1267 54 23 6 1994
! o 1300 50 17 13 1994
! 0 12000 800 15 50 1993
I 0 3000 75 7 5 1994
1 o 6000 460 10 20 1993
; 0 1100 150 13 15 1994
1 o 1500 150 12 18 1997
1 0 1800 180 12 22 1997
! o 10000 1200 18 110 1997
! 0 3500 183 12 20 1997
! o 3018 72 15 10 1997
! o 707 30 5 12 1997

o 530 20 4 6 1997
0 4500 311 20 19 1996
0 171 14.8 4 5 1997
0 681 79 10 14 1997
0 486 24 5 14 1997
0 296 29 7 14 1997
1 6250 900 15 80 1995]

4822511.7 1796 40 60 1997
1 70290.53 6 2 3 1996

11246.48 4 2 2 1996
1 163.27 14 10 2 1997
1 816.33 108 27 6 1997
1 112500 1548 36 36 2000
1 5527.27 1100 32 36 1999
1 897.96 225 13 20 1998
1 14054.55 2250 36 75 1999

4127.27 75 9 10 1998
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