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K. Appendix 1.
COCOMO Summary
USC-CSE COCOMO Team
1 Introduction

COCOMO 11 is a parametric model for software cost/estimation.
The two main elements of the COCOMO II strategy are:

e Preserve the openness of the original COCOMO with all of its relationships and algorithms
publicly available.

e Key the inputs and outputs of the COCOMO II submodels to the level of information
available.

All of its interfaces are designed to be public, well-defined, and parametrized so that
complementary preprocessors (analogy, case-based, or other size estimation models), post-
processors (project planning and control tools, project dynamics models, risk analyzers), and
higher level packages (project management packages, product negotiation aids) can be combined
straightforwardly with COCOMO II.

2 Overall Model Definition
21 COCOMO Il Models for the Software Markétplace Sectors
The COCOMO 11 capability for estimation of Application Generator, System Integration or

Infrastructure developments is based on two increasingly detailed estimation models for sub-
sequent portions of the life cycle, Early Design and Post-Architecture.

211 COCOMO Il Model Rationale and Elaboration

This mix of models rests on three primary premises: First, current and future software projects
will be tailoring their processes to their particular process drivers. These process drivers include:
COTS or reusable software availability; degree of understanding of architectures and
requirements; market window or other schedule constraints; size; and required reliability (see
[Boehm 1989, pp. 436-37] for an example of such tailoring guidelines). Second, the granularity
of the software cost estimation model used needs to be consistent with the granularity of the
information available to support software cost estimation. Third, COCOMO II does not produce
point estimates of software cost and effort, but rather ranges estimates tied to the granularity of
the estimation inputs.

With respect to process strategy, Application Generator, System Integration, and Infrastructure
software projects will involve a mix of three major process models. The appropriate models will
depend on the project marketplace drivers and degree of product understanding.

The Early Design model involves exploration of alternative software/system architectures and
concepts of operation. At this stage, not enough is generally known to support fine-grain cost
estimation. The corresponding COCOMO I capability involves the use of function points and a
course-grained set of 7 cost drivers. (e.g. Two cost drivers for Personnel Capability and Per-




sonnel Experience in place of the 6 COCOMO II Post-Architecture model cost drivers covers
various aspects of personnel capability, continuity, and experience.)

The Post-Architecture model! involves the actual development and maintenance of a software
product. This stage proceeds most cost-effectively if a software life-cycle architecture has been
developed; validated with respect to the system's mission, concept of operation, and risk; and
established as the framework for the product. The corresponding COCOMO II model has about
the same granularity as the previous COCOMO and Ada COCOMO models. It uses source
instructions and/or function points for sizing with modifiers for reuse and software breakage, a
set of 17 multiplicative cost drivers, and a set of 5 factors determining the project's scaling
exponent. These factors replace the development modes (Organic, Semidetached, or Embedded)
in the original COCOMO model, and refine the four exponent-scaling factors in Ada COCOMO.

To summarize, COCOMO II provides the following three-stage series of models for estimation of
Application Generator, System Integration, and Infrastructure software projects:

1. The earliest phases or spiral cycles will generally involve prototyping, using the Application
Composition model capabilities. The COCOMO II Application Composition model supports
these phases, and any other prototyping activities occurring later in the life cycle.

2. The next phases or spiral cycles will generally involve exploration of architectural alternatives
or incremental development strategies. To support these activities, COCOMO II provides an
early estimation model called the Early Design model. This level of detail in the model is
consistent with the general level of information available and the general level of estimation
accuracy needed at this stage.

3. Once the project is ready to develop and sustain a fielded system, it should have a life-cycle
architecture, which provides more accurate information on cost driver inputs, and enables more

accurate cost estimates. To support this stage, COCOMO II provides the Post-Architecture
model.

2.2 Development Effort Estimates

In COCOMO II effort is expressed as Person Months (PM). All effort equations are presented in
“COCOMO II Model Definition Manual.” A person month is the amount of time one person
spends working on the software development project for one month. This number is exclusive of
holidays and vacations but accounts for weekend time off. The number of person months is
different from the time it will take the project to complete; this is called the development

schedule. For example, a project may be estimated to require 50 PM of effort but have a schedule
of 11 months.

Equation 2.1 is the base model for the Early Design and Post-Architecture cost estimation
models. The inputs are the Size of software development, a “constant,” 4, and a scale factor, B.
The size is in units of thousands of source lines of code (KSLOC). This is derived from estimat-
ing the size of software modules that will constitute the application program. It can also be esti-
mated from unadjusted function points (UFP), converted to SLOC then divided by one thousand.
Procedures for counting SLOC or UFP are explained in the chapters on the Post- Architecture
and Early Design models respectively.




The scale (or exponential) factor, B, accounts for the relative economies or diseconomies of scale
encountered for software projects of different sizes [Banker et al 1994a). The “constant”, 4, is
used to capture the multiplicative effects on effort with projects of increasing size

PM = Ax (Size)B @.1)

nominal

2.3 Software Economies and Diseconomies of Scale

Software cost estimation models often have an exponential factor to account for the relative
economies or diseconomies of scale encountered in different size software projects. The
exponent, B, in Equation 2.1 is used to capture these effects.

If B < 1.0, the project exhibits economies of scale. If the product's size is doubled, the project
effort is less than doubled. The project's productivity increases as the product size is increased.
Some project economies of scale can be achieved via project-specific tools (e.g., simulations,
testbeds) but in general these are difficult to achieve. For small projects, fixed start-up costs such
as tool tailoring and setup of standards and administrative reports are often a source of economies
of scale.

If B = 1.0, the economies and diseconomies of scale are in balance. This linear model is often
used for cost estimation of small projects. It is used for the COCOMO Il 4pplications
Composition model.

If B > 1.0, the project exhibits diseconomies of scale. This is generally due to two main factors:
growth of interpersonal communications overhead and growth of large-system integration
overhead. Larger projects will have more personnel, and thus more interpersonal communications
paths consuming overhead. Integrating a small product as part of a larger product requires not
only the effort to develop the small product, but also the additional overhead effort to design,
maintain, integrate, and test its interfaces with the remainder of the product.

2.3.1 Basis of Economy and Diseconomy of Scale

Historically, project and target platform environment impact the diseconomies of scale in
software development. Embedded-software projects tended to be more unprecedented, requiring
more communication overhead and complex integration, and less flexible, requiring more
communications overhead and extra effort to resolve issues within tight schedule, budget,
interface, and performance constraints. Conversely communications overhead and integration
overhead can be reduced significantly by early risk and error elimination; by using thorough,
validated architectural specifications; and by stabilizing requirements.

As a result COCOMO II’s model added into the scale factors for the architecture and risk factors
as a single factor. The COCOMO II model also has a process maturity factor based on the
Software Engineering Institute (SEI) definition. The model also includes precedentedness and
flexibility factors and a Team Cohesiveness factor to account for the diseconomy-of-scale effects
on software projects whose developers, customers, and users have difficulty in synchronizing
their efforts.

2.3.2 Scaling Drivers

Equation 2.2 defines the exponent, B, used in Equation 2.1. Table 2-1, which follows the
discussion of the arithmetic, shows the rating levels for the COCOMO II scale drivers. The
selection of scale drivers is based on the rationale that they are a significant source of exponential
variation on a project’s effort or productivity variation. Each scale driver has a range of rating
levels, from Very Low to Extra High. Each rating level has a weight, 7, and the specific value of




the weight is called a scale factor. A project's scale factors, Wj, are summed across all of the
factors, and used to determine a scale exponent, B, via the following formula:

B=91+001xTW,

(2.2)

[Data for following examples in “CII98-Official+Anal.xls”]For example, if scale factors with an
Extra High rating are each assigned a weight of (0), then a 100 KSLOC project with Extra High
ratings for all factors will have SW; = 0, B = 0.91, and a relative effort E = 100-91= 66 PM. If
scale factors with Very Low rating are each assigned a weight of (5), then a project with Very
Low (5) ratings for all factors will have 2W; = 31.62, B = 1.226 and a relative effort E = 283.4
PM. This represents a large variation, but the increase involved in a one-unit change in one of
the factors is only about 4.7%.

Table 2-1: Scale Factors for COCOMO II Early Design and Post-Architecture Models

Scale Factors | Very Low Low Nominal High Very High Extra High
W

PREC thoroughly largely somewhat Generally largely famil- | thoroughly
unprece- unprece- unprece- familiar iar familiar
dented dented dented

FLEX rigorous occasional some general some general

relaxation relaxation conformity conformity goals
RESL1 little (20%) some (40%) | often (60%) | generally mostly (90%) | full (100%)
(75%)

TEAM very difficult | some difficult | basically largely highly seamless

interactions | interactions | cooperative | cooperative |cooperative |interactions
interactions
PMAT Weighted average of “Yes” answers to CMM Maturity Questionnaire

2.3.3 Values for Scale Factors

Section 4.0 (page 29) contains the numeric values for the COCOMO 11-1998 Scale Factors. The
same values are used for the Early Design and the Post Architecture models. The rest of this
section discusses the scale factors in terms of their nominal levels.

2.3.3.1 Precedentedness (PREC) and Development Flexibility (FLEX)
Table 2.2 maps project features onto the Precedentedness and Development Flexibility scales.
This table can be used as a more in depth explanation for the PREC and FLEX rating scales given

in Table 2-1.

! % significant module interfaces specified,% significant risks eliminated.




Table 2-2: Scale Factors Related to PREL and FLEX

Feature [ VeryLow | Nominal/High | Extra High
Precedentedness (PREC)

Organizational understanding of product General Considerable Thorough
objectives
Experience in working with related Moderate Considerable Extensive
software systems
Concurrent development of associated Extensive Moderate Some
new hardware and operational
procedures
Need for innovative data processing Considerable Some Minimal

architectures, algorithms

Development Flexibility (FLEX)

Need for software conformance with pre- Fuli Considerable Basic
established requirements

Need for software conformance with Full Considerable Basic
external interface specifications :

Premium on early completion High Medium Low

2.3.3.2 Architecture / Risk Resolution (RESL)

This factor combines two scale factor concepts, “Design Thoroughness by Product Design
Review (PDR)” and “Risk Elimination by PDR” [Boehm and Royce 1989; Figures 4 and 5].
Table 2-3 consolidates the concepts to form a comprehensive definition for the RESL rating
levels. The RESL rating is the subjective weighted average of the listed characteristics.




Table 2-3: RESL Rating Components

Characteristic Very Low Low Nominal High Very Extra
High High
Risk Management Plan None Little Some |Generally| Mostly Fully

identifies all critical risk
items, establishes
milestones for resolving
them by PDR.
Schedule, budget, and None Little Some |Generally | Mostly Fully
internal milestones through
PDR compatible with Risk
Management Plan

Percent of development 5 10 17 25 33 40
schedule devoted to
establishing architecture,
given general product
objectives

Percent of required top 20 40 60 80 100 120
software architects
available to project
Tool support available for None Little Some Good Strong Full
resolving risk items,
developing and verifying
architectural specs .
Level of uncertainty in Key | Extreme | Signifi- | Consider | Some Little Very
architecture drivers: cant able Little
mission, user interface,
COTS, hardware,
technology, performance.
Number and criticality of >10 5-10 2-4 1 >5Non- | <5 Non-
risk items Critical Critical Critical Critical Critical Critical

2.3.3.3 Team Cohesion (TEAM)

The Team Cohesion scale factor accounts for the sources of project turbulence and entropy due to
difficulties in synchronizing the project’s stakeholders: users, customers, developers, maintainers,
interfacers, others. These difficulties may arise from differences in stakeholder objectives and
cultures; difficulties in reconciling objectives; and stakeholder’s lack of experience and
familiarity in operating as a team. Table 2-4 provides a detailed definition for the overall TEAM
rating levels. The final rating is the subjective weighted average of the listed characteristics.




Table 2-4: TEAM Rating Components

Characteristic Very Low Nominal High |VeryHigh| Extra
Low High
Consistency of stakeholder Little Some Basic | Consider- | Strong Full
objectives and cultures able
Ability, willingness of Little Some Basic | Consider- | Strong Full
stakeholders to able

accommodate other
stakeholders’ objectives

Experience of stakeholders None Little Little Basic [ Consider- | Extensive
in operating as a team able

Stakeholder teambuilding to | None Little Little Basic | Consider- | Extensive
achieve shared vision and able

commitments

2.3.3.4 Process Maturity (PMAT)

The procedure for determining PMAT is organized around the Software Engineering Institute’s
Capability Maturity Model (CMM). The time period for rating Process Maturity is the time the
project starts. There are two ways of rating Process Maturity. The first captures the result of an
organization evaluation based on the CMM (an Assessment or a Capability Evaluation).

Overall Maturity Level

CMM Level 1 (lower half)
CMM Level 1 (upper half)
CMM Level 2
CMM Level 3
CMM Level 4
CMM Level 5

Key Process Areas

The second is organized around the 18 Key Process Areas (KPAs) in the SEI Capability Maturity
Model [Paulk et al. 1993, 1993a]. The procedure for determining PMAT is to decide the
percentage of compliance for each of the KPAs. If the project has undergone a recent CMM
Assessment then the percentage compliance for the overall KPA (based on KPA Key Practice
compliance assessment data) is used. If an assessment has not been done then the levels of com-
pliance to the KPA’s goals are used (with the Likert scale below) to set the level of compliance.
The goal-based level of compliance is determined by a judgement-based averaging across the
goals for each Key Process Area.




Table 2-5

Key Process Areas Almost Often About  Occasion Rarely If Does Not

Always  (60-90%) Half -ally Ever
(>90%) (40-60%) (10-40%) (<10%)

Apply

Don'’t
Know

Requirements Management

Software Project Planning

Software Project Tracking and Oversight
Software Subcontract Management
Software Quality Assurance

Software Configuration Management

Organization Process Focus
Organization Process Definition
Training Program

Integrated Software Management
Software Product Engineering
Intergroup Coordination

Peer Reviews

Quantitative Process Management
Software Quality Management

Defect Prevention
Technology Change Management
Process Change Management

ooOoooooOoonoOopoooooon
ooOooOoj0oooonDopoooooon
ooOooooooonooooonooo
OoooojooooooOooooooo
goOojoojooooooOooooooo

e Check Almost Always when the goals are consistently achieved and are well-established in

standard operating procedures (over 90% of the time).

e Check Frequently when the goals are achieved relatively often, but sometimes are omitted

under difficult circumstances (about 60 to 90% of the time).

ooOoonoooooooOopooooon

goooOooooooooooooon

e Check About Half when the goals are achieved about half of the time (about 40 to 60% of the

time).

e  Check Occasionally when the goals are sometimes achieved, but less often (about 10 to 40%

of the time).

o Check Rarely If Ever when the goals are rarely if ever achieved (less than 10% of the time).
e Check Does Not Apply when you have the required knowledge about your project or orga-

nization and the KPA, but you feel the KPA does not apply to your circumstances.

e Check Don’t Know when you are uncertain about how to respond for the KPA.

After the level of KPA compliance is determined each compliance level is weighted and a PMAT

factor is calculated, as in Equation 2.3. Initially, all KPAs will be equally weighted.

18 [4)
s-[3 KP4%, 5
<\ 100 18

(2.3)




2.4 Adjusting Nominal Effort

Cost drivers are used to capture characteristics of the software development that affect the effort
to complete the project. Cost drivers that have a multiplicative effect on predicting effort are
called Effort Multipliers (EM). Each EM has a rating level that expresses the impact of the
multiplier on development effort, PM. These rating can range from Extra Low to Extra High. For
the purposes of quantitative analysis, each rating level of each EM has a weight associated with
it. The nominal or average weight for an EM is 1.0. If a rating level causes more software
development effort, then its corresponding EM weight is above 1.0. Conversely, if the rating
level reduces the effort then the corresponding EM weight is less than 1.0. The selection of
effort-multipliers is based on a strong rationale that they would independently explain a signifi-
cant source of project effort or productivity variation.

2.4.1 Early Design Model

The Early Design model is used in the early stages of a software project when very little may be
known about the size of the product to be developed, the nature of the target platform, the nature
of the personnel to be involved in the project, or the detailed specifics of the process to be used.
This model could be employed in Application Generator, System Integration, or Infrastructure
development sectors.

The Early Design model adjusts the nominal effort using 7 EMs, Equation 2.4. Each multiplier .
has 7 possible weights. The cost drivers for this model are explained in the next chapter.

7
PMadjusled = PMnomin al X (H EMI] (24)
i=1

2.4.2 Post-Architecture Model

The Post-Architecture model is the most detailed estimation model and it is intended to be used
when a software life-cycle architecture has been developed. This model is used in the
development and maintenance of software products in the Application Generators, System Inte-
gration, or Infrastructure sectors, see Chapter 1.

The Post-Architecture model adjusts nominal effort using 17 effort multipliers. The larger
number of multipliers takes advantage of the greater knowledge available later in the develop-
ment stage. The Post-Architecture effort multipliers are explained in the next chapter

17
PMadiusIed = PMnominal X(H EM/] (25)
i=1

2.5 Development Schedule Estimation

COCOMO II provides a simple schedule estimation capability. The baseline schedule equation
for all three COCOMO 11 stages is:

TDEV = [367 X (-P_M)(O.ZS-POAZx(B—p]»

0,
]x SCIEOD Yo 2.6)

0




Where TDEV is the calendar time in months from the determination of a product’s requirements
baseline to the completion of an acceptance activity certifying that the product satisfies its
requirements. PM is the estimated person-months excluding the SCED effort multiplier, B is the
sum of project scale factors (discussed in the next chapter) and SCED% is the compression /
expansion percentage in the SCED effort multiplier in Table 3-14 and Appendix 3.

3 COCOMO Il Model Detail

3.1 Determining Size
3.1.1 Lines of Code

In COCOMO 11, the logical source statement has been chosen as the standard line of code.
Defining a line of code is difficult due to conceptual differences involved in accounting for exe-
cutable statements and data declarations in different languages. The goal is to measure the
amount of intellectual work put into program development, but difficulties arise when trying to
define consistent measures across different languages. Table 3.1 shows a portion of the Software
Engineering Institute’s (SEI) definition checklist as it is being applied to support the development
of the COCOMO II model. Detailed information and the complete checklist are available [Model
Manual]. ’
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Table 3.1 Definition Checklist for Source Statements Counts
Definition name: __ Logical Source Statements___Date:

(basic definition) Originator:_COCOMO I1
Measurement unit: Physical source lines
Logical source statements v
Statement type Definition | v/ | Data Array Includes | Excludes
When a line or statement contains more than one type,
classify it as the type with the highest precedence.
1 Executable Order of precedence — 1 v
2 Nonexecutable
3 Declarations 2 v
4 Compiler directives 3 v
5 Comments
6 On their own lines 4 v
7 On lines with source code 5 v
8 Banners and non-blank spacers 6 v
9 Blank (empty) comments 7 v
10 Biank lines 8 v
1
12
How produced Definition | v | Data array | Includes | Excludes
1 Programmed v
2 Generated with source code generators v
3 Converted with automated translators v
4 Copied or reused without change v
5 Modified v
6 Removed v
7
8
Origin Definition | v | Data array | ] Includes | Excludes
1 New work: no prior existence v
2 Prior work: taken or adapted from
3 A previous version, build, or release v
4 Commercial, off-the-shelf software (COTS), other than libraries v
5 Government furnished software (GFS), other than reuse libraries v
6 Another product v
7 A vendor-supplied language support library (unmodified) v
8 A vendor-supplied operating system or utility {unmodified) v
9 A local or modified language support library or operating system v
10 Other commercial library v
11 A reuse library (software designed for reuse) v
12 Other software component or library v
13
14

3.1.2 Function Points

The function point cost estimation approach is based on the amount of functionality in a software
project and a set of individual project factors. Function points measure a software project by
quantifying the information processing functionality associated with major external data or
control input, output, or file.
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3.2 Breakage

COCOMO II uses a breakage percentage, BRAK, to adjust the effective size of the product.
Breakage reflects the requirements volatility in a project. It is the percentage of code thrown
away due to requirements changes. For example, a project which delivers 100,000 instructions
but discards the equivalent of an additional 20,000 instructions has a BRAK value of 20. This
would be used to adjust the project’s effective size to 120,000 instructions for a COCOMO II
estimation

3.3 Adjusting for Reuse

COCOMO adjusts for the reuse by modifying the size of the module or project. The model treats
reuse with function points and source lines of code the same in either the Early Design model or
the Post-Architecture model.

3.3.1 Nonlinear Reuse Effects

Analysis of reuse costs indicates that the reuse cost function is nonlinear in two significant ways
(see Figure 3-1):

e It does not go through the origin. There is generally a cost of about 5% for assessing,
selecting, and assimilating the reusable component.

¢ Small modifications generate disproportionately large costs. This is primarily due to two
factors: the cost of understanding the software to be modified, and the relative cost of
interface checking.

Data on 2954
NASA modules 1.0
[Selby,1988]

Relative
cost

/ Usual Linear

0.25 — . // Assumption

0.046
[ ! Il
1 T 4

0.25 0.5 0.75 1.0

Amount M odified

Figure 3-1: Nonlinear Reuse Effects
3.3.2 A Reuse Model

The COCOMO II treatment of software reuse uses a nonlinear estimation model, Equation 3.1.
This involves estimating the amount of software to be adapted, ASLOC, and three degree- of-
modification parameters: the percentage of design modified (DM), the percentage of code
modified (CM), and the percentage of modification to the original integration effort required for
integrating the reused software (IM).
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The Software Understanding increment (SU) is obtained from Table 3-2. SU is expressed
quantitatively as a percentage. If the software is rated very high on structure, applications clarity,
and self-descriptiveness, thre software understanding and interface checking penalty is 10%. If the
software is rated very low on these factors, the penalty is 50%. SU is determined by taking the
subjective average of the three categories.

Table 3-2: Rating Scale for Software Understanding Increment SU

Very Low Low Nom High Very High
Structure Very low Moderately low | Reasonably High cohesion, | Strong modular-
cohesion, high cohesion, high | well structured; | low coupling. ity, information
coupling, spa- coupling. some weak hiding in data /
ghetti code. areas. control
structures.
Application No match Some Moderate Good Clear match
Clarity between program | correlation correlation correlation between
and application between between pro- between program and
world views. program and gram and program and application
application. application. application. world-views.
Self- Obscure code; Some code Moderate level | Good code Self-descriptive
Descriptiveness | documentation commentary of code commentary code;
missing, obscure | and headers; commentary, and headers; documentation
or obsolete some useful headers, docu- | useful up-to-date, well
documentation. | mentations. documentation; | organized, with
some weak design ratio-
areas. nale.
SU Incrementto | 50 40 30 20 10
ESLOC

The other nonlinear reuse increment deals with the degree of Assessment and Assimilation (AA)
needed to determine whether a fully reused software module is appropriate to the application, and
to integrate its description into the overall product description. Table 3-3 provides the rating scale
and values for the assessment and assimilation increment. AA is a percentage.

Table 3-3: Rating Scale for Assessment and Assimilation Increment (AA)

AA Increment Level of AA Effort
0 None
2 Basic module search and documentation
4 Some module Test and Evaluation (T&E), documentation
6 Considerable module T&E, documentation
8 Extensive module T&E, documentation

The amount of effort required to modify existing software is a function not only of the amount of
modification (AAF) and understandability of the existing software (SU), but also of the
programmer’s relative unfamiliarity with the software (UNFM). The UNFM parameter is applied
multiplicatively to the software understanding effort increment. If the programmer works with the
software every day, the 0.0 multiplier for UNFM will add no software understanding increment.
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If the programmer has never seen the software before, the 1.0 multiplier will add the full software
understanding effort increment. The rating of UNFM is in Table 3-4.

Table 3-4: Rating Scale for Programmer Unfamiliarity (UNFM)

UNFM Increment Level of Unfamiliarity
0.0 Completely familiar
0.2 Mostly familiar
0.4 Considerably familiar
0.6 Somewhat familiar
0.8 Mostly unfamiliar
1.0 Completely unfamiliar

AAF =0.4(DM)+ 0.3(CM) + 0.3(IM)

ASLOC[AA + AAF (1 + 0.02(SUYUNFM
ESLOC = A4+ AAFA+ 0 DSUYONFMN 44r <05 | 3.1)

100

C[AA + AAF + (SUYUNFM
EsLoc = ASLOCTAA + AAF + (SUYUNFM) v o s

100
Equation 3.1 is used to determine an equivalent number of new instructions, equivalent source

lines of code (ESLOC). ESLOC is divided by one thousand to derive KESLOC which is used as

the COCOMO size parameter. The calculation of ESLOC is based on an intermediate quantity,

the Adaptation Adjustment Factor (AAF). The adaptation quantities, DM, CM, IM are used to
calculate AAF where: '

*  DM: Percent Design Modified. The percentage of the adapted software’s design which is
modified in order to adapt it to the new objectives and environment. (This is necessarily a
subjective quantity.)

e CM: Percent Code Modified. The percentage of the adapted software’s code which is
modified in order to adapt it to the new objectives and environment.

e IM: Percent of Integration Required for Modified Software. The percentage of effort required
to integrate the adapted software into an overall product and to test the resulting product as
compared to the normal amount of integration and test effort for software of comparable size.

If there is no DM or CM (the component is being used unmodified) then there is no need for SU.

If the code is being modified then SU applies.

3.4 Adjusting for Re-engineering or Conversion

The COCOMO II reuse model needs additional refinement to estimate the costs of software re-

engineering and conversion. The major difference in re-engineering and conversion is the

efficiency of automated tools for software restructuring. Equation 3.2 shows how automated
translation affects the estimated nominal effort, PM.

ASLoc(ﬂ)
100

ATPROD

PM = Ax(Size)® + (3.2)

nominal
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3.5 Applications Maintenance

COCOMO I uses the reuse model for maintenance when the amount of added or changed base
source code is less than or equal to 20% of the new code being developed. Base code is source
code that already exists and is being changed for use in the current project. For maintenance
projects that involve more than 20% change in the existing base code (relative to new code being
developed) COCOMO II uses maintenance size. An initial maintenance size is obtained in one of
two ways, Equation 3.3 or Equation 3.5. Equation 3.3 is used when the base code size is known
and the percentage of change to the base code is known.

(SIZE),, = [(Base Code Size)- MCF |- MAF (3.3)

The percentage of change to the base code is called the Maintenance Change Factor (MCF). The
MCF is for maintenance periods other than a year. Conceptually the MCF represents the ratio in
Equation 3.4:

Size Added + Size Modified
Base Code Size

MCF = (34)

Equation 3.5 is used when the fraction of code added or modified to the existing base code during
the maintenance period is known. Deleted code is not counted. '

(Size),, = (Size Added + Size Modified)- MAF ' (3.5)

The size can refer to thousands of source lines of code (KSLOC), Function Points, or Object
Points. When using Function Points or Object Points, it is better to estimate MCF in terms of the
fraction of the overall application being changed, rather than the fraction of inputs, outputs,
screens, reports, etc. touched by the changes. Our experience indicates that counting the items
touched can lead to significant over estimates, as relatively small changes can touch a relatively
large number of items.

The initial maintenance size estimate (described above) is adjusted with a Maintenance
Adjustment Factor (MAF), Equation 3.6. COCOMO II uses the Software Understanding (SU)
and Programmer Unfamiliarity (UNFM) factors from its reuse model to model the effects of well
or poorly structured/understandable software on maintenance effort.

MAF =1+ (S—U— - UNFM) (3.6)
100

The resulting maintenance effort estimation formula is the same as the COCOMO II Post-
Architecture development model:

17
PM,, = A-(SIZE,, )’ -T] EM, (3.7)

i=1

The COCOMO 11 approach to estimating either the maintenance activity duration, Ty, or the
average maintenance staffing level, FSPy, is via the relationship:

15




PM, =T, -FSP, (.8)

Most maintenance is done as a level of effort activity. This relationship can estimate the level of
effort, FSP,y, given Tps (as in annual maintenance estimates, where Tps= 12 months), or vice-
versa (given a fixed maintenance staff level, FSPy, determine the necessary time, Ty, to
complete the effort).

3.6 Effort Multipliers

The application of project scale factors is the same for Early Design and the Post-Architecture
models and was described in section 2.3. In the Early Design model a reduced set of the Post
Architecture cost drivers are used.

3.6.1 Early Design

Appendix 2 contains the numeric values for the COCOMO 11—1998 Effort Multiplers. The rest
of this section discusses the scale factors in terms of their nominal levels.

The Early Design model uses KSLOC for size. Unadjusted function points are converted to the
equivalent SLOC and then to KSLOC. The Early Design cost drivers are obtained by combining
the Post-Architecture model cost drivers from Table 3-14. Whenever an assessment of a cost
driver is between the rating levels always round to the Nominal rating, e.g. if a cost driver rating
is between Very Low and Low, then select Low.

Table 3-5: Early Design and Post-Architecture Effort Multipliers

Early Design Cost Driver Counterpart Combined
Post-Architecture Cost Drivers
RCPX RELY, DATA, CPLX, DOCU
RUSE RUSE
PDIF TIME, STOR, PVOL
PERS ACAP, PCAP, PCON
PREX AEXP, PEXP, LTEX
FCIL TOOL, SITE
SCED SCED

Overall Approach: Personnel Capability (PERS) Example

The following approach is used for mapping the full set of Post-Architecture cost drivers and
rating scales onto their Early Design model counterparts. It involves the use and combination of
numerical equivalents of the rating levels. Specifically, a Very Low Post-Architecture cost driver
rating corresponds to a numerical rating of 1, Low is 2, Nominal is 3, High is 4, Very High is 5,
and Extra High is 6. For the combined Early Design cost drivers, the numerical values of the
contributing Post-Architecture cost drivers, Table 3-5, are summed, and the resulting totals are
allocated to an expanded Early Design model rating scale going from Extra Low to Extra High.
The Early Design model rating scales always have a Nominal total equal to the sum of the
Nominal ratings of its contributing Post-Architecture elements.
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Table 3-6: PERS Rating Levels

Extra Very Low Nominal High Very Extra
Low Low High High
Sum of ACAP, 3,4 56 7.8 9 10, 11 12,13 | 14,15
PCAP, PCON
Ratings
Combined ACAP 20% 39% 45% 55% 65% 75% 85%
and PCAP
Percentile
Annual Personnel 45% 30% 20% 12% 9% 5% 4%
Turnover

The rating scales and effort multipliers for PERS and the other Early Design cost drivers maintain
consistent relationships with their Post-Architecture counterparts. For example, the PERS Extra
Low rating levels (20% combined ACAP and PCAP percentile; 45% personnel turnover)
represent averages of the ACAP, PCAP, and PCON rating levels adding up to 3 or 4.

Maintaining these consistency relationships between the Early Design and Post-Architecture
rating levels ensures consistency of Early Design and Post-Architecture cost estimates. It also
enables the rating scales for the individual Post-Architecture cost drivers, Table 3-14, to be used
as detailed backups for the top-level Early Design rating scales given below.

Product Reliability and Complexity (RCPX)

This Early Design cost driver combines the four Post-Architecture cost drivers Required
Software Reliability (RELY), Data size (DATA), Product complexity (CPLX), and
Documentation match to life cycle needs (DOCU). Unlike the PERS components, the RCPX
components have rating scales with differing width. RELY and DOCU range from Very Low to
Very High; DATA ranges from Low to Very High, and CPLX ranges from Very Low to Extra
High. The numerical sum of their ratings thus ranges from 5 (VL, L, VL, VL)to 21 (VH, VH,
EH, VH).

Table 3-7 assigns RCPX ratings across this range, and associates appropriate rating scales to each
of the RCPX ratings from Extra Low to Extra High. As with PERS, the Post- Architecture RELY,
DATA, CPLX, and DOCU rating scales in Table 3-14 provide detailed backup for interpreting
the Early Design RCPX rating levels.
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Table 3-7: RCPX Rating Levels

Extra Very Low |Nomina| High Very Extra
Low Low | High High
Sum of RELY, DATA, 5,6 7,8 9-11 (12 13-15 [16-18 |19-21
CPLX, DOCU Ratings
Emphasis on reliability, | Very Little Some |Basic |[Strong |Very Extreme

documentation little Strong
Product complexity Very Simple | Some [Moder- | Comple | Very Extremel
simple ate X comple |y
X complex
Data size Small |Small [Small |Moder- {Large |[Very Very
ate Large |Large

Required Reuse (RUSE)

This Early Design model cost driver is the same as its Post- Architecture counterpart, which is
covered in the section on the Post-Architecture model. A summary of its rating levels is given
below and in Table 3-14.

Table 3-8: RUSE Rating Level Summary

Very Low Low Nominal High Very High Extra

High
RUSE none across across pro- | across across
project gram product line | multiple
product
lines

Platform Difficulty (PDIF)

This Early Design cost driver combines the three Post- Architecture cost drivers execution time
(TIME), main storage constraint (STOR), and platform volatility (PVOL). TIME and STOR
range from Nominal to Extra High; PVOL ranges from Low to Very High. The numerical sum of
their ratings thus ranges from 8§ (N, N, L) to 17 (EH, EH, VH).

Table 3-9 assigns PDIF ratings across this range, and associates the appropriate rating scales to

each of the PDIF rating levels. The Post-Architecture rating scales in Table 3-14 provide
additional backup definition for the PDIF ratings levels.
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Table 3-9: PDIF Rating Levels

Low Nominal High Very High Extra
High
Sum of TIME, STOR, and 8 9 10-12 13-15 16, 17
PVOL ratings
Time and storage constraint 50% 50% 65% 80% 90%
Platform volatility Very stable | Stable Somewhat | Volatile Highly
volatile volatile

Personnel Experience (PREX)

This Early Design cost driver combines the three Post-Architecture cost drivers application
experience (AEXP), platform experience (PEXP), and language and tool experience (LTEX).
Each of these range from Very Low to Very High; as with PERS, the numerical sum of their
ratings ranges from 3 to 15.

Table 3-10 assigns PREX ratings across this range, and associates appropriate effort multipliers
and rating scales to each of the rating levels.

Table 3-10: PREX Rating Levels

Extra Very Low | Nominal { High Very Extra
Low Low High High
Sum of AEXP, PEXP, (3,4 5,6 7.8 9 10,11 (12,13 | 14,15
and LTEX ratings
Applications, Platform, |Z3mo. |5 9 1 year 2 4 years |6
Language and Tool months | months years years
Experience

Facilities (FCIL)

This Early Design cost driver combines the two Post-Architecture cost drivers: use of software
tools (TOOL) and multisite development (SITE). TOOL ranges from Very Low to Very High;
SITE ranges from Very Low to Extra High. Thus, the numerical sum of their ratings ranges from
2 (VL, VL) to 11 (VH, EH).

Table 3-11 assigns FCIL ratings across this range, and associates appropriate rating scales to each
of the FCIL rating levels. The individual Post-Architecture TOOL and SITE rating scales in
Table 3-11 again provide additional backup definition for the FCIL rating levels.
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Table 3-11: FCIL Rating Levels

Extra | Very Low Low Nominal High Very Extra High
Low High
Sum of TOOL 2 3 4,5 6 7.8 9,10 11
and
SITE ratings
TOOL support | Minimal | Some Simple Basic Good,; Strong; | Strong;
CASE life- moder- | moder- |well
tool cycle ately ately integrated
collectio | tools inte- inte-
n : grated grated
Multisite Weak Some Some Basic Strong Strong Very
conditions support | support |support [support |support |support |[strong
of of of of of of simple | support of
complex |complex |[moder- |moder- |moder- |M/S collocated
multisite | M/S ately ately ately devel. or simple
develop- | devel. complex | complex |complex M/S devel.
ment M/S M/S M/S
devel. devel. devel.
Schedule (SCED)

The Early Design cost driver is the same as its Post-Architecture counterpart. A summary of its
rating levels is given in Table 3-12 below.

Table 3-12: SCED Rating Level Summary

Very Low Low Nominal High Very High Extra
High
SCED 75% of 85% 100% 130% 160%
nominal

3.6.2 Post-Architecture

Appendix 3 contains the numeric values for the COCOMO 11—1998 Effort Multiplers. The rest
of the sections discusses the scale factors in terms of their nominal levels.

These are the 17 effort multipliers used in COCOMO 11 Post-Architecture model to adjust the
nominal effort, Person Months, to reflect the software product under development. They are
grouped into four categories: product, platform, personnel, and project. Figure 3-18 lists the dif-
ferent cost drivers with their rating criterion (found at the end of this section). Whenever an
assessment of a cost driver is between the rating levels always round to the Nominal rating, e.g. if
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a cost driver rating is between High and Very High, then select High. The counterpart 7 effort
multipliers for the Early Design model are discussed in the chapter explaining that model

3.6.2.1 Product Factors

Required Software Reliability (RELY)

This is the measure of the extent to which the software must perform its intended function over a
period of time. If the effect of a software failure is only slight inconvenience then RELY is low.
If a failure would risk human life then RELY is very high.

Very Low Low Nominal High Very High Extra
High
RELY slight low, easily | moderate, | high risk to
inconvenie |recoverabl | easily financial human life
nce e losses recoverabl |loss
e losses
Data Size (DATA)

This measure attempts to capture the affect large data requirements have on product
development. The rating is determined by calculating D/P. The reason the amount of data is
important to consider it because of the effort required to generate the test data that will be used to
exercise the program.

D _ Data Size (Bytes)
P Program Size (SLOC)

EQ.1

DATA is rated as low if D/P is less than 10 and it is very high if it is greater than 1000.

Very Low Low Nominal High Very High Extra
High
DATA D bytes/ 10 D/P < } 100 D/P < | D/P= 1000
Pgm SLOC | 100 1000 )
<10

Product Complexity (CPLX)

Table 3-13 (found at the end of this section) provides the CPLX rating scale. Complexity is
divided into five areas: control operations, computational operations, device-dependent
operations, data management operations, and user interface management operations. Select the
area or combination of areas that characterize the product or a sub-system of the product. The
complexity rating is the subjective weighted average of these areas.
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Table 3-13: Module Complexity Ratings versus Type of Module

Control Operations Computational Device- Data User Interface
Operations dependent Management Management
Operations Operations Operations
Straight-line code with a | Evaluation of Simple read, write | Simple arrays in | Simple input
few non-nested struc- | simple expres- statements with main memory. forms, report
tured programming sions: e.g., simple formats. Simple COTS-DB | generators.
§ operators: DOs, A=B+C*(D-E) queries, updates.
> | CASEs, IFTHENELSES.
g Simple module
composition via
procedure calls or
simple scripts.
Straightforward nesting | Evaluation of No cognizance Single file subset- | Use of simple
of structured pro- moderate-level needed of particu- | ting with no data | graphic user
gramming operators. expressions: e.g., | lar processoror |/ | structure interface
2 Mostly simple predi- D=SQRT(B*2- O device charac- | changes, no edits, | (GU!) builders.
s cates 4.*A*C) teristics. /0 done | no intermediate
at GET/PUT level. | files. Moderately
' complex COTS-
DB queries,
updates.
Mostly simple nesting. | Use of standard /O processing Multi-file input Simple use of
Some intermodule con- | math and statisti- | includes device and single file widget set.
< | trol. Decision tables. cal routines. Basic | selection, status | output. Simple
£ | Simple callbacks or matrix/vector checking and structural
g message passing, operations. error processing. | changes, simple
Z | including middieware- edits. Complex
supported distributed COTS-DB que-
processing ries, updates.
Highly nested struc- Basic numerical Operations at Simple triggers Widget set
tured programming analysis: multi- physical /O level | activated by data | development
operators with many variate interpola- | (physical storage | stream contents. { and extension.
« | compound predicates. | tion, ordinary address transla- | Complex data Simple voice
% Queue and stack con- | differential equa- | tions; seeks, restructuring. 0o,
trol. Homogeneous, dis- | tions. Basic trun- | reads, etc.). Opti- multimedia.
tributed processing. cation, roundoff mized 1/O over-
Single processor soft concerns. lap.
real-time control.
Reentrant and recursive | Difficult but Routines for inter- | Distributed data- | Moderately
coding. Fixed-priority structured numer- | rupt diagnosis, base coordina- complex 2D/
< | interrupt handling. Task | ical analysis: servicing, mask- | tion. Complex 3D, dynamic
.% synchronization, near-singular ing. Communica- | triggers. Search graphics,
> complex callbacks, het- | matrix equations, | tion line handling. | optimization. multimedia.
§ erogeneous distributed | partial differential | Performance-
processing. Single-pro- | equations. Simple | intensive embed-
cessor hard real-time parallelization. ded systems.
control.
Multiple resource Difficult and Device timing- Highly coupled, Complex mul-
scheduling with dynam- | unstructured dependent cod- dynamic relational | timedia, virtual
5 | ically changing priori- numerica! analy- | ing, micro-pro- and object reality.
I | ties. Microcode-level sis: highly accu- | grammed structures.
8 | control. Distributed hard | rate analysis of operations. Per- | Natural language
& | real-time control. noisy, stochastic | formance-critical | data
data. Complex embedded sys- management.
parallelization. tems. '
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Required Reusability (RUSE)

This cost driver accounts for the additional effort needed to construct components intended for
reuse on the current or future projects. This effort is consumed with creating more generic design
of software, more elaborate documentation, and more extensive testing to ensure components are
ready for use in other applications.

Very Low Low Nominal High Very High Extra
High
RUSE none across across pro | across across
project gram product line | muitiple
' product
lines

Documentation match to life-cycle needs (DOCU)

Several software cost models have a cost driver for the level of required documentation. In
COCOMO 11, the rating scale for the DOCU cost driver is evaluated in terms of the suitability of
the project’s documentation to its life-cycle needs. The rating scale goes from Very Low (many

life-cycle needs uncovered) to Very High (very excessive for life-cycle needs).

Very Low Low Nominal High Very High Extra
High
DOCU Many life- | Some life- | Right-sized | Excessive | Very
cycle cycle to life-cycle | for life- excessive
needs needs I needs cycle for life-
uncovered | uncovered. ' needs cycle
needs

3.6.2.2 Platform Factors

The platform refers to the target-machine complex of hardware and infrastructure software
(previously called the virtual machine). The factors have been revised to reflect this as described
in this section. Some additional platform factors were considered, such as distribution, parallel-
ism, embeddedness, and real-time operations. These considerations have been accommodated by
the expansion of the Module Complexity ratings in Equation 3-15.

Execution Time Constraint (TIME)

This is a measure of the execution time constraint imposed upon a software system. The rating is
expressed in terms of the percentage of available execution time expected to be used by the
system or subsystem consuming the execution time resource. The rating ranges from nominal,
less than 50% of the execution time resource used, to extra high, 95% of the execution time
resource is consumed.
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Very Low Low Nominal High Very High Extra
High
TIME 50% use
of available | 70% 85% 95%
execution
time

Main Storage Constraint (STOR)

This rating represents the degree of main storage constraint imposed on a software system or

subsystem. Given the remarkable increase in available processor execution time and main

storage, one can question whether these constraint variables are still relevant. However, many
applications continue to expand to consume whatever resources are available, making these cost

drivers still relevant. The rating ranges from nominal, less that 50%, to extra high, 95%.

Very Low Low Nominal High Very High Extra
High
STOR 50% use
of available | 70% 85% 95%
storage
Platform Volatility (PVOL)

“Platform” is used here to mean the complex of hardware and software (OS, DBMS, etc.) the
software product calls on to perform its tasks. If the software to be developed is an operating
system then the platform is the computer hardware. If a database management system is to be
developed then the platform is the hardware and the operating system. If a network text browser
is to be developed then the platform is the network, computer hardware, the operating system,
and the distributed information repositories. The platform includes any compilers or assemblers
supporting the development of the software system. This rating ranges from low, where there is a
major change every 12 months, to very high, where there is a major change every two weeks.

Very Low Low Nominal High Very High Extra
High
PVOL major maijor: 6 major: 2 maijor: 2
change mo.; minor; | mo.; wk.;
every 12 2 wk. minor: 1 minor: 2
mo.; minor wk. days
change
every 1 mo.

3.6.2.3 Personnel Factors

Analyst Capability (ACAP)

Analysts are personnel that work on requirements, high level design and detailed design. The

major attributes that should be considered in this rating are Analysis and Design ability,
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efficiency and thoroughness, and the ability to communicate and cooperate. The rating should not
consider the level of experience of the analyst; that is rated with AEXP. Analysts that fall in the
15th percentile are rated very low and those that fall in the 95th percentile are rated as very high.

Very Low Low Nominal High Very High Extra
High
ACAP 15th 35th 55th 75th 90th
percentile | percentile | percentile percentile | percentile

Programmer Capability (PCAP)

Current trends continue to emphasize the importance of highly capable analysts. However the
increasing role of complex COTS packages, and the significant productivity leverage associated
with programmers’ ability to deal with these COTS packages, indicates a trend toward higher
importance of programmer capability as well.

Evaluation should be based on the capability of the programmers as a team rather than as
individuals. Major factors, which should be considered in the rating, are ability, efficiency and
thoroughness, and the ability to communicate and cooperate. The experience of the programmer
should not be considered here; it is rated with AEXP. A very low rated programmer team is in the
15th percentile and a very high rated programmer team is in the 95th percentile.

Very Low Low Nominal High Very High Extra
High
PCAP 15th 35th 55th 75th 90th
percentile | percentile | percentile | percentile percentile

Applications Experience (AEXP)

This rating is dependent on the level of applications experience of the project team developing
the software system or subsystem. The ratings are defined in terms of the project team’s
equivalent level of experience with this type of application. A very low rating is for application
experience of less than 2 months. A very high rating is for experience of 6 years or more.

Very Low Low Nominal High Very High Extra
High

AEXP 2 months | 6 months 1 year 3 years 6 years

Platform Experience (PEXP)

The Post-Architecture model broadens the productivity influence of PEXP, recognizing the
importance of understanding the use of more powerful platforms, including more graphic user
interface, database, networking, and distributed middleware capabilities.
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Very Low Low Nominal High Very High Extra
High

PEXP 2 months | 6 months 1 year 3 years 6 year

Language and Tool Experience (LTEX)

This is a measure of the level of programming language and software tool experience of the
project team developing the software system or subsystem. Software development includes the
use of tools that perform requirements and design representation and analysis, configuration
management, document extraction, library management, program style and formatting,
consistency checking, etc. In addition to experience in programming with a specific language the
supporting tool set also effects development time. A low rating is given for experience of less
than 2 months. A very high rating is given for experience of 6 or more years.

Very Low Low Nominal High Very High Extra
High

LTEX 2 months | 6 months 1 year 3 years 6 year

Personnel Continuity (PCON)

The rating scale for PCON is in terms of the project’s annual personnel turnover: from 3%, very
high, to 48%, very low.

Very Low Low Nominal High Very High Extra
High

PCON 48% /year |24% /year |12% /year [6% /year |3%/year

3.6.2.4 Project Factors

Use of Software Tools (TOOL)

Software tools have improved significantly since the 1970’s projects used to calibrate COCOMO.
The tool rating ranges from simple edit and code, very low, to integrated lifecycle management
tools, very high.
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Very Low Low Nominal High Very High Extra
High
TOOL edit, code, |simple, basic life strong, strong,
debug frontend, | cycle tools, | mature life | mature, pro
back end moderately | cycle tools, | active life
CASE, little | integrated | moderately | cycle tools,
integration integrated | well
integrated
with
processes,
methods,
reuse

Multisite Development (SITE)

Given the increasing frequency of multisite developments, and indications that multisite
development effects are significant, the SITE cost driver was added in COCOMO II. Determining
its cost driver rating involves the assessment and averaging of two factors: site collocation (from
fully collocated to international distribution) and communication support (from surface mail and

some phone access to full interactive multimedia).

Very Low Low Nominal High Very High | Extra High
SITE: Some Individual Narrowband | Wideband Wideband Interactive
Communications | phone, mail | phone, FAX | email electronic elect. multimedia
communicati | comm,
on. occasional
video conf.

Required Development Schedule (SCED)

This rating measures the schedule constraint imposed on the project team developing the
software. The ratings are defined in terms of the percentage of schedule stretch-out or
acceleration with respect to a nominal schedule for a project requiring a given amount of effort.
Accelerated schedules tend to produce more effort in the later phases of development because
more issues are left to be determined due to lack of time to resolve them earlier. A schedule
compress of 74% is rated very low. A stretch-out of a schedule produces more effort in the earlier
phases of development where there is more time for thorough planning, specification and
validation. A stretch-out of 160% is rated very high.

Very Low Low Nominal High Very High Extra
High
SCED 75% of 85% 100% 130% 160%
nominal
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Table 3-14: Post-Architecture Cost Driver Rating Level Summary

Very Low Low Nominal High Very High Extra High
RELY | slight low, easily moderate, high financial | risk to human
inconve- recoverable | easily loss life
nience losses recoverable
: losses
DATA DB 10 D/P < 100 D/P < D/P 1000
bytes/Pgm 100 1000
SLOC <10
CPLX | see Table 3-13
RUSE none across project | across pro- across across multi-
gram product line | ple product
lines
DOCU | Many life- Some life- Right-sized to | Excessive for | Very
cycle needs |cycle needs | life-cycle life-cycle excessive for
uncovered uncovered. needs needs life- cycle
needs
TIME 50% use of
available 70% 85% 95%
execution
time
STOR 50% use of
available 70% 85% 95%
storage
PVOL major change | major: 6 mo.; | major: 2 mo.; | major: 2 wk.;
every 12 mo.; | minor: 2wk. | minor: 1 wk. | minor: 2 days
| minor change
every 1 mo.
ACAP | 15th 35th 55th 75th 90th
percentile percentile percentile percentile percentile
PCAP | 15th 35th 55th 75th 90th
percentile percentile percentile percentile percentile
PCON | 48% / year 24% / year 12% / year 6% / year 3% / year
AEXP | 2 months 6 months 1 year 3 years 6 years
PEXP | 2 months 6 months 1 year 3 years 6 year
LTEX | 2 months 6 months 1 year 3 years 6 year
TOOL | edit, code, simple, basic lifecycle | strong, strong,
debug frontend, tools, mature mature,
backend moderately lifecycle tools, | proactive life
CASE, little integrated moderately cycle tools,
integration integrated well
integrated
with
processes,
methods,
reuse
SITE: | International | Multi-city and | Multi-city or | Same city or | Same Fully
Colloc Muilti- Multi- metro. area building or collocated
ation company company complex
SITE: | Some phone, | Individual Narrowband | Wideband Wideband Interactive
Comm | mail phone, FAX }email electronic elect. comm, | multimedia
unicati communicatio | occasional
ons n. video conf.
SCED | 75% of 85% 100% 130% 160%
nominal

28




4.0 Numerical Values of Scale Factors for Early Design and Post-
Architecture

A-Posteriori Bayesian Values (1998)

Scale Factors

Driver VL L N H VH XH
PREC 6.20 4.96 3.72 2.48 1.24 0.00
FLEX 5.07 4.05 3.04 2.03 1.01 0.00
RESL 7.07 5.65 4,24 2.83 1.41 0.00
TEAM 5.48 4.38 3.29 2.19 1.10 0.00
PMAT 7.80 6.24 4.68 3.12 1.56 0.00
Equations
B=.91+0.01xZWi 2.2)
— (B SCEDY
TDEV =[3.67x (BM)©#02-0 [ 222272 2.6)
100
17
PM 0 =2.94-SIZE® -] [ PA- EM,
i=1
-0r-
5
PM, 0 =2.94-SIZE® - [ | ED - EM,
i=1
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5.0 Numerical Values of Effort Multipliers for Early Design

From sdevnani@sunset.usc.edu Sun Aug 30 23:20:18 1998

Date: Mon, 17 Aug 1998 17:20:14 -0700

From: Sunita Chulani <sdevnani@sunset.usc.edu>

To: awbrown@sunset.usc.edu, Yu-Ting Kao <yutingk@scf.usc.edu>
Subject: Early Design Multipliers

Here are the Early Design Parameters

Effort Multipliers

Driver XL VL L N H VH XH

PERS 2.12 1.62 1.26 1.00 0.83 0.63 .50

RCPX 0.73 0.81 0.98 1.00 1.30 1.74 2.38

PDIF 0.87 1.00 1.29 1.81 2.61

PREX 1.59 1.33 1.12 1.00 0.87 0.71 0.62

FCIL 1.43 1.30 1.10 1.00 0.87 0.73 0.62

Equations

B=91+001x 3, 2.2)
S wasaza-sny ], SCED%

TDEV = [3.67x (PM)02#02-0 | = 2.6)

5
‘PAlmmmd =:194'SZZEB'IiIlﬂD“EM4i ------

i=1
the scale factor ratings stay the same.

- Sunita
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6.0 Post-Architecture Scale Factors and Effort Multipliers

From sdevnani@sunset.usc.edu Mon Jun 29 09:29:09 1998
Dr. Horowitz and Jongmoon,

Here are the official COCOMO II1.1998 values that need to be incorporated
in the USC COOCMO II.1998 tool

b-Posteriori Bayesian Values (1998)

Scale Factors

Driver VL L N H VH XH

PREC 6.20 4.96 3.72 2.48 1.24 0.00

FLEX 5.07 4.05 3.04 2.03 1.01 0.00

RESL 7.07 5.65 4.24 2.83 1.41 0.00

TEAM 5.48 4.38 3.29 2.19 1.10 0.00

PMAT 7.80 6.24 4.68 3.12 1.56 0.00

Effort Multipliers

Driver VL L N H VH XH

RELY 0.82 0.92 1.00 1.10 1.26

DATA 0.90 1.00 1.14 1.28

CPLX 0.73 0.87 1.00 1.17 1.34 1.74

RUSE 0.95 1.00 1.07 1.15 1.24

DOCU 0.81 0.91 1.00 1.11 1.23

TIME 1.00 1.11 1.29 1.63

STOR 1.00 1.05 1.17 1.46

PVOL 0.87 1.00 1.15 1.30

ACAP 1.42 1.19 1.00 0.85 0.71

PCAP 1.34 1.15 1.00 0.88 0.76

PCON 1.29 1.12 1.00 0.90 0.81

AEXP 1.22 1.10 1.00 0.88 0.81

PEXP 1.19 1.09 1.00 0.91 0.85

LTEX 1.20 1.09 1.00 0.91 0.84

TOOL 1.17 1.09 1.00 0.90 0.78

SITE 1.22 1.09 1.00 0.93 0.86 0.80

SCED 1.43 1.14 1.00 1.00 1.00

Equations

B ='91+0'01szi 22)
—_ 0

TDEV — [3.67 % (PM)(0.28+0.2><(B—.91)) ]X E%%_é (26)

PM

17
B
sominat = 2-94-SIZE® - T PA—- EM,
i=1

For Effort : Multiplicative Constant = 2.94 and Baseline Exponent = 0.91
(This replaces 1.01 in the COCOMO II.1997 calibraiton)
For Schedule : Multiplicative Constant = 3.67 and Baseline Exponent =
0.28
(this replaces 0.33 in the COCOMO II.1997 Calibration)
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L. Appendix 2.
Part 1

CORADMO Summary

A. Winsor Brown

Abstract

The COCOMO RAD MODEL (CORADMO) is currently implemented in two parts: a
front end staged schedule and effort model, COCOMO Staged Schedule and Effort
MODEL (COSSEMO), and a back end RAD model. COSSEMO's uses a different
schedule estimation calculation than COCOMO II's simple one: COSSEMO's
schedule estimation uses a more complex calculation for the low effort situations,
those below 64 person-months. At this time there are no other COSSEMO “drivers”
besides COCOMO II's calculated effort. The RAD model has its roots in the results

of a 1997 CSE Focused Workshop on Rapid Application Development] . RAD is
taken to mean application of any of a number of techniques or strategies to reduce
~ software development cycle time. Five classes of strategies whose degree of

_ implementation can be used to parameterize a schedule estimate given an effort
estimate produced by COCOMOII-1998 were derived from the Focused Workshop's
results. These strategies, which are over and above just adding people to the task,
include development process re-engineering (DPRS), re-use and very high level
languages (RVHL), collaboration efficiency (CLAB), architecture investment and risk
Resolution (RESL), and pre-positioning of assets (PPOS).

1 B. Boehm, S. Chulani, and A. Egyed, “Knowledge Summary: USC-CSE Focused Workshop on Rapid Application
Development,” USC-CSE Technical Report, June 1997.
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1. Introduction

The evolution of CORADMO and its companion/pre-processor model COSSEMO has its roots in several activities
undertaken by the Center for Software Engineering: COCOMO-11, and a Rapid Application Development Focused
Workshop.

1.1. Another step in the evolution of COCOMO-II

The COCOMO-II Model Manual provides the primary motive for this extension of COCOMO-II. “As COCOMO II
evolves, it will have a more extensive schedule estimation model, reflecting the different classes of process model a
project can use; the effects of reusable and COTS software; and the effects of applications composition capabilities.”

1.2. COCOMO 1I Schedule

The COCOMO-II schedule, as presently implemented (COCOMO-111998) reflects a waterfall process model, and
not any of the currently accepted alternatives such as iterative, spiral or evolutionary. In addition, it has been
observed that the COCOMO-II’s duration calculation seems unreasonable for small projects, those with effort under
two person years. Obviously, COCOMO-II does not address any of the Rapid Application Development (RAD)
strategies that are being employed to reduce schedule and sometimes effort as well.

1.3. COCOMO-II Constructive Staged Schedule & Effort Model and
Constructive RAD Schedule Estimation Model

In an effort to overcome these shortfalls, two extensions have been developed: the COCOMO-II
Staged Schedule & Effort Model (COSSEMO) and the Constructive RAD schedule estimation Model CoORADMo.
2. Improving the Classic CoCoMo Model for Schedule

The classic CoCoMo model has deficiencies in several areas: a waterfall predilection, no drivers reflecting modern
schedule reduction efforts, and small-effort projects.

2.1. New Drivers

In CSE’s Focussed Workshop #9 on RAD, a RAD Opportunity Tree of strategies was presented. The strategies
included some techniques that were already covered by the drivers of COCOMO-II as well as several that were not.
An analysis of these new drivers produced a set of five drivers that reflect identifiable behavioral characteristics.
These were

1. Reuse and Very High-level Languages (RVHL)
2. Development Process Reengineering (DPRS)
3. Collaboration Efficiency (CLAB)

4. Architecture, Risk Resolution (RESL)

5. Prepositioning Assets (PPOS)

These new drivers are reflected in the annotated “RAD Opportunity Tree “ shown in Figure 1.
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____ Business process reengineering - O

| Development process reengineering - DPRS
| Reusing assets - RVHL

L Applications generation - RVHL

L Design-to-schedule - O

Eliminating Tasks

. . ____ Tools and automation - O
Reducing Time Per Task Work streamlining (80-20) - O
L____ Increasing parallelism - RESL

Reducing Single-Point Failure Risks [ Reducing failures - RESL
{____ Reducing their effects - RESL

____ Early error elimination - RESL
| Process anchor points - RESL
| Improving process maturity - O
| Collaboration efficiency - CLAB

Reducing Backtracking

____ Minimizing task dependencies - DPRS
| Avoiding high fan-in, fan-out - DPRS

| Reducing task variance - DPRS

. Removing tasks from critical path - DPRS

Activity Network Streamlining

____ Prepositioning resources - PPOS

| Nightly builds, testing - PPOS

| Weekend warriors, 24x7 development - PPOS
Better People and Incentives - constraint

Transition to Learning Organization -0 O: covered by classic cube root model

Increasing Effective Workweek

Figure 1. Annotated RAD Opportunity Tree

2.2. Duration Calculation

The COCOMO-II schedule, as presently implemented (in COCOMO-111998) reflects a waterfall process model and
its duration calculation seems unreasonable for small projects, those with effort under two person years.

22.1 COCOMO II Duration Calculation

The COCOMO-II duration calculation is based on an equation that has demonstrated historical accuracy, at least for
large projects.

Months ~ 3 3 erson-Months

This model component completely breaks down at very low efforts (16 person-months of effort) and is very
questionable below a few person-years of effort.

222  COSSEMO Duration Calculation

COCOMO's effort and schedule estimates are focused on Elaboration and Construction (the Stages between LCO
and IOC. Inception corresponds to the COCOMO's "Requirements” activity, which is actually an additional (fixed
percentage) effort, above and beyond the effort calculated by COCOMO.
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equation is
TDEV= (3.0 * PMbar™(0.33 + 0.2 * (B-1.01)) * SCED%/100

where TDEV is the calendar time in months from the determination of a product’s requirements baseline to the
completion of an acceptance activity certifying that the product satisfies its requirements. PMbar is the estimated
person-months excluding the SCED effort multiplier, B is the sum of project scale factors (discussed in the next
chapter) and SCED% is the compression / expansion percentage in the SCED effort multiplier.

The TDEV calculations mean that the calculated schedule is related, approximately, to three times the cube root of
the effort. For low-effort situations, especially below twenty seven (27) person months, this yields a very
pessimistic and unlikely duration of nine (9) months applying three (3) FSP people. As a result, a new baseline
schedule equation for efforts below 16 months has been chosen which is based on the square-root of the effort,
yielding equal FSPs and schedule months. A linear interpolation is used between the high-end applicability of 64
person months (which corresponds to a schedule of 14.4 months for a 100Ksloc EHART using 1998 average driver
values), and the low end point of 16 person months.
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2.3. Process Model

The COSSEMO model is based on the lifecycle anchoring concepts discussed by Boehm?2. The anchor points are
defined as Life Cycle Objectives (LCO), Life Cycle Architecture (LCA), and Initial Operational Capability (10C).

An augmented illustration based on one from the Rational Corporation3, Figure 3 shows the stages around the
anchor points.
Time
< >
LCO LCA 10C
Stages Inception Elaborationl Construction Transition

4

A
Process Activities
Requirements Capture

Analysis & Design

Activities &

. implementation
Representative Test
Amounts . .
Supporting Activities
Management
Environment
Deployment
preliminary | iter, | iter. | iter. | iter. Iiter. I iter. I Iter.
iteration(s) * #1 | #2 #n V#n+1 Wn+2 T #m #m+1
v , Iterations

Figure 3. A modern lifecycle model with anchor points

2 Barry W. Boehm, “Anchoring the Software Process,” IEEE Software, 13, 4, July 1996, pp. 73-82.

3 Rational Corp., "Rational Objectory Process 4.1 — Your UML Process", available at
http://www rational.com/support/techpapers/toratobjprcs/.
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2.4. Anchor Points, Stages and Activities

The diagram shows various activities, and implies iterations and the relative effort and duration of typical cycles
within an iteration. The following table provides some more detail on the relative proportion of the activities, and

some details.

Subcrgg:e"lngsl;ge Early Design Post-Architecture Maintenance
LCO LCA 10C
Activities \ Inception Elaboration Construction Transition
Stage
Requirements Some Most, peaks Minor None
Capture usually here
Analysis & Design A little Majority, Some Some, for
mostly repair during
constant effort ODT&E
Implementation Practically | Some, usually | Bulk; mostly constant Some, for
none for risk effort repair during
reduction ODT&E
Test None Some, for Most for unit test, Some, for
prototypes integration test and repaired code.
qualification test.

Table 1. Stages, Anchor Points, and relative amount and kind of Activities

3. Model Overview

There are two parts of the current model, COSSEMO and CORADMO. They both assume that data is available
from a COCOMO II model.

3.1. COCOMO II Constructive Staged Schedule & Effort Model (COSSEMO)

The COSSEMO part of the model currently has no drivers, per se. The model does allow for the specificdtion of the
percentages of effort and schedule to be applied to the different stages: Inception, Elaboration and Construction.
The predicted effort and schedule from a COCOMO 11 run correspond to the sum of the Elaboration and
Construction stages’ effort and schedule, respectively. The percentages of effort and schedule Elaboration and
Construction stages thus total 100% and are used to distribute the sum accordingly. The percentages of effort and
schedule for the Inception stage are also applied to the COCOMO 11 run’s effort and schedule, respectively. Thus,
the sum of the effort or schedule for three stages can actually total more than 100% of the COCOMO 11 run’s effort

and schedule.
3.2. Constructive RAD Schedule Estimation Model (CORADMO)

The CORADMO model has five drivers. Each driver has both rating levels, which are selected by a user based on
the characteristics of the software project, its development organization, and its milieu. There are numeric schedule
and effort multiplier values per stage for each rating level. The rating levels are described in detail in Part 2 of this
report, which corresponds to a subset of the information gathering worksheet for users of the model and its tools.
The rating levels and their corresponding numerical values are summarized below and provided in full detail in Part

3 of this report.
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32.1 Reuse and VHLLs (RVHL)

The impact of re-use of 3GL production code is handled directly in the COCOMO II model via the re-use sub-model
and its effect on size. This CORADMO driver reflects the impact of re-use of code (other than production code)
and/or the use of very high level languages, especially during the Inception and Elaboration stages. Higher rating
levels reflect the potential schedule compression impacts in Inception and Elaboration stages due to faster
prototyping, option exploration. Clearly this impact will be dependent on the level of capability and experience in
doing this, such as Rapid Prototyping experience. The values of the multipliers corresponding to the rating levels
are the same for both effort and schedule; this implies that the staff level (number of full time software personnel) is
held constant.

3.22  Development Process Reengineering and Streamlining (DPRS)

The schedule impact of this driver reflects the inverse of the level of bureaucracy in which the developers must
operate. More succinctly stated, this driver captures the degree to which the project and organization allow and
encourage streamlined or re-engineered development processes. A detailed rating level scale is provided for this
driver (see Part 3 of this report). The values of the multipliers corresponding to the rating levels are the same for
both effort and schedule; this implies that the staff level (number of full time software personnel) is held constant.

323  Collaboration Efficiency (CLAB)

Teams and team members who can collaborate effectively can reduce both effort and schedule; those that don’t
collaborate effectively have increased schedule and effort (due to wasted time). Rather than invent a new behavioral
characteristic, this driver’s rating level is primarily determined by an appropriate combination of COCOMO II Post-
Architecture SITE and TEAM driver ratings and the PREX Early Design driver ratings. The SITE rating needs to
be augmented by the team’s collaboration tool maturity and experience. The effects of collaboration tools are
expected to help in domain analysis, option analysis, and negotiation. A detailed rating level process and scale is
provided for this driver (see Part 3 of this report). The values of the multipliers corresponding to the rating levels
are the same for both effort and schedule; this implies that the staff level (number of full time software personnel) is
held constant.

32.4  Architecture / Risk Resolution (RESL)

The COCOMO II Architecture / Risk Resolution driver (RESL) enables parallel construction activities without the
COCOMO 11 assumed effect of increased integration and testing costs. There is not any impact on the effort or
schedule in the Inception and Elaboration stages. There is no change in effort because of RESL, only potential for
schedule compression at higher RESL ratings. For this driver to be effective, it is assumed that a higher level of
staffing is available and used during construction. Thus the multipliers corresponding to the rating levels are not the
same for both effort and schedule.

3.2.5  Prepositioning Assets (PPOS)

This driver reflects the degree to which assets are pre-tailored to a project or physically pre-positioned and furnished
to the project for use on demand. The assets include skilled or particularly knowledgeable, people’s skill-level
increases, and pro-active team-building. The assets that are being pre-positioned also include processes and tools,
and architecture and componentry. In order to take advantage of PPOS, the organization must either be taking a
product-line approach or have made a 3, 6 or 10% pre-Inception effort investment! PPOS multipliers reflect the
increased effort associated with the pre-positioning activities as well as the corresponding decrease in schedule and
increased personnel required.

4. Implementation Models

There are four implementations of the CORADMO/COSSEMO model at this time. The logical implementation
model shows how the various drivers and models interrelate. The physical implementation model shows how the
logical implementation model has been realized in spreadsheets, both the standalone spreadsheet extension and the
multiple parallel version that is part of the Technology Impact Analyzer. The first three of these models are shown

40




below. The fourth implementation model is described in detail in the Volume 1 of the KBSA Report.

4.1. Logical COCOMO II RAD Extension

Figure 4 shows a conceptual logical block diagram for implementation of the RAD Model. It assumes that the
regular COCOMO II implementation is extended with stage distributions which are potential driven by language
level (e.g., 3GL or 4GL), experience, etc. The output of COCOMO 1I is used as a baseline for effort and schedule
by the RAD Extension. The stage distributions extension allocates the baseline effort and schedule by stage. The
RAD extension itself is controlled by the five drivers (discussed in section 3), resulting in the RAD effort and

schedule by stage.

— - RVHL
DPRS
___CLAB
~_____RESL
COCOI\_IIO ! Baseline PPOS
costdrivers —| COCOMOIi effort, yy
(except SCED) scheduie
RAD
Effort, Extension
I-al.r.:gvueal,g © — . S'tagP: schec;ule >
experience,... Distributions by stage
RAD effort,
schedule
by stage

Figure 4. Logical Implementation Model

4.2. Physical COCOMO Il RAD Extension

Figure 5 shows the shows the current implementation strategy for the COCOMO II RAD extension. The upper
lefit box represents the COCOMO 11.98 model as implemented by COCOMO.exe, self-identified as “COCOMO
11.1998.0” in its “About USC-COCOMOII” dialog box. Also part of the COCOMO II implementation suite is a
spreadsheet called COCOMO.xIs which is designed to import two CSV files that can be exported from
COCOMO.exe and make their information available in spread sheet form (it also generates many useful charts and
graphs of the data). The baseline effort and schedule as well as the values for all the drivers are acquired the
COSSEMO Extension by links to the COCOMO.xls spreadsheet. The COSSEMO Extension, which is actually
implemented as part of the RAD extension (CoRADMo.xls) distributes the effort (with no SCED impact) and
schedule for subsequent operation by the RAD extension proper. Only the five new RAD drivers need to be input
into the RAD extension: RESL is actually acquired from the COCOMOxls spreadsheet via links, although that

value can be over-ridden by the user.
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COCOMO I
costdrivers —| COCOMO II.98
via COCOMO.xls | RESL; Baseline
effort, schedule RAD
i i e .
; Baseline Effort & Sched. : -y Extension
Language ‘Stage Effort, Schedule |  (CoRADMo.xls)
Level, 1 Distributions by stage;
experience No SCED
” (COSSEMO Extension) RAD effort
H
7
;rScheduIe calculated; SCED removed; b schedule
i PM & M distributed per stage ; by stage

Figure 5. Physical Implementation Model

4.3. Stand-alone Spreadsheet Implementation
Figure and Figure 2 contain a stand-alone implementation of the COSSEMO and CORADMO extensions.
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Figure 6. The COSSEMO extension and RAD Driver input portion of CORADMO.xls
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Figure 7. The RAD extension calculation and display of Schedule and Effort
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Appendix 2, Part 2
CORADMO Drivers & Rating Scales

~A. Winsor Brown
AWBrown@sunset.USC.edu
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Outline

The five explicit drivers

e Reuse and Very High Level Languages (VHLL) (RVHL)

Development Process Reengineering (DPRS)
Collaboration Technology (CLAB)
Architecture, Risk Resolution (RESL)
Prepositioning Assets (PPOS)

Each is presented with
e Major factors influencing selection
¢ Statement of applicability to effort or schedule or both

e Rating levels to Numeric value conversion tables
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Reuse and VHLLs (RVHL)

Standard 3GL module reuse: no adjustment

Schedule compression in Inception and Elaboration
stages due to faster prototyping, option exploration

o effect depends on level of capability and experience in
doing this (similar to Rapid Prototyping experience)

~ » same effect on effort; staff level held constant

Schedule and | Rapid Prototyping Experience Level
Effort Multipliers VL L N H VH
Inception 1 1.04 1.0 | .98 .94 .90
- Elaboration 1.02 1.0 99 97 95
Construction 1.0 1.0 1.0 1.0 1.0
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Development Process Reengineering and
Streamlining (DPRS)

Detailed rating scale provided below

Gains depend on current level of bureaucracy

o Same effect on effort; staff level held constant

Schedule and Effort Multipliers - Inception Elaboration‘ Construction
VL - Heavily Bureaucratic 1.20 1.15 1.15
L - Bureaucratic 1.08 1.06 1.06
N - Basic good business practices 1.0 1.0 1.0
H - Partly streamlined .96 98 .98
VH - Fully streamlined 90 95 95
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DPRS Rating Scale

VL L N H VH
Number Of' Occasionall'y Actively Actively
approvals required Excessive Reduced Mature Reduced Minimized
per task
Time taken Occasionally Mature Actively Actively
per approval Excessive Reduced Reduced Minimized
Reduced ta_Sk Mature Advanced
dependencies, None Little Tech. Tech. Pioneering
critical path tasks Adopted Adopted
Foliowup to expedite
task completion None Little Encouraged | Emphasized Strongly
: Emphasized
Process Mature Advanced
measurement & None Little Tech. Tech. Ploneering
streamlining Adopted Adopted
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Collaboration Efficiency (CLAB)

Detailed rating scale provided

e Judgement-based average of COCOMO Il ratings:
SITE, TEAM & PREX

o SITE ratings also include
— collaboration tool maturity, experience

— scope effects: domain, negotiation, option-analysis tool
support

Same effect on effort; staff level held constant

Schedule & Effort VL L N H VH EH
Multipliers -
Inception 1.21 1.10 1.00 0.93 0.86 0.80
Elaboration 115 1.07 1.00 0.95 0.90 0.86
Construction 110 1.05 1.00 0.98 0.95 0.93
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CLAB Rating Scale

Judgement-based average of COCOMO Il factors
o SITE

e TEAM
e PREX
VL L. N H VH EH
SITE . <== COCOMO Il Post-Arch. Ratings ==> plus negotiation/tradeoff tools

basic advanced

TEAM <=== <=== <=== COCOMO Il Scale Factor Ratings ===> ===> ===>

| [ | |

PREX |(EL & VL) <=== <=== <=== COCOMO Il Early Design Ratings ===> ===> ===>
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Architecture / Risk Resolution (RESL)
Same as COCOMO Il RESL rating scale

Enables parallel construction

e Assumes higher level of staffing available and used
(case b & c on next page)

¢ Otherwise no schedule compression (case a on next

page)
Schedule '
Multipliers VL | L | N | H | VH | EH
(Effort Unchanged) _
Inception 1.0 1.0 10 | 1.0 1.0 1.0
Elaboration 1.0 1.0 1.0 1.0 1.0 1.0
Construction 1.0 1.0 1.0 91 | .83 .75
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Prepositioning Assets (PPOS)

Degree to which assets are pre-tailored to project
and furnished to project for use on demand

e People skills and teambuilding

e Processes and tools

e Architecture and componentry

Requires product-line approach

or added (3, 6, 10%) pre-LCO (e.g. Inception) effort
investment

PM/M=P Multipliers N H VH EH
Rating Basic project Some Key items All items
legacy, no |prepositioning | prepositioned prepositioned
tailoring & tailoring & tailored & tailored

Inception 1.0/1.0=1.0 (1.03/.93=1.11 1.06/.86=1.23 | 1.1/.80=1.37
Elaboration | 1.0/1.0=1.0 |1.03/.93=1.11|1.06/.86=1.23 | 1.1/.80=1.37

Construction | 1.0/1.0=1.0 | 1.03/.93=1.11| 1.06/.86=1.23 | 1.1/.80=1.37

1 Interpretation of (Construction,EH) table entry: PM=1.1 (effort multiplier; person
months);

M=0.80 (schedule multiplier; months); P=1.37 (FSP muiltiplier; persons)
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Appendix 2, part 3
CORADMO and COSSEMO Driver

1. COCOMO Stage Schedule and Effort MODEL (COSSEMO)

COSSEMO is based on the lifecycle anchoring concepts discussed by Boehm®. The anchor
points are defined as Life Cycle Objectives (LCO), Life Cycle Architecture (LCA), and Initial
Operational Capability (IOC). An enhanced version of an illustration from Rational Corporation*
showing the stages around the anchor points is shown below.

Time
<+ »
LCO LCA 10C
Stages Inception l Elaborationl Construction Transition
A - +
Process Activities t ' ]
Regquirements Capture 4 i
I
Analysis & Design ;
activities & . Implementation >
r epresentative Test I
amounts : L | l
Supporting Activities : i i
Management AI_‘M‘_‘
Environment a—
Deployment R
prel'lmlnary*i Tor [Tor | for. | for [Ter for— | Ter
iteration(s) § #1 | #2 1 #n {#ne1 ne2 ! #m 1 #mer
' Iterations

The correspondence between COSSEMO's & CORADMO's "Stages", COCOMOII’s submodels
and the life cycle anchor points is shown in the following table along with an indication of the
relative amounts of the different activities.

! Constructive RAD schedule and effort Model
2 COCOMO-II Staged Schedule and Effort Model
3 Barry W. Boehm, “Anchoring the Software Process,” IEEE Software, 13, 4, July 1996, pp. 73-82

# Rational Corp., "Rational Objectory Process 4.1 — Your UML Process”, available at
http://www.rational.com/support/techpapers/toratobjprcs/.

5 COSSEMO & CORADMO use the word "stage" so it is not confused with the classic waterfall phases:
Requirements, Analysis, Design, Code, Test and Maintenance.
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CORADMO and COSSEMO Driver

COCOMO II : — : .
Submodel Usage Early Design — Post-Architecture Maintenance
LCO LCA 10C
Activities \ Inception Elaboration Construction Transition
Stage
Requirements Some usually Most, peaks Minor None
Capture here
. . . Majority Some, for repair
Analysis & D A littl ’ S .
aysIs eSign e mostly ome during ODT&E
constant effort
Implementation Practically Sér;ls; :izlll(auy Bulk; mostly constant flﬁ;nz’g fgg;g?g
none ) effort
reduction
Test None Some, for | Most for upit, ix.ltegration Some, for repaired
prototypes and qualification test. code.

COCOMOII's effort and schedule estimates are focused on Elaboration and Construction (the
stages between LCO and IOC. Inception corresponds to the COCOMO's "Requirements"”
activity in a waterfall process model. COCOMO’s effort for the “Requirements” activity is an
additional, fixed percentage of the effort calculated by COCOMO for the development activities.
The table also indicates the areas in which the COCOMO II Early Design and Post-Architecture
submodels are normally used.
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CORADMO and COSSEMO Driver

Allocations

1.A.1. Percentage Effort per Stage. Allocate the effort (person months) used in each of the
stages as a percentage of the total effort during Elaboration and Construction. The sum of the
percentages of Elaboration and Construction should be 100%. The effort during Inception (as a
percentage of total Elaboration and Construction) is added to get the Total IE&C which should

be greater than 100%.

LCO LCA 10C

Stage | Inception Elaboration | Construction| Total E& C|| TotalIE &
C

%Effort 100%

1.A.2. Percentage Schedule per Stage. Allocate the schedule (calendar months) for each of the
stages as a percentage of the total schedule during Elaboration and Construction. The sum of
Elaboration and Construction should be 100%. The schedule during Inception (as a percentage
of total Elaboration and Construction) is added to get the Total IE&C which should be greater

than 100%.

LCO LCA 10C

Stage | Inception Elaboration | Construction| Total E & C|| Total IE &
C

%Schedule 100%

1.A.3. Person-Power per Stage. Indicate the average number of people actually working during
this period of each of the stages. If the loading was not approximately constant during the period
except for typical, limited ramp-ups, please indicate the degree of variation by providing the
Persons-Max and Persons-Min, and the number of months with that number of people (max and
min, respectively). NOTE: summing persons across stages is illogical and incorrect.
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CORADMO Driver Value Determination Worksheet

LCO LCA 10C
Stage Inception [ Elaboration Construction | Total E& C || Total IE& C
Persons, X X
Average
Heads | Months } Heads | Months | Heads | Months X X
Persons, X X
Maximum
Persons, X X
Minimum
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CORADMO Driver Value Determination Worksheet

2. COCOMO RAD MODEL (CORADMO)

The intent of the COCOMO II RAD model is to calculate/predict the schedule (months, M),
personnel (P), and adjusted effort (person-months, PM) based on the distribution of effort and
schedule to the various stages, and impacts of the selected schedule driver ratings on the M, P,

and PM of each stage.

2.A.1. Reuse and VHLL’s (RVHL) The degree to which re-use of other than code and/or very
high level languages are utilized. This driver reflects schedule compression in Inception and
Elaboration stages due to faster prototyping or option exploration. The rating for this driver
depends on the amount of Rapid Prototyping Experience the development team has had in the
domain of the project being evaluated. Since the rating applies to the team, it must include the
experience of the managers and team leaders and their experience takes precedence over the
average of the rest of the team warking in the Inception and Elaboration phases.

RVHL Very Low Low Nomsinal High Very High

On average, personnel most personnel have on average, personne! | all personnel have worked
none have experience on less worked on more than have worked on more | on at least three projects
Don't | N/A -Not than one recent project one project using than two projects using | using Rapid Prototyping
Know | Applicable using Rapid Rapid Prototyping Rapid Prototyping

Prototyping .

N/A
rationale:

57




:9[eUOnEl

V/IN
saonoeld syeIoneaIng siqeaddy | pou 3,U0
paurjueans Ajng paurjweans Ajued ssauisnq poos orseg sneroneaIng AqiABoH JON - V/N 3 nuoq
Y3IH A1 Yy (eutwoN Mo MO AIIA sudda
seonoed onjeIoneaIng
paurjureans A[[ng paurjwreans Ajued ssaursng poo3 siseg snjeIdINRAING Apiaeoyq KovIoneamg JO [9A9]
) ) Suuijureans
Surasuolg paidopy “yoo] pasueapy| paidopy ‘yos] armejy ] AUON 29 JUGUIAINSESUI 559001
uonejduros
paziseydwg Aj8uong paziseydwig paSemooug a1 auoN 521 anpadxa 01 dn-mo[[04
Sursauolg paidopy "yoo] padoueApy| paidopy "yosL ey a1 SuoON $yse) yed [eapto
: : : ‘sarouspuadap se) paonpay
paziunuijg A[ANOY paonpay A[pAndyY e pasnpay A[[euoIsesds) SAISS0XH [eaoxdde 1ad uaye) owi ],
azZIunul A[oA1D 20NPAY A[9AID amnje 20npaY] A[{eU0ISedd QAISSI0X ise) sad
PIZIWIUIA AJPAIDY PIdNpaY A[2ANOY e Padnpay Ajeuoisesso ! d pannbai speaoxdde Jo sequinN
Y81 A19A Y81y [eurtoN Mo Moy L1aA $103631pu]

Adraoneaing Jo [9Ad7]

*£or1onBaINg JO [9AJ] YY) SUTULISP 0] dFeIdAL 9A1I03([(NS © oxeW
01 pasn aq ued d[qe} Sumol[o] sy, (d) [9A3] JJEIS I9)[e ), USI0P “ISALIP STy} JO 95nLd3q ‘uoisuedxsd IO uoIssaIduiod a[npayds
Y ], *I03dIpUI Ie3[d € ST £0BIONBAIMNQ JO [9AS] JUSLIND ) :53559001d Juowdo[aAap pa1asurdus-al I0 paul[weal)s 33eInosus pue

mojpe uoneziuesio pue 1osfoxd ayy yorym o) 3213ap oy, {SYdQ) SUlUI[UesNS pue FunadUISUINY $59014 JUSwdO[aAdd “T'V'T

J99YSHIOM UoneUIWIR)R(Q anjeA J8AlJd ONAVIO0)D

58




:a[euOnRl

V/N
suonjorIUI
aAneladooo aAneladoos N : SUONIRIUL
: : suonorIsiu JnOUNP : * | ajqeanddy
SUOIORIIIUL SSO[UILIS AySiy K[a8re| oAne12doos AlEoIseq SUIOS HnoyJIp A1aA JON - VN mou)] },uoq
Y31y enxy ySiyg LA ysiH [BUImION Moy MOT AIA weay,

*S[IRIOp 2I0W IO [ENUEJN UONIULS( [9POIN Y} 39§ "SIYI0
‘S100RJIOJUT ‘SISUTEIUTEW ‘SISdO[IASD ‘SIOUI0ISND ‘SIOSN (SIOP[OYSNEIS s 199fo1d oy} Surziuoxjouks Ul SSNNOLFIP 0} NP HOYS
BNX2 PUE 25Ud[NqIN} J02f01d JO S90INOS Y} J0F SIUNOIOE IIAHP ISOI UOISIYOD) WEa ], dY L, "“GNVAL) uoisayo) ures], ‘1'€'V'C

(sBunjex udisap Aj1es oy}

Eo.u.« uaye) uozoﬁoaxu 100} pue a5enSue] ‘uropied ‘voneoridde Jo uoneUIqUIOd St} “XTdd) sSuner ssusrradxa y3ny yim wes}
P31E00[-00 B JO 9SED 3} UT pauassay st joeduur £30[0utod) [00) 3y} TOAIMOH "UOIIBIOGE[[0) S[qEUI 10 poddns jey) sjo0} 10J AJuo
mq “TO0L £q paroeduut st LOUSIOIJS UOTRIOQE[[0D ‘sSunel LIS pue VAL £q pajoedur Ajrea|s st JhliclaliteRisilel:) (Ve

+A9USI01]JS UONBIOQR][0O U0 Paseq S3ueyd JOU S0P [9A3] JJeis
‘soridnnuu sTy) YAy (WM Pajseam 0} np) L0JFS pue J[APIYIS PISEIDUT ALY A19A1193]35 91BIOQR[{0D 1,UOP 1By} ISOY) 9[Npayds
pUE 110JJ5 10q 29NPaI UL K[SAN031]3 9}BIOQE[[0D UL OYM SISQUISU UIEd) pUe SUIes], (gv1D) Kouadygy uoneioqe[[0) "€V'T

199YSY4O| UoneuIwIR)a( aNjBA JOALQ ONAVYHO0ID

59




:a[euonel
V/N

SIeak 92

SIB3A €

Jeaf |

styjuous 9

syuowt Z S

aqeaniddy JoN - V/N

Mouy] 3, uoq

Y3y A3

43t

jeurmonN

Mo

MOT AI9A

dXdv

‘[enuej s 1950) [[-OINODOD 2y 298 uonedrjdde yo ad£) siy) ym aoudnadxa
JO [9A9] Jus[eAInbs s,ures) 10afoxd oY) Jo SULIS) UI paulap ore sJuner Sy [, "waisAsqns 10 wa)sAs azemijos ayf) Jurdojoaap
wea) 10afo1d oy Jo soustadxa suonesrjdde Jo [9A9] o) uo juspuadap st Buner siY, (JXTV) duaLAXF suonesddy "€'¢'vV'g

:o[eUOnEI
V/N
Y3y enxg YStH A10A Y3y [eujwoN mo] MoTAIBA | V/N | mou)3uoQq
BIpswjnuw *JUOD 03PIA [BUOISEII0 UOHRIUNUWINO [rews Xvid [rew SUOLEDIUNWIWO))
2AnIORINU] “UIWod 1993 puBqepIM | otonss[e pueqapipy | pueqmoireN | ‘ouoyd [enpratpuf | ‘suoyd awog JLIS
xapdwoo BaIR Kuedwoos-pnpy | Auedwoo-niny uoneIo[[0)
paresoj[o9 Ajng 1o Suip[ing swes onaw 1o A)9 sureg 1o Q- pue A-piny | jeuoneu-1suf ‘LIS
Y31 enxy Y3iH A19A ysig [emmoN Mo Mo 1A

“FLLIS JO siuauodurod om) 9s3tf) Jo d8eIaAe sAN3[Qns MoK
Sunyew usym ‘A[9A1)0adsal ‘SUOTIEOTUNUITIOY) PUB UONBIO[[0)) 10§ SFUNYSIOM 040€ PUB %)L B PUSIIOISI 9N\ ‘[enuelq S I3s()
II-OINOD0D 3y} 93 “(BIpawnnw dA1oRISUI [[NJ 0} §53008 suoyd Swos pue [rew oejns woiy) uoddns uonesrunuioo pue
(UONNQLISIP [RUOTIBWIIUI O} PAJES0[[0d A[[NJ WOLJ) UOHEIO][0D SIS :SI00R] OM) JO SUIFRISAL PUR JUSUISSISSE 3} SIA[OAUL 8uner
IOALIP 1509 S} Sururuusid| ‘[ OO0 Ul POppe Us3q Sey I9AHP 100 HI[S 2y} JUedlIusis are s)o9JJ9 yuowdo(aAsp aysnnw
1eY) suonyeoIpul pue ‘sjuswdojdAsp aysnnw Jo Asusnbay Bursearout oy udAlD “(FLIS) uSWdO[aAS( NSHMN ‘T EV'T

199YSHJON| UoRUIWIB}RQ aNjeA JOALId ONAYEOD

60




ay [, "yS1 enxg 03 mo'T enxy woyy Suto s[eos Suner spour usisaq Apeq papuedxa ue 0} pajedo][e SIe S[e}0) Jurynsal Ay} pue
“POUIUNS 9I8 SISALIP 1SOD AIMO9)IYIIY-1S04 SunnqLuod a1} Jo San[eA [BILSWNU 3y} ‘SISALP 1500 uSiso(] A[1eq pauIquiod ai}

10, "9 ST ySip] enxg pue ‘g st Y31y A1 A ‘p S YSIH “¢ S [eUIWION T ST MO0 ‘[ JO Sunel [eouswnu € 03 spuodsa1109 Sunel J9ALIP
1S09 2INJP}IYIIY-150d MO AI9A € ‘A[[eoyroads "s[aaa] Suner sy} Jo sJuS[EAINDS [edLISWNU JO UOHBUIGUIOD PUE 35T Y} SIAJOAUL
surediojunod [apour uSisa(y A[Fed J19Y) OJUO Sa[eos SuNel pue SISALP 1500 JIMOANYDIY-1s04 oY) Surddeur 1of yoeoxdde oy,

. "9A0qE UQAIS ST uoTjeuIoJul Sunel [enplAlput

1oy, ‘10aford amus oy ssoroe parjdde are Loty ONVYOD 10] ‘S[npout € 0} £jdde Ajjeuniou s3urer amjoaIYdIy-1s0d

o1y asay) S[IYM (XTLT) 2oustiadxa 00} pue s8endue| pue (dXAd) ssusuadxs uuofied {(dX V) 9oustadxa uonesrdde
SIOALIP 1509 9INJOSIYOTY-1SOJ 91U} Y} SAUIGUIOD IIALP 3500 UBisa( Ajred SWI, (XTAYd) S0UsHadXH [SUU0SId] 9'EV'T
:o[euoIRl

V/IN

s1eak 92 sieaf ¢ Ieaf | sypuowt 9 squowr Z > ajqeonddy joN - V/N mouyj j,uo(q

Y31y A19A ysiH JeutuioN mog Mo AIA X411

“TenueA] S 195(] [I-FOINOD0D Y 9§ "Wa)ISASqns J0 Wv)sAs 21em1jos ) Surdofaaap ureay 10afoxd oy Jo sousuadxa
{00} aremyjos pue sFenduey SurwurerSoxd Jo [9A5] aYy Jo amsedw e ST ST, “(XALT) 20uaHdx [00], pue oFen3ue] S'ECV'C

:a[euonel
V/N

s1e9h 92 sIeak € Isaf | sypuow 9 stpuow 7 > ajqeanddy 10N - V/N mouy yJ,uoq

Y3y L1907 ysiH [ewwoN Moy Mo A1ap dxid

‘enuely S 395 [-ONOD0D Y} 23S ‘senifiqedeo a1emo[ppIw pamqLisIp pue ‘Sunpiomiou
‘aseqejep ‘eoepIsjut Jasn oydesd axowr Surpnjout ‘suopeld [y1emod a1ow Jo asn 3t} SurpuEISISPUN JO soueprodunl oy}

Surziug09a1 ‘ IXHd Jo sousnfyut Lanonpoid i) SuIpeoIq [SpOu AMPISNYIIY-150d YL (dXHd) oousuadxyg uuopeld vEV' T

190YSs)I0/\\ UoRUIWIB)SQ BN[EA JOALA OWAYYOID

61




sqeaddy joN - V/N | mowdjuoq
_ . _ soudttadxs [00L
sieak 9 2 smaf s1eaf g Ieak | syjuowt g sjiuow ¢ owes pue sSenSuer| ‘uuopelq ‘suoneonddy
SI ‘vl €1 Tl 1101 6 8°L 9° 1203 s3uner X417 pue ‘dXdd ‘dXdV Jo wng
ySiH enxdg Y31y A10A ysiy [RUTWON, MOT Mo K10 MO enXyg XTdd

‘S[oA9] Sunel ay} Jo
yoes 0} sa[eos Suner pue siofdnnur poxys syeudoidde sajerdosse pue ‘98uer st} sso1oe s3urjer XTI SuSIsse Mo[aq d]qe) Ay,
*SJUSUIS[ 2INJONYOIY
-1504 Sunnquiyuod sy Jo sSurjel [eUTWON 3y} JO Wns 3y} 0} [enba [e10} [BUIWON € dAeY sAem[e s3[eds uner [spowr ugisa(q Ajreq

199USHIOM UoNRUILLISA(Q BN[eA JaAUd OINAVHOID

62




:a[euon®El

V/N
_ ddy | mouy
aSeioae Azzng uo poseq joAd] Sunes oeudoxdde jsow Yot aqeat
3] g poseq [9A9] sUl 1el ¥ ¥ > 1ON-V/N | 1u0a
Y1y eanxy Y3y A19A Y3iH [eutwoN Mo Mo AIIA avo
aBuioay Azznyg
<=== <=== <=== sSuney udisod Afed [ ONOD0D ===> ===> ===> (1A ®13) XAud
€= €= €= sduneyi0pe]ess I ONOD0D = = == WVIL
pooueApe | o1seq == sFuney YaIy-1so ==
s[0o} Jjoapexyuonenodau snid ySiH a Hey "yaIv-isod It OWOO00 == ALIS
ydiyg enxq ySiHg A19A ysig [eulmoN . Mo MO A19A

-suontugap udisaq Ajred S,J1 OINOD0) Sutsn s3uner X Y pue SUonNIugap aimo3jIydre
asod s,J] OINODO0) woy sdunel FLIS pue INVHL Jo 23eioAe Azzngjaanoafqns ay) a3e) ‘Suner gy10 Y} USSP O

JoaySHIOp\ uonjeulwlalaq anjeA 1aAl( ONAY09

63




:o[euonEI
V/N

palofie) pue

pauomsodaid sway IV

palojie) pue

pauonisodaid sway L9

Juriofre) pue

Suruonysodaid awrog

Suwio[re ou
‘Koeda 109foid o1seg

sqediiddy joN - v/N

mouy 3,uoq

Yary enxy

y3ry A1

)

[earwoN

S0dd

. jJuauSaAUI L0JJe uondaour-axd
0401 10 9 ‘¢ & opew aaey Jo yoeoxdde surj-jonpoid e Sunie) 9q Joyns Jsnw uoneziuedio ay) ‘SOdd JO d8eiueApe 9)e) 01 I3pIO0 U]
*Anusuodwod pue 9INOSIYOIE pue ‘s|00) pue $assa001d spnjoul pauonisod
-a1d Sutoq a1e Jey) syosse oy Surpjing wres) pue syyrys odoad woyy syoeduw sey A[Ies[0 SIY ], “pUBWIAP U0 3sn 10§ 1d3foxd ay} 03

paystuing pue 103fo1d e 0} parofre)-a1d aIe s19sSE YOIYM 0) 32139p oY) SISSISSE JOALIP SIY ], (SOdd) S19ssV suruonisodald ‘§'y'g

:9[eUONEI
V/IN

- [2A97]

Suey ST SIOWOD0D 35N

ajqedyddy joN - V/N

Moy 3,uo(q

Y31y enxy

Y31y A1ap

L)

[euImoN

Moy

Mo 1A

TSTA

*$s900ns sa1dajens ay) Jo Afiqeqoid oy sasearoul sai1dajens (Jvy Suikjdde 1oy

oWdO[9ASP USALIP S[NPIYIS B UT UORNJOSAI JSLI poor) MojJo sures 3y Suikjdde s[iym uononnsuod SuLnp saseaIdut [9A3]
pyers yeys Surwnsse sseyd uonoONNSUOS 3y} SULINP S[Mpayds SUIONPal sy} ‘UoHdNNSUOD [[[ered so[qeus uonIod SINIOYDIE
oyl ‘Sunel TS II OWOD0D 2y se sues oy} Aoexa st Junel sy, (‘TSTY) UOHN[OSY SN 29 SMPAYAIY “v'V'T

JO9YSHJOA\ uofjeuiuwala( anjeA JeAug ONAYHE0d

64



M. Appendix 3

Impact Analysis Worksheets
and Calculations

65




sisAuq |10--1-g-ddy

y pue J se awes )3
©)) 190 suleb urewop feuoippe oON '3
D)} se swes )
Q9 a0 sujeb ujewop [euollippe ON  :O)
‘ swia)sAs peoueApe aiow Joj
pesu Buinuguod Aq jasyo Inq ‘ABojouyas) pue Buipuejsiapun urewop sebuons o} enp suieb pijos
abi1e| j0u Inq ‘surewiop 1 HvH3 jo Buipueisiapun jeseuab Jeneq o} enp suieb swos :qD

[35 ¥ a—e— 3—— s 0}—e— Oli—B— 00—
Ll 9 g 14 T [ 8 0
J> e J- 4 1 e . ' Im —. meF
N H HA ,_.
z9v 96y ¥ rINA W ey AR 0
0002

R // S00¢
0l0c
meNAuBLIND OTHd /0 {
Gloe
meu O03Hd

002 lose [ooe lose Jooez |ose Jose |ose |00C |0S'e JOS@ 08'¢c |90'€ unejep O3ud
SI+@)3e+dX3|s1+23| 8+03 |SI O] 8+D EL+a e+ 81+ DY8+ O DXL +&aTe+@aJjeuleses oAUg

sseupajuspedsdld :03dd
£102 3 9002 ‘8661 0L} JOAC SO[ELONEY UM SanjeA 1e)idiINW HOYT B SI0K0e 8[E9S |IONOD0D [ENPIAIPUL - JezAjeuy 1oedwy ABojouyds

66




s1eAuQ HO--1--ddv

) pue 3 woyj sureb Arejuewe)dwod swos M3

sabenbue) owreudp pue ABojouyos) edueinsse yby A Ajurew ‘go 48A0 suieb peppe Jejus swos 3
. )i pue H){ woij surebd Arejuswejdwod 8wog )

Buipue)siepun joafoid ejA Ajujew ‘g JeAo sureb peppe Jejwis awos O
Buipuejsiapun urewop eiA Ajujew ‘qd J1eA0 sujeb peppe Jejiwis swos OM)
suieb Auaonpoud pue swaisAs uado ‘uolysinboe @oQ o|qiXe}} 10w BIA SJUIBIISUCD j0eload paonpei o} enp suebf swog :a0

[35 v ¥3—e— 3—— Y- Q}—e— -8~ a0——]|
¥

9 S € [ - 3 0
. . . . . —1 G661}
I 1 N H ’ HA *m
0SY sov Vv 0 XA 4 0Ly 0
0002

/0/ S00¢

//l 0102
meNausung X314 / JM_%/O sioe
;o:xm._n_

oSt loce |08t Jore {08}t |ov'e l0€¢ 092 |oo'c |ose |oS'e j08¢ GL'€ Wnejp X3d
Si+oyderoxalsi+oe3] 8+03 [Si+aM)] 8+ I+ ds+8aX j+eDye+0OijL+®ade+8adjeuliesed Jeaug

fuigixal4 Juewdojeasd X314
€102 3 9002 ‘866 :8UIll JBAO SS[BUONEY] M SBN[eA Jelidiini MO} '3 SI010ES 8[BIS 1ION0D0D [ENPIAPH) = sezAeuy 1edw) ABojouyoe]

67.




sieAuq 119---g-ddy

y pue 3 woy suteb Arejuswa|dwod N3
. einjdeo ajeuoyes pue ‘ABojouyos) soueinsse 3
y61y *‘ABojouyjos) einjodliydle [eseusb ‘@injodiydle ulewop BiA g0 19A0 sureb jeuoyippe Jofepy
M pue ©)| wouy sureb Arejusweidwo)d  °)
ABojouyas) JOSIADE ¥SU PUB 8INjosNYIIE BIA QO J8A0 sureb jeuonippe ueoyublS :aM
, sainjoelyose UIBWIOP BIA 0O JeAo suleb jeuohippe weayubls oM
jusiwabeuew sy uo siseydwe goa . 2
pue ABojouyoa) ainjoajiydie OO [BloIswilod ‘ABojouyae} swaysAs uado o) enp sueb jueoyubis ‘a
[35 v ya—e— 3— Y Oi—o— -8~ ag——|
8 L 9 S ¥ € 2 I ]
- _ . : . ‘ . —t 5661
A 1 N - H - HA H3
0LV S9S VW v v €82V WY 0
0002
NN o
/- /ym/mv 0102
meNapusund S3H
S102
meu S3H

0L+ oLz |oce |ooe [oz2 |00’ |ose [0c€ [0S ozc€ [0o0'c |0S€ |/6°€ uneep 1S3d

S1+oM3s+ox3|s1+03| 8+03 [51+0M] 8+OA 1+ 9 0Xs+@aMfL+ 0 DB+ OO 1+®QaJe+oqojeuleseg

uoinjosay Xsid/aIN08lydlY 1S3

Joauq

€102 '7 9002 ‘866 1 0} JOAC SBIBUONHEL Yiim SeN[eA Jelidniny HOY3 B SI0198 8JedS 1ONCD0D [ENPIARH] = sezfeuy Joedw) ABojouyoay

68




sienuQ 110~ }-€-ddy

3 pue 3 woyj sujeb Aejuawg|dwod awos N3

ABojouyos) uojeloqe||od umoca%m 01 onp g9 JeAo sujeb jeuomppe weayubls 3
Q) seewes

wua) sabuo uj Apejnonsed ‘ABojouya) uoKeIOqe||0d ) O} eNnp GO 48A0 suieb [euopippe jueayiubls :aM
. _ ao jeno suieb oN O

(s1dI) swea]) 1onpoid pejeibaju| uo siseydwe gog ‘ABojouyoa) uoneIoqe||od [B1oIewLod 0} enp sujeb juesyubls a0

[4s ¥ y3-e- E R Tl oollL

9 s 0
_ ; ; : —+ 661
srdy gcr ¥ L g1z W v WG 0
0002
. 0102
MONAUSLND _z<m._. /T//@

e S102
meu Wy3aL
ot + log'L [09'L joie jov'h 00’z lov'L |o02 002 ov'e looe loye oL Wnejep WV3L
Sivoodsro3alcir03[ 603 [5*0Y| 8+0) fIr 00 e 8 QXL+ 00X+ 0ONjI+ @0+ BAD sujeseq senuq

uoISaY0D Wea] NV3L

£102 '8 9002 ‘866 | :6LLI) JOAO SB[BUOHEY YIM SBNjeA 19ydnniy HOH3 @ S101084 B[EDS ||ON0D0D [eNnpIApYl - J1azAjeuy oedw| ABojouyos L

69




s18AuQ §19--1-€-ddy

y se sweg H3I

goierosuieboN 3

Q) seswes )

ABojouyoe) ssesoid gy Bl GO JeAo suieb ejeiepoN O
g0 ieno suieb oN OH

yoddns |00} 18t Buinoidwy pue siseydwe gog Buinunuod o} enp Aunjew ssasoid u; sujeb Jofew Buinupuod @D

[35 ¥ >a—e— 3—— N—¥— 0i—e— o) —8- a0—|

6 8 Z ) S 14 t [4 I 0

A T N~ " —HR ) Sty

gLy 174: A4 g9y ¥ 2L'EVY g9s'L v 0
0002
§002
{yﬂ 0102

MeNAusMND LVINd
$i0¢2
Mmoeu LviNd

ogt loge loze [ooc |og't |og'z Jos't [ose |oce |00'E [02@ |0O'E {eL'€ Wnesep 1vind
Si+0)s+®N3|sI+03] 8+@3 [S1HOMN]| 8+OM L 1+@ dyls+amMifi+ 8 D)+ 0O+ @ GJet+ @ gojeulieses deAuqg

Ajinjel\ ssed0id 1VINd
€102 3 9002 ‘866 :3Wi} JOAC S8jeuoljey YlIIM senjeA Joydiyniy Hoy3 @ siojoe ejeag |JoNoD0D [ENPIAPY| -- JezAjeuy yeduw) ABojouyoe

70




s19AuQ 1D~ 1-€-ddy

gseewes M3
ABojouyos} esueinsse-ybiy soa3 o1 enp ad 190 sujeb jueayubls 13

goseawes M

go seewes O

go seowes O)

aoueinsse ybiy eaeiyoe o} Loy Bujonpal ABojouyoe) soueinsse-ybiy [elolewwod o} enp sujeb ewos a0
soyi0ads urewop 1HYH3 eourinsse-ybiy 108}je1 0} 9| 0} (eew ajdwes || OWOD0D) 90" | WoJ} peseaidu| yuljeseg

(W3 v ya—e— 3—+ ¥~ Oi—o— Oi—8- a0——1|

o*-? . °N-P VO UJ \'2-Ad UV v <c° 8-0
. _ _ _ — _ 5661
v WV s weow zg0 v HA H N T A
0002
5002
0102
MONAUSLIND AT3Y
§102
meu AT3Y
90t [o't oot joi't |eb't v [2hE (vt eb't vl lebr (vl |9b'h wnejep AT34
S oydsravalei 03[ 6+ 03 517 0| 6+0) |1+ 0 Ojer 0OV @ ©>E+ 0OYfL+ 8QJE+ A0S sonuQ

Mjiqeljay paJinbay A13d
€102 8 900Z ‘866 + 16Ul JOAC SS[BUOIEL UNiM SSN(EA JeydNini HOY3 @ SIOI0BS 8E3F 1|OWOD0D [BNPIPHL = Jozkjeuy joedusj ABojounjoa )

71




sieAug 119~ 1-g-ddv

3

-swesboid g3 10 VSEX Ui luswale eseqelep Jofew ON QD Se suleg m._n_u

‘OM

seniiqedes eousuajurew Aubeiu) pue ‘UORONIISUOD ‘uoleIbiw BseqelEp [BloIeUILLO0D paaoidwi o} enp suteb swog  :Qd

[wa v a—e— F—t— = ON—0— DB~ a0 ——|
o't 0zt UoF —U§ U 09U oV 020 000

5661

i e A i

8LV PV 60V HA H N L
0002

/. e
i

u s .
eNAueMnd Yiva sLoe
meu viva
560 110t 18670 1101 860 |10t [86°0 [10's_[860 [10'L [86°0 [10'L |pO°'L e ViVD
§i+0yder0a|sH 03] 6+03 [5++@X| 8+0) [1+00)e*@axfiI+ 80N+ 8 D)L+ 0aJE+ Q0SSR 1oa

sjunowy eleq v.ilvd
£1.02 9 9002 ‘8661 0L JOAO SB[BUOHEY YiMm Sen[eA Jeldiiniy Loy3 B Si0j0ed 8|BIS II0W0J0D [enpinpyj -~ JezAjeuy 1edw) ABojouyos )

72




wie)sAs esealdul 0} S8INJ0BJYIIE pUB SWYM
aq Ajebue| |m sureb Buipue)siepun ufewoq "xej

sienuq 10--1-g-ddy

A3

sejnquie Jayio 10 ‘AjjiqeAins ‘Aoeinooe ‘J ‘N

obje xa|dwod aiouw jo UOHINPOU| Kq peouejeq ‘GM
dwoo urewss jjim suonesydde ujewop 1HYHI ‘O

ao
o
[Wa v y3—e— 3—t— N~ Mi—e— Oi—B— nolll_ ] ©~
ov'l oc'h TUT —U¥ U 09U - 0 000
: _ . . . : s661
HA H N 1 A
[T (3 4 | 60V 280Y ,
0002
S002
o102
] MmeNAuBMNg X1dD
S0
) meu X1dO
o' [ortE [ove Jovt fou'k Jort fot'k 9Lt ort lovh |ovt [9L') [91L  un=iep X1dO
Sr+o)ids+oX3|si+03] 8+83 [SL+OM]| 8+OM Er+roMiar @A) +o DB+ 0 OXEL+20J +® aojeujiesed JoAuQ

ixejdwo) 1onpoid :X1d0
€102 % 9002 ‘866, 18U} 19A0 SO[BUOIBY YiiM SBNEA JBIIIIN Loy B Si0l0Ed 8[8IS |I0NOD0D [BNP

INpU| -~ JezAjeuy edw) ABojouyoe |




siemuq l19--1-g-ddy

ABojouyoe} 9snas pue Ulewiop Jusiolye eiow Aq 19sjj0 &q (|Iim .mv_vw_

ujeBe 1nq ‘JuaLw}saAu; aiow axnbel [m (suojonpel 3ZIS BiA) QO 19n0 suieb esnai pappe Jueoyubls 7 o)

KBojouyos) asnai aiole eiow Aq wie) 1ebuoj 8y} u) 18SHO aq |IM SIYL usunsaaul aM
peppe awos ainbai jIm (1ejewered JZ|S ay} ul SUOKONPaI SB pozijeas) sujeb asnas ejesepoly ‘G0

[Wa v Ya—e— 3—t— H—¥= OI—0— NI—8— a0——]|

ov'L 0z’ oUF UET 09T —OFU" 020 000
. . . . — . G661

HA H N 1

gLy LY 60V
% 0002

\ §002

0102
Fk MaNAuURUN) :FSNY

S102

- meu 3SNY

801 loit |80t [0+t [80r [ove leo't |so'k [80°k |01 €0k [SO'k L0l wneiep 3Snd

Siveyda+eyasi+03] 0+ 03 [51+0M] 8+0X firodys+8dii+ D)8+ 0OMfiI+0ade+ @ aofeulesed 18AUQ

asnay Joj Juswdojaraq :3sny
€102 % 9002 ‘866 :8WI} 19A0 Se[BUOHEY YNm senjeA Jaldiiniy MO} '3 SI0108- 8]edg |I0NOD0D [enpiAIpY] -- 1ezApeuy joedw) ABojouyos i

74




spie Bujpue]sIapun/uolBIUBWNOOP dijioad
Spie UO)eIUAWNDOP [BloIBUIW

sieAuqQ J|0--1-€-ddy

gale siy) u) ABojouyds) SOA3 iinj OF Jejiuns Kien ABojouyoa} ysaM iind

A3
‘I

spie Buipue}siepun/uoHEjUBWINOOP B BIA QO 48R0 suieB sjoyjo ewosg  aM

s-uiewop LHYH3 BIA Q0 18no sured [euopippe jueayubls  ‘OX
09 jeseueb ,'uonelUBWINOOP, ‘SA EIED, JO SN

Buiyioads |'2022} VI3/333 Se Yons SPIEpUEs [Bj218uI05/goq o anow el suieb jueoyubis ‘ad
ov') 0TW3 ¥ y3—e— 3—— d—r— Ol—— B ao——] 0¢0 8.omm2
€LY LY govigoWA  H N T A
0002
5002
0102
é MBNAUALND ND0a
5102
meu 200
680 |260 |68°0 |c6'0 [68°0 |26°0 €60 |S6°0 160 [€60 |56'0 [26°0 |LO'} wnEep nooa
SroSdsroralET0a[6+03 [s+ 03| 8+0) i+ 0 0js* 8aYFI+0 OB+ 0OYfiI+@Ade*+ 9 O|SUIOTTE 10040

€102 2 9002 ‘866 | :9WI) 19AO SSIBUONEL] YiiM SanjeA Joyidin Hoy3 3 SI0108) 8[dS IIONCI0T [ENP

SpaaN 0} YoleW uoneuswnood :n00d

inpuy -- JezAeuy joedw) ABojouyoe |

75




s1AUQ (1D--1-€-ddy

ABojouyos) LUONBOLIBAASS]} puB SWi-[e8s SOJT BIA GO JaA0 sureb jeuonippe jueoyubis v_w
A

go seswes ‘O

‘OM

-oj@ ‘Anjiqeanuns ‘Aoeinsoe eacidu 0} sajofo einxa jo esn Aqiasyo Ajped . ao
‘sdnpeads ejempiely me"] S,8100 BIA suieb Jofepy -

soyyoeds ufewop | HYHI ewii-eal 108je1 0} 02"} O} 80"} WOJj pesealou)iuljeseq

(Wa v y3—e— 3— - OI—— I8~ a0 ——|

00'9 00°'S 00" 00t 00z - 00’} 000
=E —HA “—H N~ . _ 5661

v €'l WS LIVIWY
w 0002
5002
o102

MeNAUeLND IWIL

S102
meu INIL
501 1801 [v0r |80t |80t |evs |80t |evt 80k [ebb [80't |2kt og'L wneiep anL
m—+°vﬁm+°¥m Gi+03| 8+@3 |GL+ON] 8+ON ww+0azm+ﬂov_.—+00v—m+°0¥mv+00nﬁ+ﬂnu euljeseg Jeauqg

Juresisuo) swi| uonpnoaxy :JNIL
£102 '3 9002 ‘866 | Wi} JOAO SS[EUONEY iM Senjea salidiiniy Uoy3 B 101084 8[edS [IONCJ0D [BNPIAIPUL - 10zAjeuy 1oedw) ABojouyos |

76




s18AuQ |10--}-€-ddy

3
-m -x
Se awe
ao S 3 a
‘ON
‘018 ‘Aujiqeauns ‘Aoeinode eaoidwj o} fiowaw eexe Jo asn Aq jesyo Ajped ao
‘ymoib Ajoeded asempirey meT] S,8J00[ BIA sujeb Jofepy
soy0ads ulewop pappaquwa |HVHI 19881 0} 80°} 01 €0°1 wioij peseasdu)uijeseq

Wa v a—e— 3—— N Di—o— N—B— a0 ——|

00'9 00'S 00y 00t 00'¢ . 00’} 000
L A A L - L mmmF
H3 HA H N . .
v o' 1 M0
i 0002
5002
F ol0c
MaNAusMN
NA J HO1S 5102
Mmeu HOLS
20t [vOF Jeot [vO't Jeo't [vO'L [20°L |bO'L |20'} [VO'L 20°'t Jvo'L [80°L Wn®jep HOLS
gi+oydetoxalsi+e3a]s+@3 [si+oX]|8+eX fi+ad g+@ XL+ D8t 0 DY+ aJe+8add euyjeseg Jealg

Juresjsuo) abesols ulei\ ‘HOLS
€102 ' 9002 ‘866 “OUI) JBAC SS{EUOHEY UitM SON|EA Jejidiiniy LOoyT @ SI0108S B[EIS |IONOD0D [ENPIAIPLY = 1ezfjeuy yedwy ABojounoe L

77




. siaALQ 11D~ 1-g-ddy

Apueoyubis sjoaye AuneloA wiope|d eanpal |lim SaINjIaRyoIe urewop 1HYH3 S0QA3 v_w
A

aoseswes ‘G

O

JeymeLuos aInjew Jim pjdlj 8y) Ing ‘ajie|joA sunopeld deay [im (Buissasoid peinquisip Apejnoiped) ABojouyos) jo 8ded Q0

00'9 (W3 ¥ E—6— 3—— =¥ OI—— O)i—8- 00— o't 000

- 7 1 . - -k mmmv

v HA H N AWWF‘ v
o 0002
5002
0102

MONAUSLND TOAD

5102
meu OAd
6’0 |86'0 |v6'0 [86'0 |86°0 [10°L 860 10'L 86’0 |10t |86°0 [LO°L €0°L Wnejep 7JOAd
Sr+0y48+0>3|s1+ 03] 6+03 [51+0| 8v0) jI+o s+ o axfi+ 09X+ 0N+ A+ 800)SUIOEE 10Ma

Aje|oA wiojie|d TOAd
£102 ' 9002 ‘866 :OL} JOAO SS[SLOEH] it SB[EA Jeydiny LOYT B SICI08 8EAS IIOOO0D BNPIpU) -~ JezAjeuy oedu ABojouyoa)

78




£102 ® 9002 ‘866}

sieAuq 119--1-g-ddy

Spie uoisioap a1emyos g elA Aujiqedes isAjeus 8Aljoa)§e Ul QO 48A0 sureb jueoyiubls ‘M

uonjeaydde | HyH3 10} 8jqejieae Ayjiqeden jauuosied ui abueyd jou ON an

Qo se swes

E ¥ E—6— 3—— N~ DIl—0— ON—8—- Q0——
00°L 00’ UUg UV UUT VUG L 00’} 000
_ " —T N——H  HA se6t
v revi v
- 0002
5002
0102
MBNAUSLIND dVOV
5102
meu dvov
50 980 |e90 [85°0 |2g0 [980 |2g0 [980 (8870 [88°0 [88'0 880 1880 wnejsp dVOV
si+@Nda+9)Ha|SsI+03] 8+03 G1+OM| 8+OM f1+0ed g+@aMki+OOMB+OON —+°n_n_m+600 eujleseqg Jeauq

:aWl} JOAO SB[BUOHEY YNM SaN(eA JelidRINiy Ho}3 B SI0I08S 8[edS {IOW0D0D jenpiApU

AunqedeD isAjeuy dvOV

| - JezAjeuy joedu| ABojouyos |

79




s1eauq |0--1-g-ddy

o se awes

SpIe Uoisioap asemyos gy el Aljigeded JowwesBoid eAnosye ur QO 10A0 sureb jueoyiubls M

suoneoydde | HyH3 10} 8|qe|ieAe Aupqedes Jawweiboid uy ebueyo 1ou oN Q0

00' o*_ NGV yE—e— 3—— d—¥— Q)—o— OM—B— QO—=—| .0 00'0
s . _ . . _ 5661
v HA H N talem
J 0002
5002
0102
MeNAUeLND dVOd F
5102
meu dvod
580 680 (160 160 |80 [6800 580 [680 [160 [160 |160 [16°0 |16°0 Uneiop dvad
si+@)Je+oX3|s1+oa] 8+d3 [SI+@M]| 8+OM ¥+0o1m+eox¥+Ocvm+00v_m—+0n_%+eoo euljeseg Jeapq

Aniqeded Jeawweibold :dvOd
€102 3 900Z ‘G66 . ‘OUl} JOAO SS[EUORE] UM SanjeA Jejdyiniy Hoy3 B SI01084 8jeds |IOWeD0D [eNpIAPU| -~ Jezjeuy joedu| ABojouyos )

80




£102 '8 9002 ‘866 } ‘6N JOAC S3[BUO!

sieAuq |19 1-g-ddy
aousuadx3 uoneoliddy :dX3av

) pue 3 woJy suieb Kiejuews|dwod M3
spie Buipuelsiapun a;emyos pue einjdeo ajeuoyes SOA3 01 8np QO 18A0 suieb jueoyubls 3

sple uoisioap g) 0} enp JaAouiny juuossed 1oj Bunesuadwod u) Qo Jano suieb weoyuubis i

go se ewes :O)
suoneoydde § 4yH3 10} Aunuguod jeuuosied uj ebueyo 18U ON :an

W3 ¥ iF—e— 3— N—¥— Oi—o— Oi—8— a0 ——|
00'L 00 00'S 00F 00¢ 00T 00’} 000
: , 5664

I i A

;.  ® ._ N kit

0002

S00C

oLoe

MeNAueuND NOJd

Si02

meu NOOd

160 |560 |c6'0 [96°0 |€6°0 |96°0 |€6°0 0960 |86°0 860 [86°0 |86°0 86°0 lneiep NOOd
Si+toydsroxals+o3|8+@3 [si+eX] 8+l jirad B+@ i1+ B OB+ O (+oade+@aojeulesed Jealg

Rinuguo) [auuosiad :NOOd
1ed Yum sanjea seldiny Hoj3 B S101084 8[BIS 1ION0D0D [BNPIAIPU] == 19zAjeuy joeduwy ABojouyoa L

81




00°L

s1eAuQ §19--1-g-ddy

aose

A3
KBojouyoe} pue Bujpuejsiapun urewop Jebuois o} anp gO J8A0 sureb pijos ‘3 ‘M
‘ON

ewes M

ebe| Jou Inq ‘sufewop 1HYH3 Jo Buipuelsiepun jesauab Jejeq o} 8np sujeb swog :aD

00’9

[Wa v Ya—e— 3—— -3

UuU 3

ooy

A A

H—— O} —8— 00—=—|
JuU e UJu e .

00°t

000

v

IA

1 N Hyca Wimamv

S664

0002

G002

MmeNAueMND dX3V

oloe

$8'0

180

$8'0

180

¥8'0

180

/80 |68°0 [v8°0

180 |/8°0 |68°0 ]06°0

S1+OM

8+ O M3

Si+@3| 8+03

S+ O

g+OM

1+ BB+ D M1+ DD

9+ 0 O)f L+ & s+ agdjeuliesed

5102

meu dxav
unejep 4x3v
J0AuQ

£1.02 '3 9002 ‘866 | 8L} JOA0 SBEUOIEY YiM SaN(eA Jadninyy LOH3 B SI0j0e- S[EIS IIOWOD0D fenpinpu| - JezAjeuy joedw ABojouyos |

82




sieAuq 110---¢-ddy

M3
[ 1 -!
se awe
ao S ‘D
‘O
suieb gx3d 19540 pue 8jiiejoA waopeid deay ao
[m (Buissadoud pajngisip Apejnoiped) ABojouyosy jo eoed Jnq ‘Aunjew uuoge|d o) enp suieb swog
45 ¥ NI3—0— T—+— H—d— D=0~ DI—HB— a0——]|
00'L Uy UUS —UUV oUE uuc 00’} 000
L 4 . . . : G661

A 1 N

v H aN.u.i;
000¢

5002
okoe
meNAuaUNg dX3d F
5102
meu dx3d
260 [v60 |260 |v60 [260 [v60 |2670 |v6'0 [260 |V6'0_|26°0 ¥6'0 |G6'0 UnEiep dX3d
Si+@yds+@X3[si+03| 8+03 [SI+oM] 8+@) fi+8d g+ @ ayf++ 0oys+ 0ONfI+@adst 8 qojeulesed 1eMuQ

aouaiadxy wioheld :dX3id
£102 % 9002 ‘9661 ;oL 19RO SO[ZUONEL] UM Sen[EA 19UAIINYY HOYT § SI01084 B[E3S [IOWCO0D [EnpipU) -~ Jezkieuy 1oBdul ABojouyoe

83




sieAuq [19--1-¢-ddy

M3

a9 1ano sureb pijos epiroid |im sjoo} pue sabenbue) olloads-utewop LHVHI ‘I
‘O

go seswes O

sureb aousuadxa 19Sy0 pue e[ijejoA

sjoo} deay| |iim ABojouyos) Jo 8ded !spie Jasn pue funew joo} pue abenbug) o} enp suleb swog ‘ads
[48 v Y3—e— 3—t— N=—d— DI—o— O —8— Q0 —=—r| ,
ov'i oc’l 00’1 080 090 (A 0co 000
. . : . e . G661
. IA ki N H HA
ey 1ty | <Jm.o8.a v
0002
. S002
ol0e
F MeNAuaun] X317
Si0c
meu X3l
680 |e60 1680 |c60 680 |60 |260 |5610 [68°0 |€6°0 [26'0 |S6°0 |26°0 une=iep X3l
SI+0 38+ OX3[cH+ 03| 8+ @3 [SH+0)| 8+0) fi+@ a8+ BANfL+8DdE+@OMfI+ 0 AQJe+8ad|eulesed enug
aoualadx3 |00 pue abenbue’ X311

£102 8 900Z ‘8661 8L} JOAO SBBUOHEY UM SBNeA Jalidiiny Loy B S101084 8[BJS ||ONOD0D [ENPIAPY| - 1ezAjeuy 10edw) ABojouyos ]

84




5|00} UreWOP ] YYH3 pue Joddns UoyN|oAd uj Aejnojued

wie) Jebuo) uy Aprejnonued ‘|00 yoddns uoisiosp @) elA 40 Jeno sureb pios >l

sieAuq [10--1-g-ddy

: -uoneUIGWod Arejuswaldwod M3 -
‘sanjiqedes |00} §DA3 padueApe 0} anp a9 18no suieb weoyubis 3

i Y Ol—e— O —8— a0 —|

go seewes O
saniiqedes ABojouyos) |00} jesouab o} enp suteb yueoyubls :ao

ov'h ou..?w v yE—e-3—+"2 — orv 020 000
. . . . . » G661
A 1 N H HA
LLLEOLY 60V 8.0V

000¢

G002

010c

r AusLNY |00

S10¢C
) meu 100L
08’0 |v6'0 [88°0 |¥6'0 [06°0 |96°0 060 196’0 |¥6°0 |86°0 |¥6°0 860 (10'L wnejep JOOL
sTresderoya[si- 03| 8+03 [Si+03]| 8+0X [Irojst@Mifi+ 0O+ 8 DM}I+ 0036+ 809 eueseg e

£102 * 9002 ‘866 | :8Wi} JAAO SS[BUOHEY YIIM SBNJBA Jeidynyy Hoy3 B S1010B4 €[S ||0N0J0D (NP

S|00] 8Jemyos Jo asn J00L

INpU| -- JazAjeuy oedw ABojouyoa L

85




£102 '8 9002 866}

s1eAu@ 110--1-€-ddv

ABojouyoa) uojesoqe|jo2 peinquisip sOAa3 o enp g9 Jeno sureb pijos 3

A3

A

Qo se suieg ‘ot

'OM

uonnquisip 10afoid pasealoul £q 1esyo yoddns panquisip ui sjusweacidwy :ao

[3s ¥ y3—6— 3——N—%—=0a

N—o— OI—8~ QO—| ..

or'i ozt ouv voo oo orv 000
. 4 . . - . G664
A 1 N H HA HX
zz1v 60tvY 1¥olpo®oV
0002
5002
oLoz
rr;oz\.:o.::o 31Ss
5102
meu 3LIS
$8°0 [88°0 {¥8°0 |88°0 |88'0 160 |eg'0 |16'0 |88°0 160 [880 |[16°0 |E6°0 ynejep  3LIS
srroXderoxalsi+eals+@3 [si+ox|s+od ET+ o bje+ @y H+ @ D)s+ 0 DX + @ ade+8aojeulesed lenug

yuswdojeAaq ausHnNN :3LIS
[B0S ION0D0D [ENPIAIPY] - 1ezAjeuy 1edw) ABojouyds

‘oWl JOA0 SO[BUCHBY YiiM Senfen Jalidiiniy Hoy3 8 sioloed 8

86




sionuQ 110 1--ddv

jepow (gvy) wewdojereq uoneoyddy pidey Aq peiarod Buieq sioaye uoissaidwiod a|npeyds MV

[ds ¥ Y3—— 3—— N~ OI—e—

O —8— Q) —=—
UU b

08'l 09’y V¥ UGF - 8'0 090
. . . . 4 00°s661
v NN LW | 104

00°0002

\lﬂ 00°'s002

000102

MBNAUSLND A30S [

00'6102
meu Q308
yo't |vo't [vOo'L [¥O°L |pO'L [¥O'L [PO'L vo'r (v0'L [vO'L [pO'L jpO'L 1VO°L Wnejep Q308
Gi+o)de+oxN3[s1+03]| 8+@3 [SI+OX] 8+ON L1+ @ a8+ @I+ O DB+ OO+ AT +®qojeulieseg JeAuQ

€102 '3 9002 ‘866 | 8L} JOAC SSJEUOHEY YiM SaNJeA J8|dRiny LOY3 B S10108 [EIS [IOWOI0D IENRIAIPY

“einpayos ueudojeraq palinbay :a30S

| - sezAjeuy yedw| ABojouydal

87




siaauq 110~ 1-g-ddy

‘Hoyo 158181 puE ‘epodes ‘ubisape) ‘BuIpUBSIBPUN BIEM)OS JO JUNOWE U} Suolonpel o} anp
‘sBuiaes juswdojsnep uey) sejealb aq pjnom sbujres asueusjulew se ‘sOa3 10} Auenoiued ‘eAlleAIesuU0D ale S)nsaYy

£Bojouyoey Jojesauab uoneoydde gy 186uoss 0} anp 3 J8A0 suleD

ABojouyoe) Buipue)siapun asiemyos o} enp sayjeuad Buipue)siapun aJem)jos paonpai pue
‘ABojouyoa) ainjdes ejeuoyes pue sjusweunbal o} enp ebexyesiq peonpal jeuohippe snid ‘sureb oyloads-ulewiop Jejiuls

N3
3

siojesauab uoneoydde pue ‘esnal ‘sainjosiyose Jljoeds-urewop 1HYHI 0} 8np QO 1940 sujeb yueoyubIis M ‘O

ao se awes

1m suoneoydde | HYHI 0} S108ye |[eiano ay] Jeymewos ebexeaiq eonpai |m ABojouyoey sjuewasnbai sepeg “suonedydde | HYHI
10) peau ABojouyas) Aljusuoduwiod ay} Jo awos pue (¢¢s,THi "6°e) ainjoniiselul esnal Jolaq apinoad [jim ABG[OUGI8] [EloIaWlio)

He) |

‘ao

-uoeaydde esemyos (1 HvH3) ewin-jees ‘souesnsse-ybly ‘peppaquie DOISH 004 m_m_ auljeseg

‘(4NN ‘NS ‘Wi ‘N ‘A ‘ISAV HYVHE 'dd 10 DOISH)) = 82is eAlsaya ‘i ONOD0D 4o
(sjepow 3OS 18410 PUE) || OWODOD Ul HOYe eremyos jo Jueuluueiep Arewld ey} si (0018)) 8z1S

0z 001 [¥5—6— 3—— Y—H— Q}—e— O)—B— Q0——]| 02 0

MeNAuaMN) JZIS

T e

o2l 0'st |oov [ooe 1009 0001 - unejep
SI+@>Hs+ 0 Ya|5i+ 03| 8+03 |51+ 8] 8+0) fi+00)s+ 60x}I+OOYE+ @M} +@ade+ @ aofeuleses

0071SM :3ZIS

5661
0002
mocw
0i02
5102
32I1S

3zZis
leaug

€102 ' 9002 ‘866 :OWI} 19A0 SS[RUOHEH UM SeN[eA Jeidiniy Hoy3 ¢ SI01084 8[B9S JION0D0D (eNnpiAIpY| - 1ezAjeuy 1oedw) AGojouyoa)

88




ozt

s1eAuq 110--1-6-ddy

-uolyesaydde esemyos (1 HYH3I) euwn-fes) ‘gourInsse-ybly ‘pappaque DOISH 00} © S! euljosed

“(W4NN ‘NS 'WI ‘WD ‘Wa ‘ISaV ‘Hvud ‘dd 4
(sjopow 3OS J8ylo pue) || OINODOD Ul HOYE BIEMJOS

[3—e— 3—— %—d— a¥—o— O

ool

A

- OOl.“_ 02

0 OIS} = zis 8Adeye ‘|| OWOD0D 104
j0 ueuiweiep Arewud ay) st (OO1SH) 8IS

0

S661

/

0002

T~

$002

MaNAUMN) 32IS

T~ e

0102

r

004

0'0e

ocl

0'GE |0'S)

ooy

0'0€ 10°09

0'GL_|ooY

00€

009

000}

SL1+OM

B+@®X3

S51+03

8+93 |SI+ON

8+®

L+aa)s+a i

1+@DYs+0 D)

1+®ad

+®0a0

eujjeseq

(uoneosnl pue senjea mau 1o} pajeadal) JOTSH ‘3ZIS

€102 '3 9002 ‘866 10U} JOAO SS[EUOHEY] UM SBNJeA JlidNIN HOHT B SI0I0BS 8[BIS [ONOCD0D [ENPIAPU

Si02

meu 32I1S
\nejep 3ZIS
10AMQa

| - JozAjeuy joedw; ABojouydal

89




Technology Impact Analyzer -- COCOMO-I1.1998 Aggregate Projected Driver Data and Calculations

Tech Impact Analyzer: COCOMOII-1998 Scale Factors & Effort Muttipliers -- Now, +8 & +15 years
COCOMO li data (from COCOMO |l Drivers) and calculations
Factors into future
Baseline]CD |CD [KG |KG |KD |KD |K K EDCYEDCYEK |EK
Cost- (now)|8Yr [15Yr |8Yr |15Yr [8Yr [15Yr |8Yr |15Yr |8Yr |15Yr |8Yr [15Yr
Driver 1998| 2006] 2013] 2006| 2013} 2006 2013} 2006] 2013| 2006] 2013| 2006} 2013

PREC | 3.1] 2.8| 2.5] 2.5} 2.0} 2.8] 2.5| 2.5 2.0] 2.5] 2.0] 2.5| 2.0 -
FLEX 3.2] 2.8] 2.5] 2.5] 2.0] 2.6] 2.3] 2.4] 1.8] 2.4] 1.8] 22| 1.5
RESL | 4.0] 3.5] 3.0f 3.2] 2.5] 3.2] 2.5] 3.0] 2.2] 3.0] 2.2] 2.7} 1.7
TEAM | 2.7| 2.4] 2.0] 2.4] 2.0] 2.0] 1.4] 2.0] 1.4] 2.1] 1.6] 1.8] 1.1
PMAT | 3.7] 3.0] 2.2| 3.0] 2.2] 2.8] 1.8] 2.8] 1.8] 3.0] 2.2] 2.8] 1.8

Y | 16.6] 14.5] 12.2] 13.6] 10.7] 13.4] 105} 127] 9.2] 13.0] 9.8] 120 8.1
B l1.076]1.055)1.032| 1.046]1.017}1.044]1.015]1.037|1.002} 1.040| 1.008{1.030]0.991] =0.91+0.01*Sigma
RELY | 1.16] 1.14] 1.12] 1.14] 1.12] 1.14] 1.12] 1.14] 1.12| 1.10] 1.06] 1.10] 1.06 '
DATA | 1.04! 1.01] 0.98] 1.01} 0.98] 1.01] 0.98] 1.01| 0.98| 1.01] 0.98] 1.01] 0.98
CPLX | 1.16] 1.18| 1.16] 1.16] 1.16] 1.16] 1.16] 1.16| 1.16] 1.16] 1.16] 1.16] 1.16
RUSE | 1.01] 1.05] 1.03] 1.10] 1.08] 1.05] 1.03] 1.10] 1.08] 1.10] 1.08| 1.10] 1.08
DOCU | 1.01] 0.97] 0.95} 0.93] 0.91] 0.95] 0.93] 0.92| 0.89} 0.92| 0.89] 0.92] 0.89
TIME 120} 1.12] 1.08] 1.12] 1.08| 1.12] 1.08] 1.12| 1.08] 1.08] 1.04] 1.08] 1.04
STOR | 1.08| 1.04] 1.02] 1.04| 1.02] 1.04] 1.02] 1.04] 1.02] 1.04| 1.02] 1.04] 1.02
PVOL | 1.03| 1.01] 0.98] 1.01] 0.98] 1.01| 0.98] 1.01] 0.98| 0.98] 0.84] 0.98] 0.94
ACAP | o.88| 0.88| 0.88] 0.88] 0.88] 0.86] 0.82] 0.86] 0.82]| 0.88] 0.88| 0.86] 0.82
PCAP | o.91} 0.91| o.91] 0.91] 0.91] 0.89] 0.85] 0.89] 0.85] 0.91] 0.91] 0.89] 0.85
PCON | o.8| 0.98] 0.98] 0.98] 0.98] 0.96] 0.93] 0.96] 0.93} 0.96| 0.93] 0.95} 0.91
AEXP | o.90] 0.89] 0.87| 0.87| 0.84] 0.89] 0.87] 0.87| 0.84] 0.87| 0.84] 0.87| 0.84
PEXP | 0.95| 0.94| 0.92] 0.94] 0.92] 0.94] 0.92] 0.94] 0.92| 0.94] 0.92| 0.94| 0.92
LTEX 0.97] 0.95] 0.92| 0.93| 0.89] 0.95} 0.92] 0.93] 0.89} 0.93] 0.89| 0.93] 0.89
TOOL | 1.01] 0.98] 0.94] 0.98] 0.94] 0.96] 0.90| 0.96] 0.90| 0.94| 0.88] 0.94] 0.86
SITE 0.93] 0.91] o.88| 0.91| 0.88] 0.91] 0.88] 0.91] 0.88| 0.88{ 0.84| 0.88] 0.84
SCED | 1.04] 1.04] 1.04] 1.04] 1.04] 1.04] 1.04] 1.04] 1.04] 1.04] 1.04] 1.04] 1.04
I 1.21] 0.93] 0.67] 0.89] 0.63} 0.83| 0.52| 0.81} 0.49} 0.72| 0.45] 0.68] 0.38
TinoSCED 1.17] 0.89] 0.64] 0.86] 0.60] 0.80] 0.50] 0.78] 0.47] 0.69] 0.44] 0.66} 0.36

SCED%|95.71{95.71]|95.71|95.7195.71]95.71]95.71}95.71]| 95.71]95.7 1] 95.71{95.71§95.7 1 | via linear interpolation
“SIZE Onig| 100] 60| 30| 40| 15| 60| a0| 40| 15| 35| 12| 30 10
SIZE 100] 60| 30| 40| 15f 60] 301 40f 15| 35{ 12| 30| 10
CH_PM | sos.4a] 204.55] e5.76] 124.00] 28.97) 175.65] 48.05] 108.83] 21.51] ss.66] 16.37| e8.71] 10.50
CH_PMRGSCED 48&04'196.59 63.23 119.23‘27.85 168.9046.20] 104.65]20.68|82.37| 15.74| 64.15| 10.48
CiI_PM Orig] 505.48} 204.55] 65.76] 124.00] 28.97] 175.65] 48.05| 108.83] 21.51] eses]| 16.37] es.71] 1090
Cli_M Orig 24.38] 17.96{12.41]15.26] 9.57]16.95|11.14]14.54] 8.67{13.55 8.02]12.45} 7.05|ua. 337"’?0‘”’25_?3(:‘:-9(?)1)’)3
Cli_Mof64| 12.92] 1270] 12.46] 12.60] 12.30] 12.58] 12.28] 1251] 12.15] 12.54] 12.21] 12.44] 12.04

s *SCEDW/100
«IF(
SSEMo_M24.38]17.96]12.32[15.26] 6.05|16.95| 9.21|14.54] 4.80]13.65| 3.97|12.45] 324 T, o oo
ssewo mong. | 24.38] 17.96]12.32] 15.26] 6.05/16.95] 9.21]14.54] 4.80]13.55| 3.97]12.45] 3.24]  sanT(Ci_PMnosCED),
IF(CH_PMnoSCED<64,
((CI1_Moted-4)/a8°
Cll_PMnoSCED}{(4
-16°(CIl_Mol64-4)/48),
3.67"POWER(
Cll_PMnoSCED,
(0.26+0.2°(B-0.91)))
*SCED}))

|
|
|
App-3-2-ClData
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Technology Impact Analyzer -- Individual RAD Schedule Multiplier values and Rationales over time (now, +8 and
+15 years; 1998, 2006 and 2013)
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N.1 Introduction

The . KBSA Advanced Development Model developed as part of the Rome
Laboratory’s Knowledge-Based Software Assistant effort is aimed at improving software
development productivity and software quality. The fundamental approach in achieving
the above goal is providing automated support that mediates, automates and documents all
activities throughout the development lifecycle for both individual developers and teams of
developers. The challenge is building such computer-based assistants as elaborated in the
KBSA program vision [Green et al., 1983].

The key concept to meeting the above challenge is based on the understanding that the
software development is a knowledge intensive activity. Creating large software based
systems requires knowledge of the domain (typically multi-disciplinary in nature), the
knowledge of the process context, knowledge of existing components and hardware, and
personal resources. The KBSA approach is then to provide means for capture and effective
use of such knowledge with the goal that such use of such knowledge by the stakeholders

will lead to timely production of high-quality software.

Given the above understanding, the key idea in the KBSA approach is exploiting
artificial intelligence (AI) concepts and representations to capture and use knowledge. The
different types of product specific knowledge are user requirements, system specifications,
code, test scenarios and documentation. Process specific knowledge corresponds to the
software development plans, resources and status of the project. Some major problems
here are: a) integrated usage of the knowledge [Selfridge, 1992] b) managing change and
c) managing complexity. Significant progress has been made in addressing the above
problems individually [Johnson et al., 1991; Mi et al., 1990; Smith, 1991]. The ADM
builds on such advances to provide an integrated set of concepts and tools that address the
problems within a single framework. In the following subsections we elaborate on the

problems that ADM addresses, and present our approach to evaluating it.
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N.1.1 ADM Evaluation: Approach

The focus of this report is on the analytic evaluation (via case studies) of the ADM

support concepts. The approach to evaluating ADM involves

a) Identifying the underlying representational constructs for capturing different
types of knowledge and operations and functional features based on those
constructs in the ADM framework,

b) Performing the usage analysis of such representational constructs and
features in software development, and

) Assessing the utility of the constructs and the features in terms of addressing
key software development problems and thereby facilitating software
development tasks.

Since any automation concept is targeted to address one or more specific problems

arising in the context of software development, we consider the utility assessment in the

context of following major problems that arise in development of complex software based

systems:

Managing complexity. Complexity of a large software project arises primarily from the
complexity of the problem and solution domain and associated space of requirements
and design decisions. Due to the complexity, very few stakeholders have a complete
understanding of the system. Such global understanding is critical in identifying and
resolving conflicts and interactions between decisions, developing a coherent and
integrated design, reducing risks arising from uncertainties, and evolving the system as
requirements change.

Supporting coordination. Most large-scale systems involve multiple stakeholder
communication and decision making. Such stakeholder interactions may range from
same-time same-place interactions to different-place different-time interactions. In -all
such cases, due to the dependencies between the decisions, coordination is required to
ensure proper flow of information to relevant parties.

Change management. Change is an essential attribute of all software projects. Changes
taking place in requirements and design decisions must be propagated and their effects
analyzed to determine how existing decisions are affected.

Automation. In software development there are large numbers of routine tasks that are
well understood but tedious to perform. Automating routine tasks leads to improved
quality of the design (by reducing the errors introduced by manual steps) as well
reduction in the development time. Moreover the automation of best practices can
yield significant improvement in achieving desired quality goals.
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1997].

For a complementary feature-by-feature evaluation of the ADM, see [Fawcett et al.,

N.1.2 ADM Key Ideas and Usage Model

The key ideas underlying the ADM model are:

1.

Complexity Management via abstract representations of requirements and design,
automation for process enactment, and consistency between work products via
critics. The abstract representations capture knowledge relevant to specific
concerns. The abstract processes capture knowledge on the process steps,
preconditions capturing dependencies on other steps and resources, and effect on
the product representations [Mi et al., 1990]. Critics check for constraint v_iolation,
monitor dependencies and notify via creation of tasks that resolve such violations.
Automation of best practices. This is done via critics that encode transformation
knowledge as well as knowledge on issues that arise when best practices are not
followed [Johnson et al., 1991].

Coordination support. The support is provided via critics that capture dependency

knowledge and notify the stakeholders (users) via updating the agenda of tasks.

The two fundamental modes of using ADM are i) Explicit process-driven control — in

this mode the software engineering activities are structured and managed by a specified

process, which specifies the activities, the actors and an ordering on the activities. ii)

Independent control — in this mode, the project members act independently and hence the

process remains implicit. Our evaluation study was based on a limited version of ADM that

did not provide support for the first mode.

N.1.3 Outline

To identify the ADM support features and understand their usage in software

development we first exercised ADM on two medium sized software development

problems involving automated banking services and Automating gas station services.

Section N.2 reports on the object oriented analysis (using UML) and usage models of
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ADM that resulted from such a study. Section N.3 presents the usage analysis of ADM in
terms of use-cases and sequence diagrams that elaborate the use-cases. Section N.4 asks
the questions on how effective the support concepts and functional features are for
improving software development productivity by analyzing them in the context of the
problems articulated in section N.1. Section N.5 provides our overall summary evaluation

of the ADM in terms of its potential impact on software cost and schedule.

N.2 Object Oriented Analysis & Modeling of ADM Support Elements: ADM Artifact
Meta Model

The support concepts in ADM are based on the insight that the engineering of complex
software based systems require creation and usage of different models [Rumbaugh et al.,
1991] that allows separation of concerns and decomposing the problem to manage
complexity. Moreover the models aid in expressing design .decisions and visualizing their
effects. The KBSA/ADM environment provides support for capturing and relating three
distinct models: a) Decision rationale model — modeling business cases, decisions and
rationale for them b) Conceptual model for modeling terms and requirements c)

Specification model for modeling requirements specification and design.

In a development activity the above models may be created in fragments via activity
sessions. This gives flexibility in organizing one’s work and also flexibility in structuring
the model space. ADM recognizes such a need and allows creation of sessions and
structuring sessions based on the model elements called topic types that get instantiated
and manipulated as views. The structure of interactions with the ADM environment
follows the model-view controller pattern [Krasner et al., 1988] where a model is defined

by a set of topic instances and views constitute a working view on a topic instance.
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Figure N-1: The KBSA/ADM meta-model showing the models and views created in a
software development activity and managed by ADM.

Figure N-1 shows the conceptual model of ADM captured as an UML class diagram. As

shown in the figure, a project consists of one or more session objects, a session consists of

108




one or more topic instances (of model stereotype) and a topic instance consists of one or
more views. A topic in ADM is modeled as a <<Model>> stereotype and a view is

modeled as <<View>> stereotype in UML.

The complexity of providing tools that aid in capture and management of the above
categories of models (the topics) is addressed in ADM by a divide and conquer strategy.

The ADM support system is a composition of the following tools:

e RASE - for creating and managing the requirements model elements as well as
discussion topics,

e ALE - for graphical capture and evolving of the object oriented specification models,
and

e IPSE - for graphical capture, editing and enactment of process plans.
The following subsections model the key view specific representation constructs in ADM

as first class objects and describe the operations on them relevant to capture of the
knowledge.

N.2.1 Requirements Document

The requirements model is informally captured as a set of sentences in English and
represented in a trée structured format. The tree-structured format allows two distinct
views of the requirements model: a) Hyperdocument view, and b) Outline view or
taxonomy view. A metamodel of the requirements model is shown in Figure N-2. The
metamodel is represented as a package consisting of two elements that model the normal

outline view document and the hyperdocument view. The meta-model shows the key

operations.
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Requirements Document

requirements

RyName |
Qedi() .~ | document

{browse()
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\
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romalview outline-view
. transform
Sexport-b-s pecificatibn(doc) $shifi(eft_right)
{export-b-discussion(doc) | <move(up_down)

Figure N-2: The requirements document model artifact and the views associated with the
model formalized in UML. '
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N.2.2 Discussion Artifact

Figure N-3 shows the discussion artifact model consisting of the root class called
'discussion node' that gets specialized by the ‘Argument’, ‘Issue’ 'Position’, 'Decision’,
'Requirement’ and 'Assumption’ classes. All classes have two attributes - the discussion
element 'name' and 'description' for capturing the content of the element. The key

operations supported by each class are for creating links between the discussion nodes in a

Discussion

dscussionNode
@Name
&yDescription

Osetas_source()
Osetas_destination()

3
k% AN

assumption N

Screate link () ‘
vaves

support

/
' resolves

decision

Figure N-3: The discussion model showing the discussion artifacts and their relationships.

discussion fragment instance as well as 'Create ObjectLinks (hyperlinks) to other artifact

instances.
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N.2.3 Specification Artifact

The specification artifact model (the specification package) in Figure N-4 shows the
structure and behavior of the artifact. The structural elements in a Specification are a)
‘package’ with attribute Name and methods ‘Create Package’ and ‘Create Relation’ and b)
class diagram The package ‘Package Diagram’ contains class ‘Class Diagram’ which in

turn has various methods like ‘Create Method’, Create Attribute’ etc.

Specification
’ re ation——
<<Vbw>> :
package-dia gram
EyName _adage
o
Qcreate fkg) Epname
QOcreate-ehton(pub_private) /
Qcreate-obct-nk§ aurce, target) /
Sedit)) patl-d
/
<iew>>
chss-dagm class
ame : strng

Screate-relation(re guhr-camposie) < &pabstract : bookan

QOcreate-method() dar : book
Screate-object-Ink(souce, target) Eoregular : bookan

Figure N-4. The specification model for capture of the abstract design knowledge in terms of
packages and classes.
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The ALE tool in the ADM prototype provides support for package and class diagrams. The
package and class representations supported in ALE are a limited form of the UML
concept. A package is used as an abstraction of a group of classes. In the ALE diagrammer,
lines between class objects are used to represent inheritance relationships. The ALE
diagrammer also allows capture of composition relation where a class is an aggregation of

two or more objects.

N.2.4 Critics

ADM provides expert knowledge based assitance via critics. Critics encode design
knowledge that are used to check for integrity of the representation created by the user
(directly or indirectly via application of tools such as compilers). For example, if a class is
deleted and the corresponding associated relationship is not deleted, the ALE critic sends a
message to the KBSA session manager. The session Manager then adds a resolution to the
process plan that requires the user to either delete the dangling relationship or add the class

back again. The following are major types of critics supported in ADM:

e Content critic — evaluates the package for its correctness (primarily syntactic checking).
e Task completion critic
e Cohesion and coupling critic

ADM currently does not provide any capability to develop new or edit existing critics.

N.3 ADM Use Case Analysis

ADM can be used to support specific tasks in the software life cycle. A functional
evaluation of the ADM concepts and support tools can be performed via use-case analysis
[JAC92]. Figure N-5 shows the use-case diagram that captures the relevant usages of the
ADM system, their inter-relationships and relationships with the end actors (or users). The
following subsections elaborate on each of the use cases and model them using sequence
diagrams. The sequence diagram captures the relevant view (e.g. discussion) specific
support element and the operations performed. Given such a model that provides a

detailed view of each use-case, it is then possible to evaluate how each operation is
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supported effectively as well as the reduction in the effort involved in performing the
specific task. We consider the requirements engineering and design of an ATM for a bank
system in describing the models. Moreover in describing the scenarios we consider actions

at the conceptual modeling level as opposed to specific menu choices and button clicks.

Requirements
Refinement

User
Link&Browse

uges
Requirements
Restructuring

Require‘me nts
Feasibility & Design

v

Designer

uses

Developer

Proces s Driven Requirements
Elaboration and Design <

Figure N-5. Usé case diagram showing the possible usage of the ADM tool
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N.3.1 Requirements Refinement — Discussion Driven
In the initial phases of the software development life cycle, the requirements identified in
the requirements document may need to be refined through discussion and design. Figure

N-6 shows the ADM artifacts involved in the requirements refinement process when

developing the requirements for the ATM bank example.

Discussion Requirements
Newissue: -24hrs banking
-User ldentficaton > | -Distributed ATM
Positon
- Provide cusomer with ‘ATM Card’. 4

[4
4
refines
'I

Requirements
-24hrs banking
-Distributed ATM
- User Identification: ATM-card

Figure N-6: ADM artifacts involved in requirements refinement.
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The detailed scenario of the interaction between the artifacts is described by the sequence

diagram in Figure N-7.

' ‘ : Discussion<<View>> ‘
| +
4

:User ‘ i : Hyperdec< <View>>

1: Reg=Automated

Banking >
2: Export as Issue : ‘
> i
? I 3:issue=24hrbanking !
; ‘ >
| | |
1 4: Explore i < 5 capt
‘ e \ > . capture
1 Positins E ‘ position=ATM
| , | & Bank
6 Explore Argumert ! ‘<—J
| & Decide ; >
8: Add refirement: | | I
ATM service -~ |
> =
7: Capture Argumert
' & Decision

|
i
!

!
!

Figure N-7: Sequence diagram showing the artifact interactions and user actions in
requirements refinement.

As can be observed from the sequence diagram, the core (or minimum) set of steps
involved in the refinement activity consists of the user: a) exporting a requirements
document artifact as an issue, b) navigating the discussion graph, c) exporting a discussion

artifact (chosen position) as a refinement to a requirement document.

N.3.2 Requirements Restructuring

Discussions on requirements may create arguments and decisions that lead to restructuring
(evolution) of the requirements. ADM facilitates such as a process by providing
representations and operations to capture the in-process artifacts. Figure N-8 shows the

ADM views created and their relationships explored in such an activity.
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Db cussion
Issue: Distribute ATM
Argunent:
Present resources won’t permit the Requirements
implementation of ‘Dstrbued ATM’
Position: -24hrs banking
Mark the ‘Distribute ATM’ as non- -Distributed ATM
implementable

™ d

Requiremen ts

-24hrs banking
-Distributed ATM ( NotImplemented)

Figure N-8 : The ADM artifacts supporting capture of in-process knowledge when doing
requirements restructuring.

The basic scenario involves the following sub-steps:
e Capture the issues

e Mark the issues that cannot be implemented

o Navigate to the requirement document to identify the requirements that raised these

issues
e Mark the requirements as Non-Implementables.

e Link the marked requirements to the argument objecting the position in discussion

view
N.3.3 Requirements Feasibility Analysis via Design

In the initial stages of requirements decision making, feasibility of some of the

requirements decisions need to analyzed to avoid costly backtracking. The requirement
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feasibility analysis can be focused by the discussion, which identifies those elements in the

requirements whose feasibility is of concern to specific stakeholders. Figure N-9 shows the

ADM artifacts that aid in capture of the artifacts considered during the activity.

Discussion

/l position |

New issue: 1Sue
- feasability of automati on

Position

- Automation of ransaction: withdrawal

k

Requirements

-Provide Automated Services

Figure N-9: The ADM artifacts involved in requirements feasibility analysis via design.

> -Manage Accounts
- Transact on support service
7A
4
4
4
[
r
4
"
Specification
-Packages
- Transaction’ &
<
- ‘Manage Accounts . . Manage
. ramsacta Acds

Transaction Classes :
- Withdraw al
-Depost

-Inquiry

/

[iposit] ----

Manage Accounts:

-Checking
-Savings

A typical scenario elaborating the steps involved in such an activity is shown in Figure N-

10. The key steps here are:

Capture the Issue (I) (whose body specify the requirement).
Capture the position (of the form “realize using position x”).
Map requirements to specification

Elaborate the specification

Map results of specification modeling to discussion
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:User : : Discussion<<View>> = . : Specification<<View>>

1: Add issue Automate
Bank Transaction -~

] 2: Explore ! |
i M i . o i

] Posttions >j 3: capture position= Automate
| Withdraw transaction

| 4:Addissue = Feasbiity < |

v._ .

| of Automation >;

: 5. Design: Create ]

] Package=Withdraw™ ,
‘ 6: create class |
: i specification >i
|

| 7: Explore Argument ! |
i |

;_._& Decide >
|
1

8: Capture Argument
| & Decision
|

!
{
I
!
|
|
f

Figure N-10: The sequence diagram elaborating the feasibility analysis usage of ADM.

N.3.4 Position/Option Exploration

In this activity, positions introduced in the discussion process get analyzed via
specification creation. ADM supports capture of the discussion elements the specification

elements involved in the activity as shown in Figure N-11.
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Specification

Di .
Package: Package Issies: iscussion
SwipeCard_ Insert Card d———————Pp| -Mode ofusage of ‘ATM Card’
Reader Reader ..
= Position:
-Swiping
-Insertion

Figure N-11: The ADM artifacts participating in capture of knowledge that support

position/option exploration via specification analysis.

A scenario for such an activity would involve:

e Create an issue
e Capture discussion on an issue and the (multiple) positions pertaining the issue

¢ Create package diagram for each position and class diagram model of the position
e Link individual package to a position

N.3.5 Linking and Navigation

The Object linking capability, which provides the feature of traceability is provided in the
KBSA/ADM. The following sequence of steps illustrates the navigational capabilities.

Linking :
e Create any two views such as 'hyper document' and ' discussion'

e Select any entity as source in one view and as target in the other view -
e Create object link

Navigation:

e Select one of these views such as 'hyper document'

e Click on the entity which is set as link
o Other view, which is 'discussion' is popped up, as it is linked to the clicked entlty of
the 'hyper document' view

The navigation is bi-directional. It can be done from any of the views to the other views.

Figure N-12 schematically shows the creation of the links between an artifact in the
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discussion view (Issue = 24hrs banking) and an artifact in the hyper-document view

(Requirement = necessary to have 24hrs banking).

Discussion Hyper-document
Create node: |
-It's necessary to have 24 hrs
-Issue — 24hrs banking banking *
* ' (Linked as saurce)
(Linked as target)

Figure N-12 : Linking elements in the discussion view with elements in the hyper-document
view.

N.4 Evaluation of ADM: Effectiveness and Utility

The evaluation of ADM was restricted only to the tools for capture of requirements and
design representations. We were unable to run and exercise the process capture and
enactment tool. The key strategy in our evaluation effort was to exercise the toolset as a
whole as opposed to just evaluating each tool independently. The basis for such a strategy
was a) most of the tools were independently developed outside of the ADM project (e.g.
REMAP [RD92]) and hence have been evaluated in the course of the research performed
on the tool. b) scalability and applicability to engineering of complex software systems that
involve multiple stakeholders require coping with such concerns as complexity
management, interoperation between the representations, coordination, sharing of models
and workflow. We assumed that the primary leverage of ADM concepts and support was
in providing such capabilities via integration and evolution of an existing set of

components that provided specific capabilities.

The above evaluation goals were achieved in two steps: a) Understanding the
representational constructs underlying each tool and the integrated usage of the constructs

to support various software engineering activities — such analysis provided a measure of
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the effectiveness of the representational constructs, and b) Exercising the ADM tool in

requirements engineering and design of medium size systems such as the ATM for a bank

and automated gas pump. The objective of the exercise was to evaluate the utility of ADM

in managing complexity of medium sized projects. Below we list the observations made

from conducting the evaluation study.

Evaluation of ADM framework and integration concepts independent of the context

of Usage. The ADM approach to integration of components based on the model-view

controller architectural style has several advantages and matches very well to support

the requirements for scaleable distributed software engineering. The key observations

arc:

a)

b)

d)

Management of complexity. The concept of working in a session characterized
by first class view objects managed and controlled by view representation specific
tools (the IPSE, the ALE, etc.) makes it possible to effectively capture and manage

knowledge relevant to specific software development concerns.

Flexible evolution. The style also allows flexible evolution by allowing other

view specific components to register and make updates to the model.

View integration. The concept of a view in such an approach is to be
distinguished from a database view where the view corresponds to a model of a
query to the database. The model in the ADM is just the composition (or union) of
the views. A major problem in such a multiple view driven software development is
ensuring global integrity across the views. The concept of critics could serve an

useful role here but ADM fails to effectively exploit such a concept.

Persistence management and non-intrusive model update. The use of the
object persistence feature provided by the object-store management system and the
concept of change in view to be propagated to the model is very effective in non-
obtrusive propagation of change in the view to change in the model. The user does

not have to take extra steps to save changes to the model.
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€)

Asynchronous collaboration. The nature of collaboration supported in ADM
is primarily process driven. A major weakness of ADM is that it does not provide
means for product representation driven asynchronous collaboration. The weakness
can be addressed by providing stronger support for critics that add specific
collaboration goals based on the product models created or changed asynchronously

by the individual stakeholders.

e Evaluation of ADM tools: Editors for Knowledge Capture, Linking and

Transformations. The ADM concepts and framework can be understood and evaluated

from the viewpoint of software design and development as knowledge-based

debugging. The project deliverables are generated via model editors. In such a

conceptualization, the evaluation of ADM is based on evaluating the high-level editors

for capture, linking, transformation and management of models of the product

manipulated in the early phases of the software life cycle. The utility of the individual

view specific captured models can be seen from the ADM use-case analysis (in section

3) that shows how changes and refinements in one model can be used to focus changes

in another view. The key evaluation results are:

H

g

Hyperdocumentation. The major goal of the hyperdocument editor is to
provide constructs for capture of loosely structured documents, with links that
enable the user to navigate to various other project deliverables. The ADM
environment provides a limited editor in terms of kinds of hyperdocuments and
their structuring. The linking capability provided by ADM is very strong. Given the
current progress and acceptance of standards for hypertext based on HTML (and
XML), a major concern is compatibility of ADM hyperdocument representation

with such standards.

Rationale Capture - documentation. The discussion view (based on REMAP
[Ramesh et al., 1992]) provides an effective means to graphically capture rationale
fragments. The graphical approach makes use of icons and is very easy to use. One
major problem is the complexity of book-keeping of such rationale structures

resulting from the expressivity of the rationale representation ( too many node
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types and relations). Developing automated support for propagation of change and
dependency structure analysis based on such representations and that scales-up is

very difficult.

h) Design Representation. The goal of the design representation is to capture
design specifications that can be automatically transformed into C++ code. This is a
very difficult task. The ALE representations used to capture specifications is very
limited and supports generation of only C++ header files. Current technologies
(Rational Rose, Visual Basic, Visual C++) have made significant progress in code
generation from high-level object models and interface specifications. The
challenge is providing automated assurance of global requirements or properties

without compromising scalability.

e Evaluation of ADM tools: For analysis. A major weakness of the current ADM
support framework is the lack of tools for analysis of the software views and models
being captured in the representations. There is very little analysis via the use of pre-

defined set of critics.

N.5 Summary Evaluation of the ADM

1. The ADM environment framework has good technical concepts (model-
view controller architecture; process-driven environment; persistent object
base).
2. These concepts have several critical issues regarding the feasibility of
their use on large, complex projects (scalability; overconstraining people-
collaboration processes).
3. The ADM was not fully-enough implemented to resolve these issues. |
4, Much of the ADM has been overtaken by commercial technology (e.g., \
Rational Rose). ‘
5. The ADM has some good concepts such as the use of critics for }

software project decision assistance or conceptual debugging.
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For the foreseeable future, KBSA technology will have more impact on
software project costs and schedules if pursued in terms of specialized tool
enhancements of commercial environments (e.g., domain-specific application
generators; critics or software project decision aids), rather than in terms of

alternative environments.
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Appendix:

Screen shots of the usage of ADM in the ATM banking example.
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O. Appendix 5. Technology Impact Analysis Tool

Téchnology Impact Analysis Tool

A. Winsor Brown
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0.1 Tool Overview

A multi-sheet Excel Workbook has been developed to show the impacts of the COCOMO II and
CORADMO drivers projected over time and technology-type on a selected domain's typically
sized application. This spread sheet model is named "Technology Impact Analyzer" or TIA for
short and has the file name TIA.xls. The sheets include an overview and sheets for the
COCOMO-I1.1998 , COSSEMO and CORADMO drivers, data and their impacts.

The overview sheet includes abbreviations and descriptions of the other sheets on the first page,
Figure 1. ‘

Techonology Impact Analyzer Abbreviations R S D
. D= Commercial technology and DoD generalpractice T Cl-CoCoMoll1998 ...
) KBSA- Knowledge Based Software Assistant’ - SF='ScaleFactor EM:=: Effort Multiplier
. KG=  KBSA Applications Generators, mcludmgKB domaln engmeenng[-CD] _____ ' RAD= CoRADMo (schedule & effort)
KD= KBSA Project Decision Support (SE declsmn assistant concept) (+CD) :  SM="Schedule Multiplier
K= BothKG&KD . PM=Person Months
_: E=EDCSor Euolutlonary Dellverg of Complex Soft M:: Months

© _EK='both EDCS & KBSA [KG & KD) i FsPs’ FuI!tlmeSoftwarePersonnel

EHART=: Embedded, High Assurance, Real Tlme [baselme apphcatlon domaln] E-_ Staged Schedule and Effort
Incepstion E-Elaboratlon C-Construcuon

Sgse[m_s.”” BT

The Techonologg Impact Analgzer \»‘orkbook has several worksheets coveting
{ Technoloy Impact Analyzer Overview Sheet ("TIA" tab): This sheet with
1. Abbreviations and worksheet overviews
. 2. :COCOMOII-1998 Calibration values and ranges ) i ) .
OCDMDII 1998 Scale Factor & Effort Multiplier Drivers : o
_ COCOMOII-1398 Scale Faclor & Effort Multiplier | Drwers prqected over time ["CII Drivers" tab]
; ‘ Individual parameters displayed with default and newfcurrent numeric values, and graph of current ualues
COCDMOII 1998 Scale Factor & Effort Multiplier Data ("Cli Data” tab)
‘Parameters organized in a compact, single page for review, along wnth schedule & e"ort calculatlon
2 i Calculates effort according to the COCOMOII-98 rules and schedule according COSSEMO rules
B [dxfferent schedule formulas for three ranges of months--Oto 16; 16 to 64, and 64 and up]
CCICCIMDII 1998 Effort and Schedule impact ("CH Impact”™tab} ! . P
. Displays the Effort & Schedule impacts that result from the dnuer ualues change over nme ,,,,,,,,
CDSSEMO Stage {Inception, Elaboration and Construction) percentage distribution of Schedule and| Effon ["SSE % tab]
1. :input of inception, elaboration and constrution stages’ schedule and effort percentages ©  ©
2. :Chart of distribution of schedule and effort impacts on the current COCDMO lcalculations - T
CORADMD Schedule and Effort Multipliers Projected Over Time for KBSA Evaluator R T
_; CoRADMo Drivers projected over time ("RAD Drivers”tab) o
Individual parameters displayed with default and newfcurrent numerlc values. and graph of current values. u
CoRADMo Drivers projected over time (“RAD Data”tab) ;
1. ‘Parameters Organized in compact single page for review
: 2. : Calculates effort, schedule & FSP according CORADMO rules after dlstnbutlon of eifort & schedule per COSSEMO rules,
» CoHADMo Schedule and Effort Multipliers Impact ("RAD Impact” tab)
Flnal Results -y  Displays the Effort, Schedule and FSP impacts that result from the drwer ualues change over tlme

[1»  MIN\TIA 7. Cll Drivers £ CII Data £ CII impact £ SSE % £ RAD Drivers £ RAD Data £ RAD Impact ,{i 4{
Figure 1. TIA Abbreviations and Sheet Descriptions
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On the second page it has the COCOMO-I1.1998 calibration values and ranges for reference,

Figure 2.
The following COCOMOI| 1998 Calibration data is include to assist the user in determining
appropriate ranges and increments for parameters in the KBSA Evaluator.
Average & Standard Deviation Ratings

Mean's
Cost Relative] Std. Cost | )
Driver [ Mean]Rating Devy. Driver YL L N H YH XH
PREC | 3.06|N.53x| 162 PREC 82 498 372 248 124 0
FLEX | 3.15|]L.89% | 1.08 FLEX 507 405 304 203 101 [
RESL | 397|N.18x| 143 RESL 707 6565  424¢ 283 141 0
TEAM| 27|N.54x| 1.05] |TEAM| 548 438 3290 218 1.1 0
PMAT| 3.72|N.62% | 149 |PMAT 78 624 468" 312 158 0
RELY | 1.06|N+60x| 003] |RELY 082 092 :
DATA | 1.04|N.29%| 014 DATA | - 09
CPLX | 118|N+84x| 0.18 CPLX 073 087
RUSE | 101{N-14x| oos| |[RUSE |  ~ 08
DOCU | 101}N+9%x | 007] |DOCU| 08t 091
TIME | 1.08|N.73x| 012 TIME : i
STOR | 1.03[N.60x | 009 [STOR
PYOL | 1.03|N.20%| 0.12 PyOLl | 087
ACAP| 083|N.80x )| 011] |ACAP 142, 119
PCAP | 081|N+75x | 003 |PCAP 134, 115
PCON| 098{N.20x | 008f |PCON 128" 112
AEXP | O09[N.83x| 008 |AEXP | 122 11
PEXP | 095|N.56% | 008 PEXP | 113 108
LTEX | 097{N+33x| 008 LTEX
TOOL | 101{L.89% | 008 |TOOL
SITE | 093]1H | 007] |SITE
sce | aolL.7i | onl [scen |

Ratingintermsof - . ... ...

.. - driver level value
plus percentage to
next driver leve!

Figure 2. COCOMO-II.1998 Baseline Values

0O.1.1 COCOMOH-II Drivers, Calculations and Impacts

There are three sheets in this grouping. The first, "CII Drivers", has the current projected scale
factors and effort multipliers drivers over time and allows for changing the default values to their
new values. The second, "CII Data", aggregates the driver data and does the COCOMO 11
calculations. The third, "CII Impact", has graphs showing the effort and schedule impact of the
COCOMO-II.1998 drivers projected over time.

0.1.2 CoSSEMo Schedule and Effort Percentage Distributions per Stage

This sheet, “SSE %”, allows the input of percentage distributions of effort and schedule to the
various stages, Inception, Elaboration, and Construction, as required for the COCOMO II Staged
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Schedule and Effort Model (COSSEMO). The impact of these distributions on the
COCOMO-I1.1998 baseline results is shown in the chart at the end of the worksheet.

0.1.3 CORADMO Drivers, Calculations and Impacts

Like the COCOMO-II.1998 sheets, there are three sheets in this grouping. The first, "RAD
Drivers", shows the new or default projected drivers over time. The second, "RAD Data",
aggregates the driver data and does the CoORADMo calculations. The third, "RAD Impact”, has
graphs showing the resulting impacts of the CoRADMo drivers projected over time when
applied to the corresponding COCOMO-I1.1998 results with the COCOMO drivers projected
over time. At the end of the page of the "RAD Data" sheet are the summary calculations for
totals of schedule and effort across stages allowing comparison with the results of
COCOMO-II.1998.

0.1.4 Technical Impact Final Results

At the end of the "RAD Impact" worksheet, following the nine RAD impacts by stage charts, are
the summary charts for effort and schedule by technology over time that result from the
COCOMO-I1.1998 and CORADMO driver changes over time. The effort and schedule results
are generated by adding the effort or schedule, respectively, for either all three stages or just for
the Elaboration and Construction stages.

0.2 CoCoMo 1I Drivers, Calculation and Display of Impacts

The three sheets in this grouping show the driver data, COCOMO-I1.1998 calculations, and the
impacts of the projected drivers over time and technology.

0.2.1 CII Drivers — Display, Modification and Rationale

"CII Drivers" shows all of our assessed values for each of the scale factor or effort multiplier
drivers, projected over time and technology, and our rationale. Each page of this worksheet has
the current projected COCOMO-I1.1998 drivers, both scale factors and effort multipliers, over
time and allows for changing the default values to their new values. The rationales for the
default settings of the drivers are included; they should be modified when “new” values are
provided. Figure 3 shows the scale factor PREC’s information.
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PREC: Precedentedness

Driver Baseline [CO@-ZCD@+1 KG@»S(G@J'KD@»E‘(D@JE K@+8 |K@+15| E®@+8 [E@+15|EK@-SEK@+15 .
PREC default  306] 280] 250f 250 200 280] 250 250 200{ 250] 200/ 250 2.00
PREC new

2015

'0‘\ PREC CurrentNew
2010

AN
N\

A0 A 124 F 3 2.48& A 372 A 495 A B2
1395 EH T H Y H T N T -L T AL
0.00 1.00 200 300 4.00 5.00 6.00 7.00

|-—cn—a—|<a —0—KD ——K ——E ——EK 4 sr[

CD: 'Some gains due to better general understanding of EHART domains, but not large’ ~~ ©

KG: Solid gains due to stronger domain understanding and technology, but offset by contlnumg
..heed for more advanced systems e

KD:  No additional domein geins over €D | L. ..

K SemeaskG . |

i{E: No additional domaln galns over KG

EK: SameasEandK :

Figure 3. PREC’s Driver Entry, Modification and Display

The default and current values of the driver, projected over time and technology, are shown in a
small table above the chart of the current values. The last row of this table accepts the input of
new values of the driver, projected over time and technology. The chart below the table shows
the driver’s current values over time for each technology combination. The data points on this
graph change when new values are entered.

Since each value of a driver should have a rationale, the rationales for the default values (our
assessed values) are shown below the chart. The area below the rationales for the default values
allows the input of additional or modified rationales.

0.2.2 CoCoMo I Calculations

"CII Data" has the current assessed COCOMO-I1.1998 drivers, both scale factors and effort
multipliers, organized in a compact, single page sheet along with the calculations of the
COCOMO II effort and schedule. The calculations use the COCOMO-I1.1998 model equations
for effort and schedule, and then applies the COSSEMO equations for schedule (different

schedule formulas for three ranges of person-months of effort: 0 to 16; 16 to 64; and 64 and up).

Each column of the table performs the full set of COCOMO-II calculations for a particular year
and technology-type combination. The worksheet is shown in Figure 4.
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Tech Impact Analyzer. COCOMOII-1998 Scale Factors & Effort Multipliers -- Now, +8 & +15 years

ICOCOMO Il data (from COCOMO |l Drivers) and calculations
Factors into future ! |
Baseling CD CD KG KG KD KD I[K K EDCSIEDCSEK |EK

Cost-Driver|(now) {8Yr 15Yr |8Yr 15Yr |8Yr 15Yr |8Yr 15Yr |8Yr |15Yr |8Yr |15Yr

1908| 2006/ 2013| 2006/ 2013| 2006| 2013| 2006, 2013| 2006| 2013| 2006| 2013
PREC 3.06 28 25 25 2 28, 25 25 2 25 2| 25 2
FLEX 3.15 28 25 25 2 26| 23 24/ 18 24, 18 22| 15
RESL 3.97 35 3 32| 25 32| 25 3| 22 3 22| 27 1.7
TEAM 2.7 24 2 24 2 2| 14 2, 14 21 16 18 11
PMAT 3.72 3 2.2 3] 22 28, 18 28/ 1.8 3| 22| 28 138
T 166] 145 122| 136| 10.7{ 13.4| 105 127 92| 13| 98 12| 8.1
B 1.076| 1.055| 1.032] 1.046|1.017{ 1.044|1.015] 1.037| 1.002| 1.04| 1.01] 1.03} 0.991
RELY 116] 1.14] 1.12] 1.14] 112] 1.14] 1.12] 1.14] 112 11} 1.06] 11| 1.06
DATA 1.04| 1.01] 098] 101 098 1.01| 0.98 1.01] 098 1.01| 0.98 1.01] 0.98
CPLX 116/ 1.16| 1.16] 1.16] 1.16] 1.16] 1.16] 1.16] 1.16| 1.16] 1.16] 1.16] 1.16
RUSE 1.01f 1.05| 1.03 1.1] 1.08; 1.05/ 1.03 11| 108 1.1 108 1.1 108
DOCU 1.01] 097 095 093] 091 095 093] 092 0.89 092| 089 092 089
TIME 12| 1.12] 108 1.12] 1.08] 1.12{ 1.08) 1.12| 1.08 1.08 1.04] 1.08] 1.04
STOR 1.08) 104 102 104 1.02] 1.04| 1.02| 1.04] 1.02] 1.04] 1.02| 1.04] 1.02
PVOL 1.03] 1.01] 098/ 101 098 1.01| 0.98] 1.01 098] 098 094, 098 0.94
ACAP 08s8| 088| 088 0.88] 088 0.86| 082 086/ 0.82 0.88) 0.88| 0.86 0.82
PCAP 091 091 091 091| 091 089} 0.85 089 085 0.91 091 089 0.85
PCON 098] 098] 098 0.98 098 096/ 093] 096/ 093] 0.96/ 093] 095 0.91
AEXP 0.9/ 089 087 087 084 089 087 087 084 0.87| 0.84| 087 0.84
PEXP 095/ 094] 092] 0.94] 0.92| 0.94] 092 094 092 0.94| 0.92] 094 0.92
LTEX 097/ 095 092 0.93 089 095 092 093 089 093] 089 093 0.89
TOOL 1.01] 098 094 098 094 096 09 096/ 0.9 094 0.88 094 0.86
SITE 093] 091/ 088 0.91 0.88) 0.91 088 091 088 088/ 0.84 088 0.84
SCED 1.04] 104] 104 1.04] 1.04] 104, 1.04) 1.04] 104 1.04| 1.04] 1.04) 1.04
I1 121 093] 067/ 0.89 0.63] 083 052/ 081 049 072| 045 068 0.38
[InoSCED 1.17| 0.89] 0.64] 086/ 0.60] 0.80{ 0.50| 0.78| 047| 0.69 044 066 0.36
SCED% 9571| 95.71| 95.71| 95.71/95.71| 95.71/95.71| 95.71| 95.71|95.71/95.71| 95.71| 95.71
SIZE Orig. 100 60 30 40, 15 60| 30 40 15| 35 12 30 10
SIZE 100 60 30 40| 15 60 30 40 15| 35| 12 30 10
Cl_PM 505.48| 204.55| 65.76| 124.00|28.97| 175.65| 48.05| 108.83| 21.51|85.66|16.37| 66.71| 10.90
Cl_PMnoS 486.04| 196.69| 63.23] 119.23]27.85| 168.90| 46.20| 104.65| 20.68|82.37/15.74| 64.15| 10.48
ClI_PM Orig 505.48| 204.55| 65.76| 124.00| 28.97| 175.65| 48.05| 108.83| 21.51|85.66|16.37| 66.71| 10.90
Cll_M Orig| 24.38] 17.96| 12.41| 15.26| 9.57| 16.95 11.14| 14.54) 8.67|13.55 8.02 1245 7.05
Cli_Mofé4 | 12.92| 12.70] 12.46{ 12.60|12.30| 12.58|12.28| 12.51| 12.15/12.54/12.21| 12.44| 12.04
SSEMo_M| 24.38! 17.96| 12.32| 15.26| 6.05] 16.95| 9.21| 14.54| 4.80/13.55 3.97| 1245 3.24
SSEMo_M| 24.38| 17.96] 12.32] 15.26| 6.05| 16.95| 9.21| 14.54| 4.80/13.55| 3.97| 1245 3.24

Figure 4. CII Data Worksheet
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In the sheet the following non-driver abbreviations, in their order of appearance, are used.

Abbreviatio | Meaning Abbreviation Meaning

n

b3 Sum of the scale factors ClI_PM COCOMO-II.1998 effort

B The exponent for effort calculation CII_PMnoSCED | COCOMO-I1.1998 effort without SCED

I The product of the effort multipliers CII_PM Oirig. COCOMO-I1.1998 effort using default
drivers

IInoSCED | Effort multiplier’s product without SCED | CII_M Orig. COCOMO-I1.1998 schedule [Original]

SCED% The schedule compression percentage. CII_Mof64 COCOMO-I1.1998 schedule at 64 PM

SIZE Orig. | The original (default) SIZE value SSEMo_M COSSEMO schedule in months

SIZE The current SIZE value SSEMo_M Orig. | COSSEMO schedule using default drivers

0.2.3 COCOMOII-1998 Effort and Schedule Impacts

This work sheet displays the Effort & Schedule impacts that result from the driver values' change
over time and technology. The impacts are shown in both tabular and chart form, with the chart
always reflecting the “current” values of the drivers. An example is shown in Figure 5.

~ Effort: " Bazeline CD®+8 |CD@+15| KG@+8 | KG@+15] KD@+8 [ KD@+15] K@+8 | K@+15 | E@+8 | E@+15 | EK@+8 bzx@ns
Orig. PM:(EC) S05.5| 204.6] 65.8| 1240| 28.0f175.7| 4801088 215| B57| 164| 667 109
 PM (eC) 5055 2046] 658|1240| 290|1757| 480[1088[ 215| 857 164| 667| 109
205

(K\ Development (E+C) Effort
- &\\
2005
2000

—=—CD —8—KG ——KD —¢—¥ ~—t+—F —o—EK
1993 T T v T T

o0.0c 100.00 200.00 300.00 400.00 500.00 600.00

Figure 5. COCOMO-11.1998 based Development Effort Impact Example

The table above these charts shows the calculated results based on the default driver’s values and
the updated values based on the “new” values of the drivers. Where there are multiple
calculations that might provide useful information, those intermediate results are also shown, as
in Figure 6.

134




Schedule
Cl's M Orig

2015

2010

2005

2000

1995

Bascline] CD@+8 |cD®+ 15| KG@+8 | KG@+15] kDE+8 [KDE@+15] k@48 | K@+15| E@:s | E@15 | EK@8 |EK@+15
244| 1801 124 153 96| 1689| 11.1]| 145 87| 135 80| 124 70
ssem-orie (EC) 244 180] 123] 153 61| 1689 92| 145 48] 135 40| 124 32
SSEM (EC) 244| 180 123] 153 61] 169 92| 145 48] 135 40| 124 3.2
W Development (E+C) Schedule
——— D —8—KG ——HKD K
5.00 10.00 15.00 20,00 25.00 30.00

0.00

Figure 6. COCOMO-I1.1998 based Development Schedule Impact Example

Here, both the original COCOMO-I1.1998 set of calculations and the COSSEMO-based set of
calculations are shown. Again, the final row’s values will contain the results based on the
“current” driver values, and thus may have changes anytime there is input in the “new” row of

the drivers.

0.3 COSSEMO Distribution of Schedule and Effort per Stage

There are two parts to this worksheet: 1) Input of inception, elaboration and construction stages'
schedule and effort percentages; and 2) Chart of distribution of schedule and effort impacts on
the current COCOMO II calculations.

Input of schedule and effort percentage distributions per stage, Inception, Elaboration, and
Construction, is required for the COCOMO II Staged Schedule and Effort Model (COSSEMO).
| To help visualize these distributions, their impact on the COCOMO-11.1998 100K EHART
| baseline is displayed in the chart at the end of the worksheet. Figure 8 shows the entire content
i of this worksheet.
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Staged Schedule and Effort Percentages

% Effort 14 _a {{% Effort 28 ﬂ % Effort 72
Inception j Elaboration X _JConstruction
cepr off defalz= I Lok o defoukzz 2R Con o defn- 22
%Schedule 40 ___;_] %Schedule 40 :A:‘ %Schedule 60
Inception 4 ~>_J{Construction
A Sohed defaun?ss | Elak sohed defouts 46| Con soh defs- &7

Neodrapickup chanqudrofs

The following chart shows the distrisution of effort and schedule on the default baseline CoCoMo Il values.
Itis important because the RAD-driver multipliers have different effects on different stages.

300

250 » -
w 200 o= s e e e e e e e e e
g L 2l et edi ey infiefieidie il Gttt k3
w150
S
@
2 100

5.0

D.U x L x T .l 1 T .- T

0.0 5.0 10.0 15.0 200 25.0 30.0 350 40.0
Months
—»—Inception ——s—-Elahoration —s—Construction --a--Aave —o—CH_P

Figure 7. Staged Schedule and Effort Distribution.

The values of the Inception and Elaboration percentages for schedule and effort are adjusted by
clicking on the up/down arrows (spinners) shown to the right of their values. The current values
are displayed in bold, along with the corresponding calculated values for the Construction stage.
The default values for all the percentages are shown in italics.

The chart that follows the input area shows the impact of the distributions on the calculated
baseline results. Since COCOMO-I1.1998 only calculates the effort and schedule for the
Elaboration plus Construction stage, the corresponding Fulltime Software Personnel (FSP; AKA
“Persons”), labeled CII_P, is shown only for that duration.
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0.4 CORADMO Drivers, Data and Impacts

The three sheets in this grouping show the driver data, CORADMO calculations, and the impacts
of the projected drivers over time and technology.

0.4.1 CORADMO Drivers - Display, Modification and Rationale

"RAD Drivers" has our assessed values for each of the relevant CORADMO schedule and effort
multipliers projected over time and our rationale. It also allows the input of new values and
additional or modified rationales. A graph of the current values of each driver projected over
time and technology is included; the data points on this graph change when new values are
entered.

There are five CORADMO drivers (RVHL, DPRS, CLAB, RESL and PPOS):
1. RVHL: Reuse and Very High Level Language

DPRS: Development Process Reengineering & Streamlining

CLAB: Collaboration Efficiency

RESL: Architecture/Risk Resolution

PPOS: Prepositioning Assets

DA

With five CORADMO drivers, three stages (Inception, Elaboration and Construction), and two
multipliers (effort and schedule; two of the three variables in “Person Months = Persons *
Months”, or PM=P*M, equation), there are 30 different driver possibilities. How ever, there are
several situations with reduce the actual numbers of drivers in the Technical Impact Analyzer.
The number of persons is held constant for RVHL, DPRS, CLAB and RESL, and therefore the
drivers for effort and schedule have the same value. The impact of RVHL on construction is
handled by/in the reuse model of regular COCOMO-I1.1998. The impact of DPRS is assumed to
be the same for Elaboration and Construction. And, while PPOS has different multipliers for
effort and schedule, the same values are used for all three stages. Thus the number of drivers is
reduced to ten from thirty, although an eleventh chart is included in this worksheet to show the
effect of the PPOS drivers on the number of personnel.

"RAD Drivers" shows all of our assessed values for the significant CORADMO drivers,
projected over time and technology, and our rationale. Each page of this worksheet, with the
exception of the last, has the current projected CORADMO drivers, over time and allows for
changing the default values to their new values (the exception is for PPOS’s FSP driver which is
a derived value). The rationales for the default settings of the drivers are included; they should
be modified when “new” values are provided. Figure 9 shows RVHL’s Inception-Schedule
Multiplier Driver Information.
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Schedule  RVHL: Reuse and Very High Level Language  Inception. @
Inception __ Baseline D@18 |[D@+15KG@+8|G@+ 15 KD@+8|D@+15] K@+8Ke@15] E@+B|E@+15IEK@8IK@15]
avHL-M defad 1.00] 0.99] 0.9s| 098] 0.96| 0.98! 0.96{ 0.97| 0.94] 097] 094] 0g6] 082]
RYHL-M new
PMsam 2015

N 0\)\ la\ R!<L Schedule Multipliers--Inceptio
- 2010 \Q\\‘&\ T
- \\ S
2000 -

N ’ A 090 A 094 A 098 1.00 A 104

1995 —H —H —N L L
L 085 0389 0.93 097 101 1.05 i
e [~——CD—8—KG ——KD ——K ——E——EK 4 SM e e

RVHL PrOJectlon Ratlonalesi I

»As indicated under SIZE inthe Effort lmpact analysns commercial technology and DoD EHART
_-domain mrhatwes wnll prowde some but not much lmprovernent over standard 6L modu!e reuse ) ;

~”'“_:Cbmplemerrteu'y galns from KD and KG
, i_Slgnlflcant galns over wa domaln arc

Figure8. RVHL’s Inception Stage Schedule Multiplier Driver Information

The default and current values of the driver, projected over time and technology, are shown in a
small table above the chart of the current values. The last row of this table accepts the input of

new values of the driver, projected over time and technology. The chart below the table shows

the driver’s values over time for each technology combination.

Since each value of a driver should have a rationale, the rationales for the default values (our
assessed values) are shown below the chart.

0.4.2 CORADMO Calculations

"RAD Data" aggregates the CORADMO drivers, both schedule and effort multipliers. They are
. organized in a compact, single page sheet along with the calculations of the CORADMO effort
and schedule. The calculations use the CORADMO model equations to distribute schedule and
effort based on the selected percentage allocations and the schedule or effort multiplier driver
ratings. Each Person-Month (PM) & Month (M) pair of data columns of the table performs the
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full set of CORADMO calculations, including the derivable Personnel (P) values, for a particular
year and technology-type combination. :

At the end of the page of the "RAD Data" worksheet are the summary calculations for totals of
schedule and effort across stages allowing comparison with the results of COCOMO-II.1998.
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Technology Impact Analyzer: Schedtle Muitipliers - N
PM=effort(person month) multiplier

M=schedule(months) multiplier
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Figure 9. RAD Data Worksheet
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In the sheet, the following additional non-driver abbreviations, in their order of appearance, are

used.
Abbreviation Meaning
3 The product of the five RAD drivers above.

Baseline I (or

The COCOMO-II-1998 calculated value after applying the Staged Schedule and Effort

E or C) percentage distribution for Inception, Elaboration or Construction, respectively.

New I The new value, i.e. after applying the RAD drivers, for Inception, Elaboration or

(orEor C) Construction, respectively.

P(New I) (or E | The number of Fulltime Software Personnel corresponding to the new values for

or C) Inception, Elaboration or Construction, respectively.

New I+E+C The new value (PM or M, depending on the column), i.e. after applying the RAD drivers,
combined for Inception, Elaboration and Construction

P(new I+E+C) | The number of Fulltime Software Personnel corresponding to the new values for
Inception, Elaboration or Construction.

Baseline Provided for reference purposes, it shows the “baseline” (the sum for all stages of the

PM/M COCOMO-II-1998 calculated value after applying the Staged Schedule and Effort
percentage distributions) Fulltime Software Personnel.

New E+C The new value (PM or M, depending on the column) for the combination of the
Elaboration and Construction stages. This corresponds to the stages over which
COCOMO-11.1998 calculations apply.

P(new E+C) The new Fulltime Software Personnel (FSP and P) calculations for the combination of

the Elaboration and Construction stages.

CH-OT(+EC)

COCOMO-I1.1998 values, applying the projected drivers over time and technology, for
the same stages as the summed CORADMO calculations; i.e. the sum for all stages of
the COCOMO-11-1998 calculated values after applying the Staged Schedule and Effort
percentage distributions. Since COCOMO-11.1998 does NOT include an Inception stage,
the additional percentage from the SSE distribution is used. Provided for reference
purposes, it shows a “baseline” prior to apply the RAD drivers.

Sum(
New(I+E+C))

Repeated values, equivalent to New I+E+C, for the new value (PM or M, depending on
the column), i.e. after applying the RAD drivers, combined for Inception, Elaboration
and Construction.

CII-OT(E+C)

COCOMO-I1.1998 values, applying the projected drivers over time and technology, for
the its covered stages; i.e. for the Elaboration and Construction. Provided for reference
purposes, it shows a “baseline” prior to apply the RAD drivers.

Sum(
New(E+C))

The new value (PM or M, depending on the column) for the combination of the
Elaboration and Construction stages. This corresponds to the stages over which
COCOMO-11.1998 calculations apply. Provided to ease comparison with row above.
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0.43 CoRADMo
0.4.4 Effort and Schedule Impacts

"RAD Impact" has graphs showing the effort, schedule and Full-time Software Personnel (FSP)
impacts of the entered CORADMO drivers projected over time. Impacts on all three variables
are shown for each stage: Inception (I), Elaboration (E), and Construction (C). The CORADMO
drivers impact both effort and schedule, often to the same extent. The third variable’s (FSP)
values are then simply the result of dividing effort (in person months) of a stage by its duration
(in months).

Following the RAD impact per stage charts are charts showing of the totals of schedule and
effort across stages. These represent the final results of the Technology Impact Analyzer. There
are also charts comparing the results of both COCOMO-I1.1998 and overall results. The data for
the summary charts showing totals of schedule and effort across stages is on at the end of the
page of "RAD Data".

0.4.4.1 CORADMO Effort and Schedule Impacts per stage
The first three pages of this work sheet display the effort, schedule or personnel impacts for each
stage that result from the drivers values' change over time and technology. The impacts are

shown in both tabular and chart form, with the chart always reflecting the “current” values of the
drivers. An example is shown in Figure 10.
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Figure 10. Impacts on Inception

The table above each of the charts shows the calculated results based on the COCOMOI
calculations with the Staged Schedule and Effort (SSE) percentages applied. The “Results”
row’s values will contain the results based on the “current” driver values, and thus may have
changes anytime there is input in the “new” row of the drivers. A single stage example is shown,

as in Figure 11.
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Figure 11. Combined COCOMO & CORADMO Impact on Effort for Inception

The remaining pages in the worksheet contain the summary results of the entire KBSA
Technology Impact Evaluator. They are described in the next section.

0.5 Final Results: Technology Impacts Estimates

At the end of the "RAD Impact" worksheet, following the nine RAD impacts by stage charts, are
the summary charts for effort and schedule by technology over time that result from the
COCOMO-I1.1998 and CORADMO driver changes over time. The “new/current” data for the
summary charts is actually shown at the end of the "RAD Data" sheet.

There are three different types of charts:

1.

Overall (effort or schedule for all three stages or just for development (elaboration plus
construction), with some of these having alternative axes layouts;

COCOMO-II.1998 compared to CORADMO (final) results, with some of these charts
showing only the major technology groupings (CD, K and EK);

Final results of default driver settings compared to new/current driver settings’ results.
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The list of all the charts corresponding to final results is shown below

Number | Title

CORADMO Total Effort (effort on x axis)

CORADMO Total Effort (years on x axis)

CORADMO Total Effort (only for CD, K and EK)

CORADMO Development (E+C) Effort with CoCoMo II Development (E+C) Effort

CORADMO Development (E+C) Effort with CoCoMo 11 Development (E+C) Effort

(only for CD, K and EK)

CORADMO Total Schedule (schedule on x axis)

7. CoRADMOo Development (E+C) Schedule with CoCoMo 11 Development (E+C)
Schedule(only for CD, K and EK) :

bt Pal Bl e

&

8. CoRADMo Development (E+C) Schedule with CoCoMo II Development (E+C) Schedule

9. New/Current CORADMO Total (I+E+C) Effort with Default CORADMO Total (I+E+C)
Effort

10. New/Current CORADMo Total (I+E+C) Schedule with Default CoORADMo Total (I+E+C)
Schedule

0.5.1 Total Effort
The effort and schedule results are generated by adding the effort or schedule, respectively, for

all three stages. Figure 12 shows the total effort after applying the Staged Schedule and Effort
distribution percentages, and the COCOMO-11.1998 and CORADMO drivers
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Figure 12. Total Effort after applying both COCOMO-I1.1998 & CORADMO Drivers

In this part of the worksheet, the table above the charts shows the calculated results based on the
updated values. The “updated values” are those based on the “current” (“default” otherwise
“new” if modified) values of both the COCOMO-I1.1998 & CORADMO drivers projected over
time and technology-type.

0.5.2 COCOMO-II.1998 comparison with final, CORADMO results

Since COCOMO-II.1998 only calculates the effort and schedule for development, a second set of
summary charts was generated so the COCOMO-II model results could be easily compared to
the CORADMO model results. The second set of charts totals effort and schedule only for the
'Elaboration and Construction stages. Along with each chart are copies of the rows of the
appropriate data from "CoRADMo Data" sheet. Figure 13 shows one of the comparisons of
COCOMO-I1.1998 only results and the final CORADMO results.
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Figure 13. One of the comparisons of COCOMO-I1.1998 only results and Final Results

Here, both the COCOMO-II.1998 set of calculations and the final results calculations are shown
in the table above the chart. Again, the final results row’s values will contain the results based
on the “current” CORADMO driver values, and thus may have changes anytime there is input in
the “new” row of the drivers. While only the data associated with the top row of the table, which
contains the COCOMO-I1.1998 calculation results, is shown in the chart, the final results’ values
are evident due to the dashed lines appearing in the chart.

0.5.3 New/current comparisons with default driver settings

Finally, a third set of charts is provide to provide a comparison of the overall effort and schedule
results using the default driver values and the new/current driver values. This set of two charts is
intended to assist with the use of the tool in sensitivity analysis studies. Along with each chart
are copies of the rows of the appropriate data from “CoRADMo Data” sheet. Figure 14 shows a
comparison of final CORADMO results for default and new drivers (with the only driver change
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being SIZE (change amount reduced by 50%). If there has been no change in any of the drivers,
the lines will be coincident and only six will show on the chart.
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Figure 14. Comparisons of Effort Final Results for Default and New Drivers

Here, both the default and new final results calculations are shown in the table above the chart.
Again, the new final results row’s values will contain the results based on the “current”
CORADMO driver values, and thus may have changes anytime there is input in the “new” row
of the drivers. While only the data associated with the bottom row of the table, which contains
the new calculation results, is shown in the chart, the default results values are evident due to the

solid lines appearing in the chart.
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0.6 Implementation

The workbook has six protected sheets which are used for the detailed layout of the drivers to
facilitate the graphing shown in the '‘Drivers' sections. These sheets also include sheets for the
default values (i.e. the USC Center for Software Engineering assessed values) of the
COCOMO-I1.1998 and CORADMO drivers. Figure 15 provides details on the protected
implementation sheets.

Protected implementation support worksheet o
COCOMO-I1.1998 Modified Data for Graphlng tab “ClI Mod4G") ,
1. _Checks for new values; organizes. parameters mto_smgle page f for check purposes
2. -calculates effort and schedule according to the CII-98 & COSSEMO rules
o 3. Organizes Parameters for graphing over time :
_ COCOMO 11.1998 Orlgmal Data and Graphs (tab "Cll OD&G ) :
1. calculates efiort and schedule according to the Cli-o8 & COSSEMO rules and our assessed values

2. Organlzes Parameters for graphlng over time
3 The presentation graphs ¢ of the default values
_______ 'CoRADMo Modified Data for Graphlng ("RAD ModD4G" tab)
1. Checks for new values; organizes parameters into smgle page for check purposes
3 2__ Dlstnbutes schedule and effort over stages '
3 Organizes | Parameters for compact single page | revrew N
4 Re-calculates effort and schedule according to the Cll 98 and CORADMO ules

. 5. :Organizes Parameters for graphing overtime
fCoRADMo Original | Data and Graphs ("RAD ( OD&G" tab)
V'Orgamzes default parameters into m}gle page
:Distributes schedule and effort over stages
‘Organizes F Parameters for compact single page revrew
_;Re-calculates effort and schedule according to the ci-o8 and CORADMO rules
:Organizes F Parameters for graphmg over time ‘
L ‘The presentation_ graphs of the default values o
‘ EOfﬁclal Cll 98 Scale Factors & Effort Multlplrers overtlme (" SF&E Otlnkd " tab)
o ‘A tink to the official spread sheet providing the default values

»gOﬂ'clal CoRADMo Schedule (plus effort & manpower) Multlpllers over trme ( SF&EM 0tlnkd" tab)

mlm_.-*- .w.wﬁ.—‘

wNwmmjcnoo&a[mmMXRmoo&G[mmmxsm,ld CERERTE

Figure 15. Details on the protected implementation sheets
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MISSION
OF
AFRL/INFORMATION DIRECTORATE (IF)

The advancement and application of information systems science and
technology for aerospace command and control and its transition to air,
space, and ground systems to meet customer needs in the areas of Global
Awareness, Dynamic Planning and Execution, and Global Information
Exchange is the focus of this AFRL orgaﬁization. The directorate’s areas
of investigation include a broad spectrum of information and fusion,
communication, collaborative environment and modeling and simulation,
defensive information warfare, and intelligent information systems

technologies.




