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 Motivation

« COCOMO Il & TOOL Productivity |mpact

e COCOMO Il Modeling Methodology

» Rating Scales and Research Model

 Bayesian Analysis (Delphi, Sample, &
Posterior)

e Cross Validation — Data Splitting & Bootstrap

« Contributions

o Future Works
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M otivation

« Vay SimpleTool Rating Scalein COCOMOII Model

o Strong Statistical Significance of TOOL Effect on
Effort & Schedule

 No Consideration of Correlations and Overlapswith

Other Parameters

 No Consideration of tool integration, maturity, and

user support
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Early Design & Post Architecture Model

PM, =ﬂKSizE:EKl_[EMi TDEV e = Cx (PM i I
i3 5
5 whereF=D+[]_2x[j_[]1xZSFj
where E=F + D.DIKZSFJ- e B-oer o
= =D +0.2%(E -B)
C =3.67 D=0.28

 Early Design Moddl [6 EMS]:

e Post Architecture Model [16 EMS]:
*Exclude SCED driver

EMs: Effort multipliersto reflect characteristics of particular
software under development

A : Multiplicative calibration variable
E : Captures relative (Economies/Diseconomies of scale)
SF: Scale Factors
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COCOMO Il TOOL Rating Scale & Value

Very Low L ow Nominal High Very High
Use of Software | Edit, code, Simplefront- | Basiclifecycle | Strong, Strong, mature,
Tools(TOOL) | debug end CASE, tools; mature, proactive lifecycle
back-end Moderately lifecycletools; | tools; Well integrated
CASE; Little | integrated Moderately with process,
Integration integrated methods, reuse
1.17 1.09 1.00 0.90 0.78

 No Comparison of the Same Kind of Tools
* No Clear Definition of Toolsand Integration
 No Consideration of Tool Maturity and User Support

e No Consderations of I nteractionswith Other Factors
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COCOMOI1.2000 Productivity Ranges

Bayesian

e g A-posteriori
Var.=0.028
Expert Delphi
150 A-priori
161 Projects 1.43 1.92 Var. =0.167

t=2.488
Var.= 0.049

—
=
lParameters
v}
Wmn4(ﬂ:nm UE%E
3 X n>mnd0 0n
m'UrrﬂX-{U 7 r

10 125 15 1.75 20

Productivity Range

- Productivity Range (PR) = Highest Rating Value/
L owest Rating Value

«Statistically Significant : t =2.488 > 1.96
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COCOMO Il Modeling M ethodology

Step 1
Analyze existing lite rature

ctep 2
Performm behavioral analysis

Step 3
Identify relative significance

Step 4

Pe tfomm expe rt-judgement
Delphi assesstment,
fommulate a-priori mode|

Step 7
Lather more data,;
[ 2N 2N 2N 2 N 2N N N N N N 3N N N N N O 2N 2N N N N N 2N 2N N N N N N 2N N N N N N N N A 4 REfinE deEI

PRIOR :
+ : Step o
> Cathe r project data
%MPLE E.............
— : Step G
g Deter mine Bawesian
POSTER| OR . A-Posteriari mode |
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Tool Impact in Software Cost Models

Jensen

Checkpoint

PRICE-S

Softcost

COCOMO

“Use of Software

Tools’ Yes Yes Yes Yes Yes Yes
Completeness of

Activity Coverage No No Yes No Yes Yes
Degree of Tool

| ntegration No No Yes No No Yes
Tool Maturity and

User Support No No No No No No
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Completeness of Activity Coverage (TCOV)

Text-Based Editor

Basic 3GL Compiler Bm
Basic library Aids ® On

Basic Text-based Debugger

Seation tracive B9 — Breadth of ACthlty

Simple Design Language

Simple Programming Support Library C
Simple Metrics/Analysis Tool Over a.ge
Nominal ;ocadl &d/r_llt_ax Clheck;r]g Editgr . L. . .

andard Template Support Document Generator

e | » Specification, Analysis,
mple Standalone Configuration Management Tool " 1

Senvied Déta Transformetion Tool Design, Programming, Test,

Standard Support Metrics Aids with Repository .

Simple Repository, Basic Test Case Analyzer C M , QA . COI I abor ation .

Loca Semantics Checking Editor M t q

Automatic Document Generator

Requirement Specification Aids and Analyzer an agern en 1 C

Extended Design Tools y . .
Automatic Code Generator from Detailed Desi _T I F t It

Centralzec Configuretion Management Tool OO0l S Functionality
Process Management Aids

Partially Associative Repository (Simple Data Model Support) Su p p Or t

Test Case Analyzer with Spec. Verification Aids

Basic Reendgineering & Reverse Engineering Tool

Y SVATTT " G/obal Semantics Checking Editor _ SEI - C M M T OOI
: Tailorable Automatic Document Generator

Requirement Specification Aidsand Analyzer with Tracking Capability

Extended Design Tools with Model Verifier C h ar aCt er I St I CS

Code Generator with Basic Round-Trip Capability
Extended Static Analysis Tool

Basic Associative, Active Repository (Complex Data Model Support) “ CI ear r el atl OnShl p b/W tOOI
Heterogeneous N/W Support Distributed Configuration Management Tool . .
Test Case Andlyzer with Testing Process Manager, Oracle Support functional ity and the needs of a
Extended Reendineering & Reverse Engineering Tools . ”

ST LA GroupWare systems particular KPA of CMM

Distributed Asynchronous Reguirement Negotiation and Tradeoff tools
Code Generator with Extended Round-Trip Capability

Extended Associative, Active Repository

Spec-based Static and Dynamic Analyzers

Pro-active Project decision Assistance
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Tool-Use Characteristicsat CMM Levels

(5) OPTIMIZING
Innovative tools and technologies evaluated
and adopted into the organization

(4) MANAGED
Process improvement is driven by quantitative
analysis of metric data

(3) DEFINED

Tool standards are set across the organization

Local tool selection is based on organizational standards
Repository for organizational data established

Corporate reuse library established

Metrics gathered based on organizational standards
Metrics stored in org. repository for trends, profiling
Organizational toals training standards established

(2) REPEATABLE

Project-level commonality in use of tools

Some team-oriented tool-to-tool integration performed
Some local metrics gathered/analyzed (level of effort)
Project standards on tool use specified

Training in use of project tools given

Some limited reuse of designs and code

(D INITIAL

Individualistic, Craftsman-like approach used
No guidelines or standards in the use of tools
No metric gathered

No supportgof reuse C M U/SEI ‘94'T R'OO7
High quality product produced only by skilled craftsmen
Effective software production limited to small team
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Degree of Tool Integration (TINT)

Very Low Low Nominal High Very High ExtraHigh
Degree of Tool Individual File VariousFile Shared-Standard | Shared Highly Distributed-
I ntegr ation Formats for Tools | Formatsfor Each | Data Structure, [ Repository, Associative Associative
(No Converson | Tools(File Message Point-to-Point Repository, Repository,
Aid), No Conversion Broadcasting Message Passing, | Pointto-Point Extended Point-
Activation Aids), Message | through Message | Customizable Message Passing | to-Point Message
Control for Other | Broadcastingto | Server, Standard | User Interface Using reference | Passing for Tool
Tools, Different | Tools, Some User Interface Support, Largely | for Parameters, Activation,
User Interface for | Standardized Usage among Workable Some level of Complete Set of
each Tools, User Interfaces Tools, Workable | Incompatibilities | Different User User Interface for
Fundamental among Tools, Incompatibilities | among Process Interface, Largely | different level of
Incompatibilities | Difficult among Process Assumptionsand | Consistent among | Users, Fully
among Process Incompatibilities | Assumptionsand | Object Semantics | Process Consistent among
Assumptionsand | among Process Object Semantics Assumption and | Process
Object Semantics | Assumptionsand Object Semantics | Assumption and
Object Semantics Object Semantics
Based on

— Wasserman’sfivelevel model of Integration
» PlatformIntegration: Tools run on the same hardwar e/oper ating system platform

» Data Integration: Tools operate using the shared data model

» Presentation Integration: Tools offer a common user interface

» Contral Integration: Tools activate and control the operation of other tools

» Process Integration: Tool usage guided by an explicit process model and associated process
engine
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Tool Maturity and User Support (TMAT)

Very Low L ow Nominal High Very High ExtraHigh
Tool Maturity Version in pre- Version on Version on Version on Version on Version on
and User release beta-test, | market/available | market/available | market/available | market/available | market/available
Support Simple less than 6 between 6 between1and 2 | between 2 and 3 | morethan 3 years
documentation month, Up-dated months and 1 years, On-line years, On-Site
and help documentation, year, On-line User Support Technical User
help available help, tutorial Group Support Group
available

e Based on

 Correlation between maturity and years after they are
released in CASE market

* Increasing level of vendor support services
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Project Activity Differ ence (TCOV

Pluase
Fatin

FPlans S FProdact Iesizp FProsrarranirgs Enplermertarior O
Fequirermerds Blod i atior.

ey Lo

Lo
HFoxrwimal

ey Hagh

Blore effort for sipoilatior, probobrpirgs,
mqlmmﬂ:n.ﬂ'ﬂ:m.cmg cmﬁglmmmgmﬂ'ﬂ:

harder detectior: ared rermacomral
Ilore effort for Eeneratings
tect cases, capbominge project speecific
eetrices, ared 4L

E

:

;

3
BARRRA

Bolore effoot for lonkiins.,
exercis it subeprsters |
Temrers e fre-erps i e e iy

Baerrrvediate  lewrel of abomne  effacrs -
Ho  chargee -
Eazier simmoalatiom, prototrpitus.
Tequliternerd tracitys, o i arvaEerreerit | -
doomnerd Fereration, ared cooperstiorusprrchoond=aticos of tean rmermbers
Fevwrer Iequairernierdts  eITors; -
easier detectior arvd Terreomral
Less effort for transtfomrminges fom=
requirerterds o desizm
Ferarer decizp errmors;
eacier detectiorn ared rerromnral .
Fedaced desizpn  effort
Less effioct for trarnsfonminges -
desizn to conde
Fevrer code  exmors. .
easier detectior: ated rerrvowral
Less effort for sernerstinge
test cases, capbaring project specific _  peg.

Meetrice , ared 1A,
Less offort for ook,
exercising  subsersterns |
Tewrer e d e e e er e
Hizter lewrel of abowre woffects

Hiztest lewrel of abowe effects
Hizhbr redhaced effoot for project xmanassererdt
Bbach easier rgt. spec. & aagpdate
Packh eacier rgr. spec. A apdate
Hizthby redaced emors.
bhBach faster detectior d: rerromral

Tbach faster corroromication arreorgE tearn rrernibers

LRALALI
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e Extension of COCOMO Il Post-Architecture Model

e 3 Productivity Dimensionsinstead of 1 Productivity
Dimension in COCOMO I just based on Completeness of
Tool Coverage

 Waeaghted Sum of Product of Weighting Vauesand 3
TOOL Rating Scales

b
Effort = Ax(Sze)® x(() EM ) XxTOOL

=1

1115

EM,. =TOOL
TOOL=h, TINT+b, AMAT+b, TCOV
S
ah =1

=1

Where
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Delphi Assessment — step 4
(Prior Distribution)

« Expert-Judged relative weighting values for the
TOOL rating scales

 An effective way of getting group consensus
(Quantitative values)

 Alleviatesthe problem of individual biases and
resultsin an improved consensus group estimate.

TCOV TINT TMAT

Mean 0.47 0.26 0.27
Var. 0.025694 | 0.005485 0.016875

2 Round Delphi Process Result
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Sample Regression Fit - Step5

o Sample: 15 Project datafrom COCOMO || database
TOOL =b,TCOV +b,TCOV +b,TMAT === Y =bX+€

Regression fit
Using Arc

Data set = TOOL_15 data, Name of Fit = L1

Nor mal Regressi on

Kernel nean function = ldentity
Response = TOOL

Terns = (TCOV TI NT TMAT)

Wth no intercept.
Coefficient Estimtes

Label Estimate Std. Error t-val ue
TCOV 0. 515982 0. 0888635 5. 806

TI NT 0. 282561 0. 107657 2. 625
TVAT 0. 165480 0.111398 1.485

Si gma hat : 0. 048214

Nunmber of cases: 15

Degrees of freedom 12

Summary Anal ysis of Variance Tabl e

Sour ce df SS VS F
Regr essi on 3 20. 5056 6. 8352 2940. 40
Resi dual 12 0.027895 0. 00232459

p- val ue
0. 0000
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Bayesian Analysis- Step 6
(Combination of Delphi & SampleInfo.)

Priori Information

f(Ylg)a@) _
Y — Sampllr_lg
g(q | ) f(Y) Infurm:Tn
PN

=

0@ 1Y) »1@ [V)g@)

P

N/

Posteriori
Information

b™ —[—qu +H']

[—X(D(b+H b']
Var(b )—[—X(l>(+H]
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Point Estimates of Coefficients

Distribution b, b, b,
PRIOR Mean 0.47 0.26 0.27
Variance 0.025694 0.005485 0.016875
SAMPLE Mean 0.515982 0.282561 0.165480
Variance 0.0078967 0.011590 0.012409
POSTRIOR Mean 0.495104 0.259691 0.211617
Variance 0.00461028 0.00335019 0.005255464

 Normalized posterior weighting values

— Sum of the weighting values=1
— TOOL =0.51* TCOV +0.27 * TINT + 0.22* TMAT
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Comparison of Prediction Accuracies

e Magnitude of Relative Errors

Estimated - Actual
Actual

MRE =

* |Improved Prediction Accuracy over 15 project data
— From 67 % (COCOMO 11.2000) to 87% actuals within 10% MRE

e Same prediction accuracy in Sample & Posterior

— But, Variances of Coefficient Estimates in Bayesian are Smaller

COCOMO [1.2000 Sample Bayesian Posterior
(1 Dimensional TOOL) | (3 Dimensional TOOL) | (3 Dimensional TOOL)

PRED (.10) 67% 87% 87%
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Cross Validation by Data Splitting

* A widely used model checking method to validate a
regression model

e Dividesthe original dataset into two parts
— Construction: Exploration and model formulation
— Validation: Model validation, formal estimation and testing
» used in the same way as in the newly collected dataset
 Ciriteria Function

— PRESS (Predicted Residual Sum of Squares)

— Small PRESS indicates that the estimated regression model isa
good model

e
PRESS = > &y

Wwhers

= % 25
Sty = ¥ — X Buy = T

11
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1% validation Cross validation sunmary of cases not used to get estinates:
(TOOL) Sum of squared devi ati ons: 9.76793
Mean squared devi ati on: 0.212346
Sqrt (nmean squared deviation): 0.460811
Nunber of observations: 46
> (/ (sum (™ (/ (send L1 :residuals) (- 1 (send L1 :leverages))) 2))
:num i ncl uded))
2" validation val i dati on summary of cases not used to get estinates:
(TCOV, TINT, Sum of squared devi ati ons: 9. 7475
TMAT Mean squared devi ati on: 0. 211902
Sgrt (mean squared deviation): 0.460328
PRESS Nunber of observations: 46
>(/ (sum (™ (/ (send L1 :residuals) (- 1 (send L1 :leverages))) 2))
:num-i ncl uded))
;=V

Different Construction datasets are used
— 46 randomly selected project data excluded

— 1stvaidation : used one dimension TOOL for both construction and
validation sub-samples

— 2ndvalidation: used three dimensional TCOV, TINT, and TMAT for only

15 projects out of 161 separated into both construction (11) and validation
(4) sub-samples
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Cross Validation - Bootstrap
o A statistical ssmulation methodology
— Re-samples from the original dataset
e Used to solve two of the most important

problems

— Determination of an estimator for a particular
parameter of interest

— Evaluation of that estimator through the standard error

e Bootstrap Procedure

— Generate a bootstrap sample of size n (where nisthe
original sample size) with replacement from the
original distribution

— Computed’, the value of & obtained by using the
bootstrap sample in place of the original sample

— Repeat steps 1 and 2, ktimes
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Bootstrap Summary

« COCOMO Il log transformed regression model
log PM = fplogd+ 51 5logSize + G258 loglize+ .. + G5 logsize +

faloglize BM + Golog Size BM, +.. +05logaize BM 4
» Bootstrap Estimatesfor log[TOOL]

Std-Error Bias Confidencelnterval
OneDimengon 0.392141 0.030489 (0.184884 1.67873)
(TOOL)
Three Dimengons 0.368760 0.022662 (0.224192 1.63596)
(TCOV, TINT, & TMAT)

e 1000 boots of same size (161): used in the
program Arc

e Differenceisnot great. But, Theresultsis stable
and in the right direction
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Contributions

e Proposed three-dimensional TOOL rating scalesto evaluate
Softwar e Tools effectively

* Increased the Prediction Accuracy for an initial set of data
pointsvia Bayesian Approach

e Demonstrated a method to calibrate the individual
contributionsto a multidimensional parameter

« Validated theresearch model using cross-validation methods
— Data Splitting and Bootstrapping methods
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FutureWorks

* Refinebehavioral analysisof TOOL effects
e Data Coallection for interaction among TOOL rating scales

e Calibration of the next verson of COCOMO Il with and
without TOOL rating scales

e Determineweights of individual CASE TOOL rating-scale
effects on S'W development effort

e Tool Support for ROl Analysis of CASE tool adoption
* Integration of ROl Analyzer with USC-COCOMO ||



