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What Is a Simulation Model?

A simulation model is a computerized model
(not a maturity model) designed to display
significant features of the dynamic system it
represents.

Simulations are generally employed when

m behavior over time is of particular interest or
significance, and

» the economics or logistics of manipulating the
system being modeled are prohibitive

Common purposes of simulation models are:
= {0 provide a basis for experimentation,

= to predict behavior,

m t0 answer “what if” questions,

» t0 teach about the system being modeled.
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What IS PrOCeSS SImUIatlon? Quantitative Intelligence

Process simulation models focus on the dynamics
of systems development, maintenance and
acquisition projects

They represent the process

m as currently implemented (as-is, as-practiced, as-
documented), or

m as planned for future implementation (to-be)

Simulation Features
m Use Graphical interfaces
m Utilizes actual data/ metrics
= Predict performance
Supports “What if” Analyses
= Support business case analyses
Reduces risk
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Applying Process Simulation = High Value Add

Evaluate Strategic Issues

Quality Assurance, V&V and IV&V Strategy for a
project
Globally Distributed Software Development

Assess the Costs and Benefits of Applying New Tools
and Technologies

Plan Processes and make better Tradeoff Decisions
Evaluate Process Improvement Opportunities
Architect, Design, and Document Processes
Estimate Project Costs from the Bottom Up

Manage Projects Quantitatively

Train Project Managers
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Applying Process Simulation = High Value Add

m Evaluate Strategic Issues

Quality Assurance, V&V, and IV&V Strategy for a
project
Globally Distributed SW Development
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NASA Model — IEEE 12207 Software

Development Lifecycle
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IV&V Layer — Select Criticality Levels for
IV&V Techniques using pull-down menus

A Notebook - IEEE12207_Baseline.mox

V&Y Profile: Silap-Unmanned Load V&V Profile: [ ]
Save VAV Profile Deliedverme [

Concept Verification Requirements Verification Design Verification Code Verification Validation

ID V&V Technique Consequence| Error Potential | Consequence | Error Potential | Consequence | Error Potential | Consequence | Error Potential | Consequence | Error Potential
M csmdemivoncananvasicn - 0E: _BE: __ BN S BE NN e
1.2 Issue and Risk Tracking 2 N 2 N (2 | 2 | [2 -] E | (2 | (2 -l [2 | 2 -]
1.3 Final Report Generation | 2] Z_ . 2z - g 2] 4 J2: = |
1.4 V&V Tool Support [z 4 2 2 . =] F ] 2 ] Z__ 3 |
15 gﬂs;;giment and Technical Review A ] A o - - : A ] A ] E ] [ ] [ |
1.6  Criticality Analysis P 4 [T =] 1 = 4 P [T =] e | |
"7 OpportunitesmineConmuerorvay | 2 | E 1 | E 3 | B | | 3 | B | EJ | EJ |
21 Reuse Analysis 3 .] [Mane,]
2.2 Software Architecture Assessment 3 N [Maone.]
2.3 System Requirements Review 3 -] [4 <]
24 Concept Document Evaluation [Mane . [MNane .|
2.5  Software/User Requirements

Allocation Analysis (TERES (Mone ]
2.6 Traceability Analysis [Mane ] [Mane ]
3.1 Traceability Analysis — Requirements 2] [4 ]
3.2 Software Requirements Evaluation |3—v| |4—.|
3.3 Interface Analysis — Requirements |4_.| |3_=|
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IV&V Layer — Select Criticality Levels for
IV&V Techniques using pull-down menus

Al Notebook - IEEE12207_Baseline.mox

2.3 | System Reguirements Review [None .] [None ]

2.4 | Concept Document Evaluation [None ] [Mone ]

25| oo | e | [ned

2.6 | Traceability Analysis [Mone.] [Mone.]

3.1 | Traceability Analysis - Reguirements [None ] [None ]

3.2 | Software Requirements Evaluation [None .] [Mone .]

3.3 | Interface Analysis - Requirements [None . [Mone .

3.4 | System test Plan Analysis [MNone.] [None ]

3.5 | Acceptance Test Plan Analysis [None ] [None ]

3.6 | Timing and Sizing Analysis [MNone,] [Mone ]

4.1 | Traceability Analysis - Design [None ] [MNone ]

4.2 | Software Design Evaluation [None.] (None .|

4.3 | Interface Analysis Design [Mone ] [None ]

4.4 | Software FQT Plan Analysis [None ] [None ]
4.5 Softwa_re Integration Test Plan [None J [None.]

Analysis

46 | Database Analysis [rone .| [Mone

47 | Component Test Plan Analysis [None ] [None .

5.1 | Traceability Analysis - Code [Mone.] [None ]
5.2 source.Code and Documentation None. | [None ]

valuation
5.3 | Interface Analysis - Code [Mone ] [Mone ]
6.1 | Traceability Analysis - Test
8.15| Project Management Oversight
Support [Mone ] [Mone ] [None . [None.] [None ] [Mone . [
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Impact of IV&V at Different Points In

the Development Process

Result Comparison
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Total Effortl Rework Effort| Duration Mean Corrected Defects Latent Defects
Case |Configuration Mean Mean Mean Mean|
(Person Months)| (Person Months) (Months)| (Number of Defects)| (Number of Defects)
1 |Baseline 346.26 201.65 58.42 6,038.26 629.48
2 |IV&V at Validation 355.35 210.75 59.95 6,113.79 574.17
3 [IV&V at Code 334.13 189.53 57.38 6,134.84 573.49
4 [IV&V at Design 327.93 183.33 56.56 6,123.11 581.27
5 [IV&YV at Requirements 326.82 182.21 56.40 6,078.87 600.04
% Improvement Compared to the Baseline
Total Effort] Rework Effort Duration Corrected Defects Latent Defects
Case |Configuration Mean Mean Mean Mean Mean|
1|Baseline
2|1IV&YV at Validation -2.63%* -4.51%* -2.63%* +1.25% +8.79%*
3|1IV&V at Code +3.50%* +6.01%* +1.77% +1.60% +8.90%*
4]1V&YV at Design +5.29%* +9.09%* +3.17%* +1.41% +7.66%*
5]IV&YV at Requirements +5.62%* +9.64%* +3.46%* +0.67% +4.68%*
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GSD Model Structure

Workforce Available Workforce Available

Total Tasks Completed

uo1eI0| IV dIN

MP Allocation

Defect Rates Global DES

A

Site 1

A

Site-specific DES Tasks Completed Site-specific DES

A 4

HR = Human Resource ~ MP = Manpower Allocation PD = Productivity QA = Quality Assurance
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Interaction Effects (IE)

m Capture the impact of GSD factors on
productivity and defect generation rate.

m Interaction effect on productivity rate

Productivity
(Single-site)

Productivity
(Multi-site)




Evaluate Process Tradeoffs
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m Task Allocation Strategy Alternatives

Site A

Site A

Site B

Site A

Site B

Site A

Site B

REQ DES CODE [ TEST RWK

REQ DES CODE j TEST RWK

REQ DES CODE

REQ / TEST RWK
DES CODE

REQ DES CODE [ TEST RWK

REQ DES CODE [ TEST RWK

Single-site

Module-based

Phase-based

Follow-the-sun
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|deal Situation
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= Single site Follow -the-Sun e Phase-based Module-based

m Duration when using follow-the-sun is 70% of the
time it takes using single-site
m Module-based took a little longer than follow-the-sun



Real World Situation
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m Follow-the-sun took about 37% longer than single-

site

m Module-based is the shortest
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Key Questions GSD Models Can Address

Impact of moving to multi-site development
Impact of adding a new development site
Task allocation strategy

Multi-site QA strategy

Impact of different development sites using different
processes, people and technology

Deals with issues due to cultural, language, time
zone, productivity and cost differences

m Examines impact of personnel turnover and skills
development
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Applications for System Acquisition

m Can assess impact of using prime with
collection of subcontractors at different sites
(1.e. software acquisition model)

m Impact of short funding government projects
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Applying Process Simulation = High Value Add

m Evaluate Strategic Issues
Quality Assurance/ V&V Strategy for a project
V&V Strategy
Globally Distributed Software Development

m Assess the Costs and Benefits of Applying New
Tools and Technologies



| | Quantel
Cost/Benefit of New Technologies

Quantitative Intelligence

"41[1532] Code Verification =%
Eentn}—=5 E—[Contout
New LDD Technology ==
7 level 4 verty .:‘ y -
sub-systems =zl -
levell
CM1: 496 modules in "C’ a Ch an g eS to
JMIL: 10,885 modules in "C”
level0 PC1: 1,107 modules in "C” b M 0 d eI V&V
NASA level2 w3 ; Refl eCtI n g Design Code —
KCI: 2,107 functions in "C++" Modified wticatin | [V —
{ leveld e i o |
' KC2: 523 functions in *C++~ | I | | |
’ f Process I
a oftware E Softw: i
sitecture & CZd n; ;‘e e gﬁ?&%ﬁ
iled Design |

1l

A B
1
BCCUracy %

[ii]
ntegration Planning
. a5 | |
a25 L affort PO a
PF
BT ) ] Results Showing Impact on NASA Projects
30 detectors, sorted by affort Total Size Total Effort + Total Effort Total Rework Total Duration Average
(KLOC) V&V (PM) (PM) Effort (PM) (Month) Duration
Changes to Process pO% V&V
99.79 815.75 815.75 198.30 33.80 29.48
4.00 27.97 27.97 8.58 1.48 1.26
i Inspection 1 Apply Tool
Previo Codin | (to provide L, (learn, tune, and reinspect 50% detcap IV&V = 0.05 & inspect 10% with detcap = 0.50
9 Tl GrEEnE) apply to identify 99.79 813.16 807.16 190.02 34.24 29.32
hot spots") 4.00 27.89 27.89 8.35 1.46 1.26
Steps 2.59 8.59 8.28 -0.44 0.16
reinspect 50% detcap IV&V = 0.05 & inspect 10% with detcap = 0.70
99.79 810.79 804.79 187.74 34.20 29.27
Inspection 2 Remaini 4.00 27.81 27.81 8.13 1.46 1.25
< oA » Code | —»p ng 4.96 10.96 10.56 -0.39 0.20
ey Rework FESSS reins % d V&V = 0.02 & i 10% with d =
Silns pect 50% detcap IV&V = 0.02 & inspect 10% with detcap = 0.50
99.79 814.93 808.93 191.73 34.28 29.35
4.00 27.87 27.87 8.30 1.46 1.26
0.82 6.82 6.57 -0.47 0.12
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General Business Case Questions

m \What is the impact of applying new tools and
technologies?

m \What Is the economic benefit or value of the tool or
technology? What is the Return on Investment?

m When is it useful and when might it be useless?

m Under what conditions does the tool or technology
perform best?

m \What performance standards does the tool need to
achieve in order to have a positive return?

m Are there better ways to apply the tool?
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Applying Process Simulation = High Value Add

m Evaluate Strategic Issues

Quality Assurance/ V&V Strategy for a project
V&V Strategy

m  Assess the Costs and Benefits of Applying New Tools
and Technologies

Plan Processes and Make Better Tradeoff Decisions
Evaluate Process Improvement Opportunities
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Incremental Development Model

A1 SEl Baseline Model.mox

RC ltems e Toxes RC ltems ]
Parameters pe]
r‘ '1 Reqg ltems
r i . . L r , —rL : :

Entities
Exited

High-Level | Low-Level Coded |
Design | Design Unit Test |

= Test PlanTest Case

Entities
Exited

Preparation
Process Parameters:
Run Model
Number of Runs: S Requirements Creeps: |Excluded 4
Requirements Elicitation Type; [Requirements Elicitation -l High Level Design Type: [Hich Level Design -
Requirements Specification Type: |Reguirement Specification -l High Level Design Inspection Type: [HLD Inspection - Baseline 4
Requirements Check Type: [Nane - Low Level Design Inspection Type: [LLD Inspection - Baseline 4
Requirements Inspection Type: |Requirements Inspection - Baseling .| Code Inspection Type: |Cnde Inspection - Baseline v|

Mezn Std. Dev 4
) i 0 Sizs 107. 7477418172 ]
Ll il 1 Effort 115507 04542453 5770
2 Rework Effort | 25716.8422B5473 1254
3 Dwuration 4244, 1503754571 191
4 Avg. Duration 3842 840215415 184
3 Injected Defect | TOO03 032181625 42
0 L L L I L 0 [ Detected Defect 340
] 2105.817 4211.824 7 | Comected De 22
ne Time § | Latent Def 18
— Requests e Y2 Utilization . NumberAvailatle. Black ﬂ = Rlequests  wee 2 Utilzation we. Numbsrfvaistie. Black v
1 ] 4 -

é Eun 1] ] ’I_‘
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Benefits of Process Simulation

Project

Projected

Cost or
Total Rework Revenue Rework

Effort Effort Project  delta due Effort for
(PM)Dev Devel  Duration to Total Field Impleme
Eff + Dev Defects (Calendar pyration [njected Corrected Escapted pefects ntation
Rwk (PM) Months) channe Defects Defects Defects (pMm)  Costs ($)

Base Case 200 90 18 $0.00 1150 990 160 40 $0.00 n.a. n.a.
1|Implement QFD 190 75 17.5 $0.00 1150 1020 130 30| $100,000 | $165,145 15%
2{Implement VOC 185 75 17| $ 100,000 1150 1050 100 20 $120,000 | $185,231 29%
3[{Add QUARS Tool 175 65 16| $ 300,000 1150 1090 60 10| $ 80,000 | $289,674 88%
4|Eliminate 230 130 22| $(400,000) 1150 900 250 80 $0.00{-$378,043 -129%
5[Additional Process
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Applying Process Simulation = High Value Add

m Evaluate Strategic Issues

Quality Assurance/ V&V Strategy for a project
V&V Strategy

Globally Distributed Software Development

m  Assess the Costs and Benefits of Applying New Tools
and Technologies

Plan Processes and Make Better Tradeoff Decisions
Evaluate Process Improvement Opportunities
Architect, Design, and Documenting Processes
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Architect, Design and Document Processes

| Process Simulation Model |

Func Spec_ L |Insp Con}plete
1
1

Complete Customers
I 1

1
1 1
0 1 1
1 1
ode |1 ni 1
v nsp [* es :
i -
____________ 1
Proposed > Teatd '
Process n i i
Change an plan | 1 |
1 1
___________ - - - - - = 1
1
1 1

Life Cycle Model Templates

Generic Process Model Blocks

=

Generalized Process Components

[ Reql: Use Case Analysis ]

]
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Applying Process Simulation = High Value Add

Evaluate Strategic Issues
Quality Assurance/ V&V Strategy for a project
V&V Strategy
Globally Distributed Software Development

Assess the Costs and Benefits of Applying New Tools
and Technologies

Plan Processes and Make Better Tradeoff Decisions
Evaluate Process Improvement Opportunities
Architect, Design, and Documenting Processes
Estimate Project Cost from the Bottom-Up
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Using Process Simulation to perform early
stage project cost estimation

m Study Conducted by Mizell, in the Engineering
Assessment Directorate at KSC

m Applied Process Simulation to provide bottom-up
cost and schedule estimates at multiple stages of
the project (i.e. from Concept of Operations forward)

m Utilized real project data from KSC and SEL

m Developed estimates that incorporated effects for
Incremental Spiral processes
Impact of short funding projects



NASA Model — Incremental S

Lifecycle
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piral

PATT

Repeat for Each Spiral

A1 |EEE 12207 PATT2.mox
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Adapted from Mizell, 2006



Accomplishments of Mizell's Research

Methodology to use simulation to provide interval
estimates

Developed probabillity distributions for size,
productivity, and defects using organization specific
data

Provided confidence intervals for project estimates

Combined system dynamics model with DES process
model to analyze effects of turnover on project effort
and duration

Adapted incremental spiral process model
Complete NASA project case study

© Mizell, 2006

Quantel

Quantitative Intelligence
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Process Models Used

m |[EEE 12207 being used by NASA V&V
m Adapted for incremental development
m Adapted for spiral development

m Incorporated system dynamics portions into
model

m Model development supported by Quantel
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Applying Process Simulation = High Value Add

Evaluate Strategic Issues
Quality Assurance/ V&V Strategy for a project
V&V Strategy

Globally Distributed Software Development

Assess the Costs and Benefits of Applying New Tools
and Technologies

Plan Processes and Make Better Tradeoff Decisions
Evaluate Process Improvement Opportunities
Architect, Design, and Documenting Processes
Estimate Project Costs from the Bottom-Up

Manage Processes Quantitatively
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Are You on Target?

Original Plan
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PROMPT: Quantitative Project Management Framework

Better
NASA SW Project and IV&V

V&V
Decisions

\

| SW Process Simulation Model |

Outcome Based Control Limits
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PROMPT Control and Feedback Loop

\ No
Continue to
Execute Process

S corrective

Process and

Metrics Yes

Repository Yes ) ldentify
neiggggry? Possible
Undat Primary y Process
pdated Loop Is the mprovement
Parameters Process
n Control?
Secondary
SW Process Loop _ ;
. : Use Simulation
Simulation Model T .
o corrective action
Outcome Based Control Limits e Eves

Performanc

from Model Implement

_‘ /\ /\ est Correctiv
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Quantitative Intelligence

Applying Process Simulation = High Value Add

Evaluate Strategic Issues
Quality Assurance/ V&V Strategy for a project
V&V Strategy

Globally Distributed Software Development

Assess the Costs and Benefits of Applying New Tools
and Technologies

Plan Processes and Make Better Tradeoff Decisions
Evaluate Process Improvement Opportunities
Architect, Design, and Documenting Processes
Estimate Project Costs from the Bottom-Up

Manage Processes Quantitatively

Train Project Managers
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Teaching Software Project Management through
Modeling (Navarro, et. al., 20006)

ol R

- | Current Activities:
T 25 @
—= = v '-__: ¥ % Crestng ragarsments
(I =i foe
e
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Benefits of Process Simulation

Decision Support and Tradeoff Analysis
Sensitivity Analysis — “What if”
Supports Industry Certification and process

Improvement programs including CMMI,
Six Sigma, and others

Benchmarking

Design and Define Processes/Metrics
Bring Lessons Learned Repositories Alive
Can save cost, effort, and expertise

Many ways to achieve High Value-Add by
using process simulation
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Bottom-Line

m Process Simulation can make an impact on your
business.

Improving QA strategies (defect containment, COQ,
COPQ)

Achieving higher CMMI Levels (Fulfilling CMMI L4)
Implementing 6 Sigma practices

Adopting new technologies

Plan/replan projects

Bottom-up cost estimation

m Enables an organization to adapt to change and
Improve processes more quickly — beating the
competition, win contracts

m Enables an organization to design processes better,
train employees, implement more quickly = better
performance, higher quality, faster
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The End
Questions?
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Agenda: Part Il

m Overview of Simulation Types

m Process Tradeoff Analysis Method
Data
Model Templates
Model Database
Analysis of Results

m Incremental Model tour
m Conclusions
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Alternative Process Simulation Approaches

m Modeling Paradigms e TOOIs
Knowledge-Based — Arena
Systems — ProModel
Agent Based — Extend
State-Based — Stella
Discrete Event —VenSim
System Dynamics — Research tools
Hybrid

e Conferences

m Research Outlets — Winter Simulation

Soft 5 _ Conference
oftware Process: _ SPW/ ProSim
Improvement and
Practice — SEPG
— SSTC

Journal of Systems and
Software
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Alternative Process Simulation Approaches

m Knowledge Based Systems
Person-in-the loop
Fine level of granularity
Supports process enactment

m Agent Based Systems
Fine level of granularity
Supports detailed work interactions

m State Based Systems

Captures flow of control (work activities,
parallelism) well

Multi-view graphical representations

Difficult to capture task, work package and
resource details
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Alternative Process Simulation Approaches
m Discrete Event Simulation

Able to represent richness of processes, work
packages and resources

Good for modeling quantitative process performance
Good tool support
m System Dynamics
Captures feedback well
Often used for high level qualitative issues
m Hybrid
Captures best aspects of Discrete Event and System
Dynamics
Models are complex

Being used to predict performance of multi-site
development
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Common Applications of Each Approach

STRAT PLAN MGMT IMPR UNDR TRAIN

KBS X X
Agent Based X X
X X X X

Discrete Event X X X X X
System Dynamic X X X X X
X X

Hybrid X X X X



Better
Process
Decisions

Development Projects

(CSCI Data (Follows)

Mo of CSCls 8
CSCl names: C&DH Guidance & 'EPS Ground DIVINER LAMP  LOLA LROC
Estimated SLOC
C&DH
CSCname Reuse Re-eng Mew Lang Totals Ptotals VW Totals EP CP
C&DH 25000 75000 100000 120000 150000
Total 25000 0 75000 100000 120000 150000 3 1
Guidance & MNav
CSCname
Guidance & MNav 25000 12000 37000 37000 39000
Total 25000 0 12000 37000 37000 39000 2 3

PATT
Project
Database

*Organizational
«Site and Project —
* Industry Standard

. . Development Project Statistics
SW Process Simulation Model i
Run Ser Sige Effre
B Mz M
&l IEEE 12207 PATT2.max . Sod Dew Sed Dav
/ 1 3800 543033
163 L4476
2 SROO 43 656 RS
163 L5118l
3 SROD R
163 L4476
4 SROO oMo
163 L445.00
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Where does the data come from? @ o2

Input data are used to predict the performance
measures.

Can be derived from the organization

= Current baseline

m Exemplary projects

= Pilot data

Can also be derived from

= Expert opinion

m Industry data from comparable organizations

Best judgments to describe the state of your
organization
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Input Data @ o2

m Examples:
process documents and assessments
amount of incoming work
effort based on size (and/ or other factors)
defect detection efficiency
effort for rework based on size and number of defects
defect injection, detection and removal rates
decision point outcomes; number of rework cycles
hiring rate; staff turnover rate
personnel capability and motivation, over time
resource constraints
frequency of product version releases
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Creatlng Process Simulation Models

/
Management —>| Process Simulation Model
Dashboard

sssssss

Life Cycle Model Templates " Generic Process Model Blocks

REq e vA-TEST-EUsT
= £ =

» IEEE 12207 Generalized Process Components » Development

» Spiral * Inspection
* Incremental [ Reql: Use Case Analysis ] » Testing

* Product Line * Rework

* Rapid Prototyping - - [ J [ ] o V&V

*Joint Reviews
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Customizing PATT

Multiple block types implement SW development techniques

= -)f= m Development blocks develop
| product and inject defects

Inspection blocks detect defects

Testing blocks detect defects

Rework blocks correct and inject
defects

Joint Review blocks detect and
correct defects.

= m |\VV&V blocks detect defects.
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Project Data Base

m |[nputs

Size, productivity, error potential, consequence, defect

Injection, detection, and correction rates, cost, duration,
etc.

m Outputs
Customizable reporting
All levels - Project, phase, activity levels
Costs reported using COQ format
Defect containment statistics
Special reports for IV&V
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Project Database

¥ IEEE12207Data : Database (Access 2000 file format) =13
iF0pen B Design SNew | X | 25 - |EE|EE
Objects 2h|  Create table in Design view E] Ivv_Step Data
1 Tables 2h|  Create table by using wizard = Ivv_Totals
& Queries 2h|  Create table by enteringdata ] Parameter_Information
. =] Entity_Info =] Parameter_Mames
= =1 Entity_List 1 Project_Activity Efforts
il Reports =] Fan_Out =] Project_Activity Statistics
¥& Pages e =1 Project_Data
= Macos =] Ivv_Activity Statistics =] Project_Level _Info
E Ivv_Input E Project_Phase_Data
L Modules =] Ivv_Phase Data =] Project_Phase_Statistics
Groups E Ivv_Phase Statistics E Project_Statistics
& Favorites 1 IvW_Profiles 1] Project_Step_Data
=] Ivv Statistics =1 Project_Totals
4 | >




B8 IEFE12207Data : Database (Access 2000 fil format]

Quantel

Quantitative Intelligence

A preview b Desin e | ¥ | 2o T
4P Design g N B,

Objects

] Tables

ﬂ Queries
ER

d Reports

fﬁ Pages
2 Maoos
@ Modules

Groups

4| Favorites

Create repart in Design view
Create report by using wizard

Development Activity Defect Statistics

Development Activity Effort/Duration Statistics
Development Activity Total Effort/Duration Statistics
Development Phase Defect Statistics

Development Phase Effort/Duration Statistics
Development Phase Total Effort Duration Statistics
Development Project Statistics

Development Project Statistics (Indudes Total Effort)

Development Project Totals

Development Project Totals (Indudes Total Effort)

IV&Y Activity Statistics

IV&Y Phase Statistics

IV&Y Project Statistics

IVRY Project Totals

Project Activity Effort Statistics

Project Effort Statistics

Project Effort Totals

Project Phase Effort Statistics

Single Development Phase Defect Statistics

Single Development Phase Total Effort/Duration Statistics
Single Phase Development Activity Defect Statistics
Single Phase Development Activity Tot Effort/Duration Statistics




Quantel

Quantitative Intelligence

Development Project Total Effort/‘Duration Statistics
Project Name: IEEE] 2207 5W Devdoomers Process Model
Eum Sar s Toral Effbrs  Eeowork Effbe Durgdor Avg Durador  Cosreced Dores  LowwrDaben
Mrar Mirae Mirar Mezan Mzan M=n Man
Sed. D Erd Dev Sod D Sed Dev Eud. Doy Eed. D Sed. Do
1 @559 3T7,5T6.16 30,541.63 3364 34 LE3lst 357540 310z
0,00 [ a]e] Q.0a Q.00 Q.80 Q.80 Q.00
I @559 3503190 30,341.63 3351 581 137564 357540 i hE
0,00 [ a]e] Q.0a Q.00 Q.80 Q.80 Q.00
3 9559 60, 304.74 3H51T 135796 520428 38663
Q.00 000 0.0 14 ] 0. Q.00
4 10045 61, T4 50 515644 133578 590019 32630
Q.00 000 0.0 14 ] 0. Q.00
5 @559 38, 63166 30,541.63 345130 L4337 357540 310z
0,00 [aXals] Q.00 Q.00 Q.00 Qa0 Q.00
] @59 38, 631.66 30,541.63 345150 L4337 357540 I1E0z
0,00 [ a]e] Q.0a Q.00 Q.80 Q.80 Q.00
Emmordery, Nervemaber 11, 2008 Fage 1 41




" Quantel

Quantitative Intelligence

PATT Architecture




" Quantel

Quantitative Intelligence

Benefits of Process Simulation

Project

Projected

Cost or
Total Rework Revenue Rework

Effort Effort Project  delta due Effort for
(PM)Dev Devel  Duration to Total Field Impleme
Eff + Dev Defects (Calendar pyration [njected Corrected Escapted pefects ntation
Rwk (PM) Months) channe Defects Defects Defects (pMm)  Costs ($)

Base Case 200 90 18 $0.00 1150 990 160 40 $0.00 n.a. n.a.
1|Implement QFD 190 75 17.5 $0.00 1150 1020 130 30| $100,000 | $165,145 15%
2{Implement VOC 185 75 17| $ 100,000 1150 1050 100 20 $120,000 | $185,231 29%
3[{Add QUARS Tool 175 65 16| $ 300,000 1150 1090 60 10| $ 80,000 | $289,674 88%
4|Eliminate 230 130 22| $(400,000) 1150 900 250 80 $0.00{-$378,043 -129%
5[Additional Process




Computations and Tradeoffs

m Sensitivity Analysis

m Design of Experiments

m Business Case — ROI, NPV
m Methods in use and available

Quantel

Quantitative Intelligence



" Quantel

Quantitative Intelligence

Demonstration of the Incremental Model
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Simulation User-Levels

m Level 1. Manager - Runs simulations based on pre-
determined options

m Level 2: Analyst - Able to add or change the process
to study the impact of process changes

m Level 3: Expert - Able to create new models from
scratch

m Level 4: Developer - Able to program new block
and/or modify the logic of existing blocks, as allow
by the security model

m Level 5: Originator — Establishes security model



" Quantel

Quantitative Intelligence

Process Tradeoff Analysis Method (PTAM)

Based on extensive research into Software Process
Modeling conducted in academia, SEI and industry.

Graphical user interface and models software
processes

Integrates SEI methods to define processes and

supports CMMI PAs (CMMI L4 QPM)

Supports Industry Certification Programs including
CMMI, Six Sigma, and others

Benchmarking

Integrates metrics related to cost, quality, and schedule
Into understandable project performance picture.

Predicts project-level impacts of process
Improvements in terms of cost, quality and cycle time



" J Quantel

Quantitative Intelligence

Process Tradeoff Analysis Method (PTAM)

Support business case analysis of process
decisions - ROI, NPV and quantitatively
assessing risk.

Reduces risk associated with process changes
by predicting the probability of improvement

Saves time, effort and expertise over other
methods
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Applying Process Simulation = High Value Add

Evaluate Strategic Issues

Quality Assurance, V&V and IV&V Strategy for a
project
Globally Distributed Software Development

Assess the Costs and Benefits of Applying New Tools
and Technologies

Plan Processes and make better Tradeoff Decisions
Evaluate Process Improvement Opportunities
Architect, Design, and Document Processes
Estimate Project Costs from the Bottom Up

Manage Projects Quantitatively

Train Project Managers

Process Simulation can make a positive
Impact on your business!
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The End
Questions?




