A CASE STUDY AND ASSESSMENT OF
A COTS UPGRADE FOR A SATELLITE
GROUND SYSTEM

PRICE Systems U.S. Symposium
April 19-21

Sheraton San Diego Hotel & Marina Marilee Wheaton
San Diego, CA

Aerospace Corporation
Kevin McKeel
PRICE Systems

73 THE AEROSPACE
i CORPORATION rr, l__CE



PROG

Hi 111

True COTS Solution : Case study

Introduction

True COTS Solution
Why we need it
Solution Detalls

Case Study Description

Estimate Detalls
Assumptions
True COTS Solution

COTS Integration Lessons Learned

Wrap Up

PRICE



PROGRAN

h

Introduction
E The integration of Commercial Off the Shelf Software is
often misunderstood and underestimated

B Estimators and project planners continue to struggle with
estimation of COTS projects

B PRICE True S introduced in 2004 with a comprehensive
solution for estimating all of the activities associated with
COTS Implementations

B Command and Control COTS Integration project with
actual data available

B Opportunity to exercise COTS Solution in True S

PRICE
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True COTS Solution : Why we need it

E COTS solutions can save time and money in the development
and life-cycle phases of a software product

B The implementation of COTS Intensive or COTS Based Software
deployments are often underestimated

Perception that COTS Integrations are plug and play
exercises

Failure to account for all activities associated with successful
COTS integrations

Failure to remain flexible in requirements

Failure to ask the right questions about a COTS based
Integration

PRICE
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COTS Solution : Solution Details

E Comprehensive Coverage of COTS related activities
Analyze software requirements
|dentify, evaluate and select COTS components
Purchase/Lease/License the COTS Components
Tailor COTS software
Design, code and test glue code and modific
System level integration and test
Evaluate and integrate upgrades
Fix bugs
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COTS Solutions

E Ask the right questions

B Software Size in sensible terms
Functional Size
Function Points
SLOC
POPs

B Glue code description

B Tailoring scope and complexity

B Evaluation scope and complexity

B Vendor and product characteristics

- Solution Detalls

k.

E Integration team familiarity with COTS integrations

E Upgrade information

PrRICE
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Case Study : Background

COTS upgrade for a legacy satellite ground system
Introduced new distributed client server-based architecture
Maximized the use of COTS products

This release of the system consisted primarily of the COTS
upgrades

Small amount of added functionality included as part of this
release

PRICE



PROGRAM

COTS Upgrade Development Environment

E Difficulties with the COTS software created a cascading
effect on the schedule

Resources from next release being pulled onto this
version to fix problems

System did not stabilize from COTS upgrade which
impacted follow on build

B [nsufficient coordination between the multiple
development organizations and COTS vendors

Complex contractor, subcontractor, vendor
relationships

Misunderstandings between contractors and COTS
vendors with respect to COTS functionality expected

E Limited visibility into the evolution of the NDI code

B Non standard requirements and software configuration
management

PRICE
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Case Study Details

B 7 Existing home grown components
Legacy Baseline = 618.6K

Deletions and Modifications for Glue Code and new
functionality — New Baseline = 658.6K

E One NDI (not developed internally) component
Legacy Baseline = 860K

Deletions for functionality replaced by COTS — New Baseline
= 590K

B 7 COTS Components ranging from midsize to very large
Sun Solaris Operating System

COTS C2 Product (this replaced the deleted NDI
functionality)

Oracle

Satellite Tool Kit

Tivoli Product (communication)
Veritas Product (network mgmt)
Gensym Product (network mgmt)
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Case Study Detalls

E Complexities
Integration team capability => above average
External Integration Complexity => High or very high
Project constraints => some constraints

B Project data
Project start date => Jan 2001
Project duration => 34 months
Project effort => 170K hours
Project cost => $22M

PrRICE
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Estimation Assumptions

B Software and System Requirements Analysis set low
Existing functionality being replaced

Enterprise like components such as OS require less analysis
than embedded components

B Documentation costs set low
Existing functionality being replaced

B Other overhead costs reduced for allocation to prime
Project management
Quality Assurance
Configuration Management
Plan and Oversee

PRICE



PROGRAM

Estimation Assumptions

E Modeled Existing Components as Software Components with
New Code for glue code and new functionality and Deleted Code
for Deleted Functionality

B Modeled NDI Component as a COTS component

E Modeled COTS Products as COTS Components — using
Functional Size Generator to determine size

PRICE
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Estimation Assumptions

Integration and Test costs require adjustment for several
reasons

Existing components have already been successfully
integrated

Enterprise type components have large functional size with a
relatively limited percentage that requires integration

Operational software components integrate differently with
each other than with the mission software components

In order to accomplish reasonable integration and test values
constructed sub-assemblies to represent:

Operational Software (software required to get the other
components working together — more enterprise type
software) — low integration

C2 Software — large NDI Component (low integration
complexity) with C2 COTS component (high integration
complexity)

Mission Software — existing homegrown components
(average integration complexity) with mission specific COTS
component high integration complexity

Spread integration and test activity equally between the
system and the three sub-assemblies

PRICE
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|Estimate: Mission Software

Cost Chjects | B Results [F Input Sheet |Chart |

Marne: I Mission Software Notes: _I Input: |Esti
Value Uil
1 Start Date |j [
2 End Date =
3 Azzembly [ntegration Multiplier 0.25 |
4 Hardware Flatiorm Stability | YWery Stable - Hardware Exists and iz F.. j Selec
5 Hardware Platform Availability Available more than 95% of the time j Sele
f Mumber of Unique Hardware Platforms 1 Int
7 Azzembly Size Unit Source Lines of Code [SLOC) j Sele
& SLOC Conversion to Azzembly Size L nit 1.0000 |
9 Function Paint Conversion ta Azzembly Size Lnit 128.0000 |
10 POPs Conversion to dzsembly Size Lnit 25,0000 |
11 Uze Caze Converzion to Azsembly Size Unit 80.00
12 Development Process W aterfall j Selec
13 Murmber of Spiralz or Increments 1 Int
14 Flah Software Development Schedule Multiplier 1.00 |
15 Analyze Syztern Requirementz Schedule Multiplier 1.00 |
16 Design System Schedule Multiplier 1.00 |
17 Perform Syztem Gualification Test Schedule Multiplier 1.00 |
18 Ferform Hw' 45 [ntegration and Test Schedule Multiplier 1.00 |
19 Ferfarm Azzembly Integration and Test Schedule Multiplier 1.00 |
20 Perform Software Product Evaluation Schedule Multiplier 1.00 |
=l Plan and Muverzes Sehedile Fifert M vl M
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Typical COTS Input Set

Mame: | Satellite Tool Kit Mokes: ... I Input: IE

Yalue u

i Start Date 1172000 >|

Egs;qqusgﬂiEgE&ﬂ:;ggz Custorner Relationships Managerment, INDnE 'I EDWC:nSi: End DatE j
Purchasing/Inventory Contral, Hurman Resources, Databasze trlagclkin;.-"s: SiZE L|r‘|it$ Functinnal SiZE j SE

Decision Support I vI _— . f
e.g. Expert or decision support, ERP Spsterns Mane MIdiLZE FunCtIDnal SIZE A
2., war — -
Computational/Graphics |—_|None = analysis tc Amount for b odification n.on
e.g. Cornpilers, Imaging, Sensing and Mapping. Graphical ; ; -
High mii Function wify G.70 J
Metwork Management INone 'I 2.9, Comp - ———
] et ef Operating S pecification 1.20 J

Communications/Controls IN vI A - ———
2.9, Telecornmunications, Communications = Tﬁlszgx/ (ff the Shelf Dperatlng SI:IECIfICEItIDr'I 1.00 A
Controls and Displays |N°”E = e Glue Code Size Unitz Source Lines of Code [SLOC]) j Se
Radar/Satellite I - —— vI e.g. Oracle g
e.g. Telernetry, Satellite Data Link ngh miclsize environme Glue I:Dde SIZE
Operating Systems I—_[None = Very lar Glue Code Language
2.3, Text Based Operating Systerns, Graphical Operating Systerns &g, entire EDmpDnEntS under E"\"ElluEltiDn
Military Support Extra la = -
e.g. Weapons Managerment, Encryption, Weapon Control, Guidance INDnE 'I &g, comp EDI‘I‘IDDHEﬂtS under Detailled Evaluation
Control enterprise - T
Evaluation kultiplier
Generator Outputs T ailoring Complexity
T alloning kultiplier
Functional Size Units |750 -
| Yendor and Product Complesity
Functional Complexity IB.? [y ——
Ewvaluation Multiplier |2.3? ntegration Team Maturity
Tailaring Multiplier 9 . -
2 2 | _. Ewternal Integration Complexity
21 Amount for Purchazed Software
2z Date of External Software Purchaze
U pdate 23 Annual Support Fee
Pt parade Fregquency
Frequency Z5 Analyze Software Requirements Schedule Multiplier
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3 COTS Paper 2 (Tables and Generators)

Typical COTS Input Set

[Estimate: Satelite Tool Kit

PRICE True § Catalog

Cost Chjects | ElResults B Input Sheet | [=AIChart |

PROJECT CONSTRAINTS

Mame: I Satellice Tool kit

Motes: _I

ISDme Additional Constraints j Communication/Timing Constraints

Yalue

|Some Additional Constraints j Perfarmance Constraints

ISDme Additional Constraints j Memory Constraints

Start Date
End Date

17172001 | =|

Size Units

PROJECT CONSTRAINT INDEX

Functional Size

ID.EE hanageakle constraints

Armaount for Modification

Functional Complesity

SR I m LT O T Y

|

T arget Operating Specification

Mast software pI'D_'iEl:tS havel® COTS Paper 2 (Tables and Generators)

or memory. In cases where o
understand the impact on

sometimas when one of thes| EXTERNAL INTEGRATION COMPLEXITY
on productivity may be redud
used to compensate for areag
a value between 0.5 (typical)

PRICE True § Catalog

Mo external Integration

Yery low - Experienced team with few integration points

Low - Average team with few integration points

0]% | Canu:ell

Maminal - Average team with many integration points

m 000D

High - Inexperienced team with few integration points

0

Wery high - Inexperienced team with many integration points

0ff the Shelf Operating Specification

Glue Code Size Lnits

Glue Code Size

Glue Code Language

Compof under Exaluation

Components under Deta@j‘&ah.;\atian
\ Ewaluation Multiﬁa‘

\Ta\ilnring Complexity

T ailonPiruliplier

Wendor and Product Complexity

Project Constraints

External Integration Complexity 4

|ntegration Tearn b aturity

E sternal Intearation Complexity

Amount far Purchazed Software

(0] | Cancel |

[
FunclionalSizej
750 .|

0.00

B.70 ..

1.20 ..

100 ..

Source Lines of Cods (5LOC) = |

Input: IE
u

Se

Se

Se

Se
Cu
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Results — Labor Hours

|La|:u:|r Requirement Prafile; Swstem

Cu:ust Objects Results | EH Input Sheet | [=AIChart |

Systemn  Tatal Labor Requirements = 179,291,221 Hours Wi W
Iniks: j Timescale: IMnnthI':.f j
Labor Requirement Profile : System - [Spstem] Total 1212000 14142001 21
Labaor Requirementz in Howrs

1 Spztem Software 21.304.57 452 40 34k 87
2 Mizzion Sofhware 6£5.104.96 5.039.46 1,999.79
3 Tivoli Product 484 98 8069
4 Satelite Toal Kit 848 87 88,58
5 Compaornent & 9.87 253
= Comporent B 2.292.97 3095
i Component C 2.488.1 341.29
a Compaonent O 17.637.92 1815
9 Compaorient E 611.46 13353
10 Component F 3.461.29 295 66
11 Compaonent H 12.015.22 61287
12 C2 Saftware 3519913 196843 1.500.71
13 Component J [MDI) 4 82717 937.78
14 COTS C2 Product 63771 110,96
15 Operational Software 8.356.61 E44.53 32687
16 Surn Solaris Operating System 2.049.37 39287
17 Oracle 650.54 E1.36
18 Yeritas Product 655.17 46.04
19 Genzym Product 65517 46.04

20 Total 179.291.11 8.104.94 8.343.55 1
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Tirvoli Product
Satellite Tool Kik
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Component B
Component C
Component 0
Component E
Component F

Component H

ZZ Software

- (@)

Companent 1 (WD)
0TS C2 Product

Cperational Software

Lo | &2

Sun Solaris Operating Swskem
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Veritas Product

Gensym Product

Results

Copy Chart
Print Chart
Hide Legend

System

Labar Requirements in Hours

Cost Object Reguirements

Labor Hours Per PBS Element

System Software (21,304 57
Miszion Software (55,104 961
Tivoli Procuct (454.98)
Satellite Toaol Wit (545.87)

B Componert A (9.87)

B component B(2,202.97)

Il Component C 2,488 21)

B Componert D (17 537 920
Componert E (611.48)

B Componert F (3,461.29)
Componert H(12,015.22)

B <2 Softwars (35,199.13)

[ Component J (MDY (4,527 17)

I COTS C2 Product (537.71)

. Opetational Software (5,356.61)
Sun Solaris Operating Systemn (2,049 37)

[l Oracle (B50.54)

B veritas Product (655.17)

B Gensym Product (B55.17)
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Results — Costs in $

'Cost Table: Syskem Software

Swstem Software  Cost = 22,551,438

Cl:nst Chjects  EEResulks | B Input Sheet |Chart |

Wiew: |Cosk Table

Cost Table : Systemn Software - [Software Total Froagrammer Syztem and
Azzembly] Software
Currenci ik LSO 4] (5 cnentl Ennineers
1 Pertarm Software Maintenance 0 I 0
2 I anage Project 4,004,146 746,128
3 Perform Configuration b anagement 1,540,962 39,694 26,447
4 Perform Jaint Technical Reviews 0 0
h Perform Quality Azsurance 1.498,228 19,847 26,447
E Plan and Overses 573.398 434 452
7 Plan Software Developrment 880, 374 I63.685
a Wwrite Documentation 765 867 10,608 11.234
g Analyze System Requirements 23159 231588
10 Dezign System 2114 16,599 55,514
11 Analyze Software Requirements 1,330,452 1,330,452
12 Perfarm Azzembly Integration and Teszt 6,023,883 a7 740 2,381,382
13 Purchage External Software 0
14 Ewvaluate and Select 0 a 0
15 Design Saftware 2.990_ 406 553,001 2431405
16 Tailar 269,922 186678 83,243
17 Code and Unit Test 924, 425 803,234 12109
15 Perfarm Software [ntegration and T est 461.413 103,086 177075
19 Perfomn S oftware Qualification Test 571.7M 98,126 276,094
20 Perform Hw! /5% Integration and Test 380,080 112,474 120,248
21 Perform Software Product Evaluations 0 0
22 Perform System Qualification Teszt 240,908 59,370 130,840
23 Total 22.551.438 2.7¥2. 458 8.799.057
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Lessons Learned

B Steps taken to improve overall integration of processes
between the contractors

E Common software development configuration
management system enabled team to more readily share
source code baselines

E NDI should be reclassified as mission unique code and its
evolution managed as such

B Evolution of COTS and NDI components need to follow
robust systems engineering processes

Especially in areas of requirements definition and risk
management

PRICE
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Lessons Learned

E Be aware when important decisions are being driven by schedule
considerations at the expense of technical considerations

B More systematic process for specifying requirements for each
new version of COTS and NDI software

Include provisions in development schedule for theses
activities

B Full appreciation of system and software engineering practices is
required through the life cycle of COTS-based systems

PRICE



PROGRAN

\
h

Conclusion

E Planning and budgeting for COTS upgrades present unique
challenges to a project manager

B Use the COTS solution capabilities of PRICE True S
Provides for comprehensive coverage of COTS related
activities
Asks the right questions to get needed insight
Provides consistent and defendable estimates of costs

B Make COTS-based systems tradeoffs and realign budgets for
COTS realities

PRICE
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About PRICE Systems

Leader in Program Affordability
Management solutions

Combine cost estimating, project control,
and knowledge management — ensuring
project success at every decision gateway

Estimating

Affordability
Management

Customers increase visibility, minimize ris
and cost, accelerate project development,

] . ) Knowledge
and improve the effectiveness of project Management
selection, control and delivery

www.PRICESystems.com

POWERED BY

“PRICE Research
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