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COTS Integration Cost Sources: 
I )  Assessment 
Initial Filtering Effort 

Filterin' 
Candidate 

Final Selection Effort 

)(Average m* 
Total Effort = COTS Candidates for AUlibute in Given Domain 

Assessment 
Attributes \ 

List of attributes refined in collaboration with Dr. Elizabeth Bailel: 
EfforiYcandidate is project-dependent. within domain guidelines 
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COTS Integration Cost Sources: 
2) Tailoring 

Effort at Tailoring 
Total Effort = Level in Domain 

Com~lesitv Level 
Tailoring 1 

Complexity 
Levels 

-Five tailoring effi~rt complexity levels: 
Very L m ;  Low, Nnminul, High, Very High 

- IX(ferentiuted bused on number tailored purumters, 
di[ficulp of needed scrtjlts, A PI iterutions, eic 
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COTS Integration Cost Sources: 
3) Glue Code Development and Test 

Total Effort =A* [(size)(l+breakage)]: n (effort multipliers) 

A - a linear scaling constant 
Size - of the glue code in SLOC or FP 
Breakage - of the glue code due to change in 

requirements and/or COTS volatility 
Effort Multipliers - 13 parameters, each with settings 

ranging VL to VH 
B - an architectural scale factor with settings VL to VH 
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COTS Integration Cost Sources: 
4) Increased Application Effort Due to COTS Volatility 

Total Effort = (Application Effort) L B ~ K  COTS] (EAR 
100 COTS 

Total Effort = (Application Effort) 
COTS 

BRAK COTS: O/O a~~l i ca t ion  code breakage due to COTS volatility 
BRAK : O/O a~~l i ca t ion  code breakage otherwise 
Z : COCOMO II scale factor 
EAF : Effort Adjustment Factor (product of effort multipliers) 
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Total COTS Integration Cost Estimate 

Total Integration Effort (in Person-Months) = 

Assessment Effort + Tailoring Effort + Glue Code Effort +Volatility Effort 

where 

Assessment Effort = Filtering Effort + Finill Selection Eflbfi 

Total integration Cost = 

(Total Integration Effort) ($$/Person-Month) 
Center for S o h  Em&euing 8 
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Data Collection Status 
6 Student Digital Library Projects 
- 8 more by end Spring '99 semester 

12 Industrial Projects 
- FAA & aerospace contractors 
- 8+ additional projects anticipated by mid '99 
-will allow calibration of Early Design version 

Other Sources Being Explored 
- NASA, DoD, Commercial 
- USC-CSE Affiliates, GSAW & ICSE conferences 
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Experiences with Student Data 
H iglt ligh ts 

Raw Data 
COTS Assessment Effort Distribution Profile 
Glue Code Submodel Calibration Result 
Insights from Student Projects 
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Experiences with Student Data 
Raw Project Data 

1 ACnVlTY Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Total Pas-hrs X Totsl Pershr? 

Oenerai k b v i t y  
Determme Requiranonlr: 
R-s. update plans : 
Design produsl. 
Code pmduct : 
R r t r l p d o  m hrma i  dssignlcode n 
In twrde  and test : 
Fhde(acb found In testing: 

cors Rdahd A d i v i  
Understand a d  qualify COTS: 
Design COTS glue code : 
Code COTS glue code : 
FIX dsrech found in  COTS testing: 

Mminidrativs Adlvity 
Managomant: 
Dosumsnbtion : 
Other: 

 TOTAL WEEKLY PersonHours 
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Experiences with Student Data 
COTS Assessment Effort Distribution 

Groups 3 & 5 (search engines) 
G r o s s  

A t t r i b  u  t e  s  

F u n  c  t i o  n  a  l i t y  

2 .  P e r f o r m  a n c e  
3 .  D e p e n d a b i l i t y  

4 .  U s a b i l i t y  

5 .  A d  a  p  t a  b  i l i t y  

6 .  0 p  e  r a  b  i l i t y  
7 .  C o s t  

A c  t i v  i t i e  s  
I I1 111 

D i s  t r i b  u  t i o  n  o  f a s  s  e s  s m e  n  t  e f f o r t  b y  a c t i v i t y  a n d  a t t r i b u t e  

I: n o m i n a l e x e r c i s e  - u s e  C O T S  a s  i n t e n d e d  b y  v e n d o r  

11: o f f - o o m i n a l e x e r c i s e  - a d a p t  C O T S  t o  n e w  u s e  

111: r e  a  d  i n  g a n  d  r e  s  e  a r c  b 
Cater for Sofh.0~ En&ani,g 12 
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Experie~ces with Student Data 
Clue Code Srr bmodel Calibration 

Project A S ize B xEAFs Estimate Actual 
(S LOC) (P-hr) (P-hr) 

Center for Sofhvme Engineering 

Relative 
Error 
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Insights from Student Data 
Like Student C'OCOMO, there is utility in developing a 

Student COCO TS 
- rcaling irrues (SLOCIP-hr w. KSLOCP-mth) 

- rtudent r m  productibitj higher (don't have wme securit?, warhead, 

coordination, documentation, \errion control, etc., concerns as industrial 

de5 elopers) 

Helping us to sort out what is COTS specific vs. COCOMO 
specific effort 

Illustrates again efficacy of a site-specific calibration 

Centerfor Sofime Engineering 14 
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Experience with Data 

lessons learned 

modeling suggestion: 

Apply model by COTS class rather than 
at component or project level 

(good compromise for data collection?) 

Cmlcr for SofhYare Engineering IS 
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Suggested CO TS Classes 
database 

network management 

GUI builders 

operating systems 

report generators 

device drivers 

compilers 

decision support systems 

other??? 
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Immediate COCOTS Follow-ons 

*Modeling of schedule estimation and activity 

distribution 

*Integration with COCOMO I1 estimation model 

*More extensive tool implementation 
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Conclusions 
COCOTS 1s still e~~olving/reii~li~ig its framework for estinlating software COTS 

integration and usage costs 

- data collection interviews adding immeasurably to our insight into 
COTS integration. allowing capture of unique "lessons learned that are 
helping to refine the model 
- project database growing, soon will reach critical mass needed for first 
publishable calibration, at least of Early Design version 
- important schedule/activity distribution features. initial formal 
reconciliation with COCOMO I1 model anticipated by end '99 

*COCOTS can be extended to cover other COTS related costs 

-biggest challenge will be conlplex. dynamic COTS price structures 
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Model Development History and Support 
-USAF/ESC Effort 

\larch 1996 throueh .June 199" 
lnitjnl Glue C ode llotlel Ikfinition, bxperinlent;ll C nlihl-atlon 

*FAA Effort 
Phnsr 1 (.Jul! to Octoht~r, 1997) 

L l u r  Code 4lodc.I Redefinition, Lxpelin~enti~l  < alibration 
I'husr 2 (October 1997 to .Jul? lW8) 

Glue Code Zlodel Refinen~ent 
Assrwnent, 1 ailoring, and 1 oIntilit> \Iotiels 1)efint.d 

I'hsse 3 (.lul? 1998 to December 1998) 
Eurther Data Collection & \lode1 Refi~cnwnt. C ulibnltlon 
C;ool calrbrntvd nrodel ur~nrlnblr hi ettd I998 

.ONR Effort 
.Janua~? 1998 through 19955 

I urther Kefiijen~ent 01 \ltdels, h~rluding actibit? u n u l > ~ n  & e t b  
I)nb C ollectlon & C alihration 

UNIVERSITY OF 
SOUTHERN CALIFORNIA 

Problem Context: Modeling 
COTS and Custom* 

Applications Components 

Nev COCOTS 
Modeling 
Problem 

COTS infrastructure COTS Tools 
COCOMO 11: PVOL, PESI' LTEX, TOOL 

Cost Modeling Currently Addressed 
Centn/or Soj%me Engineering 22 
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C'O TS In tqrution Cost Sources: 
I )  Assessment - Assessment A trributes 

A v 8 i l a M l ~ R o b u ~ e s s  
Availabilty 

Fail safs 
Fdl son 

FwIt tolerance 
Input e m  tolerance 

Redundancy 
Rdlabiltty 

Robuslmss 
Sakty 

Secvlly 
Secuity (Access relatad) 

Secunty (sabotage related) 

PmducI PerIormanoe 
ExecutlonpRbrmance 

Inbrmaticddata capacity 
PRCISIO. 

Memwy pnbrmance 
Response Lime 

Thmughvut 

hderrtrndabi l i ly 
Documenlabon qualily 

Simplicity 
Testability 

Ear of u r  
Usatiiitylt*rman Factors 

Venlon Compslibillty 
Danward compatkbilii 

Upward c o m p t i i l i i  

InCrcompornnt Compa6MIity 
Compatibility wim 0th- cmnponents 

lntnopenbiity 

In~ lh l ion lUpgrade Ear 
lnstallatim Ewe 

WgadelRetnh ease 
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Price 
lnilal purchasehase 

Reourring costs 

Vendor S u m  
Response time far or i t id  p d s m s  

SuppM 
Warranty 

Umr Training 
User training 

Vendor Concehons 
Willingress to escrow swrce code 
Wtllngness to make modficabonr 
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COT3 Integration Cost Suurces: 
2) Tailoring - IXmensions of Tailoring DzjJiculty 
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- 

CO KC; Integrution Gsr Sources: 
-3) Glue Code Ileselopment and Test - Glue Code Cost ilrisers 

Personoel Drivers 

I )  ACIEP - COTS Integrator Experience wlth Pmducl 
2) AClPC COTS Integralor Personnel Capabhry 
3) AXClP -Integrator Expcnencc wth COTS lntegrstlon Procerxr 
4) APCON - Integrator Penwnel Contlnutty 

COTS Comwnent Drivers 

5 )  ACPMT - COTS Product Mahnty 
6) ACSEW -COTS Suppler Producl Extens~on W~ll~ngness 
7)  APCPX -COTS Produrl Interface C o m p l e x ~ t ~  
8 )  ACPPS -COTS Suppler Producl Suppon 
')I ACPTD COTS \upplner Prmlded Tratmng and Documcnlatmn 

Applicalion/Svstem Drivers 

10) ACREL - C o n s h ~ n U  on Appluat~on System/Subsystem R e l i a b ~ l q  
I I )  AACPX - Appltcat~on Interface Compleuty 
12) ACPER - Construnts on COTS T e c h n d  Performance 
13) ASPRT - Appltcal~on System Porlab~ltty 

Nonlinear Scale Factor 

I) AAREN - Appltcattm Archtlecsral Engmeermg 25 
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Recent Development: two models, dgferingfideliiy 
(Pirrallels COCOMO I1 rnotlel i i l~)  

Early Design COCOTS model 

-roll up of parameters in Assessment, Glue code submodels into fewer, more 
aggregated factors; inclusion of only the approximate Volatility model. 

-less fidelity but requires fewer data points to calibrate. 

-intended for more "what i f '  kind of estimating, earlier in the development process. 

Post-architecture COCOTS model 

-the full model as presented in preceding charts 

Center for So+ Enginnring 26 
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Longer-term COCO TS Follow-om 

*Continued data collection and conditioning 

*Continued recalibration and iteration of the model 

within current structure 

*Experimental usage and refinement, including 

exploration of other cost drivers and model forms 

*Modeling other COTS related costs 

-Licenses, training, maintenance, hardware 
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