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COTS Definition 

"Commercial Off the Shelf' Software 

Commercial Software Products 
- sold leased licensed at advertised prices 

Source Code Unavailable 
- generally an app1.ication program interface (API) 
- frequently tailoring options 

Usually periodic releases with feature growth, 
obsolescence 

-- 

COCOMO vs. COCOTS Cost Sources 
(COTS in System) 

(System) Tst Bctr I Tot. 
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COTS Integration Cost Sources: 
I )  Assessment 
Initial Filtering Effort 

Average Filtering 
Candidate 

Final Selection Effort 

Average Assessment Effort 
Total Effort = Attribute in Given Domain 

Assessment Candidate 
Attributes 

List of attributes refined in collabor~ztion with Dr. Elizabeth Bailee 
* EfforVcandidate is project-dependent, within domain guidelines 
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COTS Integration Cost Sources: 
1) Assessment - Assessment .Attributes 

Pmducl Pctfonnanec 
Ex~YbonpUfmnlnce 

InamatEdrial. capacty 
P n c w m  

Memory p e h m c e  
Response lme 

mW*prt 
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Inhr-component Compatibility 
Compaubllty M h  Mhw eornponmts 

lnlempmbllty 

Flexibility 
ExtmriabMy 

FkxlMlty 

Pncc 
h t m l  purchaseAtase 

Recvmng costs 

User Tnlning 
Urw tnlnng 

Vendor Concerons 
W d l n ~ e s s  to escmw rwfce code 
Wlllngncrr to make m o ~ c d l o n s  
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COTS Integration Cbst Sources: 
2) Tailoring 

COTS Effort at Tailoring 
Total Effort = Tailored at Level in Domain 

Comnlexitv Level 
Tailoring 1 

Complexity 
Levels 

-Five tailoring effort complexity levels: 
Very Low, Low, Nominal, High, Very High 

- Dzyferentiated based on .number tailored parameters, 
dijjficul& of needed scripts, API iterations, etc. 
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COTS Integration Cost Sources: 
2) Tailoring - Dimensions af Tailoring DifJiculty 
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COTS Integration Cost Sources: 
3) Glue Code Development and Test 

B 
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: 
3) Glue Code Development and Test - Glue Code Cost Drivers 

I )  ACEP. COTS I N e p n a  E x p e n c e  h Rodm 
2) ACIPC. COTS Lntegrslor Personrrl CaphMy 
3) AXClP . lnlepaor Exprnmce vmh COTS InteNcgrauon Roccssea 
4 )  APCON - Inlepaor Personnel CoMnmy 

5 )  ACPMT - COTS Pmdwt Mzmny 
61 ACSEW -COTS Suppha Produd Enternion W i  
7) APCPX -COTS Roducl Interface Compluuy 
8 )  ACPPS - COTS Supplier FTdnd :Suppcm 
9 )  ACPID - COTS Suppltcr FTondni Trmmng nrd Documemon 

10) ACREL . Conminu m Applicslion SyadSukqwcrnReli.bihty 
I I) AACPX - A p p l i N m  Lncrfacc Compleaty 
12) ACPER - Corcmauus on COTS Techmcd P e r f o m u ~ e  
I3)ASPRT - Apphcmon S F r m  Pa(;dnl~ty 
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Glue Code Cost Drivers Productivity Ranges 

Personnel cabablllty(AC1PC) 

Personnel contlnulty (APCON) 

Product mammy ( A C P ~  

Prod. lntertace cornplelaty(APCPX) 

Product eqnence  (ACIEP) 

l\pp. Intertace cornpIenty(M~X) 

Reliabilityconsbamk (ACREL) 

Productsupport(AC~~s) 

TrainingBdocurnentabon (ACPTD) 

lntegnbon experience (AXICP) 

Pehrmance consbalm (ACPER) 

Exlenslon willingness (ACSEW) 

System portablllty(ASPRT) 
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COTS Integration Cost Sources: 
4) Increased Application Effort Due to COTS Volatility 

A ~ ~ r o x i m a t e  Model: 

Total Effort = (Application Effort) [ B ~ K  COTS] 
100 'EA"?COTS 

Detailed Model with COCOMO II Parameters: 

+ BRAK COTS 
Total Effort = (Application Effort) a [( GBRAK ) -3 (EM9 

COTS 

BRAK COTS: % a~~l icat ion code breakage due to COTS volatility 
BRAK : % g~l icat ion code breakage otherwise 
Z : COCOMO I1 scale factor 
E AF : 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 + Final Selection Effort 

Total integration Cost = 

(Total Integration Effort) ($$/Person-Month) 
C A  10127199 I5 
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Data Collection & Results: 
where we were a year ago 

October 1998 - Database 

6 Student Digital Library projects 

4 Industrial FAA projects 
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Project 

3 
5 
6 
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October 1998 - Results 
Experiences with Library Project Data 

Initial Model 

A Size R xEAFs Estimate Actual Relative 
(UFP) (P-hr) (Phr) Error 

A = 1.00 => one UFPIP-hr 
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Project 

3 
5 
6 
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February 1999 - Results 
Experiences with Library Project Data 

Revised Glue C o k  Submokl 

A Size B xEAFs Estimate Actual Relativeoriginal 
(SLOC) (P-hr) (P-hr) Error Error 
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Data Collection:: where we are now 

October 1999 - Database 

20 Industrial projects collected to date 

- data entry continuing (13+ points or -65% already entered) 

Data collection continuing 

- (COCOMO 81 debuted with 63 calibration data points) 

Following summaries based on the interim database 
- they show enough of the picture to characterize the gross 
nature of the projects we are collecting 

UNIVERSITY OF 
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Database Characteristics: 
selected summary facts 
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Project Domains 

broject sources: Army, Navy, FAA) 

Air Traffic Mana.gement 6+ 
Business (including databases) 3+ 
Communication, Navigation, & Surveillance 

Mission Planning 2 
Logistics 1 
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Classes of COTS Products Used 

databases 
data conversion packages 
GUls 
operating systems 
network managers 
device drivers 
report generat~ors 
back office retail 
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Development Processes 

Spiral 6+ 

Waterfall 6+ 

Incremental 2+ 

(most projects currently in maintenance) 
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Architectures & Architecting Processes 

Architectures 
all over the map but with one common element: "distributed" 

Process I I I 
1 - (evolved) legacy 5+ 

2- demos/prototypes 5+ 

3- paper analysis 2+ 
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Delivery Dates 
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Total Duration Total Effort 
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Total SLOC Glue SLOC 
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Schedule Duration by Activity 

Assessment Tailoring 

I / 

Clue Code 

1 I 
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Effort by Activity 
Assessment Tailoring 

(:he Code 

IT===== 7 I 
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Effort by Activity (cont'd) - volatility 
Total System Effort excludiig 

COTS interntion 
- -. - - - - . - . 

s 

System Effoort due to REVL 

System Effort due to COTS 
vdatility 
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Effort by Activity (cont'd) - volatility 

Percentage system 
rework due to REVL 

Percentage system rework 
due to COTS volatility 
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Effort by Activity (cont'd) - volatility 
System effort due to COTS 

volatility 

-7- 

Percentage 
(System effort due to COTS volatility)/ 

(COTS integration effort) 

COTS integmtion effort 
(assessment+tailoring+glue code) - 

. . 
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Pro]. No. A 
1 - 29 
2 28 
3 2.8 
4 2.8 
5 2.8 
6 2.8 
7 2.8 
8 2.9 
9 2.8 
10 28 
11 2.8 
12 2.8 
13 2.8 
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Current Predictive Results: 
Glueo Code Effort 

rize SLOC KSLOC " i h k  eRiize ScaltParm ScalcFactor 0 @F PMJed)- PM(act) YdleIErrw- 
1 W  - 0 1  100 - 0.2 H - 1 1.04 0.46 0 2  6 -960% 
6150 6.15 7 6.2115 VH 0 1 0 2  3 5  74 953% 
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Current Predictive Results: 
Glue Code Effort 

At 13 pts, COCOTS glue code model within: 
50% of actu~als 62% of the time 
33% of actuals 38% of the time 

At 83 pts, USC COCOMO 11.1997 within: 
30% of actuals 52% of the time 
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Current Predictive Results: 
Glue Code Schedule = 

Proj No. B PM(est) B c o n s t  B x c n s t  
1 1 04 0241538886 1 0 15 
3 116 0 952 1 0 15 
8 1 04 098153214 1 0 15 
11 1 04 8 426269968 1 0 15 
2 1 3 47844 1 0 15 
7 1 04 11 66652801 1 0 15 
9 1 04 15 08023848 1 0 15 
12 104 1472947843 1 015  
6 104 40 42159316 1 0 15 
4 1 713 125 1 0 15 
10 1 93 8 1 0 15 
13 1 04 184 334406 1 0 15 
5 1 16 6 293775511 1 0 15 
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Current Pre!dictive Results: 
Glue Code Schedule 

At 13 pts, COCOTS glue code model within: 
31% of actuals 54% of the time 

At 83 pts, USC COCOMO 11.1997 within: 
30% of actuals 61% of the time 
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Available Tool 

Adaptation of existing USC COCOMO II.2000 tool 

Performed by Mr. Wook Kim under guidance of 

Prof. Ellis Horowitz 

To date implements glue code submodel only; 

other submodels to follow soon... 
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Issues That Need a Harder Look 

Volatility submodel? 

Schedule Equation? 
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Next Steps 

Expanding the model to cover total lifecycle 

- birds-of-the-feather session Wednesday eve 

- break-out group Thursday afternoon 

Continued data collection 
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LJSC-CSE Seven Step Modeling Methodology 

literature q T \  &hauiord Analysis 

Judgme~lt. Delphi 

A-PRIORI M O O U  A-sMarrt 
+ Cither Pro/ecl Data 

SAMPLING DAT& 

- - A-Postcrlod Update 

A-POSTERIORI MOOEL' 

refine model 




