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Abstract 

Most software product line cost estimation models are 
calibrated only to local product line data rather than to a 
broad range of product lines. They also underestimate the 
return on investment for product lines by focusing only on 
development vs. life-cycle savings, and by applying 
writing-for-reuse surcharges to the entire product rather 
that to the portions of the product being reused. This 
paper offers some insights based on the exploratory 
development and collaborative refinement of a software 
product line life cycle economics model, the Constructive 
Product Line Investment Model (COPLIMO) that 
addresses these shortfalls. COPLIMO consists of two 
components: a product line development cost model and 
an annualized post-development life cycle extension. It 
focuses on modeling the portions of the software that 
involve product-specific newly-built software, fully reused 
black-box product line components, and product line 
components that are reused with adaptation. This model 
is an extension built upon USC-CSE’s well-calibrated, 
multi-parameter Constructive Cost Model (COCOMO) II, 
tailored down to cover the essentials of strategic software 
product line decision issues and available supporting 
data from industries. 

1. Introduction 
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2. COCOMO II-Based Constructive Product 
Line Investment Model Elements 
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2.1 Relative Cost of Writing for Reuse (RCWR) 
Estimation 
�
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2.2 Relative Cost of Reuse (RCR) 
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Table 4 Rating Scale for Assessment and 
Assimilation Increment (AA)

AA
Increme

nt

Level of AA Effort 

0 None 
2 Basic module search and documentation 
4 Some module Test and Evaluation (T&E), 

documentation
6 Considerable module T&E, documentation 
8 Extensive module T&E, documentation 
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Table 1 RUSE Cost Driver Ratings and 
Multipliers 
RUSE
Descript
ors 

 None Across 
project

Across 
progra
m

Acros
s
produ-
ct line 

Across 
multipl
e
product
lines

Rating
Levels 

Ver
y
Low 

Low Nomin
al

High Very 
High 

Extra 
High 

Effort
Multiplier
s

N/A 0.95 1.00 1.07 1.15 1.24 

Table 2 DOCU Cost Driver Ratings and 
Multipliers�
DOCU
Descri
ptors: 

Many 
life
cycle 
needs
unco-
vered

Some 
life
cycle 
needs
unco-
vered. 

Right-
sized 
to life 
cycle 
needs

Exce-
ssive 
for life 
cycle 
needs

Very 
excessiv
e for life 
cycle 
needs

Rating
Levels 

Very 
Low 

Low Nomin
al

High Very 
High 

Extra 
High 

Effort
Multipl
iers

0.81 0.91 1.00 1.11 1.23 N/A 

Table 3 RELY Cost Driver Ratings and 
Multipliers�
RELY
Descri
ptors: 

Slight
incon-
venie-
nce

Low, 
easily 
recove-
rable
losses

Moderat
e, easily 
recover-
able
losses

High 
fina-
ncial
loss

Risk 
to
hum-
an life 

Rating
Levels 

Very 
Low 

Low Nominal High Very 
High 

Extra 
High 

Effort
Multipl
iers

0.82 0.92 1.00 1.10 1.26 N/A 
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Table 6 Rating Scale for Programmer 
Unfamiliarity (UNFM)

UNFM Increment Level of Unfamiliarity
0.0 Completely familiar 
0.2 Mostly familiar 
0.4 Somewhat familiar 
0.6 Considerably familiar 
0.8 Mostly unfamiliar 
1.0 Completely unfamiliar 
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Table 5 Rating Scale for Software 
Understanding Increment (SU)

Very 
Low 

Low Nomin
al

High Very 
High 

Struc-
ture

Very 
low 
cohesi-
on, high 
coupli-
ng,
spagh-
etti
code.

Mode-
rately 
low 
cohesi-
on,
high
coupli-
ng.

Reaso
nably 
well-
struct-
ured;
some
weak 
areas.

High 
cohesi-
on, low 
coupling
.

Strong
modulari-
ty, 
informati-
on hiding 
in data / 
control
structur-
es.

Appli-
cation
Clarity 

No 
match
betwe-
en
program
and
applic-
ation
world-
views. 

Some 
correl-
ation
betwe-
en
progr-
am
and
applic-
ation.

Mode-
rate
correl-
ation
betwe-
en
progr-
am
and
applic-
ation.

Good 
correlat-
ion
between 
program
and
applicat-
ion.

Clear
match
between 
program
and
applicati-
on world-
views. 

Self-
Desc-
ripti-
veness 

Obscure 
code;
docum-
entation
missing,
obscure
or
obsolete

Some 
code
comm-
entary 
and
heade-
rs; 
some
useful
docu-
mentat
-ion.

Moder
ate
level of 
code
comme
ntary, 
header
s,
docu-
mentat
-ion.

Good 
code
comm-
entary 
and
headers
; useful 
docum-
entation
; some 
weak 
areas.

Self-
descripti-
ve code; 
docume-
ntation
up-to-
date,
well-
organiz-
ed, with 
design
rationale.

Increm
ent to 
ESLO
C

      50       40        30        20          10 
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2.3 Guidelines for Quantifying Adapted Software 
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3. The COPLIMO Product Line Life Cycle 
Cost Model 
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Table 7 Adapted Software Parameter 
Constraints and Guidelines�

Reuse Parameters Code
Category 

DM CM IM AA SU 
UN
FM

New: all
original
software 

N/A
   

Adapted: 
changes
to    pre-
existing 
software 

0%~10
0%;
normall
y>0% 

0+%~10
0%;
usually     
>DM 
and
must be 
> 0% 

0%~100
+%; IM 
usually 
modera-
te and 
can
be>100
%

0%~
8%

0%
~50
%

0~1

Reused: 
unchan-
ged
existing 
software 

0% 0%
0%~100
% rarely 
0%, but 
could be 
very 
small

0%~
8%

N/A
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3.1.1 Relative Cost of Writing for Reuse (RCWR): 
Development 
�
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3.1.2 Relative Cost for Reuse: Development�
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Product-specific software (PFRAC):  0.4 
Black-box plug-and-play reuse (RFRAC):  0.3 
Reuse with modifications (AFRAC): 0.3 
Assessment and assimilation factor (AA): 2 
Software understanding increment (SU): 10 
Unfamiliarity factor (UNFM): 0.5 
% design modified (DM): 15% 
% code modified (CM): 30% 
% integration redone (IM): 40% 
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3.1.3 Example of COPLIMO Spreadsheet Model 
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3.2 The Basic Product Line Annualized Life 
Cycle Cost Model 
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Table 8. Relative Development Effort Without 
and With Product Line Reuse�

 # Products N 

Effort (PM) 
1 2 3 4 5 

No Reuse 294 588 882 1176 1470 

Product Line 444 593 742 891 1040 

Product Line 
Savings -150 -5 140 285 430 

ROI=PLS(N)/|PLS(
1) -1.0 -.03 +.93 +1.9 +2.9 

Figure 2 Net Development Effort Savings 

Basic COPLIMO Output Summary

Summary of Inputs: 7 year Product Line Effort Savings:
AVPROD 300

AVSIZE 50000 (SLOC)
UNIQ% 40 (%)

ADAP% 30 (%)
RUSE% 30 (%)

RCR-UNIQ 100 (%)
RCR-ADAP 40 (%)
RCR-RUSE 5 (%)

RCWR 1.7
(Note: Do not change above values!)
(Change from "Input" sheet.)

Table of Results:
# of Products 0 1 2 3 4 5 6 7
Unique SLOC 0 20000 40000 60000 80000 100000 120000 140000

Adapted SLOC 0 15000 30000 45000 60000 75000 90000 105000
Reused SLOC 0 15000 30000 45000 60000 75000 90000 105000

Total Non-PL SLOC 0 50000 100000 150000 200000 250000 300000 350000
Non-PL Effort (PM) 0 166.6667 333.3333 500 666.6667 833.3333 1000 1166.6667

1-Product Equiv. SLOC 0 71000 26750 26750 26750 26750 26750 26750
1-Product Equiv. Effort 0 236.6667 89.16667 89.16667 89.16667 89.16667 89.16667 89.166667
Cum. Equiv. PL SLOC 0 71000 97750 124500 151250 178000 204750 231500

Cum. PL Effort 0 236.6667 325.8333 415 504.1667 593.3333 682.5 771.66667
PL Effort Savings 0 -70 7.5 85 162.5 240 317.5 395

PL Reuse Investment 0 70
Return on Investment N/A -1 0.107143 1.214286 2.321429 3.428571 4.535714 5.6428571
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Figure 3. Output Interface of COPLIMO 
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Table 9 Effects of Product Line Reuse on Life 
Cycle Effort�
# Products in 
Product Line 

&� ,� /� 1� :�

AMSIZE-P
(KSLOC) E�&� &G�,� ,1�,� /,�/� 1>�1�

AMSIZE-R 
(KSLOC) G�&� G�&� G�&� G�&� G�&�

AMSIZE-A 
(KSLOC) G�&� I�I� ?�/� &&�>� &,�G�

Total Equiv. 
KSLOC ,>�,� ,?�?� /?�G� 1?�/� :?�&�

Effort (AM)  
(x2.94) :?�1� EE�>� &&G�:� &1:�&� &I/�I�

5-year Life 
Cycle PM ,?G�?� 1/?�E� :E,�G� I,:�1� EGE�/�

PM (N,5) R  
(+444) I1>�?� EE/�I� &>,G�:� &&G?�1� &/&,�,�

PM (N,5) NR :?>�?� &&E&�?� &II,�E� ,/G/�E� ,?:1�I�

Product Line 
Savings(PM) �&1?�?� ,?E�,� I1G�/� &&?1�1� &G1,�:�

ROI=PLS(N) / 
|PLS(1)| �&�>>� &�??� 1�?E� I�?I� &>�?G�

Devel. ROI 
(Table 8) �&�>>� �>�>&� >�?E� &�?I� ,�?G�

�
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Figure 4 Net Life Cycle Effort Savings  
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