Using Basic COPLIMO

I. Introduction

This basic version of the Constructive Product Line Investment Model (COPLIMO) is designed to help users get started in assessing the costs, savings, and return on investment (ROI) associated with developing and reusing software product line assets across families of similar applications.  Basic COPLIMO is based on the well-calibrated COCOMO II software cost estimation model.  It includes a minimum-essential set of parameters, which are relatively easy to estimate from and organization's current practice, and to refine as further information becomes available.  If there is uncertainty about input parameter values, default values are provided in the model, and one can perform sensitivity analyses with the model to see how the ROI changes with different parameter 

values.  Basic COPLIMO is a standard Excel spreadsheet application that can be easily modified, combined with other Excel applications, or interfaced with other Microsoft Office applications.

A more elaborate version of COPLIMO is also available.  It has several more reuse parameters, and covers software maintenance as well as development (ROI's for the maintenance of software product lines are generally higher than for development, as there are fewer lines of code to maintain).  Additional features such as present-value discounting of future savings or Monte Carlo probability distributions could easily be added.

The next three sections explain the model's inputs, processing, and outputs.

II. Basic COPLIMO Inputs

1.  Average SW productivity, AVPROD (SLOC/PM).  This is an estimate of the number of source lines of code (SLOC) produced by the project, using current practices, per person-month (PM) of effort.  Project effort includes all sources of software effort from product definition to product acceptance for use.  SLOC counts are normally compiler-relevant (excluding comments) logical source instructions, but any consistently-defined alternative will work.  300 SLOC/PM, the default setting, is a good average for outcome-critical business applications; 600 SLOC/PM is a better average for outcome-noncritical business applications; 150 SLOC/PM is a better average for outcome-critical real-time control applications; and 75 SLOC/PM is a better average for safety-critical real-time control applications;

2.  Average product size, AVSIZE (SLOC).  This is an estimate of the number of source lines of code (SLOC) produced by the project.  The default value of 50,000 SLOC is arbitrary; any nonzero value will produce the same ROI value.

3.  Expected reuse category percentages (adding to 100%)

3a.  Percent of software unique to each application, UNIQ%.   This is the percentage of the software SLOC that is unique to the particular product in the product line and needs to be newly-developed for each product.  This can cover special mission-specific or payload-specific features, or specialized market discriminators.  A typical value of UNIQ% is 40.

3b.  Percent of software adapted from product line, ADAP%.  This is the percentage of the product line software that must be modified to work well.  This can cover adaptations for international localization, device-specific specializations, or specialized user interfaces.  A typical value of ADAP% is 30.

3c.  Percent of software reused from product line, RUSE%.  This is the percentage of the product line software that can be reused as a black box without modification.  This often covers the infrastructure software and core applications support functions such as mathematical or real-time control functions.  A typical value of RUSE% is 30.

    Actually, RUSE% will be calculated by COPLIMO as 100-UNIQ%-ADAP%, to keep from having percentages adding up to other than 100%.

4.  Expected relative percentage of costs to reuse, RCR (100% for unique software).  This is the percentage of cost to reuse the software in a new product line family application relative to developing newly-built software for the application.

4a.  RCR for adapted software, RCR-ADAP.  This is the percentage of cost to reuse the software with modifications in a new product line family application relative to developing newly-built software for the application.

4b.  RCR for reused software, RCR-RUSE  This is the percentage of cost to reuse the software without modifications in a new product line family application relative to developing newly-built software for the application.

5. Relative cost of writing for reuse, RCWR.  This is the multiplicative factor determining the full cost of writing software to be most cost-effectively reused across a product line family of applications, relative to the cost of writing the software to be used in a single application.  It includes the extra effort needed to generalize the architecture, design, and code; to validate that the reused components will work across the product line; and to provide more general documentation for the reused assets.  A typical percentage value of RCWR is 1.85.

III.  Basic COPLIMO Processing

This section provides the equations by which the Outputs are calculated from the Inputs

1. Total Non-PL SLOC.  For a product line of K products of equal size AVSIZE in SLOC, the total amount of software developed without product line reuse is:

Total Non-PL SLOC = K * AVSIZE.

2. Unique, Adapted, and Reused SLOC.  Given that the percentages in each category are the same for each product, for a product line of K products of equal size AVSIZE in SLOC, the total amount of software in each category is:

Unique SLOC = K * AVSIZE * UNIQ%

Adapted SLOC = K * AVSIZE * ADAP%

Reused SLOC = K * AVSIZE * RUSE%.
3. Non-PL Effort.  For a product line of K products of equal size AVSIZE in SLOC and a productivity rate of AVPROD, the effort in person-months is:

Non-PL Effort = K * AVSIZE / AVPROD.

4.  1-Product Equiv. PL SLOC.  For the first product, the equivalent size of the product line software is determined by multiplying the amount of software to be developed for reuse, AVSIZE * (ADAP% + RUSE%), by the Relative Cost of Writing for Reuse (RCWR) factor, and adding that to the size of the unique software, AVSIZE * UNIQ%, which does not have to be developed for reuse.  That is, for the first product,

1-Product Equiv. PL SLOC = AVSIZE * (UNIQ% + RCWR * (ADAP% + RUSE%).

For subsequent products in the product line, the size of the unique software is the same, but the equivalent size of the adapted and reused software is determined by their Relative Cost of Reuse (RCR) factors.  That is, 

1-Product Equiv. PL SLOC = AVSIZE * UNIQ + AVSIZE *  ADAP% * RCR-ADAP + AVSIZE * RUSE% * RCR-RUSE.

5. 1-Product PL Effort.  For each product, the product line effort is equal to the equivalent size divided by the productivity rate: 

1-Product PL Effort = (1-Product Equiv. PL SLOC) / AVPROD.

6. Cum. Equiv. PL SLOC.  For a product line of K products, the cumulative number of equivalent product line SLOC is just the sum of the "1-Product Equiv.PL SLOC's" from 1 to K.

7. Cum. PL Effort.  For a product line of K products, the cumulative amount of product line effort is just the sum of the "1-Product PL Effort's" from 1 to K.

8.  PL Effort Savings.  The product line effort savings for K products is the Non-PL Effort for K products minus the CumPL Effort for K products.  It will be negative for the first product, but will generally be higher for each subsequent product.

9. PL Reuse Investment.  The effort invested in product line reuse is the Cum PL Effort for the first product minus the Non-PL Effort for the first product, or the absolute value of the PL Effort Savings for the first product.

10.  Return on Investment.  The return on investment ROI for a product line of K products is:   (PL Effort Savings for K products - PL Reuse Investment) / PL Reuse Investment.

IV.  Basic COPLIMO Outputs

The Basic COPLIMO Outputs screen has three displays:

· The table in the upper left is a summary of the Inputs described in Section II.

· The table at the bottom is a summary of the Outputs whose derivation is described in Section III.

· The graph in the upper right is a plot of PL Effort Savings as a function of the number of products K in the product line.

