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Introduction 
Software size is the key input to all software cost estimating models. There are several popular 
methods for estimating software size, including source lines of code, objects and function points; 
however, estimating these inputs early in a program can be difficult. A method or methods to 
estimate software size early in a program from high-level information such as requirements 
specifications and logical system models would be useful, particularly if the methods are 
automated. 

This paper discusses current research in automatic sizing tools in two areas: use case points and 
requirements repositories. Both areas show promise in being able to accurately estimate program 
size early in a program. 

History of Software sizing1 
"Size", a measure of software "volume", mass or functionality, has always been an input to most, 
if not all software cost models. When PRICE-S was released in 1977, number of (machine-level) 
instructions was the key input. The SLIM model, first released in 1979, also had size in lines of 
code as a key input. The 1981 edition of COCOMO had thousands of delivered source 
instructions (KDSI) as the key input to the effort equation for the model. Despite the importance 
of size, there were no methods for estimating size that were widely accepted. A software cost 
model user could often only guess what this parameter would be. 

During the mid- 1980s, several size estimation tools were developed. The Aerospace Corporation 
developed a sophisticated database analogy model for estimating the size of space software 
programs. Dr. George Bozoki developed the Software Sizing Model (SSM), an expert judgment 
model which estimated software size based on pair-wise comparisons and PERT size estimates. 
PRICE Systems developed the PRICE Sizer (PRICE-SZ) model to estimate the size of military 
and commercial programs based on parametric inputs. Function points, another size measure, 
became increasingly popular during this period. None of these measures, however, provided 
consistently accurate measures of size that were applicable to a wide variety of programs and 
usehi early in a program. 

The 1990s witnessed the development of more size estimating methods and refmements of 
existing methods. Several variants of function points arose such as Capers Jones' Feature Points, 
Reifer's ASSET-R Function Points, and Simon's Mark I1 Function Points. Bozoki's ideas were 
incorporated into Galorath Inc.'s SEER-SSM, a commercially available software sizing model. 
With the increasing use of object-oriented design for software, a new size measure, object points, 
was proposed. There are now several variants of object points formulated, including Banker's 
object points which form the basis for the Application Composition model for COCOMO 11, 
Predictive Object Points used in PRICE-S, and object-based sizing available in SEER-SEM. 
Still, there was no measure that was applicable to a wide variety programs and useful early in a 
program. 

1 For more information about the history of software sizing, see Mr. Ferens' article Software Size 
Estimation: Quo  Vadis? listed in the references at the end of this paper. 



The Research Program 
In 200 1 ,  the Air Force Research Laboratory awarded a Phase I Small Business Innovative 
Research (SBIR) contract to Galorath Inc. to study software size estimation methods that would 
be useful early in a program based on the architecture of the software being developed. Galorath 
researchers hypothesized that three types of documents could be used. They were use cases. 
structured requirements documents, and textual specifications. The opportunity for each method 
is now briefly explained; use cases and requirements repositories will be explained later in more 
depth. 

Use Cases 

Use cases comprise a notional description of a system, frequently used at the earliest stages in a 
project. Use cases are one type of graphically oriented notation in the Unified Modeling 
Language (UML), a family of notational methods (diagrams) used to describe various aspects of 
software and its underlying structures. Some of these, for example use cases and class diagrams, 
can be used as part of the early analysis process. 

At least two descriptive characteristics of use cases can be exploited to provide sizing 
information. The first is the number of use cases. A small application might have only one use 
case while very large applications may have hundreds. The other major characteristic is the 
number of "actors" per use case. Actors are the "agents" that interact with the software and so 
use cases must have at least one actor. A commonly accepted standard is one actor per use case 
though this is by no means the rule. Use cases and actors can be weighted for complexity to 
provide a refined "use case points" estimate. Use case points are the leading metric for 
quantifying system size based solely on use cases. 

Structured Requirements Documents 

It may be possible to estimate size from a requirements document or specification by 
investigating the number, type and complexity of requirements compared with similar documents 
for which size is known. Some of the techniques now found in SEER-SSM, such as pair-wise 
comparison, can be useful here. What is needed, of course, is a repository where past 
requirements documents and corresponding software sizes are available. 

Textual Analysis 

This is related to structured requirements in that it may be possible to estimate size based on 
technical artifacts, such as word count and phrases. Information extraction and other capabilities 
may be able to derive size from text documents describing software. Information extraction tools 
have been developed that can automatically extract machine-readable information from 
documents. The field of Information Extraction has left the purely academic arena and is making 
inroads in commercial applications such as web searching and data mining. Perhaps it can be 
used to correlate textual characteristics with the size of a software product that the text indirectly 
describes. 

Phase I ~esults* 
The Phase I effort concentrated on use case points. For this work, five software programs were 
chosen. These were existing, commercial quality programs. enabling direct comparisons against 

2 The Phase I results have been published in a Technical Report, "Automated Software Project 
Size Estimation Via Use Case Points" available as Defense Technical Information Center (DTIC) 
Report AD-B-284575. 



actual values. Each program was 'specified' into use cases by an experienced UML analyst. and 
then counted by an experienced, certified function point analyst. Using experts in each of these 
areas helped to ensure that use cases and fimction point counts were consistent and correct. 
Figure 1 shows the general process used. 

use cases model 
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Figure 1. Method of analyzing use cases 

The sample of five programs was then evaluated by modeling and estimating specialists to 
determine their use cases' potential to indicate a corresponding function point count. 

The goal was to estimate function points from use case data, using the sample of five systems. 
For this analysis ordinary least squares regressions were used on a set of specially transformed 
variables. Later stages of this project will use more data and more sophisticated estimating 
methodologies. 

The equations estimated through regression analysis were intended to explain function points in 
terms of UML use case characteristics. For the use case data (dependent variables, those being 
used to estimate) we used these variables: 

"adjusted use cases" 

"adjusted actors" 

scenarios 

Developing "adjusted use cases" and "adjusted actors" was a two-part process. The first step was 
to assign impartial ratings of "low complexity", "average complexity" or "high complexity" 
depending on the number of transactions (use cases) or depending on the type of interaction with 
the system (actors). In the second step, the use cases and actors were weighted according to the 
complexity levels. 

Based on a graphical analysis of the data, as well as a priori theoretical considerations, several 
different function forms were considered. Variations included whether the dependent variable 
and one or more independent variables should be logged, whether the independent variables used 
should be adjusted or unadjusted, and the overall shape of the function. Several of the more 
promising functional forms were estimated. The result indicated the potential for good fits 
between function points and use cases, although due to the limited nature of the data and 
consequent lack of verifiability, results are not reported here. Use of additional data and more 
sophisticated methodologies, including simultaneous estimation of a system, should provide good 
estimates for the other function point measures. 

Additionally, this methodology was applied to a large system by both a contractor and Galorath 
researchers. The result was an estimate that was within 12 percent of actual effort, with input 
provided by knowledgeable engineers, and within 20% when inputs were provided by cost 
analysts without program knowledge. 



Phase II Progress 
The success of Phase I resulted in the Missile Defense Agency awarding a Phase 11 SBIR to 
Galorath to further study software sizing and to commercialize their product. The Phase I1 effort 
was begun in June, 2002 and is scheduled for completion in June, 2004. A kick-off meeting was 
held at Galorath in July, 2002 and technical reviews were held in January and July 2003. The 
progress now discussed is as of September, 2003. 

Galorath has named the planned product of the Phase I1 effort, "CriticalMass". It is envisioned 
that CriticalMass will be a standalone tool and will be commercialized as part of the SEER family 
of commercial models. This is in line with the purpose of the SBIR program, which is to assist 
small businesses (like Galorath) in research and development of value to the Department of 
Defense. 

Figure 2 illustrates the basic concept behind CriticalMass. The inputs will either be use case 
point or requirements specifications. The outputs will be size estimates in SLOC, function points, 
or whatever size input is appropriate for the cost model being used. 

Software Descriptions Software Cost 
Models 
I 

Figure 2: CriticalMass Concept 

In Figure 2, it is evident that the number of software descriptors has been reduced from three to 
two. Textual analysis has been subsumed into requirements documents. Progress for each of the 
two software descriptors is now addressed. 

Common Features 

CriticalMass is implemented in two versions, for DOORS and Rational Rose. The former 
product is a requirements repository and the latter is used for specifying use cases. Both 
CriticalMass versions are tightly coupled with their respective products, extracting the 
information from each that is necessary to obtain size estimates. Sizing is dynamic; there is not a 
set of static coefficients that can be applied under all circumstances. 

Both tools are further enabled with a user-assisted pair-wise comparisons feature. This method 
(accurate in itself) comes into play when the user has a particularly good feel for certain items' 
relative size, and wishes to override automatic sizing. 
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CriticalMass For Rational Rose: Sizing From Use Cases 

CriticalMass for IBMIRational's Rose tool will permit translation of use case diagrams into size 
estimates, letting planners achieve very early, efficient estimates of system size based on little 
more than notional designs. 

Galorath performed further research on use cases, the area they were successful with in the Phase 
I effort, and developed a modified metric called %ormalized use cases". This metric has promise 
to be more robust and accurate than use case points, which to date has been the only widespread, 
though imperfect, metric for use case sizing. 

At this time, CriticalMass is linked with the Rational Rose tool, from which it extracts use cases 
and against which preliminary estimates are obtained. The estimation algorithms still must be 
refined and calibrated before reliable estimates can be produced. 

CriticalMass for DOORS: Sizing From Requirements Repositories 

CriticalMass for Telelogic's DOORS requirements repository - and potentially other repositories 
- will provide an efficient opportunity to compare new requirements with those of known size so 
that rapid assessments of future size can be made. 

Galorath has at this time integrated CriticalMass with the DOORS requirements repository and is 
linking the data that is extracted (alongside numerous derived metrics) with algorithms intended 
to estimate the size of extracted requirements. 

Conclusion 
Critical Mass is expected to be completed by June, 2004 with earlier beta versions. The system 
will no doubt evolve as different development shops gain experience with it and offer their 
feedback. In fact, with its ability to dynamically calibrate and incorporate past results. evolution 
is built into its framework. 
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