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Abstract— Software sizing is an activity in software engineering that is used to estimate the size of a software project
in order to be able to apply other software project activities. Accurate software project estimation is determined by the
degree to which the software managers have correctly estimated the size of the software. Accurate sizing estimation is
an important measurement in the calculation of estimated project costs, effort, schedules and duration which provides
important information for software project development. Estimation in software projects can be carried out by first
measuring the size of the product to be developed. This paper analyses and provides a details overview of two most
common software sizing metrics; Lines of codes (LOC) and Function Point Analysis (FPA). Their strengths and
weaknesses are also examined; the ‘second generation’ software sizing methods are also discussed. The paper also
presents remarks on the findings and future research of the software sizing methods.
Keywords— software sizing, software project estimation, software size estimation, COSMIC, software effort
estimation, Lines of Code, Function Point Analysis, Use cases.
I. INTRODUCTION
Software sizing is an activity in software engineering that is used to estimate the size of a software component in order
to be able to implement other software project management activities [1]. To attain reliable software projects success in
software development, software planners need achievable plans including viable estimates of schedules, sizing, resources,
and risks [2]. Software project failure has become one of the main challenges and norm in software engineering industry
in fact many are cancelled before completion or not implemented at all. Addressing some of the key reasons why
software projects fail is the best starting point. According to [3] the main reasons behind project failures and software
problems occur because of the following;
 Inability to accurately size a software project.
 Inability to accurately size a software project,
 Inability to accurately specify an appropriate software development and support environment,
 Improper assessment of staffing levels and skills.
 Lack of well defined requirements for the software activity estimated.
Mainly software projects fail because of the inaccuracy of software estimation.
Software sizing remains a demanding area in the field of software engineering, according to [4] the main reasons for
measuring software size are;
 Software size is a key measure that is used as an input in estimating cost and effort.
 Planned size and actual size are compared to monitor the project achievements.
 Contracts are also formed by using software size measurement.
 Software size is also used in normalization of other measures.
The software size should be estimated in the requirements stage of the software development life cycle. Software
sizing is one of the main inputs to software development effort, if size is estimated correctly; the effort estimate will be
realistic and will translate to a realistic cost estimate [2]. Without a concept of function size software managers may find
it challenging to confer practical schedules based on their established ability to deliver software products. Several
software sizing methods and techniques exist. Once software size is determined business estimate the required effort to
construct the required software product.
II. SOFTWARE SIZING METHODS AND TECHNIQUES
Many software sizing approaches and techniques have been proposed over the years by engineering research
community. Software project planners are using these approaches to estimate the exact project cost for developing
software products. These software sizing techniques can be broadly categorized into two, code based sizing metrics and
functional size measurement (FSM). Code based sizing metrics measure the size of software using the program source
code. Examples of code based sizing metrics include LOC (Lines of Code), Halstead‟s software length equation,
McCabe‟s Cyclometic Complexity. FSM is an alternative to code based sizing method which include Function Points
Analysis (FPA) which takes into account both static and dynamic aspects of the system [5]. Reference [6] identifies
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LOC and FPA as most commonly used software sizing techniques. In this paper we describe in details these two most
popular sizing metrics and techniques that have been proposed and applied in practice. During software project
estimation LOC and FPA are used as estimation variables to size every element of the software and as a baseline metrics
collected from past software projects and estimation variables to develop cost effective projects [7].
A. Lines of code
LOC is the most commonly used and simplest metric to estimate project size. The measure was first proposed when
programs were typed on cards with one line per card, where project size is estimated by counting the number of source
instructions in the finished software project. LOC is any line of program text that is not a comment or blank line,
regardless of the number of statements or fragments on the line. This specifically includes all lines containing program
header declarations, executable and non executable statements. LOC is normally used to calculate the amount of effort
that will be required to build a software program and estimate programming productivity and maintainability [8].
Accurate estimate in LOC can only be obtained after the completion of software project and there is no accepted
standard definition exists for LOC [9]. Counting LOC is very simple method but difficult to estimate LOC from problem
description and as a result LOC is not very useful for project planning.
B. Function Point Analysis
Function points were developed by Albrecht (1979) at IBM as a way to measure the amount of functionality in a
system [10]. Later in 1983 Albrecht and Gaffney extended and published the method [11]. This metric overcomes many
of the limitations of the LOC sizing metric. FP measure the amount of functionality in a system by counting inputs,
outputs, queries, and logical files. Function points capture the size of an actual product and does not relate to something
physical but rather to something logical that can be assessed quantitatively. FPA can be used to easily estimate the size
of a software product directly from the problem specification and it measure the functionality of a program from what the
user requests to system and receives in return from the system as output. The FPA is divided into following functional
units [12]; input or set of inputs to the system, outputs from the system, request for access data or information, internal
logical information, and external interface required. Once requirements are categorized, then their respective complexity
is associated with each functional requirement based on subjective judgement of the organization.
III. ADVANTAGES AND DISADVANTAGES OF SIZING METHODS
Software size is a key input to all software cost estimation models. In the past two decades LOC and FP have been
dominating software sizing methods. Unfortunately, there are significant drawbacks in LOC and FP for software sizing
estimation. LOC is simplest method (ease of counting automation) but can only be accurately counted when the software
product is complete, while the most critical software estimations need to be performed before construction. Software
sizing using LOC is specific to the technology platform on which the application was developed, the LOC count will
vary for different technology platforms. Disadvantages include difficulty of counting early in the development process,
dependence on programming style, need for inflexibility in applying counting rules, and unpredictability of methods
across different programming languages [13].
FP can only be manually counted, and the estimator has to have experience to do so. Moreover, FP counting involves a
degree of subjectivity. The FP counting rules are satisfactorily well defined and codified to enable experienced FP
planners to be constant in FP counts, unfortunately manual FP counting and recounting processes are unavoidably time
consuming and expensive relative to automated counting. The software size measured through FP approach is
independent of the technology on which the application is developed. Another advantage includes ease of generation
from a clear specification and persistence across intermediate software products. With FP there is inconsistency as
analysts interpret the notional constructs and the difficulty of assessing the size of embedded systems [13].
IV. ‘SECOND GENERATION’ SOFTWARE SIZING METHODS
Because of the above challenges with „first generation‟ software sizing methods, software engineering researchers‟
community are looking for faster, cheaper, and more effective methods for measuring software size. Other software
sizing methods include use case based software sizing, which relies on counting the number and characteristics of uses
cases found in a software and COSMIC which addresses sizing software that has a very limited amount of stored data
such as real time systems [1]. A benefit of using the COSMIC method includes [14]:
 Easy to learn and stable due to the principles based approach, hence a future proof and cost effective method.
 Accepted by software project staff due to the ease of mapping of the methods concepts.
 Improves estimating accuracy, especially for larger software projects.
 Possible to size requirements automatically that is held in CASE tools.
 COSMIC reveals real performance improvement where using FP has not indicated any improvement due to their
inability to recognise how software processes have increased in size over time.
 Sizing with COSMIC is an excellent way of controlling the quality of the requirements at all stages as they evolve.
Use cases provide software developers with insight into software requirements [7]. According to [15] the following are
problems of estimating software size using use case;

There is no standard form for describing use cases; it has many different formats and styles.

Use case represents an external view of the software and can therefore be written at many different levels of
abstraction.
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Use cases do not address the complexity of the functions and features that are described
Use cases can be described using complex behaviour that involves many functions and features.

V. CONCLUSION AND FUTURE WORK
In this paper an overview of traditional and „second generation‟ software sizing techniques, their strengths and
weaknesses have been discussed. Various software sizing approaches have been proposed over the years and each of
them has taken the solution of estimating software size a step further. Software size estimation is critical to providing a
credible software cost estimates, thus choosing the appropriate method by which to estimate size is important. None of
these software sizing methods gives hundred percent accurate software size estimation. Software engineering research
community must continue to research on reliable, accurate, and effective software sizing techniques. Improving the
existing software sizing methods and introducing new methods for inputs for software cost estimation will be our future
work.
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