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Software Sizing and Productivity with Function Points
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Abstract—Software sizing is one of the most challenging, and
critical activities in software project management. Effective
software sizing help project managers to plan and execute
software projects successfully. In software business the
technology is changing very quickly. It is impractical to change
the measurement rules very often in accordance with the
technology. Today’s software applications use different
technologies, tools and several programming languages in one
go. As a result software systems continue to grow in size and
complexity. They are very difficult to understand, asses, and
manage. A common method to understand, measure, and
communicate size and productivity need to be used and
established in the industry for effective project management.
Function Point Analysis (FPA) is a natural fit into this
category. The FPA technique quantifies the user functions
contained within software application in terms that are
meaningful to the end User. A case study presented in this paper
shows how FPA can be used as a common yardstick in software
sizing and help establish an effective communication among
different stakeholders of the software development project.
Index Terms—Measurement,
development process, software size.
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I. INTRODUCTION
In today’s global market place and rapid developments in
information technology computer programming languages,
tools, and development environments are exploding in
numbers [1]. Today’s software applications are very
heterogeneous in nature - use different technologies, tools,
and several programming languages [2]. Even software
components (like electronic components) are readily
available from different vendors. For global market, Indian
software professionals are producing large amounts of
software applications and components to meet an
ever-expanding demand from the business community. Thus,
the software system continues to grow in size and complexity.
They are very difficult to understand and asses [3]. It is
impossible to manage what we do not understand. And we
cannot understand what we cannot measure – size matters
most! Software size is extremely important in determining
and controlling costs, schedules, quality and productivity in
software project management.
As software applications grow and become more complex
a common method to understand, measure and communicate
size and productivity need to be used and established in the
industry.
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Because of the available technology and tools to develop
software applications, this area is no more restricted to only
computer engineers. These days, people from all walks of life
– doctors, business development managers, biotechnology
professionals, and high level managements – are all involved
in this business.
Software sizing is one of the most challenging, and critical
activities in the software development process. A systematic
approach to software size estimation is important for sound
project planning and management. Effective software sizing
help project managers to execute software projects
successfully within the concept of the triple constraint –
Scope (quality), Cost (resources), and Schedule (time) [4].
In practice, when it comes to software sizing and project
planning, software professionals usually don’t have patience
to measure the software size methodically. They consider that
a tedious process and hence waste of time. They are
comfortable with “Gut Feeling + Buffer” methodology that
will provide ball-park estimation. Therefore, the estimation is
frequently done irrationally. At the end, when they don’t
meet the committed release date and criteria, they simply
justify their methods as the best they could do under the
situation or else they start the blame-game in the team. And
they repeat the same exercise in their upcoming projects,
undoubtedly.
This paper provides an insight into Function Point
Analysis and its benefits in software sizing and productivity.
We also discuss its suitability for Earned Value Measurement
(EVM), and First Time Yield (FTY) that will help assess the
performance of software development project and
benchmarking productivity.

II. FUNCTION POINTS – NO NEW CONCEPT
Function Point Analysis is not a new concept. Function
Point concept was introduced by Alan J. Albrecht of IBM in
1979. In 1984, the International Function Point Users Group
(IFPUG) was set up to clarify the rules, set standards, and
promote their use and evolution [5]. But they remain largely
unknown or ignored by most software professionals today.
In software development process the technology is
changing very quickly. Therefore measurement rules needs
to be adjusted according to those changes – which are
impractical. There should be a common methodology that is
independent of the technology across the software industry.
Function Point Analysis is a natural fit into this category. The
FPA technique quantifies the user functions contained within
software application in terms that are meaningful to the
software user. The Function Point measure relates directly to
the business requirements that the software is intended to
address. It can therefore, be readily applied across the wide
range of development environments and throughout the
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software development life cycle – from early requirements
phase to customer acceptance. These days, Function Point
Analysis is slowly gaining popularity as a standard software
sizing technique.
According to Software Productivity Research, software
sizing with Function Points can significantly improve the
probability of completing a software projects successfully on time and within budget. Fig. 1 shows the statistics of
software projects done without and with FPA.

Function Point Analysis is the only internationally
recognized and ISO standardized technique to measure the
size of the Users Functional Requirements.
Function Points can be included as part of RFPs, along
with requirement document, to provide a common
understanding of all interested bidders.
Function Points can be the foundation for setting a
benchmark for the organization.

IV. FUNCTION POINT ANALYSIS IN A NUT SHELL
From the end User point of view, when we look at the
anatomy of a software application we could see that as a
combination of data at rest and data in motion. Data at rest
represents data storage in the form of files - called Data
Functions. Data in motion represents some activities that end
Users carry out while processing information - called Data
Transactions. Fig. 2 depicts the software system from User
point of view.

Fig. 1. Statistics of software projects done without and with FPA.
(Source: Software Productivity Research) [6]

There are currently five variants of Function Point
methods recognized and approved by the International
Organization for Standardization (ISO):
COSMIC-FFP (ISO/IEC 19761:2009)
IFPUG CPM (ISO/IEC 20926: 2009)
Mk II FPA Method (ISO/IEC20968: 2002)
NESMA FPA Method (ISO/IEC 24570: 2005)
FiSMA FSM (29881: 2008)
ISO has recently published guidelines to select the method
most appropriate for your project needs.

III. ADVANTAGES OF FUNCTION POINTS

Fig. 2. Software system from user point of view.
(Source: Software Cost Estimation Using FPA – Booz|Allen|Hamilton)[7]

Function Point Analysis offers many advantages over
other software sizing methods:
It is independent of the computer language, development
methodology, technology, platform, or the capability of the
project team.
It is linked directly to user requirements and functionality.
It is applicable from earliest requirements stage and
throughout the software development life cycle.
Function Points can help establish effective
communications between the end User community and
software developers.
Since Function Points are based on the system user’s
external use of the system, even non-technical users of the
software system can get a better understanding of what
Function Points are measuring.
It provides quantitative basis for Earned Value
Management (EVM).
It provides quantitative basis for First Time Yield (FTY) to
measure the rework and process capability.
FPA provides a consistent, documentable, and repeatable
measurement methodology.
FPA can reveal gaps in functional requirements and thus
avoid early introduction of defects in the application.
Simple enough to minimize the overhead and heaviness of
the measurement process.
It provides consistent measurement among various
projects and organizations.

A. Data Functions
Data Functions represent logical groupings of data end
User required to do their job. Data Functions are of two types
– Internal Logical Files (internal data) and External Interface
Files (external data)
Internal Logical Files: An Internal Logical File (ILF) is a
user identifiable group of logically related data or control
information maintained within the boundary of the
application. [8]
External Interface Files: An External Interface File (EIF)
is a user identifiable group of logically related data or control
information referenced by the application, but resides in the
boundary of another application.
Both these files comprises of Data Element Type and/or
Record Element Type. A data element type (DET) is a
unique user recognizable, non-repeated fields or attributes of
ILF or EIF. A record element type (RET) is a user
recognizable subgroup of data elements within an ILF or EIF.
When ILF/EIF are referred by Transactional Functions for
processing information, they are termed as File Type
Referenced (FTR)
B. Transactional Functions
Transactional Functions represent the functionality
provided to the user for the processing of data by an
205
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development project for standalone application.

application. Transactional functions are of three types External Inputs (EIs), External Outputs (EOs), and External
Inquiries (EQs).
External Inputs: An External Input (EI) processes data or
control information that comes from outside the application
boundary. The processed data maintains one or more ILFs.
External Outputs: An External Output (EO) sends data or
control information outside the application boundary.
External Inquires: An External Inquiry (EQ) presents
information to a user through the retrieval of data or control
information from an ILF or EIF.
In order to determine the software size, identify and
determine the total number of Function Points in the software
application through the complexity of both data and
transactional functions (ILFs, EIF, EIs, EOs, and EQs).This
count is called Unadjusted Function Point (UFP) count.
Adjust this Function Point count for system’s technical and
operational characteristics, called Value Adjustment Factor
(VAF), to get to know how big the software application is.

Fig. 3. Schematic diagram of warehouse management application.

V. FUNCTION POINT ANALYSIS - A CASE STUDY
A part of an example is taken from Fetcke (Thomas Fetcke,
“A Warehouse Software Portfolio – A Case Study in
Functional Size Measurement”, Report No. 1999-20) to
illustrate software sizing and productivity with Function
Points [9]. In this example, a fictitious software manufacturer
WHS sells to its clients applications for warehouse
management. They have three clients - company W,
company H and company S. The clients have different
requirements for the functionality of these applications. For
this case study, only the requirements from company W are
considered.
The company W operates several warehouses where it
stores goods for its customers. W’s customer can deposit
items into storage locations in the warehouse. After the items
have been kept in the warehouse for some period of time,
they can be retrieved by their owners. The customers of W
get billed for the storage service. W has requirements for
customer data management, management of items stored in
the warehouses and management of warehouse locations.
Fig. 3 is a schematic illustration of warehouse management
application.
A. Function Point Counting Procedure
According to IFPUG, following are the steps for Function
Point counting.
 Determine the type of Function Point count
 Identify the application boundary
 Identify data functions and their complexity
 Identify transactional function and their complexity
 Calculate unadjusted function point count (UPF)
 Determine the Value Adjustment Factor (VAF)
 Calculate the final Adjusted Function Pont Count (AFP)
First two steps sets the scope for the measurement by
deciding the project type – whether it is a development
project, enhancement project, or maintenance project. Then
set the boundary of the application with respect the other
interfacing applications. Basically, it is a logical boundary,
not the physical one. In this case study, we consider this as a

B. Count Data Functions
We need to identify and determine the number ILFs and
EIFs within the application boundary. Their relative
functional complexity determines contribution of the data
functions to the unadjusted function point count. The
functional complexity is based on the number of data element
types (DETs) and record element types (RETs) associated
with the ILF and EIF. Rate the complexity of data functions
using the complexity matrix shown in Table I and Table II.
TABLE I: FILES COMPLEXITY
Data Elements
1 - 19
DETs
Low
Low
Avg.

RETs
1 RET
2 - 5 RETs
6 or More RETs

> 50
DETs
Avg.
High
High

20 - 50
DETs
Low
Avg.
High

TABLE II: FUNCTION POINT COMPLEXITY MATRIX
Complexity
Components

Low

Avg.

High

Internal Logical Files (ILFs)

7

10

15

External Interface Files (EIFs)
External Inputs (EIs)
External Outputs (EOs)

5
3
4

7
4
5

10
6
7

External Inquiries (EQs)

3

4

6

CALULATION: UNADJUSTED FUNCTION POINTS – DATA FUNCTIONS
DET

RET

FTR

Weigh
t

FP

Internal Logical Files
Customer

3

1

NA

Low

7

Item

6

1

NA

Low

7

Place

2

1

NA

Low

7

NA

NA

NA

NA

N
A

Data Functions

External Interface Files
EIF
(In this case no EIF )

Total Unadjusted Function Points (UFP)

21

C. Count Transactional Functions
We need to identify the elementary process and the find
out their primary intent in the application boundary. Based on
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the primary intent classify the elementary processes as an EI,
EO, or EQ. Then calculate complexity to determine
contribution of the transactional functions to the unadjusted
function point count. The complexity is based on the number
of data element types (DETs) and file type referenced (FTRs).
Rate the complexity of elementary processes using the
complexity matrix shown in Table II, Table III, and Table IV.
TABLE III: EXTERNAL INPUT COMPLEXITY

5-15
DET
Low
Avg.
High

1-4 DET

0 – 1 FTR
2 FTR
3 or More FTR

Low
Low
Avg.

TABLE V: GENERAL SYSTEM CHARACTERISTICS (GSC)
General System Characteristics
1) Data communications
8) On-line update
2) Distributed data processing
9) Complex processing
3) Performance
10) Reusability
4) Heavily used configuration
11) Installation ease
5) Transaction rate
12) Operational ease
6) On-line data entry
13) Multiple sites
7) End-user efficiency
14) Facilitate change

Data Elements
FTRs

0 – Not present or no influence
1 – Incidental influence
2 – Moderate influence
3 – Average influence
4 – Significant influence
5 – Strong influence throughout

> 15
DET
Avg.
High
High

TABLE IV: SHARED EO AND EQ COMPLEXITY
Data Elements
FTRs

6-19
DET
Low
Avg.
High

1-5 DET

0 – 1 FTRs
2 – 3 FTRs
4 or More FTR

Low
Low
Avg.

The VAF is given by
> 19
DET
Avg.
High
High

VAF = (TDI  0.01) + 0.65
The Value Adjustment Factor adjusts the unadjusted
function point count +/- 35 percent to produce the adjusted
function point. In this example set VAF =1 (it varies from
project to project)
Determine the final Adjusted Function Point (AFP) count

CALCULATION: UNADJUSTED FUNCTION POINTS – TRANSACTIONAL
FUNCTIONS
DET

RET

FTR

Weigh
t

FP

Add customer

4

NA

1

Low

3

Change customer data

5

NA

2

Avg.

4

Delete customer

4

NA

2

Low

3

Receive payment

2

NA

1

Low

3

Deposit item

7

NA

3

High

6

Retrieve item

8

NA

2

Avg.

4

Add place

3

NA

1

Low

3

Change place data

4

NA

2

Low

3

Delete place
External Outputs

3

NA

2

Low

3

Print customer item list

6

NA

2

High

5

Print bill

4

NA

2

Low

4

Print stored items list

4

NA

1

Low

4

Query customers

5

NA

2

Low

3

Query customer’s items

7

NA

3

Low

3

Query places

4

NA

2

Low

3

Query stored items

6

NA

3

Low

3

Data Functions
External Inputs

AFP = UFP  VAF
AFP = 78  1 = 78
Determine the Performance Factor (PF):
The Performance Factor is the ratio of development
man-hours required per Function Point. Statistics from past
projects provide the data to estimate the initial PF.
PF = 18 Function Points per month (normal standard)
Therefore, PF = 0.9 FP/Day
Determine the estimated number of hours:
Total Engineering Months = 78/18 = 4.33
Total Engineering Days = 4.33  20 (one month) = 87 days
Total Engineering Hours = 87  6 (one day) = 522 hours

External Inquiries

Total Unadjusted Function Points (UFP)

VI. EARNED VALUE MEASUREMENT WITH FUNCTION
POINTS
Earned Value (EV) is the value of the work completed to
date as it compares to the budgeted amount (Planned Value)
assigned to the project. EV is typically expressed as a
percentage of the work completed compared to the budget.
This is a technique where you can determine how much of
your project’s value has been delivered to the customer so far.
This methodology is used to measure project performance
against the scope, schedule, and cost baselines. Results from
the earned value analysis indicate potential deviation of the
project from the scope, schedule, and cost baselines. You can
do this by comparing the value of what your schedule says
you should delivered against the value of what you actually
delivered.
Function Point sizing can provide a solid basis of estimate
for cost and schedule plans at the project start.

57

Determine the unadjusted Function Point count
UFP = Data + Transactions
UPF = 21 + 57 = 78
D. Determine Value Adjustment Factor (VAF)
Value Adjustment Factor (VAF) is based on 14 general
system characteristics (GSCs) that rate the general
functionality of the application being counted (Table V).
Each characteristic has associated descriptions that help
determine the degree of influence (DI) of that characteristic.
The degree of influence for each characteristic range on a
scale of zero to five – from no influence to strong influence.
207
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Size estimates can be directly linked to baseline
requirements. Therefore, the resulting project plan can setup
a solid EVM framework.
Requirements for a software development project
inevitably change or redefined as design and development
activities progress – progressive elaboration. Before the
changes are incorporated into the project scope, impact to
cost and schedule must be evaluated. The change control
process should provide a go/no go decision as to whether that
changes should be made to the requirements or delayed for
future work. Because they are linked directly to requirements,
Function Points provide a quantifiable, traceable, and
documentable methodology for resizing the software and
re-estimating cost and schedule.
Function Points can help quantify progress against the plan.
When an activity is complete for a requirement, the project
has “earned” the value of the function point associated with
that requirement. Here, the logical nature of Function Points
easily apply for any life-cycle phase (design, code, test),
whereas physical size measures (like SLOC) do not.

into common understanding in software business. Through a
case study, it is clear that Function Point Analysis can be used
early in the project as it is linked directly to system
requirements and functionality. Since it is independent of
technology and completely based on what end User receives,
it will help establish an effective communication among
different stakeholders of the software development project.
We strongly recommend and encourage software
professionals to use Function Point Analysis to help manage
software projects successfully, improve organizational
performance and thereby help set a new gold standard in the
industry.
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Fig. 4. First time yield in software development life cycle.

Assume that you have planned 100 Function Points for this
iteration. Calculate the yield at each process step, and then
multiply these together to get FTY
FTY = Y1  Y2  Y3  Y4
FTY = 0.97  0.96  0.77  0.89 = 0.64
FTY = 64% and Rework = 36%

VIII. CONCLUSION
Software sizing is very critical to successful project
management and process improvement program. In times of
rapid changes in the global business scenario, there is a need
to have industry accepted common methodology for software
sizing that bind all professionals (technical and non-technical)
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