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IEEE Standards

 

 documents are developed within the Technical Committees of
the IEEE Societies and the Standards Coordinating Committees of the IEEE Stan-
dards Board. Members of the committees serve voluntarily and without compensa-
tion. They are not necessarily members of the Institute. The standards developed
within IEEE represent a consensus of the broad expertise on the subject within the
Institute as well as those activities outside of IEEE that have expressed an interest in
participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard
does not imply that there are no other ways to produce, test, measure, purchase, mar-
ket, or provide other goods and services related to the scope of the IEEE Standard.
Furthermore, the viewpoint expressed at the time a standard is approved and issued is
subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to
review at least every Þve years for revision or reafÞrmation. When a document is
more than Þve years old and has not been reafÞrmed, it is reasonable to conclude that
its contents, although still of some value, do not wholly reßect the present state of the
art. Users are cautioned to check to determine that they have the latest edition of any
IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party,
regardless of membership afÞliation with IEEE. Suggestions for changes in docu-
ments should be in the form of a proposed change of text, together with appropriate
supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of por-
tions of standards as they relate to speciÞc applications. When the need for interpreta-
tions is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of all concerned
interests, it is important to ensure that any interpretation has also received the concur-
rence of a balance of interests. For this reason IEEE and the members of its technical
committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration. 

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane
P.O. Box 1331
Piscataway, NJ 08855-1331
USA

IEEE Standards documents are adopted by the Institute of Electrical and Electron-
ics Engineers without regard to whether their adoption may involve patents on arti-
cles, materials, or processes. Such adoption does not assume any liability to any
patent owner, nor does it assume any obligation whatever to parties adopting the
standards documents.

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 05:43:13 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1045-1992

http://www.avadocuments.com/doc/ieee-1045-1992
http://www.avadocuments.com/doc/ieee-1045-1992


WITHDRAWN 
 

iii

 

Introduction

 

(This introduction is not a part of IEEE Std 1045-1992, IEEE Standard for Software Productivity Metrics.)

 

This introduction is intended to provide the reader with some background into the rationale used to develop
the standard. This information is being provided to aid in the understanding and usage of the standard. The
introduction is nonbinding.

This standard deÞnes a framework for measuring and reporting software productivity. It focuses on deÞni-
tions of how to measure software productivity and what to report when giving productivity results. It is
meant for those who want to measure the productivity of the software process in order to create code and
documentation products. 

Past software productivity metrics have not proven as useful as desired to provide insight into the software
process. Although there is an accumulation of more than 20 years of data, consistent productivity indicators
for software development have not emerged from this information. The problem is not as much the fault of
the metrics being used as it is the inaccuracy and incompleteness of the data being collected. 

The deÞnition of productivity states that it is the ratio of a unit of output to a unit of input used to produce
the output. For this relationship to be useful for software, the data used in it must be accurate and complete.
For instance, reported software productivity of 5000 lines of source code per year leaves many questions
unanswered,

 

 What is a line of source code? How long, in work hours, was the year? What activities were
included? Whose effort was counted?

 

Interpreting productivity based on a single number leaves much unknown about the process being measured.
Without knowing the scope and characteristics of the process measured, or the precision of the data used in
the calculations, the resulting productivity values are inconclusive.

The goal of this standard is to build a foundation to accurately measure software productivity. This is done
through a set of precisely deÞned units of measure. However, not all software processes lend themselves to
precise measurement. Software development is a new and rapidly evolving Þeld, and it is strongly inßu-
enced by the variability of the people who build the software. In those situations where precise measurement
deÞnitions are not possible, this standard requests that descriptions of the processes used and the measure-
ments taken be done in a speciÞed format.

The intention of the standard is to formalize the presentation of productivity data so that it is useful to any-
one wishing to improve the software process. This standard is not an end in itself. Instead, it is the beginning
of increased precision in collecting and reporting software productivity data. The hope is that this will lead
to an improved understanding of the software development process and to improved productivity metrics.
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IEEE Standard for Software Productivity Metrics

 

1. Overview

 

This standard describes the data collection process and calculations for measuring software productivity.
This standard is divided into eight clauses. Clause 1 provides the scope of this standard. Clause 2 lists refer-
ences to other standards that are useful in applying this standard. Clause 3 provides an abbreviated set of
deÞnitions and acronyms deÞned more fully in the standard, but provided here as a quick reference. Clause 4
provides an introduction to the standardÕs measurement approach. Clause 5 describes data collection for
measuring output. Clause 6 describes data collection for measuring input. Clause 7 describes productivity
results represented by ratios of outputs to inputs. Clause 8 provides a method to capture the characteristics of
the software process to better understand their effects on productivity results.

This standard also contains four annexes. These provide additional information for understanding and using
this standard, but they are not part of the standard. Annex A is a data collection form for recording quantita-
tive metrics data deÞned in this standard, and Annex B is a data collection form for recording the character-
istics data deÞned in this standard. Annex C contains a bibliography of some of the many references used in
developing this standard. Annex D describes a counting method for the relationships deÞned in the standard.

 

1.1 Scope

 

Measuring software productivity is similar to measuring other forms of productivity; that is, it is measured
as the ratio of units of output divided by units of input. The inputs consist of the effort expended to produce
a given output. For software, the tangible outputs are source code and documentation. Of course the product
of software is a process, an algorithm that drives a computer to do work. Unfortunately, understanding of the
functionality incorporated into a software product is still rudimentary. Only by understanding what can be
measured will it be possible to understand the essence of the software process. 

Toward this end, this document standardizes software productivity metrics terminology to ensure an under-
standing of measurement data for both code and documentation production. It deÞnes a set of units to mea-
sure the output products and input effort.

The lowest level of measurement deÞned in this standard is called a 

 

primitive

 

. The output primitives mea-
sured are software source statements, documentation pages, and, optionally, function points. The input prim-
itives measure the efforts of those developing the software products. The capacity and capability of
automated support tools are not directly measured by this standard, but are indirectly measured by the
improvements in the productivity of the people who use them.

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 05:43:13 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1045-1992

http://www.avadocuments.com/doc/ieee-1045-1992
http://www.avadocuments.com/doc/ieee-1045-1992


WITHDRAWN 
 

IEEE
Std 1045-1992 IEEE STANDARD FOR

 

2

 

This standard prescribes measurements to characterize the software process, and in doing so gives insight
for improving it. This standard does not establish software productivity norms, nor does it recommend pro-
ductivity measurements as a method to evaluate software projects or software developers.

Although the overall value of a product cannot be separated from the quality of what is produced, this stan-
dard does not measure the quality of software. The issue of measuring quality is beyond the scope of this
standard, because it covers a different aspect of the software process. Nevertheless, productivity metrics
should be interpreted in the context of the overall quality of the product. It is left to the user of this standard
to look to other standards covering quality metrics for that information.

The deÞnition of productivity as the ratio of product to effort was selected in this standard because it is more
stable than value relationships like product to monetary units or production to sales. The effects of inßation
on the value of monetary units, or the caprice of the marketplace on sales, cause these measures to vary
unpredictably. As a result, they do not offer a stable measure over time. However, the quantity of the product
and the effort in hours expended to produce it are more consistent measures, and over time these measures
will provide a better gauge of software productivity. Users may wish to translate productivity into monetary
equivalents, but results shall be reported in the units speciÞed in this standard.

The metrics in this standard apply equally well to new development and to the enhancement or maintenance
of an existing software product. Subsequent releases or changes to a released or delivered software product
should be viewed as a new product for the purpose of applying these metrics.

This standard deÞnes a consistent way to measure the elements that go into computing software productiv-
ity. A consistent measurement process will lead to a better understanding of the software development pro-
cess, and a better understanding will lead to improvement. This standard does not claim to improve
productivity, only to measure it.

 

1.2 Terminology

 

The words 

 

shall

 

, 

 

must

 

, and words in the imperative form identify the mandatory (essential) material within
this standard. The words 

 

should

 

 and 

 

may

 

 identify optional (conditional) material. As with other IEEE Soft-
ware Engineering Standards, the terminology in this document is based on the IEEE Std 610.12-1990.

 

1

 

 To
avoid inconsistency when the glossary is revised, the deÞnitions are not repeated in this document. New
terms and modiÞed deÞnitions as applied in this standard are included in clause 3.

 

1.3 Audience

 

This standard should be of interest to software development managers, software productivity and process
assessment personnel, quality assurance personnel, software engineering improvement personnel, and
researchers.

 

2. References

 

This standard shall be used in conjunction with the following publications:

IEEE Std 610.12-1990, IEEE Standard Glossary of Software Engineering Terminology (ANSI).

IEEE Std 1074-1991, IEEE Standard for Developing Software Life Cycle Processes (ANSI).

 

1

 

Information on references can be found in clause 2.
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3. DeÞnitions

 

This clause contains key terms as they are used in this standard.

 

3.1 activities:

 

 Events in the software life cycle for which effort data is collected and reported.

 

3.2 added source statements:

 

 The count of source statements that were created speciÞcally for the software
product. 

 

3.3 attributes:

 

 Measurable characteristics of a primitive.

 

3.4 characteristics:

 

 Those inherent factors of software development that may have a signiÞcant impact on
productivity.

 

3.5 comment source statements:

 

 Source statements that provide information to people reading the software
source code and are ignored by the compiler.

 

3.6 compiler directive source statements:

 

 Source statements that deÞne macros, or labels, or direct the
compiler to insert external source statements (for example, an 

 

include

 

 statement), or direct conditional com-
pilation, or are not described by one of the other type attributes.

 

3.7 data declaration source statements:

 

 Source statements that reserve or initialize memory at compilation
time.

 

3.8 deleted source statements:

 

 Source statements that are removed or modiÞed from an existing software
product as a new product is constructed.

 

3.9 delivered source statements:

 

 Source statements that are incorporated into the product delivered to the
customer.

 

3.10 developed source statements:

 

 Source statements that are newly created for, added to, or modiÞed for a
software product. 

 

3.11 direct staff-hour:

 

 The amount of effort directly expended in creating a speciÞc output product.

 

3.12 document page count:

 

 The total number of nonblank pages contained in a hard-copy document. 

 

3.13 document screen count:

 

 The total number of page images for electronically displayed documents.

 

3.14 documents:

 

 Hard copy, screen images, text, and graphics used to convey information to people.

 

3.15 executable source statements:

 

 Source statements that direct the actions of the computer at run time.

 

3.16 function point:

 

 A measure of the delivered software functionality. 

 

3.17 granularity:

 

 The depth or level of detail at which data is collected.

 

3.18 incremental productivity:

 

 The productivity computed periodically during development.

 

3.19 input primitive:

 

 The effort to develop software products, expressed in units of staff-hours.

 

3.20 logical source statements (LSS):

 

 Source statements that measure software instructions independently
of the physical format in which they appear.
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3.21 modiÞed source statements:

 

 Original source statements that have been changed.

 

3.22 new source statements:

 

 The sum of the added and modiÞed source statements.

 

3.23 nondelivered source statements:

 

 Source statements that are developed in support of the Þnal product,
but not delivered to the customer.

 

3.24 nondeveloped source statements:

 

 Existing source statements that are reused or deleted.

 

3.25 origin attribute:

 

 The classiÞcation of software as either developed or nondeveloped.

 

3.26 original source statements:

 

 Source statements that are obtained from an external product.

 

3.27 output primitives:

 

 Primitives that include source statements, function points, and documents. 

 

3.28 page size:

 

 The edge-to-edge dimensions of hard-copy documents, or the average characters per line
and the number of lines per screen for electronically displayed documents.

 

3.29 physical source statements (PSS):

 

 Source statements that measure the quantity of software in lines
of code.

 

3.30 primitive:

 

 The lowest level for which data is collected. 

 

3.31 productivity ratio:

 

 The relationship of an output primitive to its corresponding input primitive.

 

3.32 reused source statements:

 

 UnmodiÞed source statements obtained for the product from an
external source.

 

3.33 source statements (SS):

 

 The encoded logic of the software product.

 

3.34 staff-hour:

 

 An hour of effort expended by a member of the staff.

 

3.35 support staff-hour:

 

 An hour of effort expended by a member of the staff who does not directly deÞne
or create the software product, but acts to assist those who do.

 

3.36 tokens:

 

 The content of a document as characterized by words, ideograms, and graphics.

 

3.37 type attributes:

 

 The classiÞcation of each source statement as either executable, data declaration, com-
piler directive, or comment.

 

3.38 usage attributes:

 

 The classiÞcation of software as delivered to a user of the Þnal product, or as nonde-
livered when created only to support the development process.

 

4. Software productivity metrics

 

This standard deÞnes measurement primitives for computing software productivity. A primitive is the lowest
level for which data is collected. The output primitives for software are source statements and, optionally,
function points. For documentation, the output primitive is the page. The input primitive is the staff-hour.

Primitives are categorized by attributes. An attribute is a measurable characteristic of a primitive. This stan-
dard requires that all attributes be measured for each primitive. For example, the source statement primitive
may be either new or reused, and it may also be either delivered or nondelivered. Each of these attributes is
a different variation of the primitive. Thus, a new delivered source statement differs from a new nondeliv-
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ered source statement. By using this scheme of primitives and attributes, the elements of productivity are
consistently categorized.

Because productivity measurements are only as valid as the primitive data used to calculate them, accuracy
and consistency of the data used are essential for the results to be meaningful. The degree of granularity,
which is the depth or level of detail at which data is collected, is important in determining the precision and
consistency of the data.

Data of Þne granularity is obtained when collecting data by staff-hour for each hour worked. Tracking the
effort expended at this level reduces the potential for large errors. Estimates, such as those made at the end
of a project by best guess approximation of effort, are an example of very coarse granularity. In this situa-
tion, large errors may be introduced into the productivity results.

This standard requires the use of the Þnest degree of granularity obtainable in collecting software productiv-
ity data. For the results of this standard to be most useful, the measuring process used shall be both accurate
and detailed. Therefore, recording input effort as it is expended is the only acceptable method for this stan-
dard.

 

5. Output primitives

 

Three categories of output primitives are deÞned in this standard: source statements, function points, and
documents. Source statements are a fundamental part of software, representing the encoded logic of the soft-
ware product. Function points are a measure of the functional content of software. Production of documents
is a signiÞcant component of the effort expended in software development, and measuring productivity for it
is important. This standard requires reporting productivity results for source statements and documents. The
use of function points is optional but recommended.

 

5.1 Source statement output primitives

 

This clause deÞnes methods for counting software statements, and methods for categorizing the nature, ori-
gin, and disposition of the software.

Two methods are used to count software source statements: the logical source statement (LSS) method,
which counts instructions, and the physical source statement (PSS) method, which counts lines of code.
Logical source statement counting is the preferred method for this standard. Physical source statement
counting is included in this standard because it is commonly found in published data.

Software is categorized by a set of attributes that describe it. Each source statement primitive is deÞned by
three attribute qualiÞers. The Þrst of these is the type attribute that classiÞes each source statement as either
executable, data declaration, compiler directive, or comment. The second is the origin attribute that classiÞes
software as either developed or nondeveloped. Developed software is created new, or modiÞed from existing
software, for this product. Nondeveloped software is reused or deleted from the existing software. The last
attribute is the usage attribute that identiÞes whether the software was delivered to a user of the Þnal prod-
uct, or produced only to support the development process and not delivered to the user.

 

5.1.1 Source statement counting

 

Source statements in different programming languages shall be counted separately. The programming lan-
guage used shall be identiÞed for each count along with its software module name. If two languages are used
in the development, for example Pascal and C, the quantity of source statements of each language shall be
counted and reported separately. Combining counts of different languages into a single count shall not be
permitted.

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 05:43:13 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1045-1992

http://www.avadocuments.com/doc/ieee-1045-1992
http://www.avadocuments.com/doc/ieee-1045-1992


WITHDRAWN 
 

IEEE
Std 1045-1992 IEEE STANDARD FOR

 

6

 

This standard requires that only those source statements written by people be counted. Other counting prac-
tices, such as counting compiler derived instructions, program generator output, reuse library output, or
machine instructions may be counted in addition to the people-created source statements provided these
counts are kept separate and clearly identiÞed. Counts of object code, executable code, and code that is
mechanically generated from source code are not required by this standard. It may be most useful to count
source statements at the level that the source is maintained. As a minimum, counting shall be done at product
completion, when the product is ready for delivery. In all cases, what is counted shall be speciÞcally stated
along with the quantity of software measured.

Source statements that are expanded within a software module, for example, macro expansions, or supplied
to the program, for example, by an 

 

include

 

 statement, shall be counted only once for all modules being mea-
sured. Source statements that invoke, call, or direct inclusion of other source statements in the module shall
be counted each time they are used.

Source statements are counted in one of two ways, as logical source statements (LSS) or as physical source
statements (PSS):

 a)

 

Logical source statements.

 

 The LSS counting method measures the number of software instructions.
When a source statement is the count of instructions irrespective of its relationship to lines, the
count shall be stated as being in logical source statements.

The LSS method is used to count software statements independently of the physical format in which
they appear. For example, if two instructions appear on a single line, the LSS count would be two. If
one instruction spans two lines, the LSS count would be one.

An LSS count shall be accompanied by a description of the procedure for counting the source state-
ments. This description shall deÞne the algorithm used to determine the beginning and end of each
source statement, and how embedded source statements are counted.

b)

 

Physical source statements.

 

 The PSS counting method measures the number of software lines of
code. When the end-of-line character or a line of code method is used to count source statements, the
count shall be stated as being in physical source statements.

A PSS measurement is line counting where a typical line format is 80 characters. Any deviation
from the typical line format shall be noted. A PSS may consist of one LSS, more than one LSS, or
part of an LSS.

Blank lines shall be excluded from PSS counts. If desired, blank lines may be counted separately as
the number of blank lines.

 

5.1.2 Source statement attributes

 

This standard partitions source statements into three attributes: type, origin, and usage. The type attribute
consists of executable, data declaration, compiler directive, and comment source statements. The origin
attribute consists of developed and nondeveloped source statements. The usage attribute consists of deliv-
ered and nondelivered source statements.

Separate counts for each combination of attribute values shall be stated when reporting productivity results.
For example, separate counts shall be stated for executable source statements that are developed delivered
and for executable source statements that are developed nondelivered.
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