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Project Planning in Software Engineering

: Betore‘ starting a software project, it is essential to determine the tasks to be performed and properly manage
; nllocuﬂpn of tasks among individuals involved in the software development. Hence, planning is important as it
! msplts In effective software development. Project planning is an organized and integrated management process,
which focuses on activities required for successful completion of the project. It prevents obstacles that arise in
the _projcct such as changes in projects or organization's objectives, non-availability of resources, and so on.
Project planning also helps in better utilization of resources and optimal usage of the allotted time for a project,
i The other objectives of project planning are listed below.
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* Itdefines the roles and responsibilities of the project management team members.
: It ensures that the project management team works according to the business objectives.
' * ltchecks feasibility of the schedule and user requirements.
¢ It determines project constraints.

Several individuals help in planning the project. These include senior management and project management
team. Senior management is responsible for employing team members and providing resources required for the
project. The project management team, which generally includes project managers and developers, is
responsible for planning, determining, and tracking the activities of the project. Table lists the tasks performed
by individuals involved in the software project.

Tasks of Individuals involved in Software Project

Senior Management Project Management Team

 Approves the project, employ » Reviews the project plan and implements

personnel, and provides resources procedures for completing the project.

required for the project. « Manages all project activities.
e Reviews project plan to ensure that it o Prepares budget and resource allocation plans.

accomplishes the business objectives. « Helps in resource distribution, project
» Resolves conflicts among the team management, issue resolution, and so on.

members. » Understands project objectives and finds ways
e Considers risks that may affect the to accomplish the objectives.

project so that appropriate measures » Devotes appropriate time and effort to achieve

can be taken to avoid them. the expected results.

» Selects methods and tools for the project.

Project planning should be effective so that the project begins with well-defined tasks. Effective project
planning helps to minimize the additional costs incurred on the project while it is in progress. For effective
project planning, some principles are followed. These principles are listed below.

e Planning is necessary: Planning should be done before a project begins. For effective planning,
objectives and schedules should be clear and understandable. -

« Risk analysis: Before starting the project, senior management and the project management team should
consider the risks that may affect the project. For example, the user may desire changes in requirements
while the project is in progress. In such a case, the estimation of time and cost should be done according

to those requirements (new requirements).
Tracking of project plan: Once the project plan is prepared, it should be tracked and modified

accordingly.
» Meet quality standards and produce quality deliverables: The project plan should identify processes

by which the project management team can ensure quality in software. Based on the process selected for
ensuring quality, the time and cost for the project is estimated.
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+ Description of flexibility to accommodate changes:

form of a project plan, which should allow new ch:

The result of project planning is recorded in the
progress.

anges to be accommodated when the projest is in

Project planning comprises project purpose, project scope, project planning process, and p_rojem p[an_- T.his
information is essential for effective project planning and to assist project management team in accomplishing
user requirements.

Project Purpose

Software project is carried out to accomplish a specific purpose, which is classified into two categories, namely,
project objectives and business objectives. The commonly followed project objectives are listed below.

Meet user requirements: Develop the project according to the user requirements after understanding
thermn.
Meet schedule deadlines: Complete the project miles

order to complete the project according to the schedule
Be within budget: Manage the overall

project cost so that the project is within the allocated budget.
Produce quality deliverables: Ensure that quality is considered for accuracy and overall performance
of the project.

tones as described in the project plan on time in

Business Software Engineering

Business objectives ensure that the or
Generally, these objectives are relat

ganizational objectives and requirements are accomplished in the project.
improvements. The commonly follo

ed to business process improvements, customer satisfaction, and quality
wed business objectives are listed below.

* Evaluate processes: Evaluate the business

processes and make changes when and where required as the
project progresses.

Renew policies and processes: Provide flexibili

ty to renew the policies and processes of the
organization in order to perform the tasks effectively.

* Keep the project on schedule:
unavailability of resources durin

Reduce the downtime (period when no work is done) factors such as
Improve software:

g software development.
Use suitable processes in order to develop software that meets organizational
requirements and provides competitive advantage to the

organization.
Project Scope

With the help of user requirements,

the project management team determines the scope of the project before the
project begins. This scope provide

s a detailed description of functions, features, constraints, and interfaces of
the software that are to be considered. Functions describe the tasks th
Features describe the attributes required in the software as per the user requirements. Constraints describe the
limitations imposed on software by hardware, memory, and so on. Interfaces describe the interaction of
software components (like modules and functions) with each other. Project scope also considers software
performance, which in turn depends on its processing capability and response time required to produce the
output,

at the software is expected to perform.

. important to properly understand it in order to dev
according to the user requirements. After thi

: elop sntiware
1S, project cost and du j

* The elements included and exclude

d in the project
The processes and entities

The functions and features required in software according to the user requirements.

Scanned by CamScanner



(ote tthatd lhttle project management and senior management team should communicate with the users to
ynderstand their requirements and develop software according to those requirements and expected

functionalitics.
project Planning Process

The project planning process involves a set of interrelated activities followed in an orderly manner to
lmpl.em_eqt user requirements in software and includes the description of a series of project planning activities
and individual(s) responsible for performing these activities. In addition, the project planning process comprises

the following.

Objectives and scope of the project

Techniques used to perform project planning
Effort (in time) of individuals involved in project
Project schedule and milestones

Resources required for the project

Risks associated with the project.

N AW

Project planning process comprises several activities, which are essential for carrying out a project
systematically. These activities refer to the series of tasks performed over a period of time for developing the
software. These activities include estimation of time, effort, and resources required and risks associated with the

project.

Identification of
project requiremenlts
T o
< ldentification of > Cldcnnﬁcallon of nsks)
cost eslimates
Identificauon of
critical success factors
e e
Preparation of Preparation of
project charter project plan
> —

[ Project Planning Activities |

Project planning process consists of the following activities.

Identification of project requirements: Before starting a project, it is essential to identify the project
requirements as identification of project requirements helps in performing the activities in a systematic
manner. These requirements comprise information such as project scope, data and functionality required

in the software, and roles of the project management team members.

Identification of cost estimates: Along with the estimation of effort and time, it is necessary to
estimate the cost that is to be incurred on a project. The cost estimation includes the cost of hardware,
network connections, and the cost required for the maintenance of hardware components. In addition,

cost is estimated for the individuals involved in the project.
Identification of risks: Risks are unexpected events that have an adverse effect on the project. Software

project involves several risks (like technical risks and business risks) that affect the project schedule and
increase the cost of the project. Identifying risks before a project begins helps in understanding their
probable extent of impact on the project.

Identification of critical success factors: For making a project successful, critical success factors are
followed. These factors refer to the conditions that ensure greater chances of success of a project.
Generally, these factors include support from management, appropriate budget, appropriate schedule,

and skilled software engineers.

~a
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management.
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provides a brief description of the project scope,

A project charter
bed during project planning. It is prepared by the

raints as descri

nsor of the project.
nformation about the resources that are available

he schedule according to which the project is to

preparation of project charter:
quality, time, cost, and resource const
management for approval from the spo
Preparation of project plan: A project plan provides i
for the project, individuals involved in the project, and t

be carried out.
Commencement of the project: Once the project planning
team members, the software project commences.
ectives and business objectives are determined, the project end date is fixed. The project
epares the project plan and schedule according to the end date of the project. After
lan, the project manager communicates the project plan and end date to the senior
project is reported to the management from time to time. Similarly, when the
t is informed about it. In case of delay in completing the project, the
tions are taken to complete the project. The project is tracked
e senior management is informed.

is complete and resources are assigned 1o

The progress of the
s complete, senior managemen
re-analyzed and corrective ac

regularly and w

Project Plan

As stated earlier, a project pl
date. milestones. activities, an
ect management team and the r

proj

and software (s
and standards
testing techniques.

A project plan helps a project m
This plan is used as a me
various advantages associa

Note that there are differences
-equirements. Atypical project p

1.

2.

anning. It provides information about the end
dition, it describes the responsibilities of the

t. It also includes the description of hardware
standards to be used. These methods

gramming Janguage, and

an stores the outcome of project pl
d deliverables of the project. In ad
esources required for the projec
uch as compilers and interfaces) and lists the methods and

eview techniques, design language, pro

include algorithms, tools, r

nitor, and control the development of software project.
ment team. There are

n the users and project manage
£ which are listed below.

anager to understand, mo
ans of communication betwee
ted with a project plan, some 0

It ensures that software is developed according t0 the user requirements, objectives, and scope of the
management team member involved in the p
t according to the project plan.

d the activities to be performed during software development.

t about the costs of the software project, which are estimated

roject.

project.
It identifies the role of each project

It monitors the progress of the projec
It determines the available resources an
It provides an overview to managemen

during project planning.
in the contents of two project plans depending on the kind of project and user

lan is divided into the following sections.

t and provides information about the constraints

oduction: Describes the objectives of the projec

t.
bes the responsibilities assi

Intr
that affect the software projec

Project organization: Descri
for completing the project.
the risks that can possibly ari

Risk analysis: Describes
explains how to assess and reduce the effect of risks.

Resource requirements: Specifies the hardware and software requi
Cost estimation is done according to these resource requirements.
Workbreakdown: Describes the activities into which the project is divided. It also describes the
milestones and deliverables of the project activities.

f activities on each other. Based on this, the time

Project schedule: Specifies the dependencies 0
required by the project management team members to complete the project activities is estimated.

gned to the project management team members

se during software development as well as

red to carry out the software project.
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* waua a number of characteristics in common.
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/. includ i
Aans include quality assurance plan fon

plat N » Verification idat;
"/'nmﬂlenan plan, and taffing plan. and validation plan, configuration mana e M
f‘ gement plap,
Quality Assurance Plan
and
the

The quality assurance plan describes the s

. sl trategi
following objectives, rategies and methods that are to be followed 1o accomplish i
sh the

1. Ensure that the project i i o
2. Ensure that projlzctjdeli\?e;z?;:sg Z?é g?;lcoep;i:b?nd m;pleglefmed Tk e ié s
© quality before they are delivered to the u o
SEr.
Verification and Validation Plan et
Ll
The verification and validation i
he - plan describes the approach, resourc
on ’ ple : es and sched

validation. The verification and validation plan, which comprises the following sections'3 e e 105yt a
) tal

1. General information: i ipti
acronyms and abbrevizﬂ?onzrgrl:id;zii?:cg’i'pégzr:agf gl::r vose deseribon the procs overview,_prOjCCl o
P : . niACk B pose describes the procedure to verify and validate the
P the system. Scope provides information about the procedures to verify and validate as the
relate to th-e project. System overview provides information about the organization responsible for the projec):(
and' other mformfmon such as system name, system category, operational status of the system, and system
en\ilror}ment. Project references provide the list of references used for the preparation of the vegiﬁcalioﬂr; and
vahd.atlor} plan. A:cronyms and abbreviations provide a list of terms used in the document. Points of contact
provide information to users when they require assistance from organization for problems such as
troubleshooting and so on.

2. Reviews and walkthroughs: Provides information about the schedule and procedures. Schedule describes the
end date of milestones of the project. Procedures describe the tasks associated with reviews and walkthroughs,
Each team member reviews the document for errors and consistency with the project requirements. For
walkthroughs, the project management team checks the project for correctness according to sofiware

requirements specification (SRS).

3. System test plan and procedures: Provides information about the system test strategy, database integration,
and platform system integration. System test strategy provides an overview of the components required for
integration of the database and ensures that the application runs on at least two specific platforms. Database
integration procedure describes how database is connected to the Graphical User Interface (GUI).Platform

system integration procedure is performed on different operating systems to test the platform.

4. Acceptance test and preparation for delivery: Provides information about procedure, acceptance criteria, and
installation procedure. Procedure describes how acceptance testing is to be performed on the software to verify
its usability as required. Acceptance criteria describes that software will be accepted only if all the components,

features and functions are tested including the system integration testing. In addition, acceptance criteria checks

whether the software accomplishes user expectations such as its ability to operate on several platforms.

Installation procedure describes the steps of how to install the software according to the operating system being

used.

Configuration Management Plan

s the process, which is used for making changes to the project scope.
lan is concerned with redefining the existing objectives of the
delivered to the user after completion of software

The configuration management plan define
Generally, the configuration management p
project and deliverables (software products that are

development).
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;. Introduction and backgroung. Proy
 forit. It also specifies the Scope of maintenance activitj
ities

ides a description of software tg be maintaj

that are to pe performed.

operations activiti ) . :
P vities as well as how users and project management team communicate with each other.

6. Docum i ies: : g
i ,egtatlon strat.egle.s. Provides a description of the documentation that is prepared for user reference.
nerally, documentation includes reports, information about problems occurring in software,

and the system documentation.
7. Training: Provides information about the training activities.

8. Acceptance: Defines a point of agreement between the project management team and software maintenance
team after the completion of implementation and transition activities. Once the agreement has been made, the

software maintenance begins.

Staffing Plan

The staffing plan describes the number of individuals required for a project. It includes selecting and assigning
tasks to the project management team members, It provides information about appropriate skills required to

perform the tasks to produce the project deliverables and manage the project. In addition, it provides
information of resources such as tools, equipment, and processes used by the project management team.

Staff planning is performed by a staff planner, who is responsible for determining the individuals available for
the project. Other responsibilities of a staff planner are listed below.

1. The staff planner determines individuals, who can be from existing staff, staff on contract, or newly
employed staff. It is important for the staff planner to know the structure of the organization to determine the

availability of staff.
The staff planner determines the skills required to execute the tasks mentioned in the project schedule an

2.
task plan. In case staff with required skills is not available, staff planner informs the project manager about the

requirements.
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3. Roles and responsibilities: Specifies the roles and r.
c /. i 1 e
softw ars mamt.erfa'nce and operation. It also describes
operational activities. In addition to software mai
user training, and support staff.

5. Management approach: i .
of the projects F(f pthiscﬁujssg:lef: the methodolog';les that are required for establishing maintenance priorities
methodologies. Management . ? ) ’Eanlagement. either refers to the existing methodologies or identifies new
S S pproach also descr.lbes how users are involved in software maintenance and

€s as well as how users and project management team communicate with each other.

6. Docum i ies: Provi ipti

e 'egtatlon strat_egle‘s. Provides a description of the documentation that is prepared for user reference.
rally, documentation includes reports, information about problems occurring in software, error messages,

and the system documentation.

7. Training: Provides information about the training activities. -

8. Acceptance: Defines a point of agreement between the project management team and software maintenance
team after the completion of implementation and transition activities. Once the agreement has been made, the

software maintenance begins.

Staffing Plan

The staffing plan describes the number of individuals required for a project. It includes selecting and assigning

tasks to the project management team members. It provides information about appropriate skills required to
perform the tasks to produce the project deliverables and manage the project. In addition, it provides
information of resources such as tools, equipment, and processes used by the project management team.

€m
stin
or .

st

Staff planning is performed by a staff planner, who is responsible for determining the individuals available for

the project. Other responsibilities of a staff planner are listed below.

1. The staff planner determines individuals, who can be from existing staff, staff on contract, or newly

availability of staff.

2

requirements.
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management team can be further broken down int - i i i
o 0 sub-teams depending on the size and complexity of the
The staffing plan comprises the following sections,

1. General Informatign: Provides information such as name of the project and project manager who is

responsible for the project. In addition, it specifies the start and end dates of the project.

2. Skills assessment: Provides information,

le of the staff required for the project. The profile includes calendar

3. Staffing profile: Describes the profi
ommitment. Calendar time specifi

time, individuals involved, and level of Cc

4. Organization chart: Describes the organization of project management team members. In addition, it
includes information such as name, designation, and role of each team member,
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Problem-Based Estimation

uctivity metrics can be computed
as an estimation variable o “size'
njunction with

l[:glzsaoni;:?)edz‘:: function ‘points were desc_:ribcd as measures from which prod
gt e are used in two ways durm.g software project estimation: (1)
. .ment (?f the software and (2) as baseline metrics collected from past projects and used in co
estimation variables to develop cost and effort projections.
both have a number of characteristics in common.
are scope and from this statement attempts 10
ted individually. LOC or FP (the estimation
er may choose another component for sizing

LOC and FP estimation are distinct estimation techniques. Yet
The project planner begins with a bounded statement of softw:
decompose software into problem functions that can each be estima
variable) is then estimated for each function. Alternatively, the plann
such as classes or objects, changes, or business processes affected.

ed to the appropriate estimation variable, and

Baseline productivity metrics (e.g., LOC/pm or FP/pm) are then appli
bined to produce an overall estimate for the

cost or effort for the function is derived. Function estimates are com
entire project.

| scatter in productivity metrics for an organization.
t. In general, LOC/pm or FP/pm averages should be
project domain. That is, projects should be grouped by team size, application area, complexity, and

hen be computed. When a new project is estimated, it
ivity should be used in

It is important to note, however, that there is often substantia
making the use of a single baseline productivity metric suspec
computed by
other relevant parameters. Local domain averages should t

should first be allocated to a domain, and then the appropriate domain average for product

generating the estimate.
ion and the target of the

vel of detail required for decomposit
ential and is often taken

The LOC and FP estimation techniques differ in the le
ble, decomposition is absolutely ess

When LOC is used as the estimation varial
h has been adapted from Phillips :

partitioning.
of detail. The following decomposition approac

to considerable levels

define product scope;
identify functions by decomposing SCOpe;
do while functions remain

select a functionj
assign all functions to subfunctions list;

do while subfunctions remain

select subfunctionk
if subfunctionk resembles subfunctiond described in a historical data base

then note historical cost, effort, size (LOC or FP) data for subfunctiond;

adjust historical cost, effort, size data based on any differences;

use adjusted cost, effort, size data to derive partial estimate, Ep;

project estimate = Sum of {Ep};
else if cost, effort, size (LOC or FP) for subfunctionk can be estimated

then derive partial estimate, Ep;

project estimate = sum of {Ep};

else subdivide subfunctionk into smaller subfunctions;

add these to subfunctions list;
endif

endif

Scanned by CamScanner



10

ddo

This decomposition approach assumes that all function

entries in a historical data base. If this is not the case,
e likely reasonably accurate estimates of LOC can be developed.

s can be decomposed into subfunctions that will resemble
then another sizing approach must be applicd. The greater

the degree of partitioning, the mor
than focusing on function, each of the information
and external interfaces—as well as the 14 complexily
value that can be tied to past data

For FP estimates, decomposition works differently. Rather

domain characteristics—inputs, outputs, data files, inquiries,
tment are estimated. The resultant estimates can then be used to derive a I'P

adjus
and used to generate an estimate.

ariable that is used, the project planner begins by estimatin
storical data or (when all else fails) intuition,
ize value for cach function or count for cach information

Regardless of the estimation v
the planner

each function or information domain value. Using hi
estimates an optimistic, most likely, and pessimistic s
domain value. An implicit indication of the degree of uncertainty is provided

g a range of values for |

Wy

when a range of values is specified.
puted. The expected value for the estimation variable (size), S.

A three-point or expected value can then be com
most likely (sm), and pessimistic (spess)

can be computed as a weighted average of the optimistic (sopt),

e —— 7T

estimates. For example,

S = (sopt + 4sm + spess)/6

» estimate and follows a beta probability distribution. We assume that

gives heaviest credence to the “most likely
tic values.

there is a very small probability the actual size result will fall outside the optimistic or pessimis

Once the expected value for the estimation variable has been determined, historical LOC or FP productivity datu

are applied.

Estimation: The process approximating a value that can be used even if the data may be incomplete or unstable is

referred to as estimation.
Problem based estimation:
Begins with a statement of scope.
The software is decomposed into problem functions.
Estimating FP or LOC.
Combine those estimates and produce an overall estimate.
Process based estimation:
The functions of the software are identified.
The framework is formulated.
Estimate effort to complete each software function.

Apply average labor rates, compute the total cost and compare the estimates.
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This decomposition approach assumes that all functions can be decomposed i

entries in a historical data base. If this is not the case, then another sizing app
the degree of partitioning, the more likely reasonably accurate estimates of LOC can be developed.

nto subfunctions that will resemble
roach must be applied. The greater

Rather than focusing on function, each of the information

d external interfaces—as well as the 14 complexity
be tied to past data

For FP estimates, decomposition works differently.

domain characteristics—inputs, outputs, data files, inquiries, an
adjustment are estimated. The resultant estimates can then be used to derive a FP value that can
and used to generate an estimate.

imation variable that is used, the project planner begins by estimating a range of val
when all else fails) intuition, the planner

h function or count for each information

ues fo

Regardless of the est
each function or information domain value. Using historical data or (

estimates an optimistic, most likely, and pessimistic size value for eac
domain value. An implicit indication of the degree of uncertainty is provided

when a range of values is specified.
omputed. The expected value for the estimation variable (size), S.

A three-point or expected value can then be ¢
istic (sopt), most likely (sm), and pessimistic (spess)

can be computed as a weighted average of the optim

estimates. For example,

S = (sopt + 4sm + spess)/6

» estimate and follows a beta probability distribution. We assume that

gives heaviest credence to the “most likely
ssimistic values.

there is a very small probability the actual size result will fall outside the optimistic or pe

Once the expected value for the estimation variable has been determined, historical LOC or FP productivity data

are applied.
Estimation: The process approximating a value that can be used even if the data may be incomplete or unstable is

referred to as estimation.
Problem based estimation:
Begins with a statement of scope.
The software is decomposed into problem functions.
Estimating FP or LOC.
Combine those estimates and produce an overall estimate.
Process based estimation:
The functions of the software are identified.
The framework is formulated.
Estimate effort to complete each software function.

Apply average labor rates, compute the total cost and compare the estimates.
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e process 1s decomposed into

. ated.
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2 roblem-ba .
ik th; EL(;llet: base.d techniques, process-based estimat;
"bwr}e € project scope. A series of softwar lon begins with a delineation of
f puoctions and related sofbware process activities m; be Process activities must be perfo dS;) ftware function,
’ ay be represented ag rmed for each fynct:
. art unction,
once problem functions and progess activitie part of a table . n
that will be required to accomplish each softws are melded, the planner estimates the effort (e
" the central matrix of the table, Average lab a.r? ploc§ss activity for each software function ”]E.CS Pzrson- ;
our rates (i.e., cost/unit effort) are then applied ol " ffata Sonsti
e eftort esti

months)

early testing.

" Costs and effort for each functi
func ivi
esimmaion 1 perfouned e:zn z:lnd software process activity are computed as the last step. If process-based
gt i s o dp ently of. LOC or FP estimation, we now have two or three estimates for lcost and
pared and reconciled. If both sets of estimates show reasonable agreement, there is good

T es are reliable. If, on the other hand, the results of these deCOlﬂPOS tion techn ques
S . - . ) i ? ll it :
show little agr eement, further 1nvest1gation and analysis must be conducted o 1

Process-Based Estimation

The most common technique for estimating a project is to base the estimate on the process that will be used. That
is, the process is decomposed into a relatively small set of tasks and the effort required to accomplish each task is
estimated. Like the problem-based techniques, process-based estimation begins with a delineation of softwarc
functions obtained from the project scope. A series of software process activities must be performed for each
function. Functions and related software process activities may be represented as part of a table similar to the onc

presented.

Once problem functions and process activities are melded, the planner estimates the effort (e.g., person-months)
that will be required to accomplish each software process activity for each software function. These data constitute
the central matrix of the table. Average labour rates (i.e., cost/unit effort) are then applied to the effort estimated
for each process activity. It is very likely the labour rate will vary for each task. Senior staff heavily involved in
early activities is generally more expensive than junior staff involved in later design tasks, code generation, and

early testing.

Problem-Based Estimation
bed as measures from which productivity metrics can be computed.

LOC and FP data are used in two ways during software project estimation: (1) as an estimatioln varigble to “siz.c"
each element of the software and (2) as baseline metrics collected from past projects and used in conjunction with
estimation variables to develop cost and effort projections. Problem-Based Estimation LOC and FP estimation art

distinct estimation techniques. Yet both have a number of characteristics in common. The project planner begins

scope and from this statement attempts to decompose software into problem
hen estimated for each

r objects; changes.

Lines of code and function points were descri

i ded statement of software temp : _
E;Et?ozzliﬁaf c;n each individually. LOC or FP (the estimation variable) is t
function. Alternatively,
or business.

be estimated

the plannermay choose an for sizing such as classes 0

other component
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Costs and effort for i
each ;
estimation is performed i guncnon and software process activity are computed as the |
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show little ac . e K ) her hand, the results of iti i
agreement, further investigation and analysis must be con,ducted theseiGeempaalionSs S

Process-Based Estimation

Eht:h ?Osrzzz:rslr_nog technique fjor estlmati'ng a project is to base the estimate on the process that will be used. That
| p ; is decomposed into a relatively small set of tasks and the effort required to accomplish each task is
estun.ated. Like the problem-based techniques, process-based estimation begins with a delineation of softwar'u
functfons obtained from the project scope. A series of software process activities must be performed for each
function. Functions and related software process activities may be represented as part of a table similar to the onc¢

presented.

tivities are melded, the planner estimates the effort (e.g., person-months)

ftware process activity for each software function. These data constitute
ost/unit effort) are then applied to the effort estimated
11 vary for each task. Senior staff heavily involved in
lved in later design tasks, code generation, and

Once problem functions and process ac
that will be required to accomplish each so
the central matrix of the table. Average labour rates (i.e., ¢
for each process activity. It is very likely the labour rate wi
early activities is generally more expensive than junior staff invo

early testing.

Problem-Based Estimation
from which productivity metrics can be computed.

measures
an estimation variable to "size"

function points were described as
in two ways during software project estimation: (1) as
re and (2) as baseline metrics collected from past projects and used in conjunction with
ojections. Problem-Based Estimation LOC and FP estimation arc
ber of characteristics in common. The project planner begin
ts to decompose software into problen
able) is then estimated for eac
hange:

Lines of code and
LOC and FP data are used
cach element of the softwa
estimation variables to develop cost and effort pr
distinct estimation techniques. Yet both have a num
with a bounded statement of software scope and from this statement attemp :
functions that can each be estimated individually. LOC or FP (the estim.ation vari :
function. Alternatively, the plannermay choose another component for sizing such as classes or objects; ¢

or business.
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Th » v ailalyi B i ™% S I T L s
. Ll:'nmll;thlhl_\ olhistorical information has a strong influence on estimation risk
Y looking back, we can e > things Lhe : nd i 4
v 4 .,m: g can emulate things that worked and Improve arcas where prob- 2,
f Shia €. when comprehensive software metrics (Chapter 22) are available for
asl projec SLi S C i |
pf . projects, estimates can be made with grealer assurance, schedules can be es- g
tablished to avord pastdifficulties, and overall risk is reduced. 3.

[ dgrlt of an insttucted mind fo rest satisfied with the degree of precision that the nature of Ihe subjec. '
nol fo seek exaciness when only an approximation of the Iruth is possible.” . I Sh ,

R oy . i ik
g : e o IR

e I —
13 _ E51}n1atlo!1 risk is measured by the degree of uncerlainty in the quantitative estimates 3
1 established for resources, coslt, and schedule. I project scope is poorly understood or  * 3
}‘?I’UJL‘C[ requirements are subject Lo change, uncertainty and estimation risk become - b
dangerously high. The planner, and more importantly, the customer should recognize
that variability in soflware requirements means mstability in cost and schedule. )

However, a project manager should nol become obsessive about estimation.

NModemn software engineering approaches (.8 . incremental process models) take an

lterative view ol development. In such approaches, it is possible—although not al- i
wavs politically acceplable--to revisit the estimate (as more information is knowny

5. Estimate cost and effort

\ a. Decompose the problem

J and revise it when the customer makes changes Lo requirements
1 sl
: . —
The objeclive of sollware project planning is Lo provide a lramework that enables the
f | ADVICE mahager o Thake ro: e —— 48
! anagerto make reasonable eslimates ol resouices, cosl, and schedule. In addition, ‘48
A Tha mArs vt braa acti e - 3 T ——————— —_—
E | e LLO"E ¥0u kraw, estimates shouldatempl to deline besT-case and worsl-cast scenarios so that proj-
e Jefter vou - e e 3 ‘—f—r/” e y . s —— ;
: i ecl outcomes can be botmded. Although there is an inherent degree ol uncertainty.
Esnmete. Iheretore AL : P g ~
[? { L0307 your eshimctes the soltware team embarks on a plan that has been established as a consequence o
1 = H . v T L el == - .
: os me project planning lasks. Therelore, the plan must be adapled and updated as the project pro-
‘f Drogiesses ceeds. In the lollowing sections, cach of'the activilies associated with soltware proj-
{ ect planning is discussed. r~ '
i = |
j P il L T ol R R R U
' Task Set for Project Planning
|
; 1. Establish project scope ¥/ b Develop two or more estimates using size,
'f 2. Determine feasibility » function points, process tasks, or use-cases
. v . .
i 3. Analyze risks (Chapter 25) c. Reconcile the estimates
!’ 4. Define required resources 6. Develop a project schedule (Chapter 24)
a. Determine human resources required a. Establish @ meaningful task set
b. Define reusable software resources b. Delfine a task network
c. Identify environmental resources c. Use scheduling tools to develop a timeline chart
d

Define schedule tracking mechanisms

\
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The availability of historical information has a strong influence on estimation risk.
By looking back, we can emulate things Lthat worked and improve arcas where prob-
lems arose. When comprehensive soflware metrics (Chapter 22) are available for
pasl projects, estimates can be made with greater assurance, schedules can be es- =«

tablished to avoid past dilticullies, and overall risk is reduced.

£ rD‘L“ R

St

< wd

| tisthamark o n insfeucted mind to rest safisfied with the degree of precision thot the nature:of the.subiecl ..
- admis, andnot o seek exaciness when only an approximation of the Iruth is possible.”” ~ .

i Har 0 S

project requirements are subject o change, uncerlainty and estimation risk become
dangerously high. The planner, and more imporantly, the customer shiould recognize

that variability in soltware requirements means instability in cost and schedule.

However, a project manager should not become obsessive about estimation.
s NModern sollware engincering approaches (¢.g . incremental process models) take an :
/?/ iterative view ol development. In such approaches, it is possible—although not al-
wavs politically acceptable-—Lo revisit the estimate (as more information is known)
and revise ibwhen the customer makes changes o requirements.

e The objective of soltware project planning is to provide a framework that enables the
manager to make reasonable eslimales ol resources, cost, and schedule. in addition,
. " e = o S—— -_— ——— .
estimates shouldatlempl Lo define best=cast and worsl-case scenarios so Lhat proj-
%] " - e z Ea——— 5
il ect oulcomes can be bounded. Although there is an inherent degree ol uncertainty,

Ihe more you know,

the hatrar w0
estmgte. Therstare,
upeote your estimaotes
0s me project

R R R TR W

e B MG

W

s

aoma

the software team embarks on a plan that has been established as a consequence of
planning lasks. Therelore, the plan must be aﬂiand updalulas the project pro-
DIGgresses. ceeds. In the following sections, each ol the aclivities associaled with sottware proj-
ect planning is discussed. '

r B

1. Establish project scope ¥
2. Determine feasibility «

4. Define required resources
a. Determine human resources required
b. Define reusable software resources
c. Identify environmental resources

5. Estimate cost and effort

\ a. Decompose the problem

Task Set for Project Planning

3. Analyze risks (Chapter 25) "

b. Develop two or more estimates using size,
funclion points, process tasks, or use-cases
c. Reconcile the estimates
6. Develop a project schedule (Chapter 24)
a. Establish g meaningful task set
Define a task network

b
c. Use scheduling tools to develop a timeline chart
d

Define schedule Trucklng mechanisms
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(/> So/hwvane scope describes Y Unct .
s olvare scope describes the lunctions and leatures thal are 1o be delivered o end-
POINT E_L_‘_’,S_'.}Iw data that are inpul and “L'll’ﬁﬁ“c “content” that is presented Lo uSers as
\'—E,-_.__—

Mrhough there are a consequence ol using the soffware, and the performance, constraints, interfaces,
meny reasons for and 'L’iw bound the '%vstcm Scope is defined using one of Lwo chhmquc

-

Jvertainty, incomplete f\ \ s
A narrative duutpllon ol soltware scope is developed aller mmlmnmalion

~formation about
-z2blem requirements _w with all slakcho]du g

cominafes. 2/ Aselol usc—cases" is developed h\' end-users. -

- v -—

Functions dcsmbcd in the statement of scope (or within the use-cases) are evalu-

ated and in some cases relined to provide more de ail prior to the beginning of esli-
malion. Bch cosl"and schedule estimates are tunctlonallv orienled, some \
degree of dcmmposltmn Is olten use Iui Performance u)nqldc ‘alions encompass
processing and response lime I(.‘(]UHL‘I“L‘HIb Constraints identily limits placed on the
solware by external hardwaie, available memory, or other existing systems.

Once scope has been identified I ith thc concurrence ol the customen), it s rea
ADVICE —_— T
sonable to ask: Can we bulld soflware (o meel this scope? [s the project leasible? All
Project feasibility is loo olten, software CIH.,II'ILLI‘% rush pasl these queqlmn‘; (or are pushed past them by

important, but a
consideration of
wsiness need is even
nore important. It
oes no good fo build
“high-tech system or
roduct that no one
‘ants.

impatient managers or customers), only to become mired in a project that is doomed
from the onsel. Putnam and Nyers [PUT97a) address Lhis issue when they write:

INJoteverything imaginable is leasible, nol even in soflware, evanescent as it may appear
o outsiders. On the contrary, software teasibility has four solid dimensions. T chnol 1 -—
Isaproject techmically feasible? Is it within the slale of the an? Can detects be reduced 1o
a level matching the application’'s needs? Fmance: s il linancially feasible? Can devel
opment be compleled al a cost the soflware organization, its client, or the markel can af-
ford? Time—Wwill the project’s time-lo-market beat the competlition? Resotrees -Does the

organization have the resources needed Lo succeed?

Putnam and Myers correctly suggest thal scoping is not enough. Once scope is un-
derstood, the software team and others must work to determine if it can be done
within the dimensions just noted. This is a crucial, although often overlooked, part
of the estimation process.

e L“""“' il 471

The second planning task is estimation of the resources requi[iLm accomplish th
-ye N ——— ——
software de\/elopment cifort. Figure 23.1 depicts the three major LdngOlle\ of soﬂ

—

ware engineering iesounces—peopie reusable softwale compunenls, and thc he devel-
e Al s

opment environment (hardware ,and sdftware toolsy. Each resource is \peutled with
B —

2 Use cases have been discussed in detail throughout Parts 2 and 3 of this book. A use-case is a
scenario based description of the user’s interaction with the software from the user's point of view.

-—_—

=
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New
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Part-experience
components

four characteristics: description of the resource; a statement of availability; time
when Lhe resource will be required; duration of time that resource will be applied
The last two characteristics can be viewed as a time window. Availability ol the re
arce for a specitied window muslt be established at the carliest practical time

23.41 Human Resources

The planner begins by evaluating software scope and selecting the skills required to
complete davelopment Both 010am_7?t1_onal posmon (e.g., managfzn——scmon software
engineer) and spu,:alty (e.g., lelecommumcatlons database, client/server) are spec-
ified. For lclallv ly small pno;eds (a few person-months), a single l’n:h\'ldual mav
perform all soflware engineering lasks, Lonsullmg with specialists as required.

larger projects, Lthe software team may be geographically dispersed across a nql_p_i}l
of different locatlons Hence, the localion of each human resource is 5peulled

" The nu]ﬁben of people required for a soltware project can be determined only af- _ =
ter aq eslimate of developmenl effort (e.g., person- -months) is made. Tedmlques for :
(maing effort are discussed later in this chapter. -

2 Reusable Software Resources
Component-based software engineering (Chapter 30) emphasizes reusability—that
is, Lhe creation and reuse ol soflware building blocks [HOOW1]. Such building blocks.

ften called components, musl be cataloged lor easy reference, standardized tor easy

application, and validated [or casy inlegralion.
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Bennalan [BEN92| suggests four soflwarce resource categories that should be

| con
sidered as planning proceeds:

; _0_the shelf Lcomponents. Existing software can be acquired trom a third party or
' has been develo sed T

i oped internally for a past projecl. COTS (Lommuual olt-the- shcln
1tinte- T

ol components are purchased from a third paltv are e ready lor use on the current,

nents project, and have been (ully validaled.

(ont Full experience components, Exisling specificalions, designs, code, or lest dala
{;?efﬁgm‘ de\'tloped for past projects are similar to the soltware Lo be built for the current
wrous project. Members of the current software leam have had full experience in the ap
; plication area represented by these compone

nts. Therefore, modilications required
tor full-experience components will be relatively low-risk.

artial expericnee components. Exisling specificalions, designs, code, or test data
dL\'elnped for past projects are related Lo the software 1o be built for the current
project but will require substantial modification. Memt

ders of the current software
leam have only limited experience in the application arca represented by these
components. Thuclmc mo

difications required for partial-experience components
have a lair degree of risk,

New components. Soltware components must be built by the soflware team
specifically for the needs of the current project.

Ironically, reusable soflware components are often neglected during planning, only
lg_h_ugmg a_param

e SR

DOURL concern_during Lhe dcvc!opmuu pham. ol the software

T
PIO(_ES§ Itis bellen"l&“ﬁgucnv sollware resource IL’qLIII(_‘anl\ carly. In this wavy
_

technical evaluatlon ol the alternatives can be L.Ol'\dULlCd and timely acquisition
cap-accur,

2/3.C.ﬁ Environmental Resources

The environment Lhal supporls a soltware project, ollen called the software engi

e ——
a platlmm that supports the tools (soltware) required to produce the work products
that are an outcome of good software engineering practice.* Because most software
organizations have multiple constituencies that require access to the SEE, a project

planner must prescribe the time window required for hardware and software and
verify thal these resources will be available.

nccmw c'n\'lmnmcn( (SE[) mcmpolatu hardware and sottware. Haldwane provides -
- - — e ——

When a computer-based syslem (incorporating specialized hardware and software)

is lo be engineered, the soflware team may require access Lo hardware elements be-

ing developed by other engineering leams) For example, software for a numerical con-
trol (NC) used on a class of machine lools may require a specific machine tool (e.g., an

3 Other hardware—the larget environmentl-—is the computer(s) on which the soltware will execute
when it has been released to the end-user.
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679
Chhatan [BENY2) SUZBLsLs four soflware resource calegories that should he

ideren ac ) con
stdered as Planning procecds-
Ol the shely - gile Euicr: : . . _
"3‘ has b e shell components, Exisling soltware can be acquired from a third party or
as been developed o= S e ; = e I
e as been d(.\/glopgd mternally for g past projecl. COTS (commercial olf-the-shelf)

components gre purchased from a third

Wy of project, and o o ased fron party, aT€ TEAdV for use on the current
. . avebeen fully validaled.

{’i‘;JUI'Z; " de\g‘:g P:e\é’,‘;'O'IQ:;:_tc_t:llwulu1)Is E;is'li_n%; spccil'ica.li(.ms, dcsigns,.co_dc, or lest dala
fen brojent o 1) ],.IO]CL}S.E-HL smulm to the sollware (o ljc built I(.wr the current
s . - Members of (he current software leam have had il experience in the ap-
o plication area represented by these components. Therelore, moditications required

for full-experience components will be relatively low-risk.

Partiad experiepce ¢ mpoenents. Exisling specilications, designs, code, or test data
developed for Past projects are related 1o the soflware to be built for the
project but will require substantial modilication. Membe
team have only limited experience in the

current
I's of the current software
application arca represented by these
components. Therefore, modilications require

d for partial-experience components
have a lair degree of risk.

New components, Sollware components must be built by the software team
specifically for the needs ol the current project. '

[ronically, reusable software components are often nn_*glectgd \quj-i_ng pla}nwnirng_,*f_)n|-\'
la become a_paramou il concern durine the development phase

ol the software
process. Il is betler

2

SNpEdify sollware resource requirements carly. In this way

o .S . T — g
technical evaluation of the allernatives can be conducted and timelv acquisition

Environmental Resources

The environment that supports a software project, often called the software ¢engi
neering environment EM‘Q\E@ and software. l-{'amides
afbiéff'()hl:l.ﬂ"lhﬂz';t_gifmlé the [omr&quired to produce the work products
that are an outcome of good software engineering praclice.’ Because most software
organizations have multiple constiluencies that require access to the SEE, a project
planner must prescribe the time window required for hardware and software and
verify that these resources will be available.

When a computer-based syslem (incorporaling specialized hardware and software)
is 1o be engincered, Lhe software leam may require access to hardware elements be-
ing developed by other engineering leams! For example, sollware for a numerical con-
trol (NC) used on a class of machine lools Mmay require a specific machine Lool (e.g., an

3 Other hardware—the largel environment—is the compuler(s) on which the sollware will execute

when il has been released Lo the end-user,
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NC lathe) as part of the validation test step; a software project for advanced page-
layout may need a high-quality printer at some point during development. E

ach hard-
ware element must be specified by the soltware project planner.

Software is the most expensive element of virtually all computer-based syslems. For

- Ky . . e e - =2
complex, custom systems’ﬁarge cost estimation error can make the difference be-
tween profit and loss. Cost overrun can be disastrous for the developer.

fSoUrc increased compefition, the abilily 1o estimate more aceure

¥ ;l'p'jo or.many.(Tgroups.” .

»

Software cost and effort estimation will never be an exact science.' Too many

variables—human, technical, environmental, political—can affect the ultimate cost

B

;0’:_ of software and effort applied to develop it. However, software project estimation

otisa P " , . . : .

wentof SN be transformed from a black art to a series of systematic steps that provide esli-
1 a black arl matic steps that provi

. mates with acceptable risk. To achieve reliable cost and effort estimates, a number L

zmember Ot Oplions arise: b

5 (eg, -

——. 1. Delay estimation until late in the project (obviously, we can achieve 100 per-

5, fravel, cenl accurate estimates after the project is complete!). 3

ﬂgz’ - Base estimates on similar projects thal have already been completed. B
3.

Use relatively simple decomposition techniques to generate project cost and
cttort estimates. ‘

4. Use one or more empirical models for software cost and effort estimation.

Untortunately, the first option, however attractive, is not practical. Cosl estimates
must be provided “up front.” However, we should recognize that the longer we wait,
the more we know, and the more we know, the less likely we are to make serious-er- :
rors in our estimates. ' '  ’
The second option can work reasonably well, if the current project is quite simi- R

lar to past efforts and other project influences (e.g., the software team, the customer,
business conditions, the SEE, deadlines) are roughly equivalent. Untortunately, pasl
experience has not always been a good indicator of future results.
The remaining options are viable approaches to software project estimation. Ide-
ally, the techniques noted for each option should be applied in tandem: each used as
a cross-check for the other. Decomposition techniques take a “divide and conquer”
approach to software project estimation. By decomposing a project into major func-

. ‘
Wt Wy

i d bt DA e B 3

4 Bennatan [BENO3] reports that 40 percent ol soltware developers continue 1o struggle with esti
mation and that sollware sizce and development time are very difficult Lo estimate accurately.

]
|
|
|
|
!
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CHAPTER 23 [STIMATION

tions and related software engineering activities, cost and eflort estimation can be per-
tormed in a stepwise tashion. Empirical estimation models can be used to complement -
decomposition techniques and offer a potentially valuable estimation approach in
their own right. These models are discussed in Section 23.7.

Each of the viable soltware cost estimation options is only as good as the histor-

ical datla used Lo seed the estimate. It no historical dala exist, costing rests on a very

shaky foundation. In Chapter 22, we examined the characleristics ol some of the

sollware metrics that provide the basis lor historical estimation data.

Software project estimation is a form of problem solving, and in most cases, the prob-
—
lem to be solved (i.c

- SSe——- ———
., developing aco L(N and cllortestimale (o7 a soltware pm]cu) IS LOO
complex 1o be consic lered in one

pchu For this reason, e dcmmpmc the pmb em,
—___—____._—r“__——'
recharacleri izing il as a sel ol smaller tand hopelully, more managcab]c ) problems.
*—-———;c_.—-—

= T~
In Chapter 21, th decompaosition approach was discussed from lwo different

— =
points of view: decomposition of the ploble and decomposition of the process. Es-

timation uses one or both forms of par l1l1nnmg But hCiOlL an estimate can be made

_—

—

the project plannel muc,l undmsland the scope of the soltware to tn be buill and gen-

S S

1 eslimate oI Il&. s]/c " ‘ — —

e

23.6.1 s&iwme Sizing

The aLLUIaL)' ol a soltware project estimale is predicated on a number of things
(1) the degree Lo which the planner has properly estimaied the size of the product to
be built; (2) the ability to translate the size estimate into human cffort, calendar time,

L — et ._‘,-—————"'
and dollars (@ function of the availability of reliable soltware metrics rom past prej-
—_————

ects); (3) the degree to which the project plan reflects the abilitics ol the software

team; and (4) the stability of product requirements and the environment W that sup- sup- \
Bk
ports the soltware engineering Hml .

In Lhis scction, we consider the soflaie sizing problem. Because a project esti-
male is anly as oood as the estimate of the 517c of the work Lo be accomplished, siz-

R—

ing represents the pIO]eLt planner’s first ma]m Lhallenoe In the context of project
planning, size refers to a quantifiable outcome of the software project- T a direct ap-

proach is taken, size can be meastired in lines of code (LOC). If an indirect approach
is chosen, size is represented as funclion points (FP).

Putnam and Mvers |PUT92] suggest touwr different appmauhu\ lo the sizing

N

— ‘—-—-—_______

ar

o “Fuzzy logic

=

sizing. To apply this approach, the planner must identify the type
of application, establish its magnitude on a qualitative scale, and then refine |
the magnitude within the original range.

Q."Y—‘um‘linn point sizing. The planner develops estimales ol the information
N-——-—__‘- Pt ——
domain Lhdiaucnslmﬂ dlqumcd in (_hapte I‘S

e -
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5 The acronvm pim means person month ot etlord,

PART FOUR MIANAGING S 2Vl 110 1O

o Standaid component s siZzing. Soltware is mmpuacd ol a number of dilferent
“slandard mmpomnh that are

€ generic lo a pmlu.ulan cl])phLdlIUH area. Far
-———

ex am|1h. he slandard ¢ components for an information system are quhsvs-

lems, modulcs, screens, réports, interaclive programs, batch programs, files,

LOC, and object-level Instrictions. The project planner eslimates the number

ol occurrences ol cach standard component and then uses historical project

data to determine the delivered size per standard component,

o Chunge sizing. This approach s used when a project encompasses the use ol
exisling software thal must be modified in some way as part of a project, The

planner estimates the number and type (e.g., reuse, adding code, changing
code, dglelmu code) of modifications thal must be accomplished.

Putnam and Nvers suggest that the results of each of these sizing appmmhu il

combined statistically o create a three point or expected value estimate, This is a¢

complished by developing optiiiistic (low), most likely, and pessimistic (high) val
ues for size and combining them using Equation (23-1) described in the next
seclion.

Problem-Based Estimation

apter 22, lines of code and function points were described as measures rom __

T

which productivity metrics can 1 be computed. LOC and 1P data are uwd in two ways
during soltware project L'wllm |l_|_@_ﬂ1l) ds an ullmallnn vartable to PG Ldnh cle
ment of the soltware and (2) as baseline metrics u:l]ulcd fom pasl projects and
used Imlth estimation variables to dchlnp cost and effort projections.
LOC and FP eslilnlat1L1|MMstll11atttul1 techniques. Yet both have a hum-
ber of characteristics in common. The project planner begins \wlh a bounded state-
ment ol soltware scope and 110m this slatement attempts to decompose software
into problem functions that can each be estimated individually LOC or FP (the esti

mation variable) is then estimated for cach function: Allermativelv. the planner may
choose another component lor sizing such as classes or abjects, changes, or busi-
ness processes alfected.

Baseline productivily melrics (e.g., LOC/pm or FP/pm?) are then applied{o the
appropriate estimation variable, and cost or effort for the function is derived. Fuite-
tion estimates are combined to produce an overall estimale for the entire project.

[Lis important to nole, however, that there is often substantial scatter in produc-
Livity metrics tor an organization, making the use of a single baseline productivity
mct—ric suspect. Ingeneral, LOC/pmor FP/pm averages should be computed by proj
ect domain. That is, projects should be grouped by team size, application arca, com
plexily, and other relevant parameters. Local domain averages should then be

computed. When a new project is estimated, it should first be allocated o a domain,
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° bh.mhudmmpunur( siZing. Soflware is u)mposcd ol a number ol different
"standard LOINpOHL‘lﬂ.b that are generic ricloa delILLI[

ar appl:mlmn area. For
eX amuL the standard ¢ components lm an information system are subsw;-
lems, modules, screens, réports, interactlive programs, batch programs, files,
LOC, and object-level instriiclions. The project planner estimales the number

obocedrrences ol cach standard component and then uses historical projecl
dala to determine the delivered size per standard component,

Change sizing. This approach is used when a project encompasses the use ol
exisling soltware that musl be modified in some way as part ol a project. The 3

planner estimates  the number and type (e.g., reuse, adding code, changing
code, deleting code) of modifications that must b(. accomplished.

- Putnam and Myvers suggest (that the resulls of each of these sizing approaches be
combined statistically to create a thie pomtor expected value estimale. This is ag
complished by developing optimistic (low), most likelv, and pessimistic (highy val
ues for size and combining them using Equation (23-1) described in the next
section.

23.6.2) Problem-Based Estimation
apler 2 \IﬂlL_s ol code and function points were described as measures rom_.
which productivity metr ILs can be compulted LOC and I'P data are uwd N wo wavs
during software project L\lmmﬁl_n_a'h () as an ullmallnn variable to “size” each ele
ment ol the sollware and ()) as lmwlmc mctms u)llulcd rom past projects and 4
lo used in conjunction with estimation variables 1o dcvvlnp cost and effort projections «

nd FP- LOC and FP (.b[llTlalIOILal_C_LISL[&l_L_SUmaII()H techniques. Yet both have a num- q

Iﬁ‘"; ber of characteristics in common. The project planner begins \wlh a bounded state- ;|

non? 3

ment of soltware scope and from Lhis statement attempts Lo dgu)mpmg software
into problem functions that can each be estimated individually. LOC or FP (the esti
mation variable) is then estimaled for cach function. Alternatively the planner mav
choose another component tor sizing such as classes or objects, changes, or busi- ,
’ ess processes affecled.
Baseline productivily melrics (e.g., LOC/pm or FP/pm’) are then appliec&w the
appropriale estimation variable, and cosl or effort for the function is derived. Fuite- 4
.(;fw tion estimales are combined Lo produce an overall estimate for the entire project.
my ILis important to note, however, thal there is often substantial scatter in produc-
s tivity metrics for an organization, making the use of a single bascline productivity
metric suspect. In general, LOC/pm or FP/pm averages should be computed by proy
ect domain. That is, projecls should be grouped by team size, application arca. com
plexily, and other relevant parameters. Local domain averages should then be
computed. When a new project is estimated, it should first be allocated to a domain,

5 The acronym pun means person month ot ellort.
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and then the appropriale domain average for produclivity should be used in gener-
atling the estimate.

variablc, LILLumpmi lon is dh'ﬂt)lkllLi\’ L_L\\CI'I ldl and is often laka n ln L:)H\ldc able

Sl
levels ol detail The greater lhe degree of par |L|nn|ng th mare likely lcnsnnablv ac-

—.——-__,__._

curate ullmalvs Ol LOC can be dev cloped.

- S

For FP utlmalab du_omposnmn works dilferel ntly. Rather than focusing on func-

lion, each of the five information domain characleristics as well as the | 4 complex-
S

ity adjustment values discussed in Chapler 15 are eslimated. The resullant dslimates

can then be used Lo derive a FP value that can be tlied to past data and used to gen-

erale an estimale.

Reaardless ol the estimation variable that is used. the project planner begins by
estimating a range ol values tor cach function or information domain value. Using
histoncal data or (when all else [ails) intuition, the planner estimates an optimistic,
most likely, and pessimistic size value for each function or count for each informa-
tion domain value. An implicit indicatlion of the degree of uncertainty is provided
when a range of values is specilied

A Lhree-point or expecled-value can then be computed. The expected value tor the
estimation vanable (size), S can be computed as a weighted average ol the opti

MISUC (5 ), MOosLTRelY (5,0, and pessimistic (s, ) estimales. For example,

5= (224)

(Sopt # 48 '+ S /6

gives heaviest credence Lo the “most likely” estimate and follows a beta probability
distribution. We assume that there is a very small probability the actual size result
will fall outside the optimistic or pessimistic values.

Once the expected value lor the estimation variable has been determined, histor
ical LOC or FP productivity dala are applied. Are the estimates correct? The only rea
sonable answer Lo this question is: \Ve can’l be sure. Any estimation technique, no
matter how sophisticated, must be cross-checked with another approach. Even then,

common sense and experience must prevail.

23.6.3 An Example of LOC-Based Estimation

As an example of LOC and FP problem-based estimation techniques, let us consider
a soflware package to be developed for a compuler-aided design application for me-
chanical components. The sollware is lo exccule on an engineering workstation and

e ——— e ———

hmh resolution
cope can be de-

musl interface with var IUMN rals including a mouse, digitizer

—
color dlsplav,andlasu printer. A preliminary statement ol software sc

—_

veloped: ™

The mechanical CAD software will accept two- and three dimensional geometric data
rom an engineer. The engineer will interact and control the CAD system through a user

interface that will exhibit characleristics of good humanmachine interface design. All
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PART FOUR NANAGING SQFTWARE PROJIECTS

acomelric data and other supporting information will be maintained ina CAD dalabase.
Design analysis modules will be developed to produce the required output, which will
be displayed on a varicty of graphics devices. The software will be designed Lo control
and interact with peripheral devices that include a mouse, digitizer
plotter.

. laser printer, and

This slalement of scope is preliminary--it is not bounded. Every sentence would
have Lo be expanded Lo provide concrete delail and quantitative bounding. For ex
ample, belore estimation can begin, the planner must determine what “characteris-
lics of good human/machine interface design” means or whal the size and
sophistication of the “CAD database” are to be.

For our purposes, we assume that further refinement has occurred and that the
major soltware functions listed in Figure 23 2 are identified. Following the de-
lor LOC
veloped. A range of LOC eslimales 15 developed tor each function. For example,

composition technigue an_estimation table, shown in Figure 23.2, is de-

the range of LOC estimates lor the 3D geomelric analysis function is optimistic—-
4600 l_oC, most likely- 6900 LOC, and pessimistic—8600 LOC. Applying Equation
(23

OthI
Limated LOC column, an estimale ol'33,200 lines of code is established tor the CAD

, the expected value for the 3D geomctric analysis function is 6800 LOC.
estimates are derived in a similar fashion. By summing vertically in the es-

svstem

A review of historical data indicales that the organizational average productivity
for svslems of Lthis Lype is 620 LOC/pm. Based on a burdened labor rate ot $8,000 per
month, the cost per line of code is approximately $13. Based on the LOC estimate
and the historical produclivily data, the total estimated project cost is $431,000 and
the estimalted eflort is 54 person-months.”

the
hods

O

Funchon Eshmuted LOC

. 2:300
=i 5,300
6,800

:,.g;e[ mterface cnd control- Fc:ufmes (UICF)
“Two-di 'ensnonal 'geometric. cnalyms (2DGA)

.ffThreedlmensmnai geomelnc csnolysw. [BDGAJ

Datdﬁose managemenr (DBM : o 3,350
Compufer graphics display. cncnlmes (CGDF) 14,950
/ ' Peripheral control function (PCF) 2.100
/ Design analysis modules (DAM) 8,400
 Esfimated fines of code’ ~ T 33,2008

Cstimaltes are rounded to the nearest $1,000 and person month. Further precision is unnecessary
and unrealistic, given the limitation ol estimation aceuracy,
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PART FOUR MAMNAGING SQFTWARE PROJECTS

gco?nutric data and other supporting information will be maintained in a CAD database.
Design analysis modules will be developed to produce the required output, which will
be displayved on a variety on graphics devices. The sollware will be designed to control
and interact with peripheral devices that include a mouse, digitize s
plotler. )

I, laser printer, and

This statement of scope is preliminary-—it is not bounded. Every sentence would
have Lo be expanded Lo provide concrete detail and quantiljtivc bounding. For ex-
ample, before estimation can begin, the planner must determine what “characteris-
lics of good human/machine interface design” means or what the size and
sophislication of the “CAD dalabase” are to be.

For our purposes, we assume that further refinement has occurred and that the
Following the de-
is de-

major soltware tunctions listed in Figure 23 2 are identified

composition technigque for LOC, an_estimation table, shown in Figure 23.2,

veloped. A range of LOC estimales is developed for each function. For example,

B

1 to the
use s
noject
should
result

it

the range ol LOC estimates for the 3D geomelric analysis function is optimistic—
4600 LOC, 6900 LOC, and pessimistic—8600 LOC. Applying Equation
(23-1), the expected value tor the 3D geomelric analysis [unction is 6800 LOC.

moslt likely-

Other eslimates are derived in a similar fashion. By summing vertically in the es
timated LOC column, an estimalte of 33,200 lines ol code is established tor the CAD
svstem.

A review of historical data indicates that the organizational average productivity
lor svstems of Lthis type is 620 LOC/pm. Based on a burdened laborrate of 58,000 per
month, the cost per line of code is approximaltely $13. Based on the LOC estimate
and the historical produclivity data, the total estimated project cost is $431,000 and
the estimated effort is 54 person-months.”

ds

w

: Fﬁhétibn. i B SN St = Estlmuted LOC
.' User |nferfuce and-confrol fuc:lmes [UICF) x5 2:300
qu_dﬂllrnenyonu[ geomelr:c analysis (2DGA] 5, 300 -
- Three-dimensional geometric anc]ysw [BDGA} -6, 800
Dorcbase monagemenr (DBM) + A3 350
" Computer graphics display facilities (CGDF) 4,950
/ Peripheral control function (PCF) 2,100
4 Design analysis modules (DAM]. . 8,400
. E$Iffq¢fedr/ines‘éf ¢ade 2% J * 1 © 33,200 G

—_—

(B

Cstimates are rounded to the nearest $1,000 and person month. Further precision is unnecessary

and unrealistic, aiven the limtation oF estimation aceuracy’.

A

Vi RakiCh.
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derermme the Funchonalﬂy requrrecf e
guesstimate the LOC count for each 1 plece
The best approach is fo have everyone do'i |t i
|ndepenc|enlly and then compure results '

affwa gineering team) and Vinod Raman, Jamie
azar; and olher mernbers of }he product software

g We need to deve]op an efforl estimate for the
ond then we've got to define a micro- -schedule for
'remen} and @ macro schedu]e for the

slorled, _
Vinod: No .. it can be done inafew hours
morning, in Fccf b ;
Doug: | agree . . . we can’t expect exactitude, justt
ball-park idea of whcﬂ the size of SafeHome w:“ be*‘
Jamie: | think we should just estimate Q”Ol‘f_,.' . thal
e all. :
_eres;whatl vigadl. Flrst we need to Funchonally Doug: We'll do that feo. Then use both et mat
g SaFeHome soﬁwcre cross check.

Vinod: letsgodoit. ... =

.ata hrgh level

23.6.4 An Example of FP-Based Estimation

Decomposition lor FP- based eslimation locuses on information domain values

———— - —————
ldthl than soltwale [unctions. Referring Lo the lable presented in Figure 23 3, the

plo ject planner “eslimales external inputs, external oulpuls, external inquiries, mter-

nal logical files, and exlernal interlace liles lor the CAD soltware. FP are computed

using the technique discussed in Chapter 15. For the purposes of this estimale, the

Estimating e e e R R R SR
information ; lnformahon domam value Opf. L:kely Pess. counf Welght count
domain values = - e ; ; : = - . —
; Number of exfernc:f |npufs ' - T90%! 24 _30 TR 4.5 97
v,‘Number ofeidernol oufpurs AT 122 L5 99 16 : 5, 78"
_;:Nu}ﬁber of exlernol Inguiries . - ool g i 92:: & 3O8" 5 iwadok Lo 88
; Number oF |nternc1| |og|cc1| files e 4 W Tt Kver LU RSy 10“'- 21'2"7
R e rnal nisrace filas:: i, 2.kt 3 s o -1-5?'—':5

e NP
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Factor Value E

Backup ardd rag o A bt
5 Phae . s A
L. |40 S1® BN r il HonNg 7 .
3. Distiibuted processing U
4. Parfarmance criheal P kL
5. Existing opeating enviionment 3
& Ondine data entry 4 1-:
! e 1St nudin's s ' 5 -.
= H | ’
\ TR R 1) mn _-‘:l
Appicoy o designed tor changs 5
Value adjustment factor 1.17
e T i e S T L s T R A o ST AR T o AT ¥ TSR DS L FER N Ry SIS v A . '
Finally, the estimated number ol FI7 s derived: .
FP, et = count-total = [0.65 + 0.01 = X (F)] 4
Fl)‘ dmnated T 375 &«
The organizational average productivity for systems of this type is 6.5 FP/pm. Based g
on a burdened labor rate ol $8,000 per month, the cost per FP is approximately i
$1 230. Based on the FP estimate and the historical productivity data. the total est
7
mated project cost is $461,000 and the estimated elfort is 58 person - months. 2
L( 23 Process-Based Estimation
The most common technique for estimaling a a projectis Lo base the estimate on Lthe
— = — e
process thal will be used. Thal is, the process is duomposul into a relatively :.mdll

-———————__'_"’ W
set of lasks and lhe ellowmw cach e a:k is esllieic_djﬁ—:) g

yrocess-based eslimation beeins with afficlineation
f

lecploblcm hased techniques, }
ol soflware functions obtained from the project scope. A series of lramework activities

——

must be performed ftor each | Iumtl(m Functions g and related halm\\'oll\ activitics “may

P A

be rcplcsuncd as parl of a table similar to the one presented in Figure 23.4. o

e e

7 The lramework activities chosen for this project dilfer somewhal lrom the generic activities dis

cussed in Chapter 2 They are customer communication (CC). planning, risk analvsis. engineering

and construction “release
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3 Existing cpaighing =nvironment 3
& Ordine daa enny 4
tirarsechion over muthipls $Cesns 5
4
M N 3y an £
14 At desianed o th,,ll\]-’,' ' <l
Value ad|ustmenf factor 1.17
o S T T T TR i AR S T T TR A LRSS e %

Finally, the estimated number of FP is derived:

- FP maa = count-total x [0.65 + 0.01 > X (f)]
FPocimmais = 345
The organizational average productivity for systems of this type is 6.5 FP/pm. Based
on a burdened labor rate of $8,000 per month, the cost per FP is approximately
S1.230. Based on the FP estimate and the historical productivity data, the total esti
mated project cost is $461,000 and the estimated elfort is 58 person-months

9 3 Process-Based Estimation

The most u)mmo':_w_[_e_g_lj ligue for estimaling a pr geul is Lo base the estimate on Lhe

jse b
when ~ process that will be used. Thal is, the process is decomposed into a relatively s small
| o e e —
n set of tasks and Lhe elfort required lo accomplish each task is estlmaled
- = 1 i
lecploblcm -based techniquies, process-based estlmatlon begins with 2 glineation)

o ol sollware lunctions obtained trom t he pmJeL[ 9(0PC A ser |u oI IIEIIHG\VOI]\ aul\ mu
i sl L b eaiha

o must be performed for cach function. I‘umtlom and related Ilamcwml\ activities” may

be represe nlad as partl of a lable similar Lo the one presented in Figure 23.4.

—

7 The rramework activities chosen tor this project difter somewhal irom the generie aclivities dis
cussed m Chapter 2. Thev are customer communication (CC), planning, risk analvsis, engineering.

and construction release
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—_rzg. ¥ CC o [ Plﬁnqmg Riifak |'Engineering |/ Consiruchon CEL
Tﬂsk._."_ it ; s anu ysls do. . e EIBGSB : omrr ] o
- g , v : Analysis | Design ‘que Taefs
‘Function’ : - 2 L wlzos o
.4.;'2‘322“ AT — T 0.50 | 2.50:].0.40 | 5.00 fn/a’ 840
:*‘:SDG'A'-—'; Rl T SN Fo b AR S 0.75 | 4,00 | 0.60°| 2.00 |n/d e
W[ o [t E 1[.0:50- [ 4.00{.1.00 |:3.00.} /a7l B.50
Biacony e [ [ o T 0s0] 3.00,.L00 750 | n/a|_6.00
WDAM . v S L To.50 | 3.00] 0.75 | 1.50 | n/a] 575
HRCE o ) s 0.25 | 2.00] 0.50 | 1.50 [n/a] 4.25
DAV ‘_ —[0.50 | 2.00] 0.50-| 2.00 n/a 5.00
Totals | 0.25 | 0.25 535330 [ 20.50 | 4.50 1650 ] Aé_ob
S T e ey 17 8% | 45%.] 10%. T e R

CC = cuslomer communicalion CE = cuslomer evaluation

ss aclivilies are mcldcd lwe planncr eslimates

Once problem functions and proces
qunui lo dc wmplhh cach software

the LHOI[ (C.9., person- months) that \\’I]| be I
Thoese data constitute the central matrix

,cosL/unit etfory are then applied
labor rate will vary
s and are

~——

process aclivity for cach software lunction
ol the table in Figure 2.5.4. Average labor rates (i.c.
lo the elfort estimaled for cach process aclivity. ILisvery likely the
lor each task. Senior staff are heavily involved in car ly framework activitics
generally more expensive than junior staff involved in construction and release.

[fort for cach function and framework aclivity arce computed as the lasl
Tormed independently ol LOC or FP estima
frort thal may be compared

Coslsande
step. I process-b ased eslimation is pe
lion, we now have two or three estimates for cost and ¢
Il bolh scls ol estimales show ](.‘d.\OHdblL agreement, there 1s oood

and reconciled.
reason lo belie
these duomposnluon techniques sho

analysis must be conducted.

" on the other hand, the results of

ve hal the estimales arc reliable. 1
stigation and

w little agleemml further inve

background of an estimate before you use it.”

/ /Z‘L 73, An Example of Process-Based Estimation
ain consider the CAD soft-

process-based eslimation, we ag
tlon and all software func-

" _Toillustrate the use of
3. The e system LOHHUUIE\

N —
ware introduced in Section 23.6.3
lions lemam unchanocd and are indicated by pm]ul scope.
lasc1 lable shown in Figure. 23.4

[\crcnmg 1o the completed pmccs%
“cach sotlware cnwmuumﬂ activity are prowded for

estimates
-h_

ol effort (in pmmn months) IUI e
bhreviated for brevity).

divided into the major soltware enomeenno tasks

The uwlmonno and con-
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slruction release aclivilies are sub
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= cuslomer communicalion CE = cuslomer evaluation

Once problem functions

and process activities are melded, the pl
the cl'l‘orl (C.Q.

- person-months) thpt wnll h(. Je
pim 05\ aclivity for cach sollware

ol'the t ablc in Figure 25.4.

anner eslimates
cquired Lo ac mmpllsh cach soltware

function.
Average labor rales (i.c., cosl/unil etfory are then applied
to the effort estimated for cach process activity. ILis very likely the labor rate will vary

for cach task. Senior slatt are heavilv involved in car Iy framework activities and are
generally more expensive than junior st

Cosls and elTort tor

These data constitute the central matrix

alf involved in construction and release.

cach function and framework aclivity are computed as the last

step. IF process-based estimation is performed independently of LOC or FP estima-

Lion, we now have lwo or three estimates for cost and etlort that may be compared
and reconciled. It bolh sets of estimates show |‘casonahlc

agreement, there is good
reason Lo believe that the estimales are reliable. |

- on the other hand, the results o
these dec.omposmon lechniques show little agreement, further

investigation and
analysis must be conducted.

und of t{n_éslimule before yo.u use ”,, =

Bnrry Boehm and  Rich

/ 2"1 ) An Example of Process-Based Estimation

N Io ilfustrate the use of [ process- basc.d estimalion, we again consider the CAD soft-
ware introduced in Section 23.6.3 3. The ¢ system Lonngunatmn and aH sotm'ale func-

lions remain unchanged and are indicaled by project scope.

—_—

Rcfcnfng, o the mmpluLd plou.ss bascd lablc shown in ﬁ&ue 23.4, estimates

———
———

cach CAD 5n)ll\vam Iumllon (dlhlcvmlcd lon hw\' th Lnumccnng and con-

struction release activilies are subdivided into the majm sollware encmeenno tasks
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23.6.7 Estimation with Use-Cases

As we have noted throughout Parts 2

team with insight | '
% 1.\\1th msight into softw
Umation approach with use

and 3 of this book, use-cases provide a software
are scope and requirements. However, developing an es-
-cases is problematic for the following reasons [SMI99:

o Use-cases are decerile . .
it i ¢ LbA are described using many dillerent formats and styles—there is no
t standard form. ’
n sae

e USc-cases represent an external view (Lhe user’s view) of the software and
ing are often written at dilferent levels ol abstraction.

e Use-cases do not address the complexity of the functions and features that
are described.

e Use-cases do not describe complex behavior (e.g., interactions) that involves
many functions and features.

Unlike a LOC or a funclion point, one person’s “use-case” may require months of ef-
fort while another person’s use-case may be implemented in a day or two.
Although a number of investigators have considered use-cases as an estimation
inpul, no proven estimation method has emerged to date. Smith [SMI99| suggests
Lthatl use-cases can be used for estimation, but only il they are considered within the
context of the “structural hierarchy” that the use-cases describe.
Smith argues that any level of this structural hierarchy can be described by no

more than 10 use-cases. Each ol these use-cascs would encompass no more than 30 :
distinct scenarios. Obviously, use-cases that describe a large system are wrilten at a : 3
much higher level of abstraction (and represent considerably more development ef- :
forl) than use-cases thal are written o describe a single subsystem. Therefore, be

fore use-cases can be used for estimation, the level within the structural hierarchy is
cstablished, the average length (in pages) of cach use-case is determined, the type
ol soltware (e.g., real-lime, business, engineering/scientitic, embedded) is defined
and a rough architecture for the system is considered. Once these characteristics are
established, empirical data may be used to establish the estimated number of LOC or

Scanned by CamScanner



PART FOUR
MANAGING SOFTW AR pyy
RE OJECTS
shown, Groe
- UIOss egtjy
: =tUMmates or oy,
niNg, and i e re provi
8 and risk ' T el
Horizont k analysjs. These are n L O‘\ o o
Mzontal ang Verlical totg)s e
provide
) Code
Pended on front-e¢

ing elative j
gBlhe relative IMportance of hig
ased on an ayer
el iSnsa\.uage burdeneq labor rate 0f $8,000
368,000, and the estimated effort ils

v associated with e
lask ang COmputed sepa

communic
: total row al the
an indication of estim

ild be noted that 53 1

asks (requirements
work,

ation, plan-
bottom of the lable.
ated effory required for
ereent ol all effort is ex
alysis and design), indical-

] d »;L dE‘.|g (4 [ ;]
A . 2NOL

nd engineering t
an

Permonth, the total estimated

46 person-months. If desired, la-

bor rates ¢
could be
ach framework activity

or so ) i i
el software engineer ing

23.6.7 Estimation with Use-
AS we hav

Cases

€ noled throughout parts 2°

and 3 ol this book, use-cases provide twar
le o _ d . use-cases provide a soltware
cam with msight into soflw L

— are scope and requirements. However, developing an es-
< approach wi = - .
approach with use-cases is problematic for the following reasons [SMI99)|:

v is e Use-cases are described e ;

s it ereases are described using many different formats and styles—there is no
ficult standard torm.

lop an

on e Usc-cases represent an external view (the user's view) of the software and
e using are often written at different levels of abstraction.

25?

e Use-cases do not address the complexity of the functions and features that
are described.

o Use-cases do not describe complex behavior (e.g., interactions) that involves
many functions and features.

Unlike a LOC or a funclion point, one person’s “use-case” may require months of et
fort while another person’s use-case may be implemented in a day or two.
Although a number of investigators have considered use-cases as an estimation

S B

input, no proven estimation method has emerged o date. Smith |SNI99] suggests
thal use-cases can be used for estimation, but only il they are considered within the
context ol the “structural hierarchy” that the use-cases describe. ;

Smilh argues that any level of this structural hierarchy can be described by no

i it

more than 10 use-cases. Each of these use-cases would encompass no more than 30 o

distincl scenarios. Obviously, use-cases that describe a large system are written at a

much hieher level of abstraction (and represent considerably more development ef-
2

(e

forl) than use-cases that are written 1o describe a single subsystem. Theretore, be-
fore use-cases can be used for estimation, the level within the structural hierarchy is
cstablished, the average length (in pages) ol cach use-case is determined, the type
ol software (e.g., real-lime, business, engineering/scientitic, embedded) is defined.
and a rough architecture for the system is considered. Once these characteristics are

established, empirical data may be used lo establish the estimated number ol LOC or
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