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Software Project Planning
Software Scope

Resources

Project Estimation

Empirical Estimation Models
Estimation for 00 Projects
Estimation for Agile Projects
The Make-Buy Decision
Project Scheduling

Earned Value Analysis (EVA)
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Why?

Sl So the end result gets done on time, with quality!

Innovation
Excellence
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Project Planning Task Set-|

Establish project scope
Determine feasibility

Analyze risks
— Risk analysis is considered

Define required resources
— Determine require human resources

— Define reusable software resources
— ldentify environmental resources
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Project Planning Task Set-I
Estimate cost and effort
— Decompose the problem

— Develop two or more estimates using size, function points, process tasks or
use-cases

— Reconcile the estimates
Develop a project schedule

%

— Scheduling is considered
 Establish a meaningful task set

 Define a task network
* Use scheduling tools to develop a timeline chart
 Define schedule tracking mechanisms
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Estimation

* Estimation of resources, cost, and schedule for a software
engineering effort requires

— experience
o — access to good historical information (metrics)
Excatenc — the courage to commit to quantitative predictions when

qualitative information is all that exists
» Estimation carries inherent risk and this risk leads to uncertainty
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Software Project Planning

Write it Down!
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To Understand Scope

Understand the customers needs
understand the business context
understand the project boundaries
understand the customer’s motivation
understand the likely paths for change
understand that ...

Even when you understand,
nothing is guaranteed!
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Resources

s oftware
tools

hardware

network
resources

project

reusable
software

oTs
components

new
components

full-experience
components

part.-experience
components
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* Project scope must be understood
* Elaboration (decomposition) is

necessary
v e Historical metrics are very helpful
* At least two different techniques should
Beiais be used

Uncertainty is inherent in the process
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Estimation Accuracy

e Predicated on ...
— the degree to which the planner has properly estimated the size of the product to be

built
— the ability to translate the size estimate into human effort, calendar time, and
Bt dollars (a function of the availability of reliable software metrics from past projects)

— the degree to which the project plan reflects the abilities of the software team

— the stability of product requirements and the environment that supports the
software engineering effort.
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Estimation Techniques
Past (similar) project experience

Conventional estimation techniques
— task breakdown and effort estimates
— size (e.g., FP) estimates

Empirical models

Automated tools
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Functional Decomposition

Statement

: functional
() -
o decomposition
People otope _ -
etz Parform 2 Grammetica)
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Conventional Methods:
LOC/FP Approach

« compute LOC/FP using estimates of information domain
values

* use historical data to build estimates for the project
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Example: LOC Approach
Functlen Estimated LOC |
wser interfaoe nd contel facilities (UTCE) 220 |
bero-dirnensional gecrnetric snalysis (20G4) 5,300
thresditnensional gentnetric analysis (2D GA) 500
databaze ranagement (DER) 23H0
coriputer graphics display facilities (2 GEDE) 4 BH]
peripheral comtrol (PG 2 100
desiam snalrsis rodules (T &40
-
::,‘-\o: :(lm SR e
S Average productivity for systems of this type = 620 LOC/pm.
Burdened labor rate =$8000 per month, the cost perline of code is
approximately $13.

Based on the LOC estimate and the historical productivity data, the total
estimated project cost is $431,000 and the estimated effortis 54 person-
months.
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Project Estimation

Example: FP Approach

ast.
Indxymeation Donadn Value opt. Hhkddy  pess  poupg Walght FP-cound
nrnber of inputs 20 24 a0 24 4 o7
narnber of ocutputs 1= 15 r’ 15 L} T
nrnber of inguiries 15 por) 24 e L &g
nrober of files 4 4 L 4 10 4
nrober of external interfaces - 2 2 - T 1k
comTt-total 221

The estimated number of FP is derived:
FP. iimateq = COUNt-total x [0.65 + 0.01x Z (F)]
FPestimated =375

organizational average productivity= 6.5 FP/pm.

burdened laborrate = $8000 per month, approximately $1230/FP.

Based on the FP estimate and the historical productivity data, total estimated project cost is $461,000
and estimated effortis 58 person-months.
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Project Estimation

Process-Based Estimation

Obtained from “process framework”

\

framework activities

application

) Effort required to
functions

accomplish

each framework
activity for each
application function
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Process-Based Estimation Example

Activity Risk Construction

CcC Planning Analysis Engineering Release CE Totals
Task —p» analysis | design code test
Function
Y
UICF 0.50 2.50 0.40 5.00 na 8.40
2DGA 0.75 | 400 | 0.60 | 2.00 | n/a 7.35
3DGA 0.50 4.00 1.00 3.00 n/a 8.50
CGDF 0.50 3.00 1.00 1.50 n‘a 6.00
DSM 050 | 300 | 075 | 150 | Na | 575
People PCF 0.25 2.00 0.50 1.50 na 4.25
innovation DAM 050 [ 200 | 050 [ 200 | Ma | 500
Excellence
Totals 0.25 0.25 0.25 3.50 |20.50 | 450 |16.50 46.00
% effort

CC = customer communication CE = customer evaluation

Based on an average burdened labor rate of $8,000 per month, the total
estimated project costis $368,000 and the estimated effort is 46
person-months.
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Tool-Based Estimation
project characteristics -
:"é’.l":\m calibration factors =l L

LOC/FP data —
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General form:

People
Innovation
Excellence

usually derived
as person-months
of effort required

empirically
derived

usually LOC but
\ mayalso be
function point

eithera constantor
a number derived based
on complexity of project



'
- 25 e »
8
Sl

JHIVERSITY Empirical Estimation Models
LEARNING
COCOMO-II
« COCOMO/lis actually a hierarchy of estimation models that address the following
areas:

» Application composition model. Used during the early stages of software
engineering, when prototyping of user interfaces, consideration of
poosle. software and system interaction, assessment of performance, and
evaluation of technology maturity are paramount.

» Early design stage model. Used once requirements have been stabilized
and basic software architecture has been established.

* Post-architecture-stage model, Used during the construction of the
software.



p!

BINUS . | | o
UNIVERSITY
bl Empirical Estimation Models
LEARNING

The Software Equation

A dynamic multivariable model

E = [LOC x B233%3/P]3 x (1/t%)

People
Innovation
Excellence

where

E = effortin person-months or person-years
t = project duration in months or years

B = “special skills factor”

P = “productivity parameter”
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Develop estimates using effort decomposition, FP analysis, and any other
method that is applicable for conventional applications.

Using object-oriented requirements modeling, develop use-cases and
determine a count.

From the analysis model, determine the number of key classes.

Categorize the type of interface for the application and develop a multiplier
for support classes:

Interface type Multiplier
No GUI 2.0
Text-based user interface 2.25

GUI 2.5

Complex GUI 3.0
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Multiply the number of key classes (step 3) by the multiplier to
obtain an estimate for the number of support classes.
Multiply the total number of classes (key + support) by the
average number of work-units per class. Lorenz and Kidd
suggest 15 to 20 person-days per class.

Cross check the class-based estimate by multiplying the
average number of work-units per use-case
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* Each user scenario (a mini-use-case) is considered separately for estimation
purposes.

* The scenario is decomposed into the set of software engineering tasks that
will be required to develop it.

 Eachtaskis estimated separately. Note: estimation can be based on
historical data, an empirical model, or “experience.”

— Alternatively, the ‘volume’ of the scenario can be estimated in LOC, FP or

Pecple

innovation some other volume-oriented measure (e.g., use-case count).

Excellence

* Estimates for each task are summed to create an estimate for the scenario.

— Alternatively, the volume estimate for the scenario is translated into effort
using historical data.

* The effort estimates for all scenarios that are to be implemented for a given
software increment are summed to develop the effort estimate for the
increment.
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simple (0.30) —  $380,000
w ' : " dificult (0.70) ’
w minor ehanges #2765,
(0.40)
reuse
system X $310,000
major
Peopie changes
— O O comprex000 $490.000
mmor changes $210,000
contract ©
_ $400,000
maor changes (0.30)
without changes (0.60) $350,000
$500,000

with changes {0.40)
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The Make-Buy Decision

Computing Expected Cost

Forexample, the expected costto buildis:

expected cost b= %30 ($380K) + 0.70 ($450K)
ui

=$429K
similany,

expectedcost =$382K
reuse

expected cost =$267K
buy

expectedcost =$410K
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The Make-Buy Decision

Computing Expected Cost

Forexample, the expected costto buildis:

expected cost b= %30 ($380K) + 0.70 ($450K)
ui

=$429K
similany,

expectedcost =$382K
reuse

expected cost =$267K
buy

expectedcost =$410K
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Project Scheduling

Scheduling Principles

Compartmentalization —define distinct tasks
Interdependency —indicate task interrelationship
Effort validation —be sure resources are available
Defined responsibilities —people must be assigned
Defined outcomes —each task must have an output
Defined milestones —review for quality
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Effort and Delivery Time

Effort
Cost
: Ea =m( td4/ ta4)
Peopie Impossible E, = effortin person-months
Innovation . !
Excellence region : tq =nominal delivery time for schedule
: to =optimal developmenttime (n terms of cost)
£ : t5 =actual delivery time desired
d ;
e, :
1

/ td to development time
Tmin = 0.75T ¢
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Effort Allocation

“front end” activities

— customercommunication
— analysis

— design

— review and modification

construction activities
— coding or code generation

testing and installation
— unit, integration

— white-box, black box
— regression

40-50%

People
Innovation
Excellence

15-20%

30-40%
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Defining Task Sets

e determine type of project

 assess the degree of rigor required

 identify adaptation criteria

» select appropriate software engineering tasks
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1.1.1
1.1.2
People
Innovation
Excellence
1.1.3
is refined to 114
1.1.5
1.1.6

1.1.7
\LI.S

Project Scheduling

Task Set Refinement
1.1 Conceptscoping determines the overall scope of the project.

ﬁsk definition: Task 1.1 Concept Scoping

Identify need, benefits and potential customers;
Define desired output/control and input events that drive the application;
BeginTask 1.1.2

1.1.2.1  FTR: Review written description of need
FTR indicates that a formal technical review (Chapter 26) is to be conducted.

1.1.2.2  Derive a list of customer visible outputs/inputs

1.1.2.3  FTR: Review outputs/inputs with customer and revise as required;
endtask Task 1.1.2

Define the functionality/behavior for each major function;

BeginTask 1.1.3

1.1.3.1  FTR: Reviewoutput and input data objects derived in task 1.1.2;
1.1.3.2  Derive a model of functions/behaviors;

1.1.3.3  FTR: Review functions/behaviors with customer and revise as required;
endtask Task 1.1.3

Isolate those elements of the technology to be implemented in software;
Research availability of existing software;

Define technical feasibility;

Make quick estimate of size;

Create a Scope Definition;

endTask definition: Task 1.1
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Concept
scoping

Project Scheduling

Define a Task Network

13a
Tech. Risk
Assessment

1.3b

Tech. Risk

Assessment
\___
l.3c

Tech. Risk
Assessment

.

1.2
Concept
planning

Three L3 fasks o
applied in paraliel 1o
3 different concept

Three L3 12shs are
applied in paralel 1o
3 different concept

16
Customer
Reaction
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Project Scheduling

Timeline Charts

Tasks

Week 1| Week 2| Week 3| Week 4

Week n

b
Chi
-

&~

Task 1
Task 2
Task 3
::m‘:um Task 4
Excellence Task 5
Task 6
Task 7
Task 8
Task 9
Task 10
Task 11

Task 12

L

=
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Project Scheduling

Use Automated Tools to Derive a Timeline Chart

Work tasks

week 1

week 4

111

112

13

114

115

L8

117
112

Henffyneed end henefila

MHepf with asfomes

Henffynesds end projecd consfmings
Esfahish producd séafement

dfedone prodoct Sedem end delined
Define desied oulpufcon folinpud (OCH
Scope keyboand fincom

Scpe woice npul incions

Scape mmdes of néermcion

Sape documend disgmosica

Scpe ofher WP funciom

Document OCI

FTR: Review OCI with customer
Revee OClas required;

Mdexione; OCT defmed

Define the funcionalityhehawor

Define keyhoard imcions

Define voce inpud incions

Decibe mmdes ofinferecon

Deaibe spelgmmmer check

Decibe ofher WP fincfmna

FTR: Review OCH de finifon with asfomer
Revee a3 required

dfesone: GCIdefinfSon compiels
lnake mfiwae dements

dfedone Soflwere ofem ends dedned
Research 8 valshility o fexaing oo e ae
Resench ied ediinng components
Research woice npul componenis
Research e maregemen components
Research SpelliGrammar check componenias
dedmne Recoaide com ponends iderdied
Define iechnical enshiity

Evalusle voice npul

Evalusle grammar checking

Milesdne: Technical fesibility 8 ssesaed
Meke quick esmple ofaize

Crenke 8 Scope Definifion

Revew scope documend with customer
Revee documend ea requined

Milesdme Scope documend complete

-
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Schedule Tracking

— conduct periodic project status meetings in which each team member
reports progress and problems.

— evaluate the results of all reviews conducted throughout the software
engineering process.

— determine whether formal project milestones have been
lanoration accomplished by the scheduled date.

— compare actual start-date to planned start-date for each project task
listed in the resource table.

— meet informally with practitioners to obtain their subjective
assessment of progress to date and problems on the horizon.

— use earned value analysis to assess progress quantitatively.
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Progress on an 00 Project-|

Technical milestone: 00 analysis completed
All classes and the class hierarchy have been defined and reviewed.

Class attributes and operations associated with a class have been defined and reviewed.

Class relationships have been established and reviewed.
A behavioral model has been created and reviewed.
Reusable classes have been noted.

Technical milestone: 00 design completed

The set of subsystems has been defined and reviewed.
Classes are allocated to subsystems and reviewed.

Task allocation has been established and reviewed.
Responsibilities and collaborations have been identified.
Attributes and operations have been designed and reviewed.
The communication model has been created and reviewed.
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Seven increments for Web and MobileApps

Basic company and product information
Detailed product information and downloads
Product quotes and processing product orders
Space layout and security system design
Information and ordering of monitoring srvices
Online control of monitoring equipment
Accessing control information

Pecple
Innovation
Excellence

NooOokRWDNRE
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Design the interface for the fourth increment

. Develop a sketch of the page layout for the space design page

. Review layout with stakeholders

. Design space layout navigation mechanisms

. Design “drawing board” layout

. Develop procedural details for the graphical wall layout function

Pecple

innovation . Develop procedural details for the wall length computation and display function

Excellence

. Develop procedural details for the graphical window layout function
. Develop procedural details for the graphical door layout function
. Design mechanisms for selecting security system components



BINUS
UNIVERSITY
ONLINE
LEARNING

Progress on an 00 Project-lI

e Jechnical milestone: 00 programming completed
» Each new class has been implemented in code from the design model.
 Extracted classes (from a reuse library) have been implemented.
* Prototype orincrement has been built.

e Jechnical milestone: 00 testing
* The correctness and completeness of 00 analysis and design models has been reviewed.

A class-responsibility-collaboration network has been developed and reviewed.

Test cases are designed and class-level tests have been conducted for each class.

Test cases are designed and cluster testing is completed and the classes are integrated.
System level tests have been completed.
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Earned value
— is a measure of progress

— enables us to assess the “percent of completeness”
of a project using quantitative analysis rather than
rely on a gut feeling

— “provides accurate and reliable readings of
performance from as early as 15 percentinto the
project.” [Fle98]
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Computing Earned Value-|

» The budgeted cost of work scheduled (BCWS) is determined for each work
task represented in the schedule.

— BCWS; is the effort planned for work task /.
— To determine progress at a given point along the project schedule, the

S value of BCWS is the sum of the BCWS; values for all work tasks that
e should have been completed by that point in time on the project
schedule.

» The BCWS values for all work tasks are summed to derive the budget at
completion, BAC. Hence,

BAC =) (BCWS,) for all tasks A
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Computing Earned Value-li

Next, the value for budgeted cost of work performed (BCWP) is computed.
— The value for BCWP is the sum of the BCWS values for all work tasks that
have actually been completed by a point in time on the project schedule.

* “the distinction between the BCWS and the BCWP is that the former represents
the budget of the activities that were planned to be completed and the latter
represents the budget of the activities that actually were completed.” [Wil99]

Pecple

innovation * Given values for BCWS, BAC, and BCWP, important progress indicators can be

Excellence

computed:
— Schedule performance index, SPI=BCWP/BCWS
— Schedule variance, SV= BCWP - BCWS

— SPlis an indication of the efficiency with which the project is utilizing
scheduled resources.



BINUS
UNIVERSITY
ONLINE
LEARNING

Computing Earned Value-lli

Percent scheduled for completion = BCWS/BAC

— provides an indication of the percentage of work that should have been
completed by time ¢

Percent complete = BCWP/BAC

— provides a quantitative indication of the percent of completeness of the project
at a given pointin time, £
Actual cost of work performed, ACWP, is the sum of the effort actually expended on
work tasks that have been completed by a point in time on the project schedule. It
is then possible to compute

* Cost performance index, CPl = BCWP/ACWP
e Costvariance, CV= BCWP - ACWP




UNIVERSITY

ONLINE
LEARNING

Innovation
Excellence

The use of project management tools

* |n practical project, the use of project management tools are very effective to

manage the project process including:

Scheduling
Resources

Estimation

Costing

etc




BINUS
UNIVERSITY
ONLINE
LEARNING

Pressman, R.S. (2015). Software Engineering : A Practioner’'s Approach. 8"
ed. McGraw-Hill Companies.Inc, Americas, New York. ISBN : 978 1 259
253157.

IT and sw estimation

http://www.charismatek.com/ public4/html/services/service estimation.h
tm

Overview of COCOMO
http:/ /www.softstarsystems.com/overview.htm

Function Point Language
http://www.gsm.com/resources/function-point-languages-table/index.htmi
PERT
http://en.wikipedia.org/wiki/Program_Evaluation_and_Review_Technique



http://www.charismatek.com/_public4/html/services/service_estimation.htm
http://www.softstarsystems.com/overview.htm
http://www.qsm.com/resources/function-point-languages-table/index.html
http://en.wikipedia.org/wiki/Program_Evaluation_and_Review_Technique
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