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10C ﬁﬁ representation. They are explained below :

turea (or vierarchica graph_

i

uss these methods one-by-one.

e Structured Gra ph

nown it 2.11, a graphical/tree/hierarchical WBS is a set of activities or product element
trates “is contained in” relationships between higher level activities and/or produc

T el

~ elements and lower level activities and/or product elements.
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F mple, an i =
or exa , an orgaizational chart will , —

. | show a ~ "
elements are contained in larger ones graphical WBS where in the smaller organization

Method-II : Indented List Form

As shown in Fig. 2.12, in this form of WB
relationships between higher-level product
elements and/or processes.

S representation, indentations are used to show the
elements and/or processes and lower-level product

o

0.Top level process/product element (Oth level). - ?

| y O lst level process or product elements.

| o lst level process or product element.
2.1. 2nd level process or product element.
2.2. 2nd level process or product element. .
2.2.1. 3rd level process or product element.
2.2.2. 3rd level process or product element.

. P 1st level process or product element.

4. 1st level process or product element. |

4.1. 2nd level process or product element.
4.2. 2nd level process or product element.

W T

Fig. 2.12. Indented list form of WBS

This WBS is another form of the WBS discussed in Fig. 2.11. The elements with greater 1
indentations are contained in the elements with the lesser indentations.

Types of WBS

There are three types of work breakdown structures. They are as follows :

(a) Process WBS.
(b) Product WBS.
(c) Hybrid WBS.

We shall discuss them one by one. |
(a) Process WBS : It is a WBS-form that partitions a large process into smaller and smaller

processes. Each process is eventually decomposed into tasks that can be assigned to individuals
for accomplishment. It is used by project managers 1o manage their projects.

Prod i iti into its components. Each
b ct WBS : It is a WBS-form that partitions a large entity 5 ¢
wn(pgnent a:d its interfaces are identified, resulting in a clearer identification of the larger system.

- - | d software engineers.
It is the primary tool of systems engineers an | |
(c) Hybrid WBS : A WBS thal includes both process and mmﬁd Ipmm
Ccost. A TP RS
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} Study on WBS of an Air Traffic Control System (ATC)

~ Problem Domain : An air traffic control software consists up of a radar segment—search
jar and beacon radar. It also has a tower segment which helps in communications and displays-
processors are fitted for various tasks like flight plan, display, manual entries etc. The
~ communication is from ground-to-air, digital and voice networks are also used. A control segmerlt
- ""“ activities. We need to draw it's WBS based on the “process” and the “product .

._1Lr ‘
g

. 3 2 -‘:T,',-_.'y ¥

i‘*m The WBS, based on process for an ATC is as follows :

'\-f."

ge- W
: - ::L‘!.._-'.-:ﬂ_ o ;; '

ENGINEERING

"Fig. 213, WBS of ATC (Process Based)
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Next, we draw its WBS, based on the product.

0.0.Air Traffic Control (ATC) System.
1.0.Radar Segment

l.1.Search Radar
l.2.Digitizer
l.3.Beacon Radar

2.0.Terminal or Tower Segment
2.1.Communications
2.2.Display

3.0.Central Process Segment

f 3.1.Radar Data Processing

| 3.2.Flight Plan Processor

3.3.Display Processor

3.4.8ystem Utilities
4.0 Communications Segment

4.1.Ground-to-Air System
4.2.Digital Network System
4.3.Voice System

5.0.Area Control Segment
5.1l.Communications
5.2.Display

Fig. 2.14. WBS of ATC Product Based



IO AdlG] PIGIHIILy RIAL BT r":'r"" A ‘ tructed_ ACtiVitieS like bU"ding Its 5
house is to be cons
Example 3. A new

installation of plumbing, heating and electric appliances is also to be done. Dray ;
ins ,

Solution. We draw its WBS showing major tasks first.
0

trUCture,
s WBs 5

HOUSE
BUILDING

INSTALL
WATER
PIPES

Fig. 2.15. WBS of a House

Herein, the cost of any level is to be computed by summin
Level-0 is the root node of this WBS-tree. It
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Another method to draw WBS for a sof
indented list representation.

81

-

tware compiler is given below. This technique is called

1.0. C++ Compiler
l.1. Construct C++ Compiler

5 #5 B W P Requirement Analysis

Lokl i2: Design User Interface

1.1.1.3. Code User Interface

1.1.1.4. Test User Interface
-l.2. Build File System

=
T
s
L
E |
0
s
ot
O
=,
0
0
Hh
g
o
N
o

Fig. 2.17. WBS for Compiler

2.2. WAYS TO ORGANIZE PERSONNEL

Effective software project management focuses on 4 P’s: people, product, process and project.
Out of these four P’s, people are the most important for the success of any project. Then, comes

the product. Following the product is the process and finally the project.

I. The People

Every software project is populated by five-players:

1. Senior Managers : Who define the business issues that have significant influence on the

project.

2. Project Managers : Who must plan, motivate, organize and control the practitioners who

do software work.

3. Practitioners : Who deliver the technical skills that are necessary to engineer a product/

application.

4. Customers : Who specify the requirements for the software to be engineered.

5. End-users : Who interact with the software once it released for production use.

Team leaders : Weinberg suggests the following leadership skills [MOI]

(a) Motivation : The ability to encourage technical people to produce to their best ability.
(b) Organization : The ability to mold existing processes or invent new ones to get final product.
(c) Ideas or Innovation : The ability to encourage peopl_e;tol create and feel creative for software

product.

Weinberg suggests that the software proledymagermmld concentrate on understanding

the problem to be solved, managing the flmmr of iaa_as'etci_ |

i X
/
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e s Software Project
_ Managemgn, )

Other Characteristics of a Project Manager
1. Problem Solving : He/She should be able 10 diagnose the techical anqd Organizas

issues that are most relevant. |
2. Managerical Identity : A good project manager must take charge of Project, He/she -

have the confidence to asssume control when necessary. |
3. Achievement : He must reward initiatives (like bonus, gifts etc.) as this wij, optimize .

productivity of a project team.

4. Influence and Team Building : He must be able to “read” people /.e., he myst De abje ¢,
understand verbal and non-verbal signals and react to needs of people. The manager must remai
under control in high-stress situations.

IFJI"::

Software Team

The following options are available for applying human resources to a project that will reqy
n-people working for k-years :

1. nindividuals are assigned to m different functional
tasks_ : !—Iere, very little combined work occurs.
Coordination is the responsibility of a software manager.

2. nindividuals are assigned to m different tasks where-
in m < n : Here, informal ‘terms” are established. An
adhoc team leader may be appointed. Coordination

among teams is the responsibility of a Software Manager
again.

ire

ed by both
. However, option-3

O SOFTWARE ENGINEER

gineering teams- COMMUNICATION PATH
. 2.18. Democratic Team

f resultant program in Log TS Strueture
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O PROJECT MANAGER O "ROJECT
P ,AA MANAGER
"?"‘\w -’? £ \\\ ’f \\
Q'O I v\
S AR R BN "'f £
R L S Tk
@?gp, ’ , \ \\ X 7N ENGINEERS 7R
," , : \ \ w., g g / I v COMMUNICATION
/ ! *" , \ f \ AND CONTROL
SOFTWARE ENGINEERS SOFTWARE ENGINEERS
. 2. 9. Chief Programmer Team Structure Fig. 2.20. Mixed Team Structure

3. Controlled Centralized (CC) : Top-level problem solving and internal team coordination

are managed by a team leader. Communication between the leader and team member is vertical
(See Fig. 2.20).

Which one to select ? Because a centralized structure completes tasks faster, it is most suitable

In handling simple problems. Decentralized teams generate more and better solutions than
iIndividuals.

So such teams are useful when difficult projects are to be done.

Since CD team is centralized for problem solving, either CD or CC team structure can be
successfully applied to simple problems. A DD-structure is best for difficult problems.

Also, DD team structure is best applied to the problems with low modularity. When high
modularity is possible then CC or CD structure will work well.

CC and CD teams have been found to produce fewer defects than DD teams. Decentralized
teams generally require more time to complete a project than a centralized structure.

II. The Product

A software project manager is confronted with a dilemma at the very beginning of a software
engineering project. Quantitative estimates and organized plans are required but solid information
is unavailable. So, we must examine the product. This involves:

(a) Software Scope : It must be unambiguous and understandable at the management and

technical level. A statement of software scope must be bounded /.e., quantitative, data (e.g. no. of
simultaneous users, size of mailing lists, inputs and outputs etc) are stated explicitly, constraints
or limitations are noted (like memory size) and other factors like desired algorithms are well

understood and are available.

(b) Problem Decomposition : Also called as partitioning orpmblom elaboration, is an activity
that sits at the core of software requwemant analysis. This Mmmdﬂon is applied in 2 major
areas ! | s (S ’i NOIBIN J8 €t

1. The functionality that must be delivered, tﬂd o "Eﬁ"‘*""“__l o “f_ﬂl

2. The process that will be used to deliver it. e

Human beings tend to apply divide and conquer strategy
complex problems. A complex | pr 1 :‘

n mnfrontod with
i thq are more
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At . roject planning begins, Software function,
This is the strategy that applies as proje ’ e O HUNg,
rdn;?naegdeia: I:tatement of scope are evaluated and refined to provide more detail prior 1

beginning of estimation.

[11. The Process

The problem is to select the process model that is appropriate for the software to be engineere
by a project team.

Since we have many process models like waterfall (linear) model, prototype model, RAD
model etc. The project manager must decide which process model to choose for the customers
who have requested the product and the people who will do the work.

IV. The Project

In order to manage a successful software project, we must understand what can go wrong
and how to do it right. According to John Real, there are 10 signs that indicate that an information

systems project is in jeopardy:
1. Software people do not understand their customer needs.
2. The product scope is poorly defined.

Changes are managed poorly.

The chosen technology changes.

Business needs change.

Deadlines are unrealistic.

Users are resistant.

Sponsorship is lost.

The project team lacks people with appropriate skills.

10. Managers and softw ' s _
learnegd_ are Engineers (or Practitioners) avoid best practices and lessons

DS NFD. N B

Software developers who wil .
project in two ways | work on the project to deliver product can be assigned to th

(I) Flat Staffing
() Gradual Staffing.

signed to the analysis activiie’

- bdd ot m s such as CM, techn:lt:r?;’
ecessary for speedy comny e, 20Vantage of establishing teams early and 1
flat staffing is being preferred tha’y_ | t 4# ik Wi _iﬁhd Shriigt dod dlines. 51
__In gradual statting methog the Drelec b e haa s ans all ataes; = - i
"equired. It is motivated by saving rerc oL YOIk IS gradually carried out by hiring peoP’®
equire as many people as ' f the project. Require™®”
' developer are diff Also note that the r0'° ©" =
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Q.4. Whatare the principles of WBS ? Discuss in detail.
Ans. WBS principles are as follows :

1. The WBS covers the total scope of the project. Work not in the WBS is not in th
project. ‘ |

2. All deliverables or output products are represented in the WBS.

3. The sum of the elements at each level represents 100 percent of the work of the ney

higher level. (The sum of the Level 2 items is 100 percent of the project work or

cost.) '

Work in each element is equivalent to the sum of the work in the subordinate element

. The subdivisions should be logical and reflect the nature of the product, service, or
result. :

Each WBS element should represent a discrete element of work that can be described
in the WBS dictionary.

/. Each WBS element should have a unique identifier.
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8. WBS element descriptors preferably should be nouns, with adjective modifiers if

necessary. For clarity or for cultural reasons, WBS descriptors may include verbs

and modifiers. However, they should not be considered activities since activities are
by definition the action elements that occur below the WBS.

The work in each WBS element may be described in detail in a WBS dictionary,

which may become the basis for statements of work or work-authorizing documents.
Project management is a Leve] 2 element in all WBSs.

Stakeholders should participate in the development of the WBS.
12. The WBS should be base lined after approval by the stakeholders.
13. A formal change process should exist for base lined WBSs.

14. The WBS should focus on project output or deliverables; it is not an organization
chart, a schedule, or a resource list.

15. The lowest level] should be the level above th
16. The lowest level should permit
management.

17. The lowest level need not be the same for all branches of the WBS.
18. The lowest level should not be so detailed as to

19. The WBS does not reflect time relationships o '

10.
11,

e activities—the work package level.
adequate control and visibility for project



Major Features of WBS :

(1)
(11)
(111)

(1v)

(v)

Structure : WBS diagram is drawn like the organization chart. Different desktop
applications offer functionalities to easily create this kind of diagrams. *

Description : Each WBS element should be described with a title. The meaning o
each title should be clear.

Coding : One of the main feature of WBS is the ability to uniquely code the different
elements of the work. The coding system can be alphabetic, numeric or alphanumeric.
Depth : The recommended depth of a WBS diagram is three to four levels.

If deeper hierarchies are required the division into subprojects can be used and one
element would then present one subproject. This can be useful, for example, in a

situation where a subcontractor handles some part of the project. Each project

manager could then have his/her project presented in one diagram. The downside

of adding too many levels is firstly the readability of the diagram and secondly the

fact that the larger the diagram, the more troublesome it is to update when major
changes occur in the project.

Level of detail : A rule of thumb is creating a WBS diagram is to make the lowest level

element (often called work package) small enough to be considered a separate work

element when estimating the amount of work in a project. This allows the work
package later to be divided into a list of work activities and tasks.

Uses of WBS :

(1)
(1)
(i)

For dividing the project into phases.

For dividing the project into responsibility areas within the organization.

For dividing the schedule of the project into sub-schedules whose interrelations are
known.
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(iv) For giving grounds to following the cost of the project by defining clear targets to it.
(v) For giving hierarchical outlining and coding for the work to be done.

(vi) For enabling integrating planning and managing of the project from both financial
and scheduling perspective.
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2.4. PROJECT SCHEDULING—PLANNED AND UNPLANNED EVENTS

Planned events are the schduled points in time during which participants exchange
information on a specific topic or review a work product. Such events are formalized and
structured to maximize the amount of information communicated and to minimize the time
participants spend on communication. Some examples include problem presentation, client

reviews, project reviews, Brainstorming etc. In an ideal project, all communications take place
during planned communication events.

Unplanned events occur due to certain crises like issues resulting from a combination of
Isolated facts. They include

(a) Requests for clarification.

(b) Requests for changes.
(c) lIssue resolution.

Note that the requests for clarification are unplanned. A participant may request clarification
about any aspect of the system that seems ambiguous.
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. It provides visibih'ty and enables management to control “one-of-a-kind” programs.
. It helps management to evaluate alternatives by answering such questions as how

time delays will influence project completion, where slack exists between elements,
and what elements are crucial to meet the completion date.

[t provides the basic structure for reporting information.
[t reveals interdependencies of activities.

[t facilitates “what if” exercises.

[t identifies the longest path or critical paths.
[t aids in scheduling risk analysis.
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2.4.2. Scheduling Terminology

4.

9.

. Synchronization

Some basic terminology related to scheduling is given below :
B

Schef:lule : A schedule is the mapping of tasks onto time. Each task has a start and an
end time. We can thus plan the deadlines for individual deliverables.

2. Tasks : Atask is a well-defined work assignment for a role.
3.

Activities : Group of related tasks are called as activities. A project manager assigns a
task to a role.

Work Product : It is a tangible item that results from a task. For example, an object
model, a class diagram, a piece of source code, a document etc.

Work Package : The specification of work to be accomplished in completing a task or
activity is described in a work package.

Event : Something that causes a system or object to change state. For example, a
message, the condition becoming time of completion of an activity.

Points : The points in a project schedule that require the team to
synchronize the contents of products, complete tasks and reduce defects.

Thrashing : The performing of unproductive work associated with a software project Is
known as thrashing.

Task Staus : The status of a specific task relative to the task goals and completion.

10. Network : A network is a graphical representation of a project plan, showing the inter-

relationships of various activities.
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2 4.3. Scheduling Techniques

Scheduling can be done using 2 methods :

(a) Network Diagrams—PERT and CPM.

(b) Bar Charts—Milestone Charts and Gantt Charts.
We shall now discuss all these techniques one by one.

2.4.3.1. Project Evaluation and Review Technique (PERT) History

PERT was originally developed in 1958 and 1959 to meel the needs qf the ‘jAge of Massiye
Engineering” where techniques of Taylor and Gantt were inapplicable. Thg Special Project Office (SPQ)
of the U.S. Navy introduced PERT. They used this technique on its polaris weapon system in 195g

What s PERT ?

It is a technique of representing activities of projects in its proper sequence ang
timing.

A.PERT Chart represents a schedule as an acyclic graph of tasks. It is used to schedule.
organize and coordinate tasks within a project. PERT charts are often constructed from back

::3 f.r;?: because for many projects the end date is fixed and the contractor has front-end
exibility.

FEF!T IS I:_Jasigally a management planning and control tool. It is just like a road map for a
particular project in which all of the major elements (events) have been completely identified

These events in the PERT charts should be broken dow -
B ntoatle
defined in Work Breakdown Structure (WBS). S HPEAIDe BRorting lovels &

Main Characteristics of PERT

1. It forms the basis for all planning—
: g—management can deci - rce
(cost, time, hardware. man power). utilization. ecide for best possible resou
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Why This Method is Useq >
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Study activities that are critical.for. nrniass. . 8

5. To study activities that can be delayed with

Rules Followed in Drawing PERT 0 Skt s it

Rule 1: Always draw arrows in straight lines Ace:.
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Rule 2 : Always draw arrows from left to right. Avoid looping.
Rule 3 : Always number the events in ascending order from left to right.

Rule 4 : Always L{seHaIphabets to denote an activity drawn by arrows. The duration in days/
weak/months etc. are indicated as numbers that are written under them

Rule 5 : Do not scale the length of arrow with respect to duration. This rule-5 is necessary to
avoid looping and back-tracking.

How to Number the Events (Fulkerson’s Rule)

Aﬂgr the network is drawn in a logical sequence, every event is assigned a number which is
placed inside the node circle. The number sequence should be such as to reflect the flow of the

network. These rules were given by D.R. Fulkerson that are used to number the events. They are
as follows :

(i) Theinitial event (or node) is numbered as ‘1’. Note that this initial event will have outdegree
only but its indegree (i.e., incoming arrows) will be zero.

(i) Delete all arrows going out from this node ‘1'. This will convert some more nodes, (at least
one), into initial events. We number these events as 2, 3, ....

() Delete all arrows going out from these numbered events to create more initial events.
Assign the next numbers to these events.

(iv) Continue until the final (terminal) node is numbered.

lr‘ ; :’ L _ i ".‘-;i ..h - T";‘- i L ':- :..:.- |‘ . 2 X 5 I. . :-' ; ] : :i",.. i ..-.-.. - - 1'-,' . e “ . "
!-* R, ¢ . :‘I I.‘._:l_. .. * : I'i £ g w{‘_ 35 = . i I"j.r .:;-:_ i-'-'-_. e . f '_"._ “ ¥ - : .:,I._ i j ,:‘:- .|' g 1‘: : .
. A T N s y - 4 g y gy ! . 3 . ; ¥
- (2N A terminal node has some indegree (arrows coming in) and zero outdegree whereas
f4 s WL o e M .f WA . O e e ; :
PRt O iy el e R e E ey Y i | o .
- NOTE an or start has zero ee but some outdegree.
- 3 . * g tar i -l . e T - i ¥ i & # . .
i-'.. - : : i X e ".4.-..‘:!:.:._.. ¥ TR el .% 'L-'.!- . oo - g 2 : A -y K : o L
7 1 N BTG . Y S e R IR el LU T bl T L 3l 1)

Let us consider an example to explain this
Fulkerson’s Rule. Consider the network as
shown in Fig. 2.23.

Now, event-A is the initial event (start node)
and is numbered as ‘1’. Now, we delete arrows a
and b. This will create two more (B and C) initial
events. We number these as 2 and 3. Now, delete
arrows coming out from nodes 2 and 3. That is,
arrows ¢, d and e. This converts D and E into
initial events. Number these nodes as 4 and 5.
Then delete arrows f and g. Then the last or
terminal event is numbered as 6.

How This Technique (PERT) Works ?

PERT is concerned with the time estimate. PERT assumes the activities to be de.tt_arministic
and is based on a “Three time estimate” of the average time required to execute the activity. These
three time estimates are as follows :

Fig. 2.23. To Illustrate Fulkerson’s Rule

I. The Optimistic Time Estimate (a or t,)

It is defined as the shortest possible time required for the completion of an activity, if all goes
extremely well. But this seldom happens.
2. The Pessimistic Time Estimate (b or t)

Itis defined as the maximum time required to complete the activity
wrong. PPt e ,: %‘ _'-b"::.._' 2 ;'w"'..;._. et S

S - L a . - £ : s v s {2 4 n W o e A % - y b

I |II -l "I"-”":' 3 'ﬂ:"— . "‘ -II.‘-‘ I*L h l"-. :‘ I'l_r rt b o I".};‘, .MI L ¥ - -\."lr ] ‘, - - ™ b rl .I. -y .. | '# .."'IrE-l'.' .
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OH
It 1s the longest time that an activity may require for completion.

Please note that It does not take earthquakes, floods, storms and laboyr Probleme "
consideration while estimating the time.

4. The Most Likely Time Estimate (m or t )

It1s defined as the time an activity will take if executed under normal conditions,

OR
Itis the completion time having the highest probability.

This time falls in between two oxtremes (as mentioned above). Here, we estimate time Undey
practical situations in which certain things go wrong and some go as per the plan.

Why is this done ? This is done as no two experts give same time estimations for 5 Similar
type of activity. So, we take three time estimates and average them.

How This Technique is Used ? Statis-
tically, all time estimations in PERT are a
prediction of probability. We have three time
estimates for PERT aclivity, the optimistic (a),
the pessimistic (b) and the most likely time (m).
In the range from optimistic to pessimistic, P(l)
there can be a number of time estimates for
the activity. If a frequency distribution curve for
the activity time is plotted, we will get a [3-
distribution curve with a unimodal point
occurring at'm' and its endpoints at ‘a’ and ‘b’
However, ‘m' need not be the midpoint of ‘a’
and 'b'. So, the frequency distribution curve
may be skewed to left, right or may be
Symmetric. This is shown in below in Fig,. 2.24.

The project manager considers a, m, b of
each activity and uses the following relations for estimations,

(@) Mean, p = t,:a""‘m*b

e

6 )

(b) Standard deviation, g = b '6' - il
(c) V b-a)’ - |
| Bl’i&ﬂCB, V= '--6—-- “SHIOW {'Tiaw (il
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Steps to be Followed in PERT Planning Process

PERT planning involves the following steps :

Step 1. Identify the Specific Activities and Milestones : The activities are the tass requir
to complete the project. The milestones represent the beginning and end of one or more activig eq
It is helpful to list the tasks in the table that in later steps can be expanded to include i”fomaue;

on sequence and duration.

Step 2. Determine the Proper Sequence of the Activities : This step is used to determin
the sequence of activities. The sequence describes the dependency of one activity on anoth:-;.fJ
Activities may be serial or parallel activities. The relationships among activities need to be identifiedi
This step may be combined with the activity identification step since the activity Seéquence ié
evident for some tasks. Other tasks may require more analysis to determine the exact order in
which they must be performed.

Step 3. ponstruct a Network Diagram : We use the activity sequence information ang draw
a network diagram. It shows the sequence of the serial and parallel activities. For activity-on-
arc (AOA) method, the activities are depicted by arrowed lines and milestones are depicted by

circles or “bubbles”. Many CASE tools like MS-PROJECT simplify this ste -
. & e p by automat
converting tabular activity information into a network diagram. | . -

_Step 4. Estimate the Time Required for Each Activity : Each and every completion of an
activity is represented by some consistent unit of time. Most common unit used is weeks. PERT

has an ability to deal with uncertainties in activi ion ti i
- Ity completion times. A '
PERT uses three model equations i RiEENCd sarkier also

2]

g

1 a+4m+b
, = 5 (where a <m < b)
2. G_b—a |
= |
S |
3; V=(b—a].
6 |

S0, t,is the weighted average. This ex
E Step 5. Determine the Critic

- determined by adding the times for

: : the activiti
path in the project. The critical path vities in each sequence and determining the longest

determines the tota| calender time required for the project If §
or slow down within the limits, the total project timé 3
non-critical path activity can be delayed without %
path is critical then we may take the help of fot ime. If it cannot be found immediately as 10 which =
(@) Earliest Start Time (ES) : |t is gefin :
& ::?1'::.':!3':' assumed that the previouys ; o8 DA R comp
_ nish Time (EF) : Wisequalitbihbaaa St o ‘depends are " L

the time required to complete the activir, - C2rlest start time for ity along
(c) Latest Finish Time (LF) : It ls.ﬁ-:": =
without delaying the project, =

(d) Latest Start Time (LS) : It is equal to t
réquired to complete the activity,
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These times are calculated using the expected time for the relevant activities.
How ES and EF are Determined ?

The ES and EF of each activity are determ: j
4 P Ty mined by working forwar
and determining the earliest time at which at activity canystart andgfinish I

How LS and LF are Determined ?

The LS and LF of each activity are determined by working backward through the network.
What is an Activity Slack ?

The diﬁefrencg in the latest and earliest finish of each activity is an activity slack. A path through
the network in which none of the activities have slack is known as the critical path.

The variance in the project completion time can be calculated by summing the variances in
the completion times of the activities in the critical path. With this variance as input, we can calculate
the probability that the project will be completed by a certain date. Since the critical path will find
out the completion date of the project, the project can be accelerated by adding the resources
required to decrease the time for the activities in the critical path. This process of shortening

of the project is called as project crashing.

How Critical Path Calculations are Done ?

The critical path calculation involves two phases :

|. The forward pass.

Il. The backward pass.

We shall discuss these passes one-by-one.
In forward pass, all calculations begin at the starting event and move toward the end event.

Consider the following network :
TE=6 = TE=15 TE=26

........
[

TE = 19

Fig. 2.26. Forward Pass Network

Herein, event-1 is the starting event and occurs at zero time. The event-2 can occur only after

6 days, when the activity 1-2 is over.
t-2 is 6.

. Earliest occurrence time (TE) of even | | : i
Now. there are two chains leading into event-3. Event-3 can occur only af_t__ﬁorl acm-; -3

2-3 are completed which is possible only after 9 days, I.e., through the longest plm i
Similarly, the earliest occurrence time of |

This is because there are three paths from node-
shown in graph also as |, Il and lll. So, the paths from n

Path1:1-2-4

TN
il 5 =
W W & ¥

activity-4 will be 15. How? R e
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Path2: 1-2-3-4

Path3: 1-3-4

Now, total cost along path-1is 6 + 8 = 14 days
Total cost along pathis 6 + 3 + 6 = 15 days
and total cost along path-3is 8 + 6 = 14 days.

And the maximum of (14, 15, 14) is 15 days.
Earliest occurrence time (TE) of activity-4 is 15 days.
Note that this process can be continued till the terminal node. All these computations can e
done on the network itself.

In backward pass, all calculations start at the end event and proceed towards the starting
node. Consider the same network now :

_

TL =33 TL =40

Fig. 227. Backward Pass Network

Herein, the latest allowable occurrence time (TL) of the end node-8 is equal to its earlies!
’ occurrence time (TE) as computed earlier in pass-1

TE (node-8) = 40 days
TL (node-8) = TE (node-8) = 40 days

Now, we move backward to event-7. It must
' : occur latest by 40 - 7 = 33 days; from the start 0
the project so that the project ends on schedule after 40 days. {

Again there s only one arrow i.e., 6-7 that leads back into event-6.
Latest occurrence time of event-6 = 33 - 8 = 25 days

Now, there are two :
Path-1: 8-7-5 T Dok 0 everiy They are as follows :

Path-2: 8-7-6-5

z mp'ﬂ' ; :::::': Bzou:d occur at the latest after 33 — 12 = 21 days !
: "> Should occur at the latest after 25 — g = |

%t:mparing the results of path-1 and Path-2, we ﬂnd-'thﬂt‘ - e "
(TL) of event-5 is 19 days. And this is shown m > latest allow.

Thus, we find that the critical 4dys In the network dic
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Advantages of PERT :

(1) It helps us to estimate expected project completion time.

() It helps us to identify the critical path activities that directly impact the completion time.
(i) The start and end dates of the activities can be determined.

(iv) The activities with slack time can be identified.

(v) Itallows a large amount of sophisticated data to be presented in a well-organized diagram
from which both customer and the engineer can make joint decisions.



PERT chart explicitly defines and makes visible dependencies (precedence relationships) between
the WBS elements

PERT facilitates identification of the critical path and makes this visible

PERT facilitates identification of early start, late start, and slack for each activity,

PERT provides for potentially reduced project duration due to better understanding of dependencies
leading to improved overlapping of activities and tasks where feasible.,
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Disadvantages of PERT :

(i) The _acitvity t.ime estimates are subjective. The numbers (time) may be guess also. This is
true if there is little experience in performing an activity.

(i) PERT assumes a beta distribution for the three time estimates, as discussed earlier. But
the actual distribution may be different.

(i) PERT assumes that probability distribution of the project completion time is the same as
that of the critical path. Because other paths can become the critical path if their associated
activities are delayed, PERT under-estimates the expected project completion time.

(iv) The complexity of PERT adds to the implementation problems.

(v) PERT is expensive to maintain and is utilized most often on large, complex programs.



e There can be potentially hundreds or thousands of activities and individual dependency relationships
The network charts tend to be large and unwieldy requiring several pages to print and requiring

special size paper

* The lack of a timeframe on most PERT/CPM charts makes it harder to show status although colours
can help (e.g., specific colour for completed nodes)

. When the PERT/CPM charts become pnwneldy, they are no Ionger used tq man
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age the project.
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Critical Path Method (CPM)
What is CPM ?

critical path of the project.
CPM deals with both time and cost It is essential
activities which are along the critical path. The CPM S
deterministic. It is based on a single time estimate of t

The procedure for Idenfying the critical path in both PERT and CPM networks is similar Critical activities

are those activities whose total float value IS ‘0". This means that any delay in the critical activity results
in a delay in the entire project to the same

extent. The project manager identifies a series of critical
activities from the beginning of the project to

its completion. The series of critical activities is called the
critical path of the project. It is the longest

path through the network. The length of the critical path
gives the shortest allowable time for the completion of the project. This helps the project manager to

concentrate and assigns priorities to the critical activities while allocating project resources.
Steps in CPM Technique

that we concentrate our attention first to those
ystem of networks assumes the activities to be
he average time required to execute the activity,

The following steps are usually followed to draw CPM charts
Step 1 : Specify the Individual Activities
A listing of all

the activities in the project is made from the Work Breakdown Structure (WBS).
This listing can b

e used as the basis for adding sequence and duration information in later steps.
Step 2 : Determine the Sequence of Those Activities

Some activities depend on others for their completion. They need to be identified. A listing

of the immediate predecessors of each activity is useful for constructing the CPM network.
Step 3 : Draw a Network Diagram

Once the activities and their sequencing have been defined, the CPM diagram can be drawn.
CPM was originally developed as an Activity-On-Node (AON) network diagram.

_—__
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i ion Time for Each Activity
4 : Estimate the Completion | |
ﬁtep ach activity the completion time need to be estlma'ted. This can be ‘?’QH? on the bagis »
ast :;peerience CPM is deterministic, so only one number is used for an activity’s time estimaj,
ﬁ does not take variations into completion time.

Step 5 : Identify the Critical Path

The critical path is the longest duration path through the: r_ietwork where no activity s
slack. The amount of time for which a non-critical path activity can b_g delayed withq,,
delay'ing the project is known as slack time. The critical path can be identified by determimng

the following four parameters for each activity :

(a) Earliest Start Time (ES) : It is defined as the earliest time at which the activity can Start
given that it's previous activities must be completed first.

(b) Earliest Finish Time (EF) : It is equal to the earliest start time for the activity plus e
time required to complete the activity.

(c) Latest Finish Time (LF) : It is defined as the latest time at which the activity can be
completed without delaying the project.

(d) Latest Start Time (LS) : It is equal to the latest finish time minus the time required to
complete the activity.

Please note that the slack time for an activity is the time between its earliest and latest start
time or between its earliest and latest finish time. Slack is the amount of time that an activity can
be delayed past its earliest start or earliest finish without delaying the project.

So, the path for which ES = LS and EF = LF (for all activities in the path) is the critical path. A
delay in the critical path delays the project. Similarly, to accelerate the project it is necessary (0
reduce the total time required for the activities in the critical path.

Step 6 : Update the CPM Diagram as Project Progresses

_ As the project progresses, the actual task completion times will be known to us. So, the CPM
diagram can be updated to include this information.

. A new critical path may emerge and structurd
changes may be made in the network if the project

requirements change.
CPM network is now complete, It

| provides us vital information like :
(@) The total time to complete the project.

(b) The scheduled start and fini
(¢) The tasks that are “critical”

(d) The “slack” time available |
before they affect

Advantages of CPM

sh dates for each task Pertaining to the projects completio”
o the project and must be completed exactly as scheduled

> non-critical tasks, as well as how long they can be delaye
the project finish date. et Y

- ¥ r

(9) They are useful in new projact HankaEREIRERIRERERERE =
(7) It displays dependencies to “’f&h“ e TR ort
(8) It evaluates which activities Can run pareiat s R
(9) It determines slack times. = '/ fjaals meati e it b
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(10) It is widely used in industry.
(11) It determines the project duration which optimizes both direct and indirect costs.
Disadvantages of CPM

(1) CPM networks can be complex too. This happens more for larger projects.
(2) It does not handle the scheduling of personnel (people) and the resource allocations.
(3) The critical path is not always clear and needs to be calculated carefully.
(4) Estimating the completion times of an activity can be difficult.

Conclusion : Both CPM and PERT provide the user with project management tools to plan,

monitor and update the project as it progresses. They have some similarities and differences too.
We tabulate both one by one.

TABLE 2. 5 Simllarltles batween PERT and CPM

! =

f
¥

bk ﬂ | scheduling of individual activities.

Vg o 1tmn be used to determine the eter e earliest
R nﬂh rliest/latest start and finish times latest start andﬂnhh ime ch activity,
‘ '."_ *Efﬂiaﬂchamﬁ 3 "’*‘1’5‘ "‘*-“prh'ft',,‘;ﬂ q”%ﬁ&;i ﬁ.ﬂ, ﬁjj" g‘ i‘- SV > - b

: e
L H, U1,

. - . | o et i g oo At &Lt.ﬁ& ML&A_—%E:LL&J&*L—-;J_I. 3 E
We shall now tabulate the dlﬂerences also. They are given below :
TABLE 2.6. Differences between PERT and CPM.
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The following steps are usually follow

. ed to draw the bar charts :
Step 1 : Analyze the pProject and Specify the basic dpproach to be used.
Step 2 : Break the project down into a re

_ | asonable number of activities to be scheduled.
Step 3 : Estimate the time required to perform each activity.

of time. Keep in mind the requirements that certain
activities must be performed sequentially while others can be performed
simultaneously.

Step 5 : If a completion date is specified, the diagram is adjusted until this constraint is
satisfied.
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Advantages of Bar Chart :

() The main advantage of the bar chart is that the plan, schedule and progress of the
oroject can all be portrayed graphically together. As shown in the graph, there is a five
actwity plan and there is a 12 week schedule. The current status is end of 3rd week. Alsg
< shows that the activity-B is slightly behind the schedule.

%) They are simpie to understand and easy to change.
Dnsadvrantages of Bar Charts :
)} They do not show the interdependencies oftheactrvrbesandmereforedonot represent z

*ﬂe*w"-( of activides.

(1) Planning and scheduling are considered simultaneously.

(1) Since bar graphs are simple so they do not show sufficient detail to enable us to detect
schedule slippages on time.

(iv) The bar chart is essentially a manual graphical procedure. It is not suitable for large projects.

(v) Bar charts have tendency to quickly become outdated and to lose their usefulness.

(vi) Bar charts do not show uncertainty involved in performing an activity. They do not readily |
admit itself to sensitivity analysis. For example, what is the shortest time that an activity 3
might take ? What is the average or expected time for an activity completion ? 2
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Q.8. Whatdo you mean by activity? Explain. T N ewing wi
Ans. Before we try to identify the activities that make up a project 1t1s WO g What v

- ions that will be re]
mean by a project and its activities and adding some assumptio €vant

when we start to produce an activity plan. | e
() A projectis composed of a number of interrelated activl A
(i) A project may start when at least one of its activities 15 s s as.ses b
(iii) A project will be completed when all of the activities it encomp e been
completed. : :
(iv) An aI::tivil'y must have a élearly defined start and a clearly defined endpoint, normally

marked by the production of a tangible deliverable. _

(v) Ifanactivity requires a resource then that resource requirement must be fo:_'ecastable
and is assumed to be required at a constant level throughout the duration of the
activity.

(vi) The duration of an activity must be forecastable-assuming normal circumstances,
and the reasonable availability of resources. |

(viii) Some activities might require that others are completed before they can begin (these
are known as precedence requirements).

The activity-based approach consists of creating a list of all the activities that the project

is thought to involve. This might involve a brainstorming session involving the whole

project team or it might stem from an analysis of similar past projects. When listing activities,

particularly for a large project, it might be helpful to subdivide the project into the main
life-style stages and consider each of these separately.

Rather then doing this in an ad-hoc manne
counting tasks, a much favoured
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chtIVll‘leS are added to a branch in the structure if they directly contribute to the task
immediately above - jf they do not contribute to the parent task, then they should not be
addgd to tl‘tat branch. The tasks at each level in any branch should include everything
thaF is Feqllll‘Ed to complete the task at the higher level- if they are not a comprehensive

the §trucl'ure. Too great a depth will result in 2 large number of small tasks that will be
dlff}cu]t 0 manage, whereas a too shallow structure will provide insufficient detail for
project control. Each branch should, however, be broken down at least to a level where
each leaf may be assij gned to an individual or responsible section within the organization.
Advar_ttages claimed for the WBS approach include the belief that it is much more likely to
result in a ?ask catalogue that is complete and is composed of non-overlapping activities.
Noiie that_ it 1s only the leaves of the structure that comprise the list of activities in the
project, higher level nodes merely represent collections of activities.

Ans. The characteristics of activities are as follows :

1. quk Is performed and described in terms of a verb, adjective, and noun, there is
action performed.

2. Asingle person or Organization is responsible for the work—more than one resource

may be assigned to an activity, but one person is in charge of delivering the ou tput.
If this is not the case, the item needs further decomposition or joint responsibilities

duration, or scheduled duration of the activity.

4. Usually, there is a tangible ou tput or product at completion—projects occasionally
have level-of-effort activities or su pport activities without clearly defined ou tputs;
however, the primary activities have defined and measurable outputs. The point at
which an activity is completed is determined by the availability of an ou tput product

that is used as input by a successor activity. | ‘
2. Itfits logically under an existing WBS element-if it does not, the activity is not part

of the project, the WBS needs modification, or the activity is ambiguous and needs

redefinition.
6. Itis of a size and duration that is sufficient for control-activities that are too long do

not provide sufficient time for corrective action if problems arise; activities that are
too short make the control cost more expensive than a problem that may arise.

7. Actual schedule status data can be collected for the activity-for schedule control,
the start and end points must be sufficiently defined so that the start and finish of

- the activity can be reported.
8. Actual cost (person-hour) data can be collected for the activity or work package that

or the actual

contains the activity—for cost or resource control, actual cost data

expenditure of resources can be collected; obviously, if tracking ctua
Is not required, this principle can be ignored. B o,
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7. Thelabor and costs necessary to perform the act T SR it
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10- The output of the activity is known or can be identified- are frequently
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