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CHAPTER

PERT

3.1 Programme Evaluation and Review Technique (PERT)

PERT stands for “Project/Programme Evaluation and Review Technique”.
PERT involves uncertainty into the project completion time.

Itis a numerical technique used in the projects in which time can not be estimated accurately such
as research and development projects. It is an event oriented network. Cost is assumed to be
directly proportional to time.

Three time estimates are made in PERT:

1. Optimistic time (t,): This is the minimum possible time in which an activity can be completed under
the most ideal conditions
2. Pessimistic time (tp): This is the maximum time required to complete an activity under the worst
possible conditions.
3. Mostlikely time (t ) : This is the time required to complete an activity under normal working conditions.
Its value lies between t and t,. It is near to the expected time.
Do The most likely time () is based on experience and judgement being based on the time
You 7 required if the activity is repeated a number of times under essentially the same conditions.
Know @ This time signifies the most frequently occurring time. It reflects a situation “things are as

usual, nothing exciting”.

3.2 Mean Time, Standard Deviation and Variance of an Activity

3.2.1 MeanTime or Expected Time or Average Time

In PERT each activity is assumed to follow B-distribution curve of time.

This is calculated from B-distribution curve of time at which probability of activity is just 50%. Time
taken by various activities follow B-distribution.

(@ Theo
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Hence value of expected time is calculated by weighted average as,

_ to+4tm+tp
e 6

3.2.2 Standard Deviation of An activity (c)

e Thisis the measurement of uncertainty, which is

50% area of curve

approximately one sixth of time range i.e.,

—— Probability

It can be seen above that ‘¢’ is affected by relative
distance from the most optimistic estimate to the 04,
most pessimistic estimate. —> Time

Therefore, wide range in time estimates represents Fig. 3.1 B-curve with skewness to the left
greater uncertainty.

In a limiting case, certainty of an activity duration occurs only when the three time estimates
coincide, so that the standard deviation and the variance both vanish. Consequently the activity
duration becomes certain which is the case of CPM. Hence, a PERT is a general case whereas
CPM is the particular case of PERT.

3.2.3 Variance of an Activity (62)

e Square of standard deviation is variance of an activity. It is to be noted that higher the uncertainty
about a process, greater is the standard deviation and hence greater is the variance of a project.

A beta distribution is the one which is not symmetrical about its apex. Figure below shows two

' Dbetadistribution curves, one having skew to the left (Beta distribution for optimistic estimator)
; and other having skew to the right (Beta distribution curve for the pessimistic estimator).
> i 2 i
= ! 3 !
g a 8 |
a | a i
A B A B
o Lt t  Time o t‘m t, Time
(a) Optimistic Estimation (b) Pessimistic Estimation

Fig. 3.2 Two different forms of b-distribution curves

3.3 Central Limit Theorem

The theorem states that a project consists of a large number of activities, where each activity has its own
mean time (t,), standard deviation (c), variance (¢%) and also its own B-distribution curve. The distribution of time
for the project as a whole will approximately be a normal distribution, i.e. mean time or expected time of a
project is

( www.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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b=t +lp+lg+o along critical path and the variance is,

0% = 67 +05+05+........

along critical path. Hence standard deviation of the project as a whole

along critical path.

Critical path: The time wise longest path is the critical path.
In this path, any type of delay in any event will cause delay in the
project. These are shown by double lines or dark lines in a network.

1-2-3-4 is the critical path of following network.

Time computation of Events:

1. Earliest Expected Occurrence Time (EOT): The time
at which an event is expected to occur earliest.

e The time at which an event can be expected to Fig. 3.3 Critical path
occur earliest.

e Aneventoccurs when all the activities leading to it are completed.
e ltis generally denoted by T.. Itis calculated by forward path.

TE/' = TE’ + t,./. ...(when there is only one path)

TL = (TE+1 ) ...(when there are more than one path)
Here,

T, = EOT of event j

T. = EOT of event i

t

; = Expected time of activity /-/

2. Latest Allowable Occurrence Time (LOT): The latest allowable time at which an event must occur
to keep the project on schedule.

Itis generally denoted by T, . This is calculated through backward path.

T)= T/- t; ...(when there is only one path)

T = (T =) ...(when there are more than one path)
Where T/ = LOT of event

T/ = LOTof event

f; = expected time of activity /-

NOTE: The latest allowable occurrence time of the finish event is equal to the schedule completion time of the
project.

* Slack: Slack is defined as the difference between latest allowable time (T,) and earliest expected
time (Tg) of an event.

Slack forany event j= T, - TL
TL-Te

Slack for any event |

(@} Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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Slack may be positive, zero or negative.

When “Slack is greater than zero”. It indicates project is ahead of schedule and availability of
excess resources. Such events are sub critical.

If slack is zero, it indicates work is on schedule and events are critical. Resources are just adequate.
If slack is negative, it indicates work is behind schedule and may cause delay in project completion.
Events are super critical. Extra resources are required.

The path having minimum or zero slack value is the “critical path” which is also time wise longest
path.

Probability of a project to be completed in schedule time :

&
=
B Hlm

If a project has more than one critical path then severity is calculated by calculating standard
deviation of the project from each path. (Having lesser value of 6 have more deterministic approach
hence critical path will be having more value of 6).

. ) ) . o Value of Z Probability (%)

Probability of a project to get complete in expected time (T,) is just

50% and probability of completion increases or decreases with an 0 50.00
increase or decrease of scheduled time respectively. :; 2‘7";2
As the probability distribution curve for the entire project is normal +3 99:87
distribution curve. 1 15.87
Probability can be calculated by using probability factor (£) which -2 2.28
is defined as, -3 0.13

O
c

It should be noted that:

1.

AtZ=0, T, = T, and probability = 50%
Z<0,T < T, probability < 50% and vice versa.
For intermediate value of Z, interpolation is required.

The time and probability distribution for project
as a whole is a normal distribution.

Area under the curve is equal to unity. 2
Ke) |

68% of the area lies within 't~ ¢’ and ‘t, + ¢’ 8 |
range. This is called probable range. o i | |
Area bounded by t, + 26 and t, - 2¢ is about | !
95% A
Area bounded by t, - 30 and t, + 3o is about o ; i i ! ! ,
99.7% which is approximately equal to area tot3s t-25 t-s L s te2s tp»te+33t
bounded by t, and t,, which is maximum
probable range. Fig. 3.4 Probability Distribution Curve

t, -t

P o

O =
6

( www.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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Consider the network as shown below with expected time of completion of each
activity (tp) (in days) is shown on arrows. Calculate the earliest expected time of the network for the
completion of work.

Solution:
Here event 7 is approached by two paths viz. pathalong1 -2 >4 —>7and1 >3 —->55—->7.
Forpath1 52 —>4—>7,
teforevent7 = 7 + 11 + 12 = 30 days
Forpath1 -3 —>5-—>7,
teforevent7 = 8 + 12 + 15 = 35 days

Thus event 7 cannot be considered to occur until all activities of path 1 -3 — 5 — 7 have completed
i.e., event 7 cannot occur prior to 35 days. Thus earliest expected time for event 7 is 35 days.

In this network, event 9 is the terminal event which is preceded by path7 - 9and3 -6 -8 — 9.
Forpath7 — 9,
T.forevent9 = 35 + 5 = 40 days
Forpath3 -6 —>8—9
T forevent9 = 8 + 7 + 12 + 11 = 38 days
Thus earliest expected time of event 9
= Earliest expected time for completion of work
= 40 days (larger of two values viz. 40 days and 38 days)

Compute the earliest expected time of completion of a project whose network is
shown below. The earliest expected time of each activity is shown on the arrows (in weeks).

t-=8 t-=18

(@} Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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Solution:
The network commences from event 1 and culminates at event 9.
Thus earliest expected time of completion of event 1 (TE1) =1
Earliest expected time for event

TP =T, +t.2=0+5=5weeks
Similarly earliest expected time for event

7S = T+ t.3=0+ 3 = 3 weeks
Event 4 is approached by paths 1 > 4and1—2 — 4.

For these two paths, T4 =T +1%=0+ 3 =3 weeks (for path 1 — 4)

T4 =T2+t2=5+6=11weeks (forpath1—2—4)
Thus, T2 = 11 weeks (Larger of 3 weeks and 11 weeks)
Thus, T/ =0

T2 = 5 weeks
T2 = 3weeks
T2+t =5+6=11weeks
TA4=| ", =11weeks
E T +t." =0+3=23 weeks
= T2+ 12=5+9 =14 weeks
= T2+t =3+7=10weeks

~ .~
mmmm
o

—TE5 +1.”" =14+7 = 21 weeks
T7=|_. . =21 weeks
E T+t " =11+8 =19 weeks

[T.°+t°7 =14+7 = 21 weeks

0 a =21 weeks
E T+t =11+18 =19 weeks

—
~
Il

[7.° +1.°° =14 +16 = 30 weeks
TP +t.°° =10+ 4 =14 weeks =30 weeks

Now, T2
7.+t =3+10=13 weeks

; [T+t =21+ 18 = 39 weeks _ 14 weeks
Now, e = _TES +1."° =30+ 14 = 44 weeks

So, earliest expected time of completion of project = 44 weeks

In Question No. 3.2 above, compute the latest allowable occurrence time for
the network.

( www.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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Here since the schedule time of completion of project (Tg) is not given and thus it is usual to assume

that Tg=T,.

Commencing from the last eventi.e., event 9 and moving backwards, the latest allowable occurrence
times (7,) are as computed below:

For event 9, T°
For event 8, T8
For event 6, T.°
For event 3, N
Forevent 7, T’
For event 5, T°
For event 4, T4
For event 2, T2
Forevent 1, T

TE9 = 44 weeks
T,°9- 189 =44 -14 = 30 weeks
T,8— 158 =30-4 =26 weeks

T.°—1.*° =26+7 =19 weeks

. N =19 weeks
T,” -t~ =30+10= 20 weeks
T,9—1t/9 =44 - 18 = 26 weeks
'TLS_tE58=30+16=14weekS

. o =14 weeks
|7, —tg" =26+7=19 weeks
TL7_ z‘E47 =26 -8 = 18 weeks
_715_1‘E25:14+9:5weeks

=5 weeks

|7, ~1." =18+ 6= 12 weeks

[7,° —t.® =19+ 3= 16 weeks
T2 -t.°=5+5=0
7' —t." =18-3 =15 weeks

=0

Example 3.4

In the network as shown, the three times viz. optimistic time, most likely time and

the pessimistic time (in days) are shown on the arrows. Compute the earliest expected times and the
latest allowable occurrence times of various events.

(@} Theory with Solved Examples
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Solution:
The expected time of an activity is given by,

Co A+t
6

if
TE—

Activity i-j
Successor | Predecessor t,," t,_" tP" tE" TEJ T,_J
event j event i

10 9 4 7 10 7 37.17 37.17
9 8 2 4 6 4 30.17 30.17
9 7 6 10 12 9.67 30.17 30.17
8 6 5 9 1" 8.67 26.17 26.17
8 5 3 5 7 5 26.17 26.17
7 5 0 0 0 0 19 20.5
7 3 1" 13 15 13 19 20.5
6 5 0 0 0 0 17.5 17.5
6 2 8 10 14 10.33 17.5 17.5
5 4 4 10 12 9.33 17.5 17.5
4 2 2 4 5 3.83 8.17 8.17
4 1 6 8 1" 8.17 8.17 8.17
3 1 4 6 8 6 6 7.5
2 1 1 3 5 3 3 4.34

m For the network given in Question No. 3.4, compute the slack of each event and
the critical path of the network.

Solution:
Slack of an event is the difference of latest allowable occurrence time (7,) and the earliest expected
time (7o) i.e.,

Slack = T, - T,

( www.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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The computation of slack of various events is tabulated below:

e i i i i j T
Success_or Predecessor | t, t tp te T T, TL.I -7 EJ
event j event j

10 9 4 7 10 7 37.17 37.17 0

9 8 2 4 6 4 30.17 30.17 0

9 7 6 10 12 9.67 30.17 30.17 0

8 6 5 9 1" 8.67 26.17 26.17 0

8 5 3 5 7 5 26.17 26.17 0

7 5 0 0 0 0 19 20.5 1.5

7 3 1" 13 15 13 19 20.5 1.5

6 5 0 0 0 0 17.5 17.5 0

6 2 8 10 14 10.33 17.5 17.5 0

5 4 4 10 12 9.33 17.5 17.5 0

4 2 2 4 5 3.83 8.17 8.17 0

4 1 6 8 1" 8.17 8.17 8.17 0

3 1 4 6 8 6 6 7.5 1.5

2 1 1 3 5 3 3 4.34 1.34

Critical path is the one having zero or the medium slack. Thus in the network given, critical path is
1-4-5-6-8-9-10.
1-4-5-6-8-9-10 is also the longest path time wise.

For the network as shown below, determine the critical path. The duration of
each activity (in days) is shown on the arrows.

Solution:

eE

Te
N

5
6

(@} Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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Along the critical path, slack =0i.e., T, - T.=0

Thus T, and T for each event needs to be computed and the same is shown in the network.

PERT & CPM | 21

Earliest expected time Latest occurrence time
EventNo. | b e decessor Activity time | ;| Successor i i SSI=a_t’:_k£ST)_
event (i) (t) L event() | &) | T T L—7E
1. - - 0 2,3,4 3,75 16,0,1| O 0
2. 1 3 3 6 4 9 | 9 6
3 1 7 7 5 5 7| 7 0
4 1 5 5 5 6 6 6 1
5. i 5 i : 2 | i | 12 0
o | T 6] 1 s Blw] o
7. 2 2 I 8 4 | 18 | 18 0
8. e 3 » 9 5 | 22 | 22 0
0. 8 5 27 — o7 | 27 0

.. Critical path is 1-3-5-6-7-8-9, which is also the longest path time wise.

g Objective Brain Teasers

~

Q.1 The optimistic, likely and pessimistic time
estimates for the PERT network of a project are

shown in the given figure. The expected duration

of the pro'ect is
tb=b b
(3, 4, 8)

an
N

(4,6,8) (7,7,9)
(@) 14 days (o) 17 days
(c) 17.83days (d) 18.67 days

Q.2 The flow net of activities of a project is shown in
the below figure. The duration of the activities
are written along the arrows:

The critical path of the activities is along

(a)
(©)

Q.3

1-2-4-5-7-8
1-0-3-6-7-8

(b) 1-2-3-5-7-8
(d) 1-2-4-5-3-6-7-8

The area under the B-distribution curve is divided

into two equal halves by vertical ordinate through

(a)
(b)
(©)

(d)
Q.4

expected time
optimistic time
most likely time
pessimistic time

In PERT, slack is computed as the difference

between which one of the following?

(a)

Latest allowable time and the pessimistic
time

Earliest expected time and latest allowable
time

Earliest expected time and the pessimistic
time

Latest allowable time and the earliest
feasible time

C www.madeeasypublications.org
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Q.5

Q.6

Q.7

CE

In the PERT analysis, which one of the following
is followed by the time estimates of activities
and probability of their occurrence?

(a) Normal distribution

(b) Poisson’s distribution

(c) P-distribution

(d) Binomial distribution

What does the critical path in PERT represent?

1. The shortest path for the earliest completion
of the project.

2. The longest path of the network from the
initial to final event.

Select the correct answer using the code given

below:

(@ 1only

(c) Both1and?2

(b) 2only
(d) Neither 1 nor2

In a PERT network, the activity durations are
given as t, (optimistic time), t, (pessimistic time)
and t_ (most likely time). What is the variance of
the activity?

ty+4t, + t,

t,~t,
6 (b)( 6 J

(d) None of these

Postal Study Package FXiPl

Q.8

Q.9

MEDE ERSY

Consider the following statements of network:

1. Only one time estimate is required for each
activity.

2. Three time estimates for each activity.

3. Time and cost are both controlling factors.

4. ltis built-up of event-oriented diagram.

Which of the above statements are correctly

applicable to CPM network?

(@) 1and3 (b) 1and 2

(c) 2and4 (d) 3and 4

What does higher standard deviation imply in
cost analysis?

(@) Higher uncertainty

(b) Lower uncertainty

(c) Nothing to do with uncertainty

(d)

d) Extra costs are likely
Answers
(c) 2. (b) 3. (a) 4. (b) 5. (c)
(b) 7. (c) 8. (a) 9. (a)
Hints & Solution
(a)

Three time estimates for each activity are required
in PERT network. PERT is built up of event
oriented diagram.

Theory with Solved Examples
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