PERT : Program Evaluation & Review Technique
For C.P.M. Vs PERT.

1)
CPM is activity-oriented.

2)
CPM activity duration is deterministic.

3)
CPM does not consider uncertainty of time, 


PERT considers uncertainty of time.

(  PERT is well suited for those situations where there is either insufficient background information to specify accurately utility data, or where project activity require research and development, R&D (New construction methods etc.).

PERT uses activity duration called the expected meantime (te) associated with uncertainty which may be expressed either as the standard deviation ((te) or the variance (vte) of the duration.
te (expected meantime) is a time estimate having approximately 50% chance that the actual duration realized will be less, and 50% chance that the actual duration will exceed it.

(  It is required to use probability distribution curve for the activity completion times.  Therefore it is necessary to assume a probability distribution curve.  So, three time estimates are made in order to derive the te, (te & vte mathematically.

Three time estimates are:

1)
Optimistic time (ta).  This is an estimate of the minimum time required for an activity if exceptionally good luck is experienced (it is not crash time).

2)
The most likely time (tm).  This is the longest duration for the activity. It occurs when everything goes wrong or bad luck is experienced. (Not act of God).

3)The pessimistic time (tb  ).his is the longest duration for the activity. It occurs when everything goes wrong or bad luck is experienced.(Not act of God).
The three times graphically = 

Originator of PERT selected ( distribution curve for selection.  ( is appropriate for time behavior.

The result using ( can be approximated as follows:
-
 measure of certainty
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te (exp. activity duration) = 
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Assumption:  te is composed of midrange 
[image: image3.wmf]2

a

b

+

 with 
weight 1/3



    mode  m  with weight 2/3




( te = 1/3 
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Advantages of PERT: 
1)
Allows calculation of probability (event reached at certain date).

2)
Allows for ranking the criticality of events.

Central Limit Theorem:

If independent probability distribution curves are to be summed then:
1) the mean of the sum = sum of individual means,

2) the variance sum = sum of individual variances,

3) the sum will be normally distributed regardless of the individual distribution curves.

( once the expected meantime TE and its (E are determined, it is possible to calculate from probability theory the chances of meeting a specific event scheduled time (TS).

To do this:

the event completion time is considered to a normal probability distribution with the mean TE & (E determined based on Central limit theorem above.

( to calculate the chances of meeting the time TS, it is necessary to plot a normal distribution curve centered on time TE​ as shown in Fig. 12.2,  ( the probability of meeting the desired scheduled time TS is obtained as show:

The practical approach is to use standard probability tables prepared for normal distribution functions which are given in Table 12.1.
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where,

Z = factor, Normal random variable (number of standard deviations from the mean) (deviation)

TS = event time under investigation,

TE = expected earliest event time (expected mean).

Using the computed Z, go to Table 12.1 which will give you the probability of meeting the scheduled time TS (interpolating in table, if warranted).

TABLE 12.1  Approximate Values of the Standard Normal Distribution Function

	Z
	Probability
	Probability
	Z

	– 2.0
	       0.02
	       0.98
	+ 2.0

	– 1.5
	.07
	.93
	+ 1.5

	– 1.3
	.10
	.90
	+ 1.3

	– 1.0
	.16
	.84
	+ 1.0

	– 0.9
	.18
	.82
	+ 0.9

	– 0.8
	.21
	.79
	+ 0.8

	– 0.7
	.24
	.76
	+ 0.7

	– 0.6
	.27
	.73
	+ 0.6

	– 0.5
	.31
	.69
	+ 0.5

	– 0.4
	.34
	.66
	+ 0.4

	– 0.3
	.38
	.62
	+ 0.3

	– 0.2
	.42
	.58
	+ 0.2

	– 0.1
	.46
	.54
	+ 0.1

	0
	.50
	.50
	0


PERT Calculation:

–  Notation :

Use any method :  Suggested

i,  j
  :  event No.

TE
  :  Earliest time for event occurrence,

TL
  :  Latest time for event occurrence,

S
  :  Slack = TL – TE  :  Maximum time an event 


     could be delayed without delaying the project


     completion ( TF (Total Float)

RULES
1)
TE for first event = 0

2)
Forward pass : TE(j) = TE(i) + te(i,j), when there are more than one preceding activity, use the one that makes TE(j) the highest.

3)
Backward Pass :  TL (Last event) = TE (Last event) 


TL(i) = TL(j) – te(i, j)

when there are more than one succeeding activity, use the one that makes TL(i) the lowest.
4)
Slack of an event = TL – TE (of that event)

5)
Critical event : event that has zero slack.

6)
Critical path : path connecting critical events.

7)
If more than one critical path exists, the project duration’s variance V is taken as the maximum of those summed along the various independent critical paths.

EXAMPLE
1)
Calculate TE, TL, Critical Path.

2)
What is the probability of completing the project in 21 days?

3)
What is the scheduled completion date if it is desired to have probability of completion of 90%?

	Activity
	a
	m
	b
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	v  =  (2

	

	1, 2
	1
	2
	3
	2
	1/3
	1/9
	**

	2, 3
	1
	4
	7
	4
	1
	1
	

	2, 4
	3
	4
	11
	5
	4/3
	16/9
	**

	3, 5
	3.5
	4
	4.5
	4
	1/6
	1/36
	

	4, 5
	5
	6
	13
	7
	4/3
	16/9
	**

	5, 6
	2
	6.5
	8
	6
	1
	1
	**


SOLUTION
1.
From the above calculation network, critical path is the one which has an event S = 0, which is (1,2), (2,4), (4,5), (5,6).

2.
In this case, we are interested in event 6.




TE = (of event 6)
=   20 days




v (of event 6) 

=   v1,2 + v2,4 + v4,5 + v5,6






=   1/9 + 16/9 + 16/9 + 1 = 4.67
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From table 12.1, with Z = 0.46, the probability = 67%

(Ans. II)

3.
For probability 90%,
(  Z = 1.3 from table 12.1


Z = 
[image: image13.wmf]s

-

E

S

T

T


(  1.3  =  
[image: image14.wmf]16

.

2

20

T

S

-



(  TS = 22.8; Say 23 days.

EXAMPLE on PERT.
Given below is the notation network :

Complete the table below & draw PERT diagram. (Round off te to the nearest day):

	Activity
	Estimated Time
	te
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	Std. deviation
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	(2
Variance

	2
	1
	
	a
	m
	b
	
	
	

	
	*
	A
	2
	6
	7
	5.5 = 6
	5/6 = 0.83
	0.69

	
	
	B
	3
	4
	7
	4.33 = 4
	
	

	*
	
	C
	4
	8
	11
	7.83 = 8
	7/6 = 1.17
	1.37

	
	*
	D
	4
	9
	16
	9.33 = 9
	12/6 = 2.00
	4.00

	*
	
	E
	2
	7
	14
	7.33 = 7
	12/6 = 2.00
	4.00

	
	
	F
	3
	4
	6
	4.17 = 4
	
	

	
	
	G
	4
	9
	11
	8.5 = 9
	
	

	*
	*
	H
	6
	12
	16
	11.67 = 12
	10/6 = 1.67
	2.79


ANSWER THE FOLLOWING QUESTIONS:
1.
What is the probability that the job will be completed by


(a)  27 days
(b)  28 days
  (c)  24 days

2.
How many days would you estimate would be required to complete the job if you wanted a 98% chance of being right?

3.
How many days would you estimate would be required to complete the job if you wanted a 30% chance of being right?

4.
What is the chance of reaching node 50 by day 14?

SOLUTION
From the network calculate, we have 2 CR. PATHS:

1.
A, D, H  :  with variance = 0.69 + 4.00 + 2.79 = 7.48

2.
C, E, H  :  with variance = 1.37 + 4.00 + 2.79 = 8.16

LARGEST  (

( (TE = 
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  For 27 days = 
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 , From Table ( P = 50% chance

  b.
  For 28 days =  
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 , From Table ( P = 64% chance

  c.
  For 24 days = 
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 ,  From Table ( P = 15% chance


2.
For 98% chance from Table ( Z = 2.00




(  TS = 2.00 (2.85) + 27 = 33 days.   (
3.
For 30% chance from Table (  Z = – 0.52



(  TS = (– 0.52) (2.85) + 27 = 25 days  (
4.
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( From Table
 P = 30%    (
King Fahd University of Petroleum & Minerals

CIVIL ENGINEERING DEPARTMENT

CE 420

Pert Problem:

The following table contains the three time estimates for a PERT network.  (Duration in days).

	Activity
	a
	m
	b

	1, 2
	2
	3
	4

	1, 3
	4
	6
	8

	1, 4
	4
	5.5
	10

	2, 3
	1
	3
	5

	2, 5
	3
	7.5
	9

	3, 4
	6
	7.5
	12

	3, 6
	3.5
	5
	6.5

	4, 6
	2
	2.5
	6

	5, 6
	0.5
	2
	3.5


1.
Identify the critical path.

2.
What is the probability of reaching event 5 by day 10?

3.
What is the expected completion time of the project?

4.
What are the chances of reaching event 4 by day 13?

5.
The contract schedule allows 18 days in which to complete the entire project.  What are the chances that the Project WILL NOT be finished on time?
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