
UNIT-IV

Project Management 

(PERT/CPM)



2

Project Planning

ÅGiven:

ïStatement of work

Åwritten description of goals

Åwork & time frame of project

ïWork Breakdown Structure

ÅBe able to: develop precedence 

relationship diagram which shows 

sequential relationship of project activities
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Gantt Chart

ÅPopular tool for project scheduling

ÅGraph with bar representing time for each 

task

ÅProvides visual display of project schedule

ÅAlso shows slack for activities

ï(amount of time activity can be delayed 

without delaying project)
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CPM/PERT
ÅCritical Path Method (CPM)

ï- DuPont & Remington-Rand (1956)

ï- deterministic task times

ï- activity-on-node network construction (AON)

ÅProject Evaluation & Review Technique  
(PERT)

ï- U.S. Navy, Booz, Allen & Hamilton

ï- multiple task time estimates( probabilistic)

ï- activity-on-arrow network construction (AOA)
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Network Construction

ÅIn AON, nodes represent activities & 
arrows show precedence relationships

ÅIn AOA, arrows represent activities & 
nodes are events for points in time

ÅAn event is the completion or beginning of 
an activity

ÅA dummy shows precedence for two 
activities with same start & end nodes
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The Project Network

Network consists of branches & nodes 

1 32

Branch

Node
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Simplified Project Network

1 32
Construct forms Pour concrete
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Consider   the  following table   which describes  

the   activities  to   be done  to  build  a  house  

and its sequence

Activity                     predecessors  Duration

A Design house and obtain financing - 3

B Lay foundation           A        2

C Order and receive materials A        1

D Build house B,C     3

E Select paint B,C     1

F Select carpet E        1

G Finish work  D,F     1
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Concurrent Activities
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Project Network For A House
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Critical Path

ÅA path is a sequence of connected 
activities running from the start to the end 
node in a network

ÅThe critical path is the path with the 
longest duration in the network

ÅA  project cannot be completed in less 
than the time of the critical path (under 
normal circumstances)



13

All Possible Paths

path1: 1-2-3-4-6-7
3 + 2 + 0 + 3 + 1 = 9 months; the critical path

path2: 1-2-3-4-5-6-7
3 + 2 + 0 + 1 + 1 + 1 = 8 months

path3: 1-2-4-6-7

3 + 1 + 3 + 1 = 8 months

path4: 1-2-4-5-6-7

3 + 1 + 1 + 1 + 1 = 7 months
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Early Times
(House building example)

ÅES - earliest time activity can start

ÅForward pass starts at beginning of 

network to determine ES times

ÅEF = ES + activity time

ïESij = maximum (EFi)

ïEFij = ESij + tij

ïES12 = 0

ïEF12 = ES12 + t12 = 0 + 3 = 3 months

i
j
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Computing Early Times 

-ES23 = max (EF2) = 3 months

- ES46 = max (EF4) = max (5,4) = 5 months

- EF46 = ES46 + t46 = 5 + 3 = 8 months

- EF67 =9 months, the project duration
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Late Times

ÅLS - latest time activity can be   started 

without  delaying the  project

ÅBackward pass starts at end of network to 

determine LS times

ÅLF - latest time activity can be completed 

without delaying the  project

ïLSij = LFij - tij

ïLFij = minimum (LSj)
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Computing Late Times

ïIf a deadline is not given take   LF of the 
project  to be  EF of the last activity

ïLF67 = 9 months

ïLS67 = LF67 - t67 = 9 - 1 = 8 months

ïLF56 = minimum (LS6) = 8 months

ïLS56 = LF56 - t56 = 8 - 1 = 7 months

ïLF24 = minimum (LS4) = min(5, 6) = 5 months

ïLS24 = LF24 - t24 = 5 - 1 = 4 months
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Project cost analysis:-
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Activity Slack

ÅSlack is defined as the LS-ES  or LF-EF

ÅActivities on critical path have ES = LS & 
EF  = LF (slack is 0)

ÅActivities not on critical path have slack

ï Sij = LSij - ESij

ï Sij = LFij - EFij

ïS24 = LS24 - ES24 = 4 - 3 = 1 month
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Total  slack/float  or Slack of an activity

ÅTotal slack/ float means the amount of

time that an activity can be delayed

without affecting the entire project

completion time.

ÅThe activity on a given path share the

maximum possible slack of the activity

along that path according to its share.

ÅSum of the possible slacks of the activities

can not exceed the maximum slack along

that path.
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Free slack of an activity

ÅThis is the maximum  possible delay of 

an activity  which does not affect its 

immediate successors.

ÅThis is evaluated as

ÅFSij = ESj ïEFij
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Activity Slack Data

Activity ES LS EF LF Slack (S)    Free slack

1-2* 0 0 3 3 0        0

2-3 3 3 5 5 0        0

2-4 3       4 4 5 1        1

3-4* 5 5 5 5 0        0

4-5 5 6 6 7 1         0

4-6* 5 5 8 8 0        0

5-6 6 7 7 8 1        1

6-7* 8 8 9 9 0        0

* Critical path
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Probability of completing the 

project within given time:-

Å Activity

Å Design house and

Å obtain financing

Å Lay foundation

Å Order and receive

Å materials

Å Build house

Å Select paint

Å Select carpet

Å Finish work

0        2          4           6            8          10

1            3        5            7           9
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Probabilistic Time Estimates

ÅReflect uncertainty of activity times

ÅBeta distribution is used in PERT

b - a
6

(      

)

Variance:   s 2 =

a = optimistic estimate

m = most likely time estimate

b = pessimistic time estimate

where,

2

Mean (expected time):
a + 4m + b

6
t =
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Example Beta Distributions
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PERT Example
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Activity Information

1 - 2 6 8 10 8 .44

1 - 3 3 6 9 6 1.00

1 - 4 1 3 5 3 .44

2 - 5 0 0 0 0 .00

2 - 6 2 4 12 5 2.78

3 - 5 2 3 4 3 .11

4 - 5 3 4 5 4 .11

4 - 7 2 2 2 2 .00

5 - 8 3 7 11 7 1.78

5 - 7 2 4 6 4 .44

7 - 8 0 0 0 0 .00

6 - 9 1 4 7 4 1.00

8 - 9 1 10 13 9 4.00

Time estimates (wks) Mean Time Variance

Activity a       m      b t s2
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Early And Late Times

1 - 2 8 0.44 0 8 1 9 1

1 - 3 6 1.00 0 6 0 6 0

1 - 4 3 0.44 0 3 2 5 2

2 - 5 0 0.00 8 8 9 9 1

2 - 6 5 2.78 8 13 16 21 8

3 - 5 3 0.11 6 9 6 9 0

4 - 5 4 0.11 3 7 5 9 2

4 - 7 2 0.00 3 5 14 16 11

5 - 8 7 1.78 9 16 9 16 0

5 - 7 4 0.44 9 13 12 16 3

7 - 8 0 0.00 13 13 16 16 3

6 - 9 4 1.00 13 17 21 25 8

8 - 9 9 4.00 16 25 16 25 0

Activity t s2 ES EF LS LF S      FS?
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Network With Times
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(          )
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0
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4

7

0

2

93

6

(          )
ES=3, EF=7

LS=5, LF=9

4 (            )
ES=9, EF=13

LS=12, LF=16

(            )
ES=9, EF=16

LS=9, LF=16

(            )
ES=13, EF=13

LS=16 LF=16

(            )
ES=16, EF=25

LS=16 LF=25

(            )
ES=13, EF=17

LS=21 LF=25

(            )
ES=8, EF=13

LS=16 LF=21
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Project Variance

Project variance is the sum of the variances 

along the critical path

s2 = s2 
13 + s

2 
35 + s

2 
58 + s

2 
89 

= 1.00 +0.11 + 1.78 + 4.00

=  6.89 weeks


