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Exhih:
xhibit 16.9 . Progtessive Computation

Exhibit 16.10 illustrates the back

ward pass.
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Note : Where arrows branch off, insert the smallest sum as LE
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“Ming time of the activity (ESA).
e, EEA = ESA + D or EEA =EE+D

©) Calculation of Earliest Ending time of Activity (EEA) anF! .Latest Star.ting time ofActiyity
Al The earliest ending time is arrived at by adding the activity's duration D to the earliest

: : i bstracting the activity's duration D from
he The latest starting time (LSA) is arrived at by su

"t ending time of the activity (LEA).
LSA = LEA - D or LSA = LE - D

m lagram gi hibit
- the network diagram given at ex
’61F0r &xample, considering the process 5 - 6 fro

i hibit 16.11.
7 We can calculate ESA, EEA, LSA & LEA as shown in Exhibi

B
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of the activity (5-6) i.e., 35
activity (5-6) 1.e., 75t day
i.e., 35" day

(5-6) i.e., 35" day
i.e., 70" day
110™ day

ESA = Earliest starting time
EEA = Earliest ending time of the
EE - Earliest time of the event (5)

|

]

ESA = Earliest starting time of the activity
LSA = Latest starting time of activity (5-6)
LEA = Latest ending time of activity (5-6) ie.,

LE = Latest time of the event (6) i.e., 110" day

(iii) Assessment of the Critical Path

If, in respect of any activity, the earliest and latest times of occurrence are identical both
at the start and the finish of the activity, then the activity lies on the critical path. In other
words, if for two events say event 'i' and event 'j' the earliest event time and the latest event
time (i.e., EE & LE) are the same, the activity (i — j) connecting these two events is said to be
on the critical path. In the figure 16.10, it is observed that the events 1,2,3,4,7 and 8 have
identical earliest event time and latest event time i.e.,

For event 1, EE=0 LE =0

- do - 2 EE =25 LE = 25
—do - 3 EE =55 LE = 55
- do - 4 EE =75 LE = 75
- do - 7 EE = 115 LE = 115

-~ do - 8 EE = 121 LE = 127

Hence the activities connecting events 1,2 3

all these activities do not posses any slack or ti /47 and 8 are on critical path. In otherwards

Every network (Where EE - LE) ooy me reserves and hence designated as critical
" i ’ NS one or ; :
C"f‘_'?f” activities leading from the start event to the e::veeral such. umnt'err'upted‘chamj :sf
critical path exhibit 16.12 shows the critical path depictedvs;ta TZIS c:am is designate
ark or heavier lines.

Any delay in an activity sity: i
y y In an activity situated on the Critical path thys entails directl delay in the
rectly a ;

completion of the project, Therefor

. ) - el ‘refore the roje ’

attention on the critical path and do his FL))esjt tc(: manager has to quite particularly focus his
3 com

within the expected duration of their completion plete the activities on the critical pat
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Exhibj ¢
116.12 . Determination of Critical Path

—» indicates critica| Path activities
Critical path = 1— 3— 4~;> 7— 8

(8
8 121{121

—
) Assessment of the Floats or Slacks

In case (.)f the d;ffergnce between earliest starting time (ESA) and latest ending time (LEA)
of an activity exceeding its duration, then the respective activity is ngot critical
‘o, LEA — ESA > D In such cases certain time reserves are ensuring termed floats or slacks
The slack analys:% is done for each activity path to identify the sub-critical paths i.e. activit);
paths which are likely to become critical jf there is delay in completion of the activi/ties by a
ime period more than the available slack in each activity path,

Slack analysis can be made from the stand
Two type of slacks identified are

(a) Event slack (b) Activity slack
Event slack = Latest event time — Earliest event time
= LE - EE

All'events having zero slack represent critical events i.e., events on the critical path. Any
chedule slippage of these events will cause delay in completion of the project.

Activity slack analysis provides with the information on the margin of allowance available
urthe commencement and completion of various activities. Activities with zero slack value
resent activities on the critical path.

Three types of activity slacks or floats are identified:

I Total float or Slack
I Free float or Slack

" Independent float or Slack _ o
1 Total float . Total float usually referred to as simply float or slack is the amount of time

" activity can be delayed beyond its earliest possible starti;g dtimz;’:’qith.?oli;f?:z::ngig;i
10j . . it their estimated duration.
Project completion, if other activities take busalthltia Aloat Stands 3 goed

- some indication iticality of an activity. An activi
< of the criticality of an ,
- Mance of delaying the project and should be carefully monitored

. : N-D
ivity (i — j) = LE () - EE (i) ‘
or Total float for activity (i — ) ivivg car b deleyed WL

@ float ; i f time an ac it
¢ Free float is the amount O early finish of an

€2y start of a successor activity. To find free float, We_\sl?t?;gad the early

iy from the early start times for of its succeeding acti :

i j) — EE () - D
" Free float for activity (i = J) = EE (j) — EE (i)

point of the events or activities in the network.

Floats or Slacks:
Allowable slippage
for a path. Event
slack is the
difference between
latest event time
and earliest event
time.

Activity slack =
(LEA ~ ESA) - D,
Where
LEA = Latest
ending time
ESA = Earliest
starting time and
= Duration of the
activity,
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t x
cates the time span by which the activity (i _ i

(iii) Independent Float : This indi " the latest and for the event () the Earlie;i? .

ifted i t (i
expanded or shifted if, for the event {1 7 ctivity in this area h ' .
of occurrence shall be maintained. A shifting of the Y as no inflygy

on the further progress of the proj
negative float has no meaning, ind

Fxhibit 16.13 illustrates the relationshi
calculations for an activity (i = j).

dent float can be negative 3]s, Sin Ce
* 9ine

ect. Indepen
€3

ependent float is taken as zero if negative.
-tween the three type of floats
p be ang thei,

Exhibit 16.13 : Relationship Between 3 Types of Floats
EE (i) LE (i) EE () LE (j) »
Time
k\\\\\\\\\\\\\\\\\\“&— Total float ~ ——»
b D ‘Free float
AN
P Independent
float

EE (i) = Earliest event time for event (i)

LE (i) = Latest event time for event (i)
EE (j) = Earliest event time for event (j)
LE (j) = Latest event for event (j) I
D = Duration of activity i — j x
Total float TF = LE (j) - EE (i) - D |
Free float FF = EE (j) - EE (i) = D E
Independent float IF = EE (j) — LE (i) = D
If D > [EE (j) - LE (i)], IF will be negative (assumed to be zero).
lllustratiqn : For the net wprk diagram shown at exhibit 16.12, the activities, earlies |
fzr\a/z?; t;r;;(EEJ and latest event time (LE) and the duration of the activity (D) are listed if the ;

Table 16.4 lists the total float, free float and independent float for the activities listed in |
Table 16.4. ,

Programme Evaluation and Review Technique (PERT)

So far we have discussed the procedure for determining the project completion time: |

the earliest and latest times for the start and completion of activiti d the occurrenC |
of events. In C.P.M. Analysis, activity durations are assumed tEi(}-‘z)l\/;(tles an oreas in pERT)
the activity duration are given by probability distributions gEREEr nolwn! N the expec”
duration of an activity as a weighted average of the thr' RT calcu ates kel in |
Exhibit 16,14, ee time estimates as
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Tabl
. ©16.4: Ac“‘“tv Completion Tmm and Duration
EE (i S
2| 1eg) EE: () LF () =
; 0 25 ] 25
25 O F o 40
::”:' 5.} f) g' .) ';(‘, 1 {}
55 5K i . 20
: D £
5 6 \7'5 (() T 1 i” L
4-{ { 5 7:-:' l ],} ] {V’ 4“",,
e . 110 15 15 5
’:AS; : 115 115 191 121 6
pie :
/ Tabl ) ; ‘
} e 16.5 : Calculation of Three Types of Floats
Tty b o Total float ; '
AV £ : oat (TF) Free float (FF) Independent float (1F)
/W—v < 2
1-= e m D2 =0 (25~0)~25=0 (95 -0y =25 =0
2:3 (65 - 25) - 30 = 0 (55 — 25) = 30 = 0 (55 — 25) - 30 = 0
e (70 - 25y~ 10 = 35 (35 - 25)= 10 = 0 (35 - 25) - 10 = 0
| 8-4 (75 ~55)~-20 =0 (75 -~ 55) - 20 = 0 (75 - 53) - 20 = 0
| 5-6 (110 - 35) - 40 = 35 (75 - 35) - 40 = 0 | (75 - 70) — 40 = 35 or nil
| 4-7 (115 -75) - 40 = 0 (115 - 75) — 40 = 0 (115 - 75) - 40 = 0
| 6-7 (115 -75) -5 = 35 (115 -75) = 5 = 35 (115 -110) =53 = 0
f 7-8 {121 - 115) -6 = 0) (121 -115)-6 =0 (121 ~115) -6 =0
) Exhibit 16.14 <

tr/’_\te

—» Probability of 't'

t R

4

| g —» Activity duration 't' (in days)

. 4 M
e Average or expected time is, t, = 6
: - imistic time
Where ¢ . expected activity time f, = OPH

| e t = Most likely time.
‘ t, = Pessimistic time .

These are defmed in the following lines. ,
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Activity standard
deviation: The
measure of error
associated with the
expected time of an
activity.

Event standard
deviation: The
measure of error
associated with the
cumulative
expected time of an
svent.

(a) The optimistic time (t ) is the particular time estl.mate t'hatl has' a very‘small Probabjj;
being reached i.e., a probability of 1 in 100. This p.arncu ar terle estimate represe,
time in which an activity could be completed '.f every thing MiSTL along pr
with no problem. This would be most unusual, but it could happen with a proba
1in 100.

(b) The Pessimistic time (t ) is another particular time estimate that has avery §ma|l Probabj;
of being realized, once again with a probability of 1in 100. This time estimate repregey,
the time in which an activity could be completed even if ever.thmg went wrong, T,
also would be most unusual, but could happen with a probability of 1 in 100,

(c) The most likely time (t ) is a particular time that in the mind of the. estimator, the tim,
the activity would most often require if the wor!< were done again and again ynde,
identical conditions. This has a probability of 50 in 100.

The PERT network provides a measure of the probabilityl of completing the project by
the scheduled date The probability concept is only associated with PERT and not CPM becayse
the activity time estimates in CPM are deterministic (i.e., known) and not probabilistic.

In PERT, the assessment of uncertainty for the entire network i.e., the probability of
occurrences of the end event of the project is related to the degree of uncertainty - associated
with the three time estimates t, t_and t; PERT is almost identical to CPM in regard to its
function, network diagram, calculations etc., except that the method of estimating activity
times are different i.e., in CPM, an activity duration is based on a single time estimate whereas
there are three time estimates made for each activity in PERT which is converted into one

ts the
Opert

to + 4ty + t,
6

Activity standard deviation : The measure of error associated with the expected time of
an activity is known as activity standard deviation.

For example, if the expected time of an activity is 8 days and its standard deviation is
2 days, it means that the probability of completing the activity between 8 - 2 = 6 days and

8 + 2 = 10 days in calculated as 106_6 =% = 0.66.

time estimate (i.e., expected time t) using the formula t, =

i.e., if an activity's optimistic time is t  and its pessimistic time is t_, then the standard
p’
t,—1
e

Event standa'rd deviation : The measure of error associated with the cumulative expected
time of an event is called the event standard deviation. The cumulative expected time (T¢ of

an event represents the sum of the expected times of all e . t
the ac he even
along the longest path. tivities leading to t

deviation 0 =

If the activities leading to an event are x, y and z. then

Event standard deviation Op =




project Managemeny

. — 365 —
wWheere: 0,0,0 ara thiee C/
v ,f'uul,,,,[ y

CViatieir
| | on for 4 Hvities, o
1A ( t
o Iry
(, , ’7 - 41/
/ ( / (, e 8 e L

'

/

toand t o are phye !
11,1’ (4 Pz e ST Hrrige of

s Y arie] 7 arnie)

. arf 1y f””.,‘
o1, and t,, a4re the

A arid] respectively
[

Optirnisti, Hrtiee

petermining Probability o Mooti,

Cumulative expect

v f ,
Wactivitie, 0y and respectively

ate in PERT Analysis

t !'t‘““.;’,,“’,’ i »'” V/(I ( J’]
LG | !/,’,[)‘- ;”;,}
e 1s pres

] Schndulml D
‘A ime f
* is given for an event an if it Ndic g
of completing the event by, heduled o,
I)mhablm‘/ of completing th,. event by

Determinalion of the probat
with the help of an example

ety event 1
drice |f ;4 oc heduled date
1er thar fp /Ahl!',
ater than 50%, . 1f
5¢ hw]ulw] dates i, |,
‘ ility of it
Biven he
Fxhibit 16,15 represents the

then the fif(;}m?)lii'/
[, 15 "1//“}' ”hiﬁ f'; than the
58 ”lr”l ‘;{)"/ri

1082 1k ',!ht-dul!-d tlates can be best illustrated
'(w‘w

critical path M a PERT network

Exhibit 16,15 - iviti o ;
4 , Activities A'“"ﬂ Critical Path with Expected Times and Standard Deviations

|
e

\ )

The cumulative expected time T, of eve

nt 14 is say 25 days,

) Determine the probability of completing the project in 28 days and 21 days.

b) What is the expected time of completion which

assures the management a 95%
confidence level of completing the project.
Solution :

The distribution of completion time of the project is assumed to follow normal distribution
shown in exhibit 16.16.

Exhibit 16.16 : Distribution of Completion Time of the Projects

= 25 days

e
N\‘M“
Star er 14)
Yndard deviation for the end event (event numb

\/1+1.96+9+4 - J1596 = 4

. P , ' 7

IS Oy = \/”f +0, 03 +04 iect by 28 days : Since this completion

16 detape. s - . »ting the project ays :. o
lm"’;, 'jtk:rmme the probability of complefing’ lin’on time of 25 days, the probability is

of s . ected comp
" %8 days is more than the expected F



