Network Analysis for Mines and Mineral Engineering
Prof. Kaushik Dey
Department of Mining Engineering
Indian Institute of Technology, Kharagpur

Lecture - 20
Algorithm and computer program

Let me welcome you to the 20th and final lecture of this NPTEL online certification
course of Network Analysis for Mines and Mineral Engineering. In the last class, we will
discuss one example of network analysis using program evaluation and review
technique. This is a very big and complete example and apart from that we will discuss

algorithm and computer program also of the network analysis.
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Retrospect of previous Lecture

Network Analysis through CPM, where the analysis is carried out in a
deterministic manner, is already discussed. Network Analysis using
PERT is also discussed in which the uncertainties attributed to any job

—_

are considered. The activity oriented project management and event
——

oriented project management are also discussed.
e

But before that let us summarize so far, we have discussed network analysis through
critical path method which is deterministic approach. We have also discussed network
analysis using program evaluation and review technique which is a probabilistic
approach and in which we have considered the uncertainties attributed to any job which
are considered here. And, we have discussed in our last class activity oriented project
management and different oriented project management so that the instead of having the
progress on a which particular job, we can consider only the starting of the job or the

completion of the job as the event oriented project management.



So, this is already we have discussed and at this stage, you can consider the complete
syllabus is cover. So, basically we are trying to summarizing this with a big example so
that you can calculate your program evaluation and review technique for network

analysis.
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Solve a Simple Network Using PERT

EXAMPLE 1
The table list the jobs of a network(all are in days):

1. Draw the network. l/ /

2. Mention the individual average job duration and variance.
3. Calculate the critical and near critical path duration and
variances.

N ——
4, Calculate the gmy_itart, jgr ﬂ nish, late start, late finish, total

slack for each activity

5. Calculate the garliest occurrence time and latest occurrence
'———-—_.-__

w
-

e

t
6. Find out the of completing the

So, let us consider one example. This is the table given the network, now alternates are
given here. Optimistic completion time, most likely completion time and pessimistic
completion times are given. So, we have given our name A, B, C, D are attributed to
these jobs. The problem is stated you have to draw the network. You have to mention the

individual and average job duration and variance of each and every activity.

You have to calculate the critical and near critical path durations and their variances. You
have to calculate early start, early finish, late start, late finish, total slack and free slack
of each activities. You have to calculate the early occurrence time and late occurrence
time of each node and you have to find out the probability of completion of the project

by 41 days in consideration of the critical and near critical path only.

In last class also you have discussed, you need to go for the complete analysis of the
network and a bigger probabilistic approach if you are considering all uncertainties
attributed to all the jobs and that leads to the uncertainty on the completion of the project
because interdependency are there. So, that is why it is forming more complex network

or more complex statistical analysis for calculation of the probability for completion of



the project. So, in this case also, we are consider such case where the critical path and
near critical path are not interdependent; that means, they are paths these paths are
completely different and that is why again, we can we can go for the analyzing the

probability of completion of the job in consideration of the critical and near critical path.
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1. The network is drawn

2. Theindividual average job duration, variances and Std. dev. are calculated.

So, now let us solve this problem. This is the network we have drawn and we have
attributed the names to all the jobs A, B, C, D, E, F, G, H and 1. These are the jobs and
we have calculated their optimistic most likely and pessimistic values are given. We have
tabulated the expected time of this project where the formula is given t o plus 4 into t m
plus t p divided by 6. So, using that formula we have come out with the expected time or

mean time of each and every activities here in this place.
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Solve a Simple Network Using P

Solution:
Expectedtime | Standard Deviation
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1. The network is drawn

2. Theindividual average job duration, variances and Std. dev. are calculated.

You know the variance of each job can be determined by t p minus t o divided by 6. So,
using this formula we have calculated the standard deviation for each and every activities
and those are presented in this table and variance is nothing but the standard square of

the standard deviation.
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Solve a Simple Network Using PERT
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1. The network is drawn

2. Theindividual average job duration, variances and Std. dev. are calculated.

So, is by squaring this, we have obtained the variances of each and every activities which
are tabulated here. So, our first two problems which are given there, we have to draw the

network. So, we have drawn the network as then alternates are given. Using these



alternates, we have drawn the network. So, we have placed these nodes and then we
connected them with the arrow to show the different jobs and second is individual
average job duration; that means, expected time or mean time, variances and standard
deviations are calculated and they are presented here in the job where this is the expected
time, this is the standard deviation and this is the variance attributed to each job. So, this

is the first two objectives or whatever given to us we have completed.
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Paths are | Expected Length VarfTiel | St. Dev § i i
a-c-e-h| 7+14+1144:36 | CriticalPath  \ge16+de12| 5 ;/ ES N
a-d-f-h| 7+5+7+4=23 | Nencritical path | 4+1+8¢1=20 | 10 | 2%
b-g-i | 6+11+18=35 | Near critical path [ 4+16+16=36 ) &~ L
A (J—. /v
.!' St.dov |Var | ES |EF [ LS| LF|TS(FS
al? 2 4 |10)7]0|7]|0]|0
bl6| 2 [a4]ols[1]7]1]0 / /
c| 14 4 B|7|A|7|21[(0]0 1 ik '(//
d| § 1 1 |7 |12|20(25]13|0 Lol =
L0V o B P e MR 3. Thecritical and near critical path
|7 2 4 |12|19]25]|32[13]13 d ti d " I |td
o s [ s [0l 7] 1 0 uration and variances are calculate
h|d 1 1 |32)36[32(36|0|0
ij18] 4 Jwjurfsjielnjijo 4. The early start, early finish, late start,
Tota slackaTS {ob 1) sLS{shESlsLFIx}EF{x) late finish, total slack for each activity
Fres Sack = Filjob ) are calculated.

el ™ [ES{all of the nmadiate wuccerion of )] = [F(s).
75 [1] = Minimizen T5 of immadiate successor of 1,

Now, next is that we have to find out the critical path, near critical path. So, let us find
out how many paths are there. We are having one path, we are having another path and
we are having that third path. So, all these paths are there all these three paths are there
and A C E H, A C E H is having the critical length of this one where we mathematically
summed up. We mathematically, summed up the expected or mean time of the jobs
associated with that path and finally, it is coming 7 plus 14 plus 11 plus 4, so that is 36.
So, the expected path length of this is 36.

Similarly, we have determined for path 2, that is A, D, F and H and this path durations
are 7,5, 7, 4. So, it is coming 23 for this path. The third path it is B G and I. So, 6 plus 11
plus 18 that 1s 35 and as this is 36 is the maximum 1; obviously, this is the critical path
and this is 35 is very close to 36; that means, it is near critical path and this one is not a
critical path; neither near critical path it is a non critical path having duration much lesser

than the critical path.



So, this is giving us the idea about the critical path or non critical path we have
calculated their variances also. You know the variances is nothing but the summation of
the variances of it is member jobs. So, it did this variances are 4, 16, 4, 1. So, 4, 16, 4, 1
is 25. So, variances of path one is 25. Similarly, we have find the variances of this one is
4, 16, 16. So, that is why it is coming 36 and this one is 4 plus 1 plus 4 plus 1. So, it is
10.
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Solve a Simple Network Usmg PERT

Paths are | Expected Length S1 0
a-c-e-h| 7+1441144:36 | Crltical Path | 4+16+441%05 [ﬁl -'
a-d-f-h| 7+5+7+4=23 | Non critical path | 4+1+4+1=10
b-g-i | 6+11+18=35 | Near critical path 4+16+16}36~

.!' St.doev |Var. | ES | EF | LS |LF|TS(FS
al 7 2 4107|077 [0]0
b| B 2 4 l0]6]1]7][1]0
c| 14 4 B|7|A|7|21|0]|0
d| § 1 1|7 |12|0|25]13|0
: 171 ; : i; i; ;; :i ;‘1 |03 3. Thecritical and nearcntncalpath
T« T Te ] 7 8] [0 duration and variances are calculated
h|d 1 1 |32)3%|32(36|0|0
1]18) 4 [16]17)35)18)36]1]0 4. The early start, early finish, late start,
Tota slackaTS {ob 1) sLS{shES{JsLFIx}EF{x) late finish, total slack for each activity
Free Siack = Filjob ) are calculated.

el ™ [ES{all of the nmadiate uccesion of )] = [Fjs).
75 [5) = Minimizen T5 of immadiate successon of 1,

And you know the standard deviation is nothing but the under root of the variance. So,
we have obtained standard deviation of this one is under root of 25. So, that is 5, this is
under root of 10 and this is under root of 36 is giving us 6. So, the standard deviation for
critical path is 5. For near critical path, it is coming 6. So, our job objective 3 was that to
determine the critical and near critical path duration, their variances and we have

complied that one along with that we have also determined the standard deviation.

So, the next one is to determine the early start, early finish, late start, late finish time,
total slack and free slack. So, for that again, we have calculated this one we have
considered this is the S is equal to 0, we have started and we know the T is equal to 36
from the critical path. So, based on that we have determined the early start early start is
nothing but the latest time of the predecessors, early finish of the predecessors. So, this

early start time, this early start time is mentioned in the blue arrow.
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Paths are | Expected Length Variances
a-c-e-h| 7+14+11+4=36 Critical Path | 4+16+441=25
a-d-1-h| 7+5+7+4=13 | Noncritical path | 4+1+4+1=10
b-g-i | 6+11+18=35 | Near critical path | 4+16+16=36
L, | Stdev |Var |ES [EF| (S |LF| TS| F§ ¥
a7 2 4j0j7]0]7|0]0 F
b|6| 2 |4|0|6|2]7]1]0 ES
c| 14 4 B|7|a|j7|2[(0]0 }
d| 5 1 1|7 |12|0(25)|13]0 LY
': 1]1 i : :: i; ;; :; : ;'3 3. Thecritical and near critical path
s Twle (w7l 1e duration and variances are calculated
h|4 1 1 |32)36|32(36|0|0
J[18] 4 J1s|17]3s]1mj]1]0 4. The early start, early finish, late start,

Total sleckeTS {job x) sLS{u)-ES{x)LFx}-EF{x)

Free Slack = Fi job ]
amin™ [E3{all of the immadiate wuccesson of s} = EF{s).

And early finish, early start and early finish are mentioned in a blue arrow, early start,
early finish by separated by comma. So, you can see for job A it is 07, job B it is 0 and 6
and job g itis 6 plus 7, 11, 17 and job a L it is 17 plus 18, 35 is the early start, early finish
and the predecessors of this one C is A. So, it can start at 7, 7 plus 14 is 21. For this it is
7 plus 5 is 12. So, this is 12 plus 7 is 19, 12, 19. Here it is 21 plus 11 is 32. So, latest here
between 19, 19 and 32 is 32. So, it is the early start time of this one is 32 plus 4 is 36. So,
that is why, this early start early finish times are given in the blue arrow separated by

commas in the jobs.
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late finish, total slack for each activity
are calculated.
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Paths are | Expected Length Variances
a-c-e-h| 7+14+11+4=36 Critical Path | 4+16+4+1=25
a-d-f-h| 7+5+7+4=13 | Noncritical path | 4+1+4+1=10
b-g-i | 6+11+18=35 | Near critical path | 4+16+16=36
L, | St.dev |Var |ES [ EF | (S| LF| TS| F§
a7 2 4j0j7]0]7[0]0
b| 6 2 410]6]1]7[1]0
|14 4 B|7|aj7|2[(0]0
df § 1 1|7 |12|0(25)|13]0
: 1]1 i : :: i; j; ;; 1"1 ;'3 3. Thecritical and near critical path
N duration and variances are calculated
h| 4 1 1 |32)3|32(36|0| 0
J[18] 4 J16)17]35]181261 110 4. The early start, early finish, late start,

Total lackeTS (job x) sLS{u)-ES{x|LF{x}-EF{)

Free Slack = Fifjob ]
amin™ [E3{all of the immadiate uccesson of s} = EF(s).
T3 {x) = Minimusn TS of immadiate successors of x,

late finish, total slack for each activity
are calculated.



Similarly, considering T is equal to 36 if we go for the backward pass in backward pass.
So, let us finish time of the both the jobs are 36. So, subtracting 4 there is the normal
duration of that from 36 keeping us 32. So, this is the latest possible time of starting this
job 1s 32. Similarly, here we are getting 36 minus 18 is 18. And considering 32 for both
the cases, you are finding that this is 21, this is 25, 32 minus 7 is 25, 32 minus 11 is 21.

21 minus 14 is 7 and here it is 25 minus 5 is 20.

So, among this 14 and 20, the latest one is 14. So, you have considered 14 minus 7 it is
coming 0. It is coming 7 here. So, that is why, this 7 sorry this is 21 minus 14 is 7. So,
this 7 minus 7 is 0. So, this is coming 7, this is 0 here instead of this 20. And
consideration of 20 minus 7 is not considered. It is having some slack we can understand.
So, in backward pass considering T is equal to 36. You have gone and those let us late
finish, late starts are given in the red color separated by commas under the third bracket

associated to each and every job here.
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Solve a Simple Network Using PERT

Paths are | Expected Length Variances | St. Dev L a N
a-c-e-h| 74144114436 Critical Path | 4+16+4+1=25 5 " By,
a-d-f-h| 7464744223 | Non critical path | 4+1+441=10 | 10 | @

b-g-i 6+11+18=35 | Near critical path | 4+16+16=36 3 o= .,\
A i rTETD

t, | Stde[Var [EBS[EF|S[LF[1S[ /S g fF

a7 2 [afo7]o]7]o]0 :

b| 6| 2 |4|0(6|2[7[1]0 T l J/

c|14]| 4 B|7|2A|7|21|0]|0 (T\;

d[ 5[ 1 [1]7[nfw|xs[nlo () /f/ g

: 171 ; : i; i; ;; :; ;‘1 |ﬂ3 3. The eritical and near critical RIE

IMEEEENEORE duration and variances are‘Gaftulated

hid]| 1 1 |32)36|32(36|0|0

i8] 4 [16[17]3s]8]36[1]0 4. The early start, early finish, late start,

Tota slackaTS {ob 1) sLS{shESlJsLFIx}EF{x) late finish, total slack for each activity

Free Siack = Fijob ) are calculated.

sirsir ™ (ES{all of the immadiate succeiion of sl = ).
# TS (5) = Minimign T5 of immadiate succeson of 1.

And you know the total slack is nothing but total slack or slack is nothing but the late
start minus early start or late finish minus early finish and that is why those are listed

accordingly those are listed here.

So, these formula are given total slack, this formula are given. So, early start, early
finish, late start, late finish are computed for each and every activities their mean times

are given, standard deviations are given, variances are given, late start late finish are also



given. And consider some of that total slack are also decided. Here, it is 0, here it is 1
minus 0 or 7 minus 6 is equal to 1. Here, again it is 0, here 20 minus 7 or 25 minus 12
both are equal to 13. So, in that case also, it is 0 in that case it is again 13. So, both are
having these two jobs are having slacks of 13 and this is again we are having one slack
which is associated to these jobs. All these jobs are associated with one unit slack

associated to everywhere. This two are having slack of 13, 13, this is are having 1.

So, this is the determination of the total slack and free slack basically you know it is the
minimum of early start time all the of the all the immediate successors of job x and early
finish time of job x. It is only associated with this f job as it is only associated with f job.
That is why this free slack is available with the f jobs only that is of equal to the total
slack. So, this is the formula given here and you which are used in the deterministic
approach also or critical path method analysis also and that are used considering the
meantime, this early start, early finish., late start, late finish, total slack and free slacks

are computed and presented.

So, our fourth option which are required here that is the computation of early start, early
finish, late start, late finish, total slack and also free slack for each activities are

calculated and presented.

(Refer Slide Time: 15:46)
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Early occurrence time and late occurrence time of the nodes are
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Now, our next job is to find out the early occurrence time and late occurrence time of the

nodes. So, based on this table, we have prepared this table. Early occurrence time is



nothing but the early start time and the and the T o of that. So, considering s is equal to 0,
the earliest occurrence time of this one is 0. We have determined the early starting time
of this one, early starting time of this one, early starting time of this nodes, early
occurrence time of this nodes at this position and find out finally, we have come out with
the e T is equal to 36 for the final node; that means, gives us it can be completed by only

36 hours.

So, that is the requirement. So, using this formula we have come out with the decision
that this is actually this will be the T s will be placed here. So, based on that, it is
considered and finally, this formula is presented for all the nodes. Here it is 6, here it is
17 and in the return path, we have found the late finish a time is coming here 18 and here
7 here, 0. So, if you look into this in a little bit detail, you can find this is early

occurrence time is 7 here because by completing this job will reach here at 7.

Similarly, 7 plus 14 gives us 21 here, 7 plus 12 give 7 plus 5 gives us 12 here and this 12
plus 7, this 12 plus 7 is basically 19 coming here, but this 21 plus 11 this is 32 coming
here. So, early occurrence time at this position by completing both and this these two
jobs is possible only at 30 second days or 30 second hours which it whichever it is. So,
that is why early occurrence time of this node is possible only at 32. Similarly, while we

are considering the late occurrence time, we have considered this is the final time of 36.

So, 36 minus 4 it is coming 32 and 36 minus 18 this is coming 18 whereas, it is early
occurrence time was 17. Considering this is 32, you can see this 32 minus 11 is giving
this is the only job. So, we are considering this is 21, but in this case it is 32 minus 7 is
giving us 25 with the late occurrence time. 25 minus 5 is giving us the latest occurrence
time here at 20, but this is 21 minus 14 giving us latest occurrence time at 7. So,
minimum of this two has to be considered here and that is why late occurrence time is

considered 7 here.
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5. Early occurrence time and late occurrence time of the nodes are
calculated and presented

EF (a) = ES (a) + t(a) LF{a) = LS(a) + t{a)
So, LS(a) = LF(a) - tfa)

So, by that way we have computed early occurrence time and late occurrence time of
each and every nodes. So, that the event oriented manage project management can be
carried out; that means, manager can think that whether they have reached at this
position at 7 or there is some delay in that, whether they have reached at this position at
32 or there is some delay in that. So, in those case if they found that while they are
observing this two and found that this one instead of 21 here, the arrival time is become

23. It is on time they have reached.

Then, they may if they start this job at 23, then also they can complete it by 30. So, what
they manager will do? They will deploy some of this man manpower and resources to
this so that, they can expedite this job to be completed by 32 and that can be completed
beforehand of that one. So, this is the event oriented objective that can be carried out by
the management to check whether the resources has to be diverted or not. So, our fifth
objective of determination of early occurrence time, late occurrence time of the nodes are

calculated and presented here.
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Paths are | Expected Le i

a-c-g-h| T+ld+11+4:86 Critical Path 44164441225

a-d-f-h| 7+5+7+4s23_ | Non critical path | 4+1+4+1=10

b=g=i 6+1141 I Near critical path | 4+16+16=36
A"

Prabability of completion of geitics
means within a d

So the overall probability is 0.84x0.84 = 0.71

6.  Overall probability is 0.71.

So, now, let us see solve this one and to find out how, what is the probability of
completing it by 41 days. So, we have seen this is the critical path with path length of 36
standard deviation of 5. This is the near critical path of path length of 35 and near

standard deviation of 6.

Now, when we are talking about completing this path, this complete project by forty one
days; that means, we have given a due date of mu plus sigma for both the cases; 36 plus
5 for the critical path case, 35 plus 6 for the near critical path case. So, for both the cases,
it is coming 41 days and we know the probability of completion of this one is 0.84 from
the standard normal distribution table where if this is the mu plus sigma, the area under
all this is comprising 84 percent area. So, that is why it is basically 0.84 for critical case

also, for this one also 0.84, for this one also 0.84.
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-0Ah | 741401144536 | CriicalPath | 4416044125 | 5 0'3'5 ¥
a-d-f- h' 7454744523 | Non critical path | 4414441210 | 10 ("f k.
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B+11418=35 | Mear critical path | 4+16+16=36 5 Mo
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Probability of completion of critical path (a-c-e-h) within 41 days %
means within a due date of (1 + o) so the probability is 84%.

Probability of completion of near-critical path (b-g-I) within 41
days means within a due date of (i + o) so the probability is also
84%.

So the overall probability(is 0.84x0.84 = 0.71

6.  Overall probability is 0.71.

So, basically overall probability is 0.84 into 0.84 and that is coming 0.71, but the
condition again here you can see the first path, critical path is this one, near critical path
is this one. So, they are not interdependent. So, that is why both are independent and they
are that is why they can be considered separately, their probabilities are considered
separately and they can be multiplied. But instead of that, if critical path is this one near

critical path is this one, in that case there are dependency in this job and this job.

And that is why they cannot be a multi their probability cannot be multiplied in those
cases the common job has to be considered separately and the separate jobs are has to be
considered separately so that, the overall probability can be calculated. So, this is the
advanced part advanced portion of the network analysis. This is not within the syllabus
and in future that in that course it can be discussed further. So, in this case, our sixth
objective overall probability has been found 0.71 for the completion of the job by 41
days.
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ET{ ): early occurrence time of an event whose number appears in the parenthesis
Tevent's [al
t{lj): It's the activity rep LI precedes event]

Forwardmass: .
§ =Start time for the project [‘U?Ihr: 0) V/./
ET(j) = 5 for all beginning &
ET{j) = max{ET(i) + t{if}}, the maximization is over all events | that precede event |
T=max{ET{all events)}, which is the earliest finish time for the project.

ackward pass: Y{ L\\L
il '4:“1"“" 5/ ""'""'UY\

min{LT{j) = t(ijJ}, where the minimization is over all events | that precede event |

So, that is why this is very very important and this has to be considered. Finally, let us
look onto the algorithm of the network analysis. If you are considering, it is the early
occurrence time of an event, L T is the late occurrence time of the event for a particular
node and T 1 j is the active duration activities duration comprising between that to the
two corresponding nodes. And in forward pass we consider starting time S is equal to 0
or you may initialize anything E T j is basically early occurrence time is basically given
for the first node and then for the next node, we consider it and to the time of that

activity for getting the early occurrence time of the following nodes.

In backward pass, we consider the time of completion T which is we are getting from the
critical path as the completion time and that is given to the final node first. Then we
backward pass it minus the duration from the latest occurrence time which are given to
get the early occur, the latest occurrence time of the preceding node of that particular

node.
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EXAMPLE  For a test case, let's assume the following picture:
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M A a'a AN Wsan identified by capitalized letters.
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} W e &l compléte the activity.
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References:
hittps://www.codeproject.com/Articles/25312/%2FArticles%2F25312%
2FCritical-Path-Method-Implementation-in-C

So, based on this considerations this one example calculation is given this is available in
internet in this reference because the complete C programming or that network analysis
is given, that is why I am giving you this reference you can go through this reference and
find out what is the programming there in details. If you see this, this is the network, this
is the network given and there are n number of paths are available those you can see
these are the different paths available. So, n number of paths are available. So, that is
why this is very difficult for hand calculation of this one. So, path number of paths are

too much, number of paths are too much in this case.

So, if instead of using a computer programming, someone would like to do it manually
then he has to write maybe probably path 1, 2, 3, 4 or 5 by that way maybe 100 paths or
2000 paths will come out for analyzing this one. So, it is very difficult to completely
analyze this type of critical networks and computer programming is required. So, you
can see in the picture above, we have circles representing activities identified by
capitalized letter the red numbers inside the each circle indicates the time the upper left
and right members representing the early starting time of the job nodes and early end

time of the nodes.

Similarly, the lower one is the late start late finish time. This is basically activity on node
diagram and circles with red borders are basically representing the critical path. So, this

is the red borders are given in the critical path where which is represented separately



here. So, how we have come out in this critical path by calculating this one, there is one
program given in this we have given in given in this reference. You can see this reference

also.
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EXAMPLE
Using the Code

A class that represents each activity was first
modelled. This class has as

aduﬂf! f ib. escription and duration along
with the earliest start time (est), latesistar

time (Ist), earliest end time (eet) and latest end
S

time (let). .

public class Activity

privi ring id;
private string deseription;
private int duration;

private int est;

private int lst;

private int eet;

private int let;

private Activity[] successors;
rivate activity[] preﬂe:gwr

The dependencies between each activity are
stored in two arrays, the successors and
predecessors arrays. }

So, what is the basic of this, first it is basically classify using the code a class that
represent each activities was first modeled. And this class has a as properties the activity
id description duration early starting time late starting time end time these are given
these are basically defined in this case and that is why this is activity successors and

predecessors are also defined for each activities as the two separate arrays.
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EXAMPLE
private static ltivity[] WalkL) i.lheld(nctivity[] list)
{
list[e list[e], 1ist[o]. Duration;
for(int 1 = 1; i < na; i++)
‘ >
foreach(Activity activity in list[i].Predecessors)
{

if(list[i].Est < activity.Eet)
1ist[i].Est = activity.Eet;

1ist[i].Eet = list[i].Est + 1ist[i].Duratien;

return list;

So, this is basically the way the inputs are given. Then the first the forward pass is made

first, first or forward pass is made to identify the early ending time early starting time of

each jobs.

So, starting from the start to end start to end, all the jobs are considered along their path

and early ending time early start time of each jobs are determined and kept in the

memory of the computer. And this is the for C program, this is the C program, this is the

C program for the forward pass.
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EXAMPLE

private static Activityld walkListaback(petivity[] list)
{
list[ra - 1] list[na - 1].8
listfra - 1] list[na - 1]. = 1).0uration;

for(int 1 = na = 2; 1 20 9; i-2)
{
foreach{Activity sctivity in list[i).5uccessors)
{
if(list[i].Let == @)
List[i].Let = activity.Lst;
else

df(L8et[d]. Lot > activity.lst)
lise(i).Let = activity.Lat;

list[i].Lst = list[i].Lat - Lise(i].Duration;
}

raturn list;



Similarly, the program is made for the backward pass also. And see, this is the program
for the backward pass. That is why the late ending time and late start time are being
calculated. So, late ending time is assigned with the early ending time, then it is back

calculated from the late starting time from the late ending time.

(Refer Slide Time: 29:28)
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To calculate the critical path, a methed called Critical Path verifies if each activity's earliest
end time minus the latest end time and earliest start time minus the latest start time are
equal zero. If so, the activity is part of the critical path and its |d is written in the screen.
The project’s total duration is also shown.

void CriticalPath(Activity[] list)

Console Write"\n Critical Path: *);

foreach(Activity activity

if((activithEat - acy

=

}

Console.Write("\n\n Total duration: {@}\n\n", list[list.Length - 1].Eet);

So, this is the backward pass program for the backward pass calculation. And finally, the
critical path is calculated consideration that early ending time minus late ending time
must be equal to 0 and early start time, late start time must be equal to 0 and that activity

has to be memorized and that duration has to be memorized.
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This Is the output when the test case pertaining to the above picture Is executed:
B0 P - Crtical Path Method CF Sampie Application <jolx

So, in consideration with that they have found what are the activities having 0 slack or is
there. In consideration with that, they have calculated the activities for that. This is the
output you can see, this is given for activity 1, activity 2 and for all the activities which

are having 0 slack are placed identified by here.
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And finally, this activity 9, activity 13, activity 17, they are a part of critical network.
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And that is why, their names are placed they are total duration are summed up and it has
been found this is the this is the critical activity associated with the critical path and this
is the total duration by summing up the T I j s of this durations you can get this one. So,

this is the basic algorithm used in this case for determination of the critical path.
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r')‘—"mfdl"'“ Backward Pass
S=Start time(=0Generally) LT(j)=T or D for all ending events.
ET{)=5 for all starting job j
2 wTi)=Minof ¥ LT()-ti])

A Ertemarmof T EXG)+1(i) &
0 I=h Where j; - j; are the successors of i node.

where iy ~---i; are the predecessors

of j node,

T=Earliest finish time = max of all ET

Common Formulae

ES() ET()
EF{ij)=ET(i) + t{ij)

LF(ij) = T ()

1S {)=L7(j~t()

TS{)=LT()-€T() i)
FS(H)=ET()~ET() =t} =TS(i}-LT()+ET()

And let me once give you those algorithm once again presented in this yes. So, this is the
final summary formula for network analysis. So, if we would like to summarize the total
course, if we like to summarize the total course now, in this course initially you have you
have learned that how the network will be formed. Then, after forming the network, how
we can identify the jobs which are more critical and needs the most attention of the
managers for their early completion. Considering this critical job, we have found that
how the costing will be carried out the crossing or stretching of the jobs will be carried
out to finally, come out with the most minimum cost or you can say the optimum

network or optimum project scheduling.

So, that is the important thing. After that, we have founds before the hand whatever the
deterministic approach we have followed. After that, the probabilistic approach must be
there because of in consideration and in consideration of the uncertainties and so for that,
what we did we consider the most optimistic most likely and most pessimistic times for
the jobs for their completion and from there we have come out with some estimated or
expected time for the completion of the jobs associated with their deviations and

variances.

So, finally, we are able to come out that the possibilities or the probability of the
completion of the network within a given date. We can have some mathematical

expression for that. For we can we have learned that there are also different packages are



also available, commercial packages are also available and you can three packages are

also available to download and utilize those packages for your network analysis.

So, I hope you have already understood all the details of this net, basics of the network

analysis and you can apply the same for your respective different problems.

Thank you.



