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ANSWER:-02 i

e 3 Perform opt
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Solution. Let x; and x, be the grams of food X and Y to be purchased. Then the problem ca= )\ - M A
be formulated as follows : ) ! M Az

r /

MlnlIane 7= 12xl + ZOXZ,
subject to 6x; + 8x; > 100, c-Z
7x1 3 IZXZ 2 120, i
X1, X, 2 0. =
c-Z IS meg
Step 1. Express the problem in standard form 0 z-Z IS most
Slack variables s; and s, are subtracted from the left-hand sides of the constraints to convar e
them to equations. These variables are also called negative slack variables or surplus variabis
f vitamin A in product mix in excess of the minimum requiremsis . tmrme towar

Variable s, represents units o

of 100, s, represents units of vitamin B in pr

represent ‘free’ foods, the cost coefficients associated with them

zeros. The problem, therefore, can be written as follows :
Minimize %= lle = 2OXZ + OS] an 052,

oduct mix in excess of requirement of 120. Since T
in the objective function ==

subject to 6x; + 8xy — 5 = 100,
7x1 5 12x2 =82 = 120,
X1, X2, 51, 522 0. ol A
Step 2. Find initial basic feasible solution b | -
Putting x; =x, = 0, we get s, = — 100, s, = — 120 as the first basic solution but it is not fezs#
as s; and s, have negative values that do not satisfy the non-negativity restrictions. Thereforz 4 z
introduce artificial variables A; and A, in the constraints, which take the form
6x1+8x2—s1+A1= 100, c-Z.
7x1+ 12x2—s2 +A2=120, i
X1, X2, 51 S2, A, Ag 2 0.
Now artificial variables with valucs greater than zero violate the equality in cons=a ‘ ny Sass
established in step 1. Therefore, A; and Ay should not appear in the final solution. To achievs 1l e
they are assigned a large unit penalty (a large positive value, + M) in the objective function. ' E -
i § -

can be written as
minimize Z = 12x; + 20x; + 05 + 05, + MA, + MA,.
Problem, now, has six variables and two constraints. Four of the variables have & '
zeroised to get initial basic feasible solution to the _‘aﬂiﬁcial system’. Putting x; = x, = &

=0, we get
A, =100,A,= 120, Z=220 M. I

Note that we are starting with a very heavy cost

(compare it with zero profit in maxi

problem) which we shall minimize during the solution procedure. Table 2.36 represents the pml
and its solution. ' 1% s of §
h.. oy . S
, -
i

0 Tl
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optimality test

TABLE 2.36

< 12 20 0 0 M M
Basis X X S S A A b 0

A, 6 o8 =1 Ry Yoo i s

A 7 (12) 0 -1 0 1 120 10 «

Z 13M M -M -M M M 220M

c-Z;, 12-13M 2020M M M 0 0

K Initial solution

-columns, initial solution is not optimal and can be
-column is the key column, Ap-row is the key
able, column A, is deleted from the next

. s negative under x;, X,
g, 5 mOSt negative under x,-column. x;
& #e key element. Since A, is leaving vari

towards on optimal solution
ierations results in the following tables:

TABLE 2.37
cj 2 0. 0 0 M
gy Basis X3 X, 51 S A,y b 0
- R A g salRggniigy 1 o0 o pEE
B ;e gREABAT 1 0. o A
5 3 549
g B ol Ao S M NG 200
5 5 ke
-4 5 2
cZ; g—gM 0 M —3‘—’3‘M 0
1K
cz Basis X X 51 )
2 x 1 g =¥ W

b
15
. e Ty
% ) % o
:f g \% %

- Optimal solution is A
=15, x,=5/4; Zmin = 205 Paise = Rs. 2.05.

C j"Z ‘j

|
l Wemce 15 grams of food X and 3 grams of food Y should be the required product mix with

4
= cost of Rs. 2.05. W - b
| /A
MMWPLE 2.17-2 o W3
2157 N 22 L ‘
Maximize Z = 3x; — X3, Qy/ 2 w )
subject to xS )

DECI S| ON TECHNI QUE ) 6
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ANSWER NO:-03
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- TRY 7
Wimize 7 = x; + 2x; + 3x3— X,
mtject to x;+ 2%, + 3x3= 15,
2x; + x5 + 5x3 = 20,
x;+ 2x; + x5+ x4= 10,
X, X X3, X4 2 0.
[M.D.U.B.E. (Mech.) Dec., 2006; PT.U.B.E. (Mech.) 2010; May, 2006,
C.Sc. 2009; PU.B.B.4, 2001]

Imroducing artificial variables Aj, Ay, As, the given problem in standard form is
maximize 7 —xl + kz‘l' BX3—X4—MA1 —MAz—MA3,
ﬂlli’l"ject to x1+2x2+3x3+0x4+A1+0A2+0A3— 15
le +X2 ax SX3 + OX4 + OA] +A2 ar 0A3 =20,
X +2XZ +X3 +X4+ OAI -+ 0A2 +A3_= 10,
X1, X2, X3, X4, A], A2, A3 > 0.

2 Imimial basic (non-degenerate) solution to the artificial system is

s =x=90,

A, =15
A2 =20,
A3 = 10,
Z =—-45M.

= 241 represents this solution. |,

TABLE 2.41

c 1 2 3 -1 -M -M -M
" Bass X1 X2 X3 X4 Al A2 A3 b 0

A, 1 2 3 0 1 0 0 15 5

A, 2 1 o) 0 0 1 0 20 4«

A 1 2 1 1 0 0 1 10 10

4 - 4M -5M  -9M -M -M -M -M —-45M

e—Z, 1+4aM 2+5M 3+9M -1+M 0 0 0
0 , Initial solution

SI ON TECHNI QUE ) 7
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Since ¢-Z; is positive under some variable columns, table 2.41 is not optimal.
Step 3. Performing iterations to get an optimal solution results in the following tabl=:

TABLE 2.42
G 1 2 3 M M
cp Basis X1 X x3' X4 A A, b 6
5 B e P )4 B 0 1 U R
3 X3 A P vty 0 0 e Lg% e
M A, ¥ 9+, b 1 0 1. 6 19
Z 6‘52M 3_156M g TRy
~-142M 7+16M
Pl 5 : e 0
P - Second solutiom
TABLE 2.43
G 1 2 3 Sl LM
Cp Basis X, X X3 X4 A, b 6
2 g os 2Ypting 0 0 0 1%
3 x3 ¥ 0 1 0 0 2%
g 0 (i ini 1) 1 17 el
Z; = Xcpay 7—$M 3 -M £ _1_0_5_"715_1\4.
a2, et o efler
T Third solution
TABLE 2.44
¢ 1 2 3 -1
cp Basis X7 X X3 X4 b 0
R e 0 TR AR
3 X3 % 0 1 0 2% 2%
4 X4 (%) D b Ny Y uacans) 1O
T=Sa A 2 b B ki
o TR 0 0 0
i 4th basic feasible s
TABLE 2.45
¢ 1 2 3 B
cg Basis Xibd X3 X3 X4 b
2- X 0 1 0 V. %

TECHNI QUE ) 8
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ol s 0 0 o s S
x 1 0 b e
-cya, 1 2 3 0 15
&7, 0 0 0 at 10
Optimal basic feasible solution

« se=w or negative under all columns, the optimal basic feasible solution has

o

— 5 SRER S

»_ﬂ\% X :E,xzz—z- 3=5 X4—0
| 5, =Ay=Aq = 0 and Zyy, = 15.

& e=merimenting with three types of bombs P, Q and R in which three kinds
3 omé C will be used. Taking the various factors into account, it has been
500 kg of explosive A, at least 480 kg of explosive B and exactly 540
s P reguires 3, 2, 2 kg, bomb Q requires 1, 4, 3 kg and bomb R requires
4 B and C respectively. Bomb P is estimated to give the equivalent of a
% 0 = 3 ton explosion and bomb R, a 4 ton explosion respectively. Under
swe can the Air Force make the biggest bang ?
[SVSM PGDM, 2009; P.U.B. Tech. (T.1.T) Dec., 2008]
= and x; be the number of bombs of type P, Q and R respectively. Then
gl for the problem is given by
A 2).'1 25 3x2 e 4X3,

3X1 + X7 + 4X3 < 600,

le =+ 4x2 + 2x3 2 480,

le + 3X2 A 3X3 = 540

X1, X, X3 20.
e slack, surplus and artificial variables, the problem is expressed in the

| &

i/

Z = 2x; + 3x, + 4x; + Os; + Os — MA, — MA,,

. ol 3x1+x2+4x3+s1 =6(X), n 3
2x1+4x2+2x3—s2+A1 =480, /Q/ 2
2x, + 33+ 3x3 + Ay = 540, : T

X1, X2, X3, 81, 52, A], Az 2 0.
sme x, = X, = 5, = 0 in the above artificial system, the following initial -

M. A, =480,A,=540;Z=-1,020 M.
@ 1 45 represents the above information. This table is not optimal and can be

o
wsowe iterations are represented in the subsequent tables. 3% S a5 13
TABLE 2.46 B 8
2 3 4 0 0 -M -M
= X X3 A Ab) Al A2 b 0
3 1 4 1 0 0 0 600 600
2 @ 2 0 —1 1 0 480 120«
2 3 3 0 0 et 540 180
- -M -5M 0 M -M -M -1020M
2= 3+7M 4+5M 0 ~-M ¢ 0 0 ;
T Initial solution

B. TECH V MECH (DECI SI ON TECHNI QUE )9




The Transportation Model D 287
Table 3.160
o} | =
From e £ .
A & 7 8 10

B 4 | 10 7 6

a
W
&
™
LSS

17

i

the optimum distribution for the company to minimize costs.

[PU.B.E (Mech) 1997]

E Y

“p the Transportation Table

production can be represented as additiona] factories, producing the item at their
g Sigher costs. For istance, shipping cost for the overtime shipment from factory A
D.E,Fand(}wiiibe5+5: EI,7+5=12,8+5= 13 and 10+5=15rupees

Similarly, from factory B to these warehouses it will be Rs. 8, 14, 11 and 10

o Fom C to them it will be Rs, 9,28,8and 17 respectively. Hypothetical factories for
wawction will have capacities of 70, 80 and 10 units respectively. As the total capacity

 ®e total demand, a dummy warehouse d is created to absorb this excess capacity
= 190) — (165 + 175 + 205 + 165) = 140 units. The modified matrix is shown in table

Table 3.161
‘ Capacity
fars E Fl% d
From
g 7 8 | 10 0
R N 25) @30y | 230
4 10 | 7 6 0
B las (165) 280
a0 11 0
- (180) 180
TR T 0
A a0 | 70
8 TR O T 0
B | 60 G0y | 80
y T B 0
G (10) 10
Demand

165 175, « 205 .. 165 140 Initial bfs
'Find the Initial Basic Feasible Solution

Salution obtained by following the Vogel’s approximation method is shown in table

Ik *erform Optimality Test

#ve solution is not optimal. The optimal solution after one iteration is shown in table
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Table 3.162
Capacity
ot it gl fomp bl o d
From
6 g | Ee TIR 0
A | o) a7s) | @s) 240
Ve ey N W 0
B Tas (165) =80
] & oy T oo 0
: , g (189) 180
; TR S5 o oy e e
| i 70y | 70
]
1 BRI gnE T
7- B 1 20 o) | 30
9 28 8 17 0
i c, s 1
5}; Demand 165 175 205 165 140  Optimal solul

i . 3.7 ADDITIONAL PROBLEMS

mpany has seven manufacturing units situated in different parts of the oa

i recession it is proposed to close Jour of these and to concentrate production i s
h ‘ three units. Production in these units will actually be increased from present leveio
1 require an increase in the personnel employed in them. Personnel at the closed
| their desire for moving to any one of the remaining units and the company is w
j‘ L them removal (transfer) costs. :

! The retraining expenses would have to be incurred as the technology in «
different. Not all existing personnel can be absorbed by transfer and a number af
will arise, cost of redundancy is given as q general figure at each unit closed

1

L

o [

A B &
No. employed : 200 400 300
(These units A, B, C and D are m |
Retraining costs in Rs. ‘000/person A B G
- Transfer to E 05 0.4 0.6
J R 0.6 0.4 0.6
G 0.5 0.3 0.7
Removal costs in Rs. ‘000/person A B &
3 Transfer to E- 2.5 36 34
- F 2.4 4.6 34
] G 25 257 3.3
8 Redundancy payments in A B &,
LN Rs. ‘000/person : 6.0 5.0 6.0
Additional personnel
I required at units ¥ E F G
BE Required > 350 450 200

(1) Obtain a solution to the problem of the cheapest means to fransfer persy
units closed to those units which will be expanded.

NI QUE ) 11
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Queuing Models D 927

ANSWER NO:-08

B ervice store employs one cashier at its counter. Nine customers arrive on an average
wees while the cashier can serve 10 customers in 5 minutes. Assuming Poisson

%or arrival rate and exponential disiribution for service time, find

wrage number of customers in the system.

sge number of customers in the queue or average queue length.

lrage time a customer spends in the system.

wrage time a customer waits before being served.
[P.T.U. B.E, 2001; Karn. U. B.E. (Mech.) 1998, 95]

Arrival rate A = 9/5 = 1.8 customers/minute,
I service rate y = 10/5 = 2 customers/minute.
werage number of customers in the system,

A 1.8
= e O
pn—-A 2-18
Mwerage number of customers in the queue,
S A 18 1.8
W e = =X =8l
4 w(p— A p (u=2) 2918
| Mwerage time a customer spends in the system,
1 1
W, = = —— = 5 minutes.

i (s

| Mwerage time a costumer waits in the queue,

W —E( L =45 minut
g oo > \2-18 .5 minutes

10.9-4.2

dgerson repairing radios finds that the time spent on the radio sets has exponential

am with mean 20 minutes. If the radios are repaired in the order in which they come in

i rrival is approximately Poisson with an average rate of 15 for 8-hour day, what is the

m's expected idle time each day ? How many jobs are ahead of the average set just
m rd

[PUB.E. (T&ILT) Nov., 2004; B.E. (Mech.) 2002 ; PT.U. B. (Tech.) 2010; 2000;

MBA May, 2002 ; IGNOU MB4 2000; GJ.U. B.E. (Mech.) 1996]

) 15 1
Arrivalrate A = —— = ~~ uni i
al rate 0% 0 units/minute,

B. TECH V MECH (DECI SI ON TECHNI QUE ) 18
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ANSWER NO:-09

Vustamers arrive at the First Class Ticket Counier 0] 4 Ireare o=
Sre is one clerk serving the customers at the rate of 30 per hour.
ol

(i) What is the probability that there is no customer in the counter (ie Ina

idle) ?
(ii) What is the pro 1
(iii) What is the probability that there-is no cus

(iv) What is the probability that a customer is beir
[SVSM PGDM, 2009; PUB.E. (T1T) Dec., 2008; F I

e 11

bability that there are more than 2 customers in the <o
tomer waiting to be serves

being served and no body = wuml

Solution
Here, Ni=12/hour, K= 30/hour.
(i) Probability that there is no customer in the system,
A 12 :
po:—‘l—; =1—§5 = 0.6.

(if) Probability that there are more than two customers in the counter

=py+patpst
=1-(pp+tptp)

2
=1—[p0(1+5+x~2)}
b

Sl {0.6 (1+1—2—+ﬂ) = 0.064.
30 900

no customer waiting to be served

" (i) Probability that there is
= probability that there is at most one Custom=" & W

12
= i = (.6t 0.65 — |5 0.84.
PoT D1 (30

(iv) Probability that a customer is_being served and no body is waiting = @

12
= 0.6 30 = 0.24.

EXAMPLE 10.9-4.13

tral railway station 15 computerised
t in any train on any day in any one of these

me spent per customer by each clerk is 5 mevmisy
activity periods have been calculated and =il
ey are willing to wait during each type & =

In the cen reservation counters Zre Sl
customer can book his/her ticke
eservation counters. The average ti
ivals per hour during three types of

been surveyed to determine how long th
Type of period Arrivals/hr Customer’s accepiani |
waiting time
Peak 110 15 minutes
Normal 60 10 minutes
Low 30 5 minutes
e how many <l

Making suitable assumptions on this queuing process, determin

be kept open during. each type of period.
[MD.U. Rohtak B.E. (Mecr %
o
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Fig. 14.36

15) For determining the expected project length, the expected activity times need to be
Buated. The same, along with the variances, are computed below. %

1, +41, +1 t,~t,Y
Activity ty ty (3 t, = . 6’" B ol =( = p OJ
12 1 1 7 2 1
1-3 1 4 7] 4 1
1-4 2 2 8 3 1
2-5 1 1 1 1 0
3-5 2 5 14 6 4
4-6 2 5 8 5) 1
5-6 3 6 1) 7 4
Length of path 1-2-5- =2 st — 0
length of path 1-3-5-6 =4+6+7=17, and
‘ength of path 1-4-6 =3+5=8.

Since 1-3-5-6 has the longest duration, it is the critical path of the network.
~ The expected project length = 17 weeks.
. c) Variance of the project length is the sum of the variances of the activities on the critical

B. TECH V MECH ( DECI SI ON TECHNI QUE ) 20
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V‘p = V1_3 + V3_5 =k V5-6 =3 1+4+4 =9,

o = 3 weeks.
(d) (i) Probability that the project will be completed at least 4 weeks earlier dhum
time:
Expected time = 17 weeks,
and scheduled time = 17-4 = 13 weeks.
. The standard normal deviate,
Z=——=-133.

For Z = —1.33, probability is 1 — 0.9082 = 0.0918 or the probability of commiss

arlier than expected time ie., within 13 weeks.

project at least 4 weeks e
d no more than 4 weeks later T w

(if) ‘Probability that the project will be complete
time:
Expected time = 17 weeks.
Scheduled time = 17 + 4 =21 weeks.
-17
zZ= =1.33.

p =0.9082.
ity of completing the project in not more that 21 weeks = SIS

Therefore, the probabil

(e) When the project due date is 19 weeks:
19-17
Z = =0.667~0.67,

for which, p =0.7486 or 74.86%.
. The probability of meeting the due date is 74.8
due date is 25.14%.

6% and the probability of not me==uy

0] Scheduled time = 20 weeks.

20-17 :
= Z= S 1, for which p = 84.13%.
(2 Value of Z for p=0.9 is = 1.28.

or T =17+ 3.84 = 20.84 weeks.

128 =

EXAMPLE 14.13-6
A PERT network is shown in Fig. 14.37. The activity times in days are given Sy S

arrows. The scheduled times for some important events are given along the nodes. Determim
critical path and probabilities of meeting the scheduled dates for the specified events. s

the results and determine slack for each event.
1

Fig. 13.37 e ‘
[H.P.U. B. Tech. (Mech.) June. 2~ |

B. TECH V MECH
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. > oPC I0T €ach activity and the normal direct cost of the project is calculated.
= shown in the taple below. :
Activity ) 1-3 2-4
Cost slope

5-6 6-7

Fig. 14.59

_' 2T
LI A
L3 T
= I

9 The critica path is 1-2-4-6.7
W) Normal duration = 27 days.

Normal cost = Rs, (470 + 22 x 10
Now represent the network on time

) = Rs. 690.
-scaled diagram. Thjs is shown in
3(1), 10 4(2), 30

Fig. 14.60.

Fig. 14.60
LCrash activity -2 by 1 day.
The various alternatjye activities an i
h«!:tivity Cost

Since activity |

-2 has the Jowest associated crash cost of Rs. 20 per d

ay, it is crashed by one
A Crash cost = Rs. 20,

\ project duration = 21 days.

B. TECH \ MECH (DECI SI ON TECHNI QUE )22 -
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The network is shown in Fig. 14.61

3(1), 10 .

6(4), 55

42,70 (3

et
001 2 340 6 7 ac9 10! 1213141516171819202‘

Fig. 14.61

Crash activity 6-7 by 1 day.
The various alternative activities and their crash costs are given below.

(a) Activity Cost (b) Activity Cost  (c) Activity Cost (d) Actv
Rs.) (Rs.) (Rs.)
12 20 24 50 46 55 67
1-3/3-4 55 2-5/5-6 Nil 2-5/5-6 Nil
1-3/3-4 55
75 105 55

Tl

, Crash a
. Now act

The net

i

The

Sl

Since activity 6-7 has the lowest associated crash cost of Rs. 35 per day, it is &=

day.
Crash cost = Rs. (20 + 35) Rs. 55,

project duration = 20 days.
Crash activity 4-6 by 4 days.
As evident from the above table, next activity 4
Rs. 55 per day and as seen from Fig. 14.61 it can be crashed by 4 days.
: Crash cost = Rs. (55 +4 % 55) = Rs, 215,
project duration = 16 days.
The network is shown in Fig. 14.62.

3(1), 10 4(2), 30 o

4(2), 70
g 1011 A da 14980
Fig. 14.62

0123456

Crash activity 1-2 by 1 day.
Next, activity 1-2 is crashed by 1 day at a cost of Rs. 75 per day.
; Crash cost =Rs. 275+ 75) = Rs. 350,
project duration = 15 days.
The network is shown in Fig. 14.63.

3(1), 10 4(2), 30 2

8 91011121314'5

PG G g
Fig. 14.63

TECHNI QUE ) 23
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Crash activity 2-4 by 1 day.
Now activity 2-4 is crashed by 1 day at a cost of Rs. 105 per day.
£, Crash cost = Rs. (350 + 105) = Rs. 455,
project duration = 14 days.
The network is shown in Fig. 14.64. No further crashing is possible.

3(1), 10 NG 4(2); 30 1

4(4), 20 4(3), 50 4(4), 55 2(2
? i 5 {5%%C>

42,70 .~ 4(4),55
g

0F 253 4 S5 - 8- -7e=8) 9. 1041512 13 4
Fig. 14.64

The complete crashmg of the network from 22 days to 14 days can be represented in a single
eram (Fig. 14.65).

3(1), 10 __ 4(2), 30

48 8(4), 20 ,[45(3) 50 48(4), 55 f 2400) o
™\&rag

(E‘v(Z) 70 K\Jﬁ('i) 55 Cl.

01234567809 1011121314 151617181920 21 22
Fig. 14.65

Minimum total time = 14 days,
corresponding cost = Rs. (690 + 455) = Rs. 1,145.

MPLE 14.14-3

The following table gives data on normal time and cost and crash time and cost for a project.
(a) Draw the network and identify the critical path.

(b) What is the normal project duration and associated cost?

(c) Find out total float for each activity.

(d) Crash the relevant activities systematically and determine the optimum project time and

Activity Normal Crash

Time Cost Time Cost

(weeks) (Rs.) (weeks) (Rs.)
1-2 3 300 2 400
2-3 3 30 3 30
2-4 7 420 5 580
2-5 9 720 7 810
3-5 B 250 4 300
4-5 0 0 0 0
5-6 6 320 4 410
5-7 4 400 3 470
6-8 13 780 10 900
7-8 10 1,000 9 1,200

4,220
Indirect costs are Rs. 50 per week. [L.C.WA. (Final) Dec., 1988]

B. TECH V MECH (DECI SI ON TECHNI QUE ) 24





