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Al 19
SIGNMENT PROBLEM

the number of machj M, the number of jobs available
-hine and each ms hpes-_Each job is assigned to only
one & CNine ig assigned only one job such

total cost is a minj
hat the . Imum, : ; :
(tm 1 one-to-one basis. That is, the assignment is

This kind of problem ig faced in assigning planes/ crew

(o commercial flights, b.uses, conductors and drivers to various
outes, managers to different brapches. etc
, etc.

When there are more jobs than machines, excess jobs 2]
are not done. W. hen the number of machines is more than
the number of jobs, excess machines remain idle.

For exarl.lple, consider thé f_ouf jobs A, B, C and D and
the four machines I, IT, III and IV, Let the unit costs be as
follows : ' ; '

Machines
Jobs :
I | || v
A 30| 25| 26 | 28
B 26| 32| 24 | 20
C 20| 22| 18 | 27
D 23| 20| 21| 19

That is, let the cost of assigning job A to machine I be
, the cost of assigning job A to machine II be 25 and so on.
objective is to find the choice of assigning the four jobs
the four machines such that each machine gets only one
and the total cost is the minimum.

An assignment problem is a special case of transporta-

SN problems in which

Number of origins (jobs) 1 = '
; l?umber of destinations (machines), n

: nuﬁlber of units of i'ﬂ.l source allocated to j** destination,

i " s S,
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th machine is assigned the i'! jo}

' y J
_1if th
i h
i _pifthe et machine is not assinged the ith jq,
(x.. i 2 dlchotorﬂy which takes a value 1 or ()
X;; 1
n .
= i=1,2,...,n
a. = ZXU =1
1 j:l
n : _ -
b.=ZXii =1 je=l, 2y
im0 |
Th following is a model assignment table :
Jobs | Machines B
obs , o
el Y
Ml M2 Y e e e M_] i @ —ML
__———'——'__———'-—____—i .

J cy | G2 “% ¢,
Jy gy | 22 Coj G
. : ~—~ .s c
J. ¢y C.o R C; ]
‘ £ C_. t C
Jn “n1 “n2 e nj nn

.. is the cost when _]th machme is a551gned ™8 job.
ij:

Mathematical Model ; PP, Iis
An assignment problem is a spec1a1 case of LFE

mathematical model :

Minimize Z = Z Z C.. X,
i=1 j=1 J

subject to the constraints

ij

- :
>Xj=1  i=1,2...,n
j=1
Yxi=1  j=1,2:...,n
1=1

and (non-negativity restriction ) X;; = oorl
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ullgarian Method

Hungarian Method ig alsg | ’ |
Matrix Method, [ called Flood’s Method or
_one in each row anq

n Zel‘OS .
imal solution.

the opt
The following-are the steps:

Step 1 : (A necessary and sufficient condition)

Check whether it is a balanced problem. That is, find

out whether the number of rows and the number of columns
re equal in the cost matirx,

If not, add necessary number of rows (called, dummy
rows) or necessary number of columns (called, dummy
olumns) as required to make them equal in number. Each
cost) element of dummy rows and dummy columns is zero.

Step 2 : (Reduce the elements of each row)
m

'Identify the smallest cost element in each row and sub-
ract it from all the elements-of the row and get the reduced
atrix. : | :

Step 3 : (Reduce the elements of each column)

Identify the m cost element in each column of
e reduced matrix obtained in step 2 and subtract it from all
e elements of the column and get the reduced matrix.

Thus, each row as well as each column has at least one

Step 4 : (Make the assignments)

- (a) Examine theﬁs one by one. If there is only one
0 in a row, make the assignment by drawing a square

Pund the zero [g] and cross out all other zeros (X) in its

0 (b) Examine the columns one by one. If there is only
m Zero ip g column, make the assignment by drawing a

fqil?are around the zero [0] and cross out all other zeros (x)
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Low and / or any column has two or more

1y that TOW / column.

) through (c) above successively until a]]

sible assignments (0] and cross outs ‘(%) are over.
S .

. (Test for optimality)

[f each TowW 8% well as each column has exactly one

- ‘t .S O t_m :
asmgnment @, the curI_‘ent a831gnment is opti al.

o is at least one row or column withoﬁ: 0
next step. ;

If ther
assignment, 0 to the
Step 6 : Draw the minimum number of horizontal and

/ ctical lines and cover all the zeros.
If necessary, those TOWS and columns may be identified
as follows :

‘2) Tick (V) the rows which do not have any assignment.

(b) Tick (v) the columns which have crossed zeros in
the ticked rows. ' '

(¢) Tick () the rows which have assigned zeros}n-ﬁﬂ
| ticked columns.

(d) Repeat (b) and (c) above until no more ticking I8
possible. ' ' — o

| | (e) Draw lines through all unticked rows and ﬂé'_‘i.

i columns.

; :
matrift;fgmvti,ldentify the smallest element of the n?:::
Subtract that e elementg which are not covered by thgs. | u\d
add it to all t}? umber from all the uncovered elel:’dellil;i‘°$
Don’t ch e elements at the intersections of the &%
change the other elements which lie along the lin¢®

. 4andr teps until a8°%
B mal solution is obtaineg_ epeat the 8P s |
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ote : 1. Alternative opip, ) o jutions exist when the
. ﬁssjgnmem matrix (step 4(¢)) contains more than the
fini ol number of zero elements,
9. A maximization problem (;‘an be

the given profit matriy ag follows -
¢t matrix, every

loss matrix.

solved as above after

From the largest element of the profi

nent i? subtracted to get the opportunity

ele
(or) |
All the elements of the profit matrix 1s multiplied by ~1.
gxample 1 : Solve the followiﬁg ninimal assignment
problem by Hungarian method.
Machines
1 2 3 4
96 | 17 | 11

13| 28| 4 | 26
38 | 19 [ 18 | 15

19 | 26 | 24 | 10} -
(B.Sc. Bharathidasan, A 03)

Jobs

O Qwp

Solution :

Step 1: The number of 70
It is a balanced problem. 1t is S0

Setp 2 : Reduce the clements of each row :

9, 4, 15 and 10 are the smallest elements in the first,

second, third and fourth rows respectively. 9 1s subtracted
from the elements of the first 10w, 4, from those of the second

ws = The number of columns.
lved as follows :

row, ..., The reduced matrix (a) 18 given below.
Machines Machines
1 2 3 4 1 2 3 4
Alo|17]8 |2 Al o0|13]8 2
JobsB [9 22 [0 [22 | gobs B |2 {20 0 |22
g 23| 4 |3 |0 cl23[0[3]0 11
9 [16 |14 | O D| 9[12]14( 0 E

(a) (b) 3



.o the eleme_ ts of each columr
7P m lest elementsv"k
0 and o 'th Colﬁmnﬁf gpectlvely 61
second, jrd an a0 o the first column, 4, from tho:
ele me“ ~ The redur,'éé matrlx (b) “lS‘ riven

1umn’
previous pagé ke the asslgnments

a
Step 4frst <econd aﬁd fourth rows, theré
In the fITsh s ares are drawn around them. '

5

geroin eaeh 00 olum 18 crossed. While cons
efo mwtlse thn .5 only one zero in the .secon |
column Rl i s
drawn al‘o‘m i

A square 18  Machines i
Jobs R T :

p |9 12|14 |[0]]
Step 5 : Test the optlmahty ' =
Each row as well as each column has

assignment [0]. The optlm"
The ass1gnment schedule ‘ 8
A 1:B53C > 2andD-—> 4

The minimum as::‘,lgnm‘entﬂqgst: Lics ;

% /‘

problem :

Job

NG SR VI

R Tl R P
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golution :

step 1 : The numbey of ¢
0
| balanced problem., It WS = The number of columns.

{8 "
I Step 2 * Redvce the g)g Solveq ag follows :
Ments of each row :

cond third and fourth rowg :

ge
| from the elements of the first v,

1‘0“"7 ©!

leagt elements in the first
espectively. 39 is subtracted

W
~ The reduced matrix (a)’ ?3;:;2 Zh(l)se of the second
elow.

Worker
A B C D Worker
| 1]2(3310]13 1 f; ;38 C D
w2 [ 017 [27[48 ] b o[ 0] 2 207 366
31011213 24 3 ol 7[33[17
410151817 sl o0l o0]3]o
@) (b)

Step 3 : Reduce the elements of each column :

0,5,0 and 7 are the least elements in the first, second,
third and fourth columns respectively. 5 is subtracted from
the elements of the second column and 7, from those of the
fourth column. The reduced matrix (b) is given above.

Step 4 : Make the assignments : |

There is only one zero in the first row as well as the
second. Squares are put around them. The other zeros, in
the first column are crossed. There is 10 Z€T0 in the third row

and there are two Zeros in the fourth row. _
There is only one Zero in the second column. A square

is put around it. The other gero in the fourth row 1s crossed.

They are shown in the matriX (c) g1V
| Worker
A B C D
1] 2 ?3 @ _E_- 1
Job 2 |01l 2 |27 _.EE—- Job 3
s Tw | 7 [33[ 171 .
s |[0]| 3 X




Step b
sn :
The tlurd row doe t haVé; En B.BSIgannt,,g .

foul‘th co]umn

, :

drawing lines along the first and the

step 6 : DY
he first columit, all the zeros are covefed

ows and b
If there is an 1fﬁculty 111 aetermlmng as ‘
‘
is given above and - resultan{;;
(a) Third row
(b) In the third row, crossed& zero is. in the ﬁre :

The first column 18, hence, tlcked

(c) In the first column aSSIgned zero 18
row. The second row is, hence *tlcked % t'
e is 1O crosse‘: "zerotm the second row H

(d) Ther
(b) and (c) could not be repe ted

elements 28,0,6,0,0,0,
revised matrix (e) is’ gi:/er:

Worker
A B C D
1[4]28[0]6
ik el A BB B4
310 5131]15
41210380
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step 8 ¢ The asgj '
Step gnments are made as in step 4 and

( ho‘-"“ 1n (ﬂ 1n the Pl‘evious Pa "

In the first and the th

ird .

! 0 is only one zero
| ch. Squares are put arg,, ws, there y

} l.‘: » .

N they,. The other zero' in the

put

/ The assignment cost ig

; min.Z='39+29+27+52=147 —7

| e

/ Example 3 : (Alternative optimum solutions)

Solve the minimal assignment problem :

I II 111 1V

30 25 26 28

26 32 24 20

20 22 18 27

23 20 21 19
g (B.Com. Madras, A 03)

Uaowr

Solution :
Step 1 : The number of rows = The number of columns.
Itis a balanced problem, It is solved as follows :

Step 2 : Reduce the elements of each row :

25, 20, 18 and 19 are the least elements in the first,
Second, third and fourth rows respectively. 25 is subtracted
from the elements of the first row, 20, from those of the second
'ow ... and the reduced matrix (a) is obtained.
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L T 1 A0
L A 340U
N J
Ié 9 4 0 9. ¢ 0 4
D 4 1 2 G D 2 1
(a) : (b)
Step 3 . Reduc® the elements of each column
9.0 and 0 are o the least elements in the
| columns respectively. 2 18 sub

: d, fourth
third an < of the o first column. The reduced

ake the asmgnments
7ero each in the ﬁrst two
m. The other zero in the fou

crossed. While consuiermg columnwise, there s oniyone
:n the first column. A square is put around it. The the
:n the third row 18 crossed They are shown in tl ,

given below. .
gt 1 g v

There i8 only one

slgnment

cover the zeros is threa
fourth column). Refer tchhq f@::é:
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0 It has. tht:) crosseq
i column in ticked.
i

(©) The fourth COlumn has
he second row is tickeq,
W

od 2070 in the second roy,

€10 iy the fourth column. The

assigned zero in the second

) is possible as there is no
0

(e)_Th.e ﬁrflt EIl-;ld e t.hird rows are unticked. The fourth
jgmn 18 ticked. tience, lines are 4yawn along them.

step 7 : In the matrix (d), the uncovered elements are
19, 4, 2,1 and 2. The least alhong them is 1. Hence, 1 is
jtracted from them and is added to 3 and 9 which are at
@ ‘ntersections of the lines. The other elements along the

nes 3, 0, 1, 0’.0’ 4,_0 and 0 remain unaltered. They are
yen in the revised matrix (e) below.

I II III IV I II III IV

A 3.0 1 4 ' A 3 (ol 1 4

B3 AL 8.0 B 3 11 3 [0

¢ 048 10 ¢ [o] 4 x-10

DA 0, D D 1 X 1 X
(e) | (H)

Setp 8 : The assignments are made as in step 4 and
shown in the matrix (f) above.

There is only one zero each in the first and the second
rows. Squares are put around those zeros. The other zeros in
the second and fourth columns are crossed. There are two
:ros in the third row. No zero is available in the fourth row.
[n the first column, there is one zero. A square is put around
it. The other zero in the third row is crossed.

Neither the fourth row nor the third column has any
assignment,

As in step 6, by drawing lines across the third row, the
%econd column and the fourth column, all the zeros are ¢V
*ed. Refer to the matrix (g) overleaf



smﬂar to step 7.3, 1 3,
vere ele nts. "P'ﬁe S_mallest among ﬂf
the unco from’ 1 of them and is adde

e
ersectlons of the lines. Th
.0,0,0 and 0 afé ieff uncﬁanged.

) above. g
In the second TOW:’ %here is only one zer
r put around it. The other zero in the fourth colur
The other rows and the other columns have mo
sero. Hence, the asmgnments arefmade arbitrarily

l". R
PEYAMRT l
e il

A
\ «B
C

D 4
/A—>IIC_;1D

2 Jwé’) L.
>
L / B
Jri2 f
A 7 J'Yh&g ' v C
7 y}_ ! D




A2 ,
o] 4
B 2 1 : [ﬁj

A->IIEC 5 1, p >IN g gy
The assignment €ost 1 26 4 9 +20 + 20 = 86

Machine
Job I 11 11 v v
20 21 14 12 18
17 21 20 24 99
15 16 19 22 94
23 25 21 720 17

gaowp

Solution :

Step 1 : The number of rows = 4; the number of
lumns = 5. [t is an unbalanced assignment problem.

Hence, one dummy row with elements, zeros, is addeq
d shown in (a) below

Machine Machine
Job I 11 m1 IV V. Job

I II 11 IV vV

A [20]21|14] 1218 Als8|l9ofl2]|ols

B (172120 24 |22 Blo|43] 715

C [1516 [19] 22 24 Clo|1]4]7]9

L |23[25 2120 [17 D|e|8|[43]0

Pummy (0 T [0 [0 [0 | vummy|0 0T 01 0 To

(a) (b)
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duce the elements of each row :

19,17, 15 ;7 and 0 are the least elements in the f;

vthlf , fou +th and fifth rows respectively llrst

gubtracte from b the elemeﬂts of the first row, 17, fron,l ﬂ?l
' - The resulting matrix (b) is gI:en

y

overleaf.
| q ; Reduce the elements of each column :
0 is the 1eas
tracted from the €
Step 4 ¢ . Make the aSSlgnments
There 18 only one Zero each in the first, secoﬁ&md |
fourth rows- Squares are put around them. The Othetmos

. the fourth, first and fifth columns are crossed. Ther
only one zero in the second column. A square is pu. , o
in the fifth row is cros»ed The r

st clement in every column When 0 is Fﬁb-
1ements there is no change *

matrix (c) is given below.
Job Machine Job Machme |
0 I T IYER . I My

Alsl 9] 2|[0d 6 A o T ol
sl «|3|7)8] B @ 3| 7]s)
clel 1479 R g
plefs|4]|3}fO] D

Dummy| % | [0]] % | X | X »Dumﬁw. —

(c)

ISqtep 5 : Test for memahty
as either the third SESERE the thire
signment. e * «
and ﬁft}? p6:By drawmg ﬁhe four hnés
ered. R fmws and the firgt column, a.]]:
Iten?; tgbthe matrix (d) above’ ~
y be done b L
y the"
(a) The third row has gglla:x;nng _
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(b) It has the crossed gy, -
ol 0in the first column which is
g (C.) The f-iliftdCOIan has asgigned zero in th
oW ich 1s ticked. Assigl ero in the second
I'O e '
(d) No repetition of (, . _
25 110 crossed Zevo, ) and (c) is possible as the second
he first,
(el) rrl;ln 1S tick:gugh and fifth rows are unticked. The
frst cOMY - Hieénce, lineg are drawn along them.
Step 7 ; hl‘ the matrix (d), 4, 3, 7,5, 1,4, 7 and 9 are
the uncoveree € ements. The least among them is 1. Hence,
118 subtre-wted fror.n them and is added to 8, 6 and 0 which
are at the intersections of the lines, The other elements along
the lines 9, 2, 0, f?, 0, 0,’ 8,4,3,0,0,0,0and 0 remain unal-
iered. They are given in the revised matrix (e) below.

Machine | " Machine

(oW

b I II LI IVV Job I II NIV s
Afoa]of2lo]s6 Alo]9o[2]o]s
Blo|3|2]|6]4 B (0|3 ]|2|6]¢
clofo]s]|6]8 c|x|@l|3]6]8
D78430'.D7843@
mmmyloOOO.Dmmylx@ﬂﬂ

3 (e) @
tep 4 and

Step 8 : The assignments are made as In 8

' shown in the matrix (f) above.
There is only one zero each in the first two rows. Squares

‘ th
are put around those zeros The other zeros in the four

o is left in the
- and first columns are cros®

d. Only one zer g -
. . 10 n

¥ third row, A square is put around 1_t. The o‘thildz&e oroin
. second column is crossed: it pul: mlou n is cros

. . in the fifth colum und
; he fourth row. The other z::;is gtage. A square 1® put a7

ed.
d. Asqu sed.
; Only one zero is left blank &
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The optimal assignment schedy]e :
Ao IV;B = 1,C —) ILD v
(Machine IIT 18 kePt idle.)
The minimum assIENMENt (total time) -
12 + 17 18 %
Example 5 (Maximization Assignm
< Find the‘maximll_m pr.ofit from the follow
problem. Profits are given ln. rupees.
Machine
Job A B C D "

17 = 62 hOurs,
ent Problem)

ing assignn ot

1 |17 | 23| 25| 13 25
2 1251 9 | 13| 6 [ 21
3 (26| 12 18 15 [ 22

4 [7 2326 21 21
5 (14| 18] 25 | 20 | 24

Solution : The maxim.ization‘ problem can be solveq
by any one of the following two methods.

Mefhod I : All the elements are subtracted from the

greatest element 26 to get the opportunity losses. The prob-
lem is then solved as in minimization problems. ‘

Méchine | Machine

Job A B ¢ D E Job A B C DE
1193811371 1{ 8] 2 o[
2 1117 [13]20 5 21 0| 16|12|19|4
310114 (8 (1124 3| of14f8|n}¢
Y1913 To 5 (3 4f19] 3 o5}
5 2] 8 TTsTs 5| 11| 7 |05 ]!
Opportunityﬂﬁasaes (a)

Step1:Th y = f columns
It is a balanceq ® Dumber of rows = The number of ¢

Prob] : :
Step 2 : Regu. | It i8 solved as follows

uce the glements of each row : e

1,1,0,0and 1 are the least elements in the respect!!

rows. 1 is -subtracted from the elements of the first ro% i;
ﬁjom those of the second pow The reduced matrix o
given ahove. U
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step 3 : Reduce the ele

0.2,0,5and 0 are thgq)
m,S- 0 is subtracted fy,
L

ents of each column:

®ast elements in the respective
M the elements of the first col-

) ; €ond column . . . The reduced
-,'.'.:11 . (b) is given below,
rl

aalld .
' Machine

Machine
Jjob A B C D E

Jb A B C DE
—

18'007~T18@K7H
2011121 U 4 ol (o] 1a] 12| 1e]a
3(011218[6 |4 3| w|12] 8 6|4
41971101015 411901 [0 x[5
5 11115101011 5, 11| 5 x_(_)_//l
(b) () /

Step 4 : Make the'as\s'ignments :

Asquare is put around the zero in the second row. The
other zero in the first column is crogsed. A square is put across
the zero in the second column. The other zeros in the first
row are crossed. There are two zeros each in the fourth and
fifth rows. Squares are put across two zeros arbitrarily and

the two other zeros are crossed. They are shown in the ma-
trix (¢) given above.

Step 5 : Test for optimality :

. Neither the third row nor the fifth column has any as-
Bignment,

Step6 (a) The third row has no assignment. It is ticked.

)In the third row, crossed zero is in the first column.

8t colump ig ticked,
Yoy, (¢) In the first column, assigned zero is in the second

"€ 8econd row ig ticked.

oy |, No repetition of (b) and (c) is possible as the second
810 croggeqd zZero.,

| r§t ®) The first, fourth and ﬁfth rows are unticked, The
“lamy is ticked, Hence, lines are drawn along them.

e fiy
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They 2r¢ show™ in the matrix (d) given below
1€) ¢ S )
] Ob M achln e J ob Mach ine
‘ ¢ D E A B
A B C DEg
J
4 12 | 8 6 | 4|V gl 0| 81|41} 210
" b 41231110015
: —1 51 15| 5|1 0] 01
(d) (e)

il In the matI‘iX (d), 145 12’ 141 4’ 12, 8, 6 al'ld4
are the uncovered elements. 4 is the least among them. It is
subtracted from all those elements and is added to 8, 19 and

the intersections of the limes. The other ele-

11 which are at

ments 0, 0, 7, My ¥y 2 0’ 07 5, 5’ 0: 0 and 1 are 1eft-lm-
] in the matrx (e) above.

Step 8 : The assignments are made as in step 4 and

shown in the matrices given below.
ero. In the second column, there

In no row, there isoneZ
is one zero. A squaré is put around it. The other two zerosit

the first row are crossed. |
As there are two zeros in the remaining rows and cok
umns, the subsequent agsignments are made arbitraril}

Hence, the following alternative optimal assignments :

1. Job Machine

_ABCDE__}
112['6\.;{7)(_'
2@10810__5_.
31(8.42@
o L [0 | [ 2 Lo

1

5)
15 B2 L15 ° x @ I
' “’A;3—+E;4——>C;5-——>D

Max. Z = 23 + 25 + 22 + 26 +20 = Rs. 116.
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’ 300 Machine

| 1_{L;&Mg T
2

2LTT%%\§; :
BhQTTTTr 2 | [o
4 _E?TLY 0 5
S ??E X 1
1 B2 5 A3 E 43D 550G
thZ=23+25+22ﬂH+25—Rst
; Job Machine |
A B ¢ »p E
L1210 x| 7 [x
2 | % [10|8[10]Tg
3 1[0 8| 4]2 X
41230 1 ([0 x|
51155 x| 1

5> B2 5 E3 5445 C55D
Max.Z=23+21+26+26+20=Rs. 116.

4.

Job Machine

A B C D g
LL12 1 [o] | x| 7 | x
2 % | 10| 8 | 10 @
3108 |42 ]|x
4128 1= |[[0][s
5115 6 ([0 x | 1

1“)3;2—-—>E;3——)A;4”"D;5">C‘
Max.2523+21+26+21+25=Rs. 116.
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¢he elements are multiplied by -1.”
10 ] : _ plied by -1. Th
Meth"d Solved as in a minimization problem. ;

probl‘3 is the? fter its el '
_ patri¥? er its elements are multiplied by -1:
The givel Machine
Job A B G D E
R : 1
1 17 |-23|-25 _13 |-25
9 o5 |- 9|-13 |- 6 |-21
N e —
B _26 |-12 ~18 [-15 ~22
4 |- 7 |-231-26 _91 |-21
K _14 |[-18 95 |-20 —24
o |74¥ |
Step Th amber of rows = The number of columns,
It is a balanced P plem. It 18 solved as follows |
Step 2 . Reduce the elements of each TOW
B <25 _96, -26 and -25 are the least elements in
25 18 subtracted from the elements of

the respective rowS. ~
95, from those of the s

the first row, = .
reduced matrix (a) 1S found below :

econd TOW . - - The

Job Machi_ne
A, B C p E
1|8t 2. o |12 0 |
o [odae|12]19 4
3 [of14]| 8 1L 4
i iet 8 10,1 B 5
5 | 11 1
(a) D

ol '{Eiz is the same matrix which was obtained 1D step ?
y Method 1. Hence, the subsequent steps and the solution®
are the same as in Method 1.
‘-S‘J"lample 6 : (Restricted Assignment Problem)
cannot(;) Ze th.e following assignment problem (opera‘xtorl
o assigned to machine C and operator 3 canno® be
assigned to machine D) :
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MﬂC]line
A B ¢ D
I |50 50 20
2 170 40 g9 30
3 190 30 50 -
4 |70 20 g 70

(B.Com. Madras, O 2K)
Solution : In minimization problems, the costs at the
restricted cells are infinity (00). When any finite cost is

Subt,rac.te_d_from thel-:n, they remain infinity. Hence, there is
no possibility of getting zeros in those cells. -

The procedure is similar to that of unrestricted
assignment problems.

Step 1 : The number of rows = The number of columns.
It is a balanced problem. It is solved as follows :

Step 2 : Reduce the elements of each row :

20, 20, 30 and 20 are the least elements in the respec-
tive rows. 20 is subtracted from the elements of the first row,
20, from those of the second row . . .. The reduced matrix (a)

is given below.
erator ~ Machine Operator Machine

A B0 D A B C D

1 [30(30] -( 0O .| 0130] -10

2 |50(20] 0110 2 20]20| 0|10

3 1600 |20] - 3 | .30] 0 [20] -

4 | 50| 0 |40/ 50 4 |20 0 |40[50
(a) (b)

Step 3 : Reduce the elements of each column :

30, 0, 0 and 0 are the least elements in the respective
®lumns, 30 is subtracted from the elements of the first
@lumn, Ag 0 is subtracted from the elements of the 9ther
?Olumns’ there is no change in them. The reduced matrix ()

18 given above.




832
i Jke the assignments :
Step *°
ut around the zeros in the second and

gquares L - :
" he other zero in the gecond column 18 crossed. A
third oW ~ d the zero in the first column. The other

u alo B .
szz\rlj:n o first row 18 crossed. They are shown in the matrix
(c) giver pelow:
Operatol qchin€ Operator Machine
A B ¢ D A B C D
v/
1 @ 30 | - X 1 3
[ "] e [T ol
o |20|20 foJ| 10 o |o0t2prtene
___,_..-___.———‘/""_- o
3 |30 @ 201 - 8 30 20! - |v
s |20 40| 50) 4 |20 40|50/
(c) | (d)
Step 5 Test for optimality :
Neither the fourth row nor the fourth column has any
assignment. : |
Step 6 : () The fourth row has no assignment. 1018
ticked. ‘

(b) In the fourth row, crossed zero is in the second col

umn. The second column 18 ticked.

(c) In the second column, assigned
row. The third row is ticked.

(d) In the third row, there 1s NO crossed zero-

(e) The first and the second rows are unticked. The s&¢
ond column is ticked, Lines are drawn along them.

They are shown in the matrix (d) given above.
2 ufc‘:i;’e; Inl the matrix (@), 30, 20: - 90, 40 and 5 ;‘lj
subtracted frotfl i}r\nents' 20 is the least among them.- 2 art
porioug SR em and is added to 30 and 20 which ’
o010 10/ and‘%ns of the lines. The other olements i
o iy remain unaltered. They are shown 't

given in the next page.

zero is 1 the third

e



