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91 ASSIGNMENT PROBLEMS.

.Inpract'%cal .ﬁeld we are sometimes faced with a type of problem
:i;lcl);oilomsts in assigning men to offiges, jobs to machines, classes in
) problemsrotom;.,fcfirlve:rs to trucks, delivery trpcks tp different routes
e o o different rese'ar.ch teams etc. in which thg assignees

arying degree of efficiency, called cost or effectiveness. The
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o the total cost or cffectiveness or mllximi/:m the
minimize: , 211 the jobst For example, lhc_nmlnagcr of a firmp
1»L‘|'1«11‘j11‘ll;:5 ;lﬁndin(Y the best assignment of m jobs to hi mempr b |
ll}plk‘l—t‘stllt\i\ l;'lwignm:‘nl problem _is a spgu'al type of trans n'y(_.&
problem n which the abjective is (0 optmmize the effctof i
a2 number of jobs to an equal numbq ‘ ‘,ludlt(;(is : t, e.-]obs and facilme\ _
assienment problem represent or|g|ns(jm %U?ldl‘l'olns in "ilnxp(,m[‘i i
prot;lcm. As only one job 1s assigne to one facility, the cost matr(:n
matrix IS 0:; :
()n-nega[i\,a
ust be e"he;

s always a square (in gel_lcral) ; but in transportation, the
any order. In transportation, the _varlable may b-e any n
intecer (including zero) but in assignment, the variable m
Zero OF unity. ' - | |

If ¢ be the cost of assigning the i-th job to the j-th facility, |
we can represent the cost or effectiveness matrix in the tableg, iy |
in the previous page. . o ,

_ The tableau represents that only one unit of job is available fo One

facility. The assignment i$ to be made In suc.h.a way that each job ¢z |
be associated with one and only one facility. The problemis , |
determine our assignment of job to facilities so as to minimize f |
over all cost.

92 MATHEMATICAL FORMULATION - OF THE
PROBLEM.
Assuming that c; is the cost of assigning the i-th job to the j-th

facility, we state the assignment problem mathematically as :
Determine x;2> 0, i,j= 1,2,

U_ ------ ’ m
. . m ’ m I
which optimizes the total cost z= £ ¥ Cij Xij
f=1j=1""
subjectto X x;=1, i= 1,2, ...... , m 4
j=1
and Lx=1,j=1,2,..... . ,m e @
i=

' , . licit |
: The requirement x,> 0 in the assignment problem has the exp
orm

1, if the i-th jOb be assigned to the ]'..th facillty
0, otherwise ; o8

; m!
and as such the assignment problem is not a linear ngram

problem as the variable x, j €an assume only 0 and 1. ¢ |

f

. . i to 0
The constraints (1) insure tha only one job is asSlgne(:‘oU'dbe ’
person and the constraints (2) insure that only one person S J




ASSIGNMENT PROBLEMS
363

d with one job and as such the

B variable to e
f each variable to either Q or |

Y restrict the possible integral
yalues ©

03 SOLUTION OF THE ASSIGNMENT PROBLEM

lation of a i

From the formu n assignment probl it

a] class of transportation problem i ey o aoe It 1 i
spec in which

m;n,di: l, i= 1,2’ ...... ,m and bjz ]’j= 1’02

At first consideration we may be tempted to solve the assignment
problem by the transportation problem algorithm. But for the reason
given below we shall develop a special algorithm for the solution of
fese problems instead of trying to use transportation problem
dgorithm directly.

In assignment problem we observe that a basic feasible solution for
the constraint equations will consist of ( 2m — 1) variables. But as is
seen from the constraints that every basic solution will consist of m
basic variables equal to 1 and ( m — 1) basic variables equal to 0 and
a such the basic feasible solution will have a high level of
degeneracy. Hence, if we apply the transportation problem algorithm
losolve the assignment problem, then we shall have to perform a large
number of iterations for the resolution of degeneracy until the optimal

solution is obtained.
c;;2 0 and a feasible

Suppose in a given assignment problem all ¢;;2
asignment exists for which all corresponding c;; are equal to zero;
then this assignment will make the objective function value zero and
"% Solution will be optimal. With this in mind, our object will be to
%velop a convenient algorithm for the solution of such problems
*hich is based on the next two theorems.
ny row and / or any column

Theor be added 1o a
em 1. /f a constant be a oblem, then the resulting

9 the . . i or
cost matrix of an assignment p ult
4 | solution as the original

a . .
“'gnment problem has the same optima
Prob[em'

.Let the cost matrix be C = [ €ij) and suppo
_m and P to column joj= L2 e , m.
i) where

se that we add a; (o

| Thus the new cost matrix is C= [€i
cii=¢cijt ot B
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_ and Z the values of the objective g
‘ .note by 2@ . .
e lems reSPCC"VCl)’, then Of y
. inal and the new problem: |
inal ¢
‘)rlg m m B
—_ 3 I Cijkij

A
j:] /:l

:g g(‘7ij+ or + By) X

s ':|‘=l
i=1j= i=1J

= z+ ;Ol,-(zxij)*' ZB} (.Ex,-j)
i=1 j=1 j=17 =l

m m . m m
= Z+ P Qo + -ZlBj ’ by the constraints j—zlxij = .z]xl'j:/l.
]: - =

i=1

at z and z differ by a constant which is indepengey
ables X;; and hence the optimal solution of

he optimal solution of the new problem ar¢

Thus we see th
of values of the vari
original problem must be t

vice-versa.

Note. From this theorem we S€€ that if in an assignment problem some of iz
costs be negative, then we can form a new assignment problem to deal with, such
those costs are all non-negative by simply adding a large enough constant to each a

every Ccost.

Theorem 2. Ifall ¢;;= 0 and we can find a set x;;= Xij

m m
L XX = 0 ( minimization ),
= l]:l

* such tha

then this solution is optimal.
We note that as ¢;;2 0 and x;; > 0, then

l

m m
= Z; L ¢;;x;; cannot be negative.
. e . .
Hence its minimum value is zero which is attained for Xij= Y|
Thus the present solution is an optimal solution. v
e d g

From these two theorems we see that we can introduc i
I%umber of zeros into the cost matrix by proper choice of & o
desired algorith ero. This Will by, omr optioe” soldot
procedure for i “ Wl!l be such that it will Pro‘”d6 :

or introducing zeros into the cost matrix-
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ugh zeros are introduced to get .
mplete

pI'OCL’SS as soon as eno

assignment.
Theorem 4. If k be the
assigned, then there exists d
zeros.
If k be the maximum number of zeros which can be aSsigned ¢
ned zero must lie in either the same row o the’ hey
I - Same |
ro. Thus with a proper choice of Jineg t;me |
k lines which will cover all the zergs e

maximum number of zeros whi,
. * i (\
set of k lines which will coy,, (l‘['? '
all |
the

each unassig
column as an assigned ze
must be at least one set of

94 COMPUTATIONAL PROCEDURE.

The method of solution being so explained, let us give the step
procedure for the computation of an algorithm. If the original elen?e ’
of the cost mairix be not alréady non-negative, then we are to m;}:s
them so by applying theorem 1 of the previous article. e

Step 1. Subtract the minimum element of each row in the cost matriy |
from -all elements of the respective row. The matrix has now at lear;agriz
:f;i; }1111(:(:)\;:;?/1 Or:)}\:; Then subtract the minimum element of each column, |
et B mpas Ve a zero, from all elements of the respective column,

ng cost matrix.

These o ions i
are made inptzmn::;)g; introduce more zeros in the matrix. Assignment |
possible to assien o lZ eros. The assignment will be optimal if now ithe |
gn only in the cells with zero cost. In the following St?

we device a method
assignment, Fo check whether this will be a complet

Note. The o ton i
perati
results will be diffe::rr]nmbswp I could have been interchanged in order. Although ™ |
generate different intermcdi:tt Poth are equally acceptable. The alternatives ust™ |
€ steps but always provide same or equivalent result
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; on to step 3, to find the assigned rer

e Starti . 08,
tarting with t

J the rOWSMark tiﬁs X W‘hlch Contain only Oni matnx., e’_(amine

n ation)- k this zero with (] 44 01 el ZEr0 in it (row

e, Draw vertical lines along the gol SIgnment wij| pe rrinde

. . un]ns Cont' » .
is eliminates ssihili aining th -

05- This el the possibility of making f”rtherga €se assigned

Ssignments in

o columns. Examine all the rows i this way

when all the rows have thus been ¢q

mplete] '
nilar procedure to the columns successiy Y €xamined, apply

ely. In this cage start from

wrizontal lines through these marked zeros.
We illustrate below the case (i), under step 2.

Letus consider the assignment problem represented by the adjacent

MACHINES cost matrix in which the
elements represent the times

I ' C
I I IV in hours required by a

Al 8 26 17 11 | machine to perform the

corresponding  job.  The

é) Bl 13 28 4 26 problem is to allocate the jobs

~ C| 38 19 18 15 | to the machines so as to
. minimize the total time.

¥ ;19 26 24 10 The minimum elements of

IESyan the rows A, B, C, D are
eei,ecnvely 8 4, 15, 10. We subtract these elemgnts fromﬂz:.u
' mau?nts of the respective rows, yielding the first matrix below. ! il;
Eve X has at least one zero in every row and also. at least one :l(‘il' b

Y colump except column II. We can easily remedy this Dy

mooIv
I o m v [ I

e e Al 0 mEaEe
9 124 ] 0 | 22 B |9 | 1+

23 | O |

23 4 C F"’J/
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ement of the column 11, from all ele

atrix. This is the starting Meny
Ma

Jinimum e
t the required assignmeny trix |

|ding the §
all have O find ou

1), (2,3), (3:2), 3, 4) and (4 4

subtracting 4, the n e
of that column yie econ

from which we sh
ave zeros in the cells (1, |
) |

\

We draw minimuim number of vertical and horizontal lines to ¢,
all the zeros of the starting ma ve |
The number of lines SO required 15

four which 18 equal to the order of 0 14 9

the cost matrix.
Thus the total number of lines 2=3__ - 0""5'5“--(:)

(vertical and horizontal) sO drawn :
being equal to the order of the 9 12 14 0

matrix, a complete assignment will

be possible from this matrix. Then,
assignments  are made in the celk

following step 3,
(1,1), (2,3) and ( 4, 4 ), for the first, second and fourth rows which

trix.

9 20 0

contain only one zero in each. These
are marked with [] . There being 1 mm W |
two zeros in the third row, no Alloll 14 9|3
assignment is made in that row. : =T
Vertical lines are drawn through the = 9 20 E__ 22
asﬂgnq_i cells which eliminate the C 2:3- "4_—0:}‘ | -0
possibility of assignment in (3,4). p ¥ ' ‘-“*‘@"
The only untouched column is the 2 12 | 14 | =
second column which contains a

ade in the cell 3,2)

zero oqu in the cell ( 3, 2 ). Then assignment is m
which is also marked by [_]. The optimal assignment will be
A= B>, C->1,D->IV

as there is no unmarked zero left.

The minimum cost (time) is, from the original matriX,
sum of cost of the cells (1,1), (2,3), (4,4)and (3,2)
=(8+ 4+ 19+ 10) hours = 41 hours.

[lest number

posSibl
one cOo md-

Note. i
such that alrlz(::t:cc 1[ hat the number of lines so drawn is the sma
o elements are covered, each line covering on€ row or
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oﬂcc . tai &
N](hc sub[factlons Wfomcd upto this pOint innr:)l"': mi
! S

) A 4 fromrow B, 15 f
;fmm row A, rom row C, 10 fI‘Om ro

: St is b .
an Y sum
din columns, whicp Ming
w D is

Thu5(8+4+15+10+0+4+ and 4 from

| 0+ 0) hours column I1 only
= 41 hours. '

rawn be less than the

€s should be so drawn

gh all the zeros of the

c of the matrix, we pass on to step 4. The |;
:h 3 minimum number of them will pass thr;::

matriX-

step. 4. Find the smallest element in th :
uncoVCPI'Cd elements left after drawing th: Sltif::;nistabils:u among the
ubtract this element from all the uncovered elemen%s ofn tllxrc:, il
qatrix and add the same element to the elements lying c:tmt:}:u
qersection of the horizontal and vertical lines. Do not alter th:
elements through which only one line passes. This gives the modified

matrix with more Zeros.

In fact the two operations of adding and subtracting do not alter the
opimum solution as these operations are the resultant of the operations
of subtracting the above smallest element from all the uncrossed rows

and adding it to all the crossed columns.

dified matrix. If a complete

Then go to step 2 with this mo
n repeat the steps 4 and 2

ssignment be not still available, the
teratively and finally apply the step 3.
w and column

rations of Step 3 (o0 g
ases arise :

Step. 5. R the two ope
P epeat the P ollowing €

Operations) successively until one of the two

(i) There will be no unmarked 2ero left ;

(i) There lie more than oné unmarked Z€

In the first case the algorithm
ked zerg in each row and in eac

: e
“Signment corresponding tO these 2eros 15 th

?" tl.'le second case mark v.vith O hat row
the“r&my and ignore the remaining Zer‘;{ i
Pro;ess until no unmarked zero is lé

LP.24




LINEAR PROGRAMMING K

370 |

le. we consider the assignment problem f,, Whicht |

As an.ex.a":i)ve;, below. Following step 1, we get the Ml g he |

cost matrix 18 “
on the right from the first.

M, M !

M M My My M 30l 02 %‘\M“&

J, |160[130(175]190[200|  J, 5 i{
15/ 01 o

J, [135]120(130]160|175| J 0 | Ji\“

J, [140(110[155[170|185| J5 | 30 | O |35 | 3, 0|

T~ |

Jo1so|s50(|8 |8 |110] Js| O | 0 |20 Li

105 Js |20 0 |25]qs
Jo | 553570 | 80 s _\\15\

This is the starting cost matrix and we pass on to step 2. We dp, |
least number of horizontal and vertical lines to cover all the Zeros of
the starting table.

Here the least number of lines 30 0 35 | 30 F

so required is 3 which is less than —

5, the order of the matrix. Hence 15"“‘9"“"0‘- -10-1--0

We pass on to step 4. : |

30 | 0 | 3530 |0
The smallest of the uncrossed ’ f

elements is 15. We add 15 to the O--r--0--1--20-4--0--t--5 |

elements lying at the intersection 20 0 25 | 15 | 15 F,
of the vertical and horizontal lineg - .
drawn before and subtract 15 from a]] the uncrossed elements and ¥
get the modified matyjy [t can easily be verified that the theorem 3¥
satisfied for thege tWo matrices - for, here m = 5, p=15, k= 3ad
mp (m — k)

Js | 15 |[0]| 20 _15/7
Jo |[0]4-15 -9&-_—_9:’1
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the step 2 and
we follow P < and draw p,
Theu r Mimum Number of lines to
a
V! ber of line
k « num S required i
p ]e:;x 9 1S 5 which s equal to the order
the MALAA
fihe step 3, w
o following step 3, we get the required ,
lz:m s SSignment, by row and
(0

e assignments are made in the ceJs ;

: n the follows .
) by rO% Speration: and {4 1 ), (2,3 ), (5,40) erlgrzgl 0;‘;61;»;

{]

L-,olumf‘ operation.
There is 1O ZETO left and every row has an assignment.
Thus the optimal solution will be
oM, J,> M, J,— M, JooM, I, M,;

ge total cost is 570 being the sum of the costs of the cells mentioned
fove as computed from the original matrix.

The algorithm described by the above steps is called the Hungarian

Hethod, since 1t 1s based on the works of two Hungarian
Mahematicians Konig and Egervary.

Note. An assignment problem may have more than one solution having the same
mnimum cost.

)5 VARIATIONS IN ASSIGNMENT PROBLEMS.

The structure of the assignment problem may be broadened in the
f°“°Wing cases :

") Maximization problem

ffthe problem be a maximization problem,
g 4conversion is made first.

T.he largest element of the profit matrix

- 8 formed whose elements are each the largest
o element of the corresponding cell. Such as

say with a profit matrix,

is selected. A new Fost
element minus

B o [ o
3 9
¢ 4 rformcd as Stated

% : ration is pe
‘ind We the largeSt element is 9. The ope
8t the modified cost matrix.
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Then we find the solution to ﬁn.d.the minimum o
ovide the maximum profit of the original problem,
pr -

. since the maximum profit is €quivale
min:lr:flrnr:a:;;l,ywz may attempt these problems by' muhipl;tin:) b
element of the profit matrix by (— 1) to get the modifieq Matriy h
we proceed as usual.

(11) Unbalanced problem

If the number of jobs and the number of facilities be poy qual,
the problem is unbalanced. In t_his case we add a fictitjy, job
facility, whichever has the defficiency, with zero cost a5 we did i
case of unbalanced transportation problem. Then e apply ,
assignment algorithm to this resulting balanced probler,

(1i1) Impossible assignment |
If some assignment be impossible, that 1s, if some job cannot |,

performed by some particular facility, then we avoid this effectively by

putting a large cost in that cell which prevents that particyy
assignment from being effective in the optimal solution. h

(1v) Negative cost

If the cost matrix contains some negative cost, then we add to ex!

element of the rows or columns a quantity, sufficient to make all t

cell-elements non-negative. Then we proceed with the: usul
assignment algorithm,

9.6 ILLUSTRATIVE EXAMPLES,

Ex. 1. Find the optimal assignment for a problem with W

following cost matrix :
M M, M, M, M,
J\ T4 2 6 1
10 9 5 5
hl13 8 9 4 ¢
4 3 1 ¢ 3
BlLO s 8 o s
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pand matrt” beloss, Sl o _a“d each column €Xcepting the third b
IT as

200 Then subtract the m.lmmum element of the third coly
Jl elements of the respective column to get the starting m ':]“ from
‘ atrix,

Then we draw the least number of vertical and horj .
ove all the zeros. zontal lines to

M, M, M, M, M,
7 3 1 5 0] 5[7-3-0-5T
’\ 0 9 5 5 4 L 1[o] 9 4 5: %
67 0 Ll 6 6 0] 4
4 3 1 0 3 Je 4_ 3 [0 (:) 3
| S 3 4 0 Js 4--{0 }-2--4---0

The least number of lines so required is 5, which is equal to the
order of the cost matrix.

Hence this gives the optimal assignment. Then following step 3, we
perform the row and column operations as shown for assignment and
we et the optimal solution. We make assignments in the cells (2, 1),
(34)and (4, 3 ) by row operation and then in (5,2)and (1,5)by
“lumn operation. The optimal solution is

Lo M, Iy, M, Jy— My Ji2Ms, Jso M:;
Minimum cost = sum of the costs of the assigned cells
—1+0+2+1+5=9
Ex.2.The has five jobs A, B, G D.
thas ead of the department has 1
s Sub-ordinates V., \{V X, Y,pZ. The number of hours each man WOt
0 perform each job is as follows :

M
A3 s 10 B 8
g | 4 7 15 18 i
C 2 12 20 20 12
D 5 5 8 10 f;)
el 1w 10 15 % l

.o ?
et tal ime © 1977 )
How Would the jobs be allocated 10 minimize the ’”[ Boana)’v 19

AI et
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. ctep 1, we get the two matrices below. The .
FollO_ngﬁ Sgtpmz;trix, we follow the ste.p 2 by draWing B lng
the §tartmg ‘1;;1- of vertical and horizontal l}nes .to Cover all z:a‘f
possible ﬂ‘":;]at the number of lines s0 required is 3 which j o ;0‘-
imo‘:;eiegf the matrix, which is 5 in this case. by
e

v w X Y 7

o 2 7 1 5|9 2 4 g
glo 3 11 14 4 O 3 & 9
clo 4 12 12 4 o 4 9 7 4
plo 0. 3. 4§ i1 0-=--0"=-0---0-
Elo 0 5 15.0 (')————0——--2----@;

Then we pass on to step 4. We see that 2 is the minimum elep
among the uncovered elements.

We subtract 2 from all the uncovered elements and add 2 to Lhe)
elements lying at the intersection of the horizontal and vertical lines
We get the modified matrix as given below on the left hand side. Ther ;
~ use the step 2 to this modified matrix and see that the least numbero |

lines to cover all the zeros of this modified matrix is 4 which is agaill}
less than the order of the matrix. f
|

Al Q- 0---2--5-- 3 1 0 2 5 3
B1O 1 6 7 4 0 0. 5.6 1
1% 2 785 9 fahuiacfu g4 T
| | | \

Dl #7000y 3----Q----0---0-""" |
E| 2---- : \ ) ‘
077727100 | | 3----0----2-1070)
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.\V::)Cstiand,Z iteratively. MAtrix. Hence We repeat the
gl

_ V
oot 2] e
0 04 ’ Bl 0-{0}-3q g
i4___-1:--—-0-——0——--} D 5——--2---_0-_@__25‘
41 2 10 0 E_411gE

L .

In the final matrix the number of lines required to cover all the
gros is 5, which 1s equal to the order of the cost matrix. Hence
pimality has been realised. Then following step 3, we find the
pimal assignment by row and column operations. The assignment is
nade by row operation in (5, 5) and then for the ome}}ﬁZﬁents,
olmn operation is made in the order (4, 4), (1, 3),(2, 2) and
(3, 1). The optimal assignment will be

A-X, B> W, C->V, DY E->Z,
Minimum time= 10+ 7+ 8+ 10+ 10= 45 hours.

Ex. 3. Three persons are being considered for three open posi.tions.
Fach person has been given a rating for each position as shown in the
fOIlOWing table : . .

POSITION
I
PERSON ! 411,_7————"_1
1 7 -
6
3 ___9_——~L—*—"‘/ such a way that

the 8N each person to one and only one p

Of rosi is maximun.
f ratings for all three persons [ Calcutta Hons., 1982 ]
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Here the problem is a maximization problem with 3 rofiy
rix will be obtained by subtracting the Uy |

The modified mat profu{

elements of the respective cells from the largest element 9 -

(3, 1). Then we are to proceed as usual. The modifieqd matn:e,"

shown on the extreme left below. i |

Then following step 1, we get successively the fO“OWing Y
matrices : )

|
i
i
|

We draw horizontal and vertical lines to cover all the zeros of
starting matrix.

The minimum number of lines to cover
all the zeros is 3, which is equal to the order I I m
of the matrix. Then, by row operation, 1 =0~~~ @--_Q.J
assignments are made successively in the 2 (') 9 @
) 1 4

cells  (3,1), (2, 3)andin(1, 2) by
column operation. Hence the optimal 3 @ e
solution is

151,251,351
and the maximum profit, that is, sum of the ratings as computed from .
the given tableis 9+ S+ 7= 21.

- Ex. 4. Find the minimum cost solution for the 4x 4 assignment
problem whose cost coefficients are as given below :

! Il m v
1 4 5 3 5
1 4 — 9 3

[ North Bengal Hons., 2005 ; Calcutta Hons. 2 o)

)
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- giveﬂ cost matrix contains some negative cost at the same time

It 1S an unbalanced problem having

: n oI three jobs and four machines. First of
10 8 77 all  we rpake all the cell elements

| hon-negative by adding 5 to each
)| 6 9 3 element of the matrix and then make
g 6 the.pr.o‘blem a balanced one by adding
) . a fictitious job 4 with zero cost. The

4 LL transformed cost matrix is given here.

Then we subtract the minimum
Jement of each row from all elements of the respective row. Similar
operation need not be performed for the columns as there is at least
one zero in each column.

The starting matrix so obtained is given below.

We now draw the minimum I Im 1 Iv
nimber of horizontal and vertical lines ;
o cover all the zeros. This minimum 1 2 3 1 0
mumber 1s 3 wh¥ch is less than the 5, | 3 ¢ ... _.5_]
order of the matrix. Hence we follow ;
next the steps 4 and 2 iteratively 3 | 9 7 6 0
which  yields  successively ~ the :
following matrices : o M 0 0

I O Im IV I o v

23 6§ b 22 5 [0] 6

1 | i |
4 o | ___":_____'__‘ 4 t--0---10 ""1""2
AN '

The las; modified matrix needs 4 lines to cover all the zeros. Hence

opti i i
Pima] assignment will be obtained from this matrix.

; " the
lasFOllowmg step 3 by row and column operations as shown in

Hable, Wwe get the complete assignment which {5

c4-2-5=-3.
l\’1'2-7»111,3—>IV and the minimum cost is 4 2-3
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Examples IX (a)

cind the optimal assignments to fin

; d the mini
assigﬂment problems with the following ¢ minimum cost for the

OSt matrices (1- 10):

Jood kL R 1 2 g o4

A
o |12 24 15 10 12 19 11
B 5 10 7 8
|28 18 24 C |12 14 13 11
p,| 30 14 28 D18 15 11 9
[ Kalyani Hons., 1994 ]
| [Ans. Py Uy, Pa—ds, P o [Ans.A>2, B> 3, C— 4,
Min. cost = 50. ] D — 1;Min.cost= 38.]
3 1 2 3 4
1 1 4 6 3
2 9 7 4 10 9
3 4 5 11 7
4 8 7 8 5

[Ans.1 51, 2 53 32, 4—4; Min.cost=21.]

g | [ i \Y Vv
A 6 5 8 11 16
B | 1 13 16 1 10
clw 11 8 8 8
p| o 94 12 .10 10
E

10 13 18 1O

///,E——>/V;

; E-> MW, Min. Cost = 34. ]

[
Q,Ans"q‘,*//.B—)/, c-» o~
| As BV Cc—- VD~

/
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o oo omo v EST MM oo,
’ M —\
A 5 3 1 8 Ji 10 24 30 15
sl7 o 2 6 h | 16 22 28 4,
pls 7 7 6 Ji| 9 26 34 q4

]
[Ans. A— i, B- 1V, [Ans. Jyo M, o> M, J; 5 M, Jy> M,
C—-)”,D—-)I; J1—>M3,J2—)M4,J3—)M2,J4_.)M1;
Min.COSt=16.l J1_)M2’J2_)M31J3_')M4,J4-)M1;
Min. cost=71. ]
MEN

z-a b ¢ d e fg- I 0 W NV
1111 17 8 16 20 Al 1 3. D5 b
219 7 12 6 15 B2 4.8 "1 65

o

3|13 16 15 12 16 LC|5 6.3 46

=9

4421 24 17 28 26 D13 1.4 2.2
5114 10 12 11 5 4 |
Rt 15 Erg-a 8 & 7

[ Ans. 1—+a,2—>d,3—->6
4-¢,5- b: Min. cost = 60.,)

OGRAMMING

[ Calcutta Hons. 200 |

[Ans. A— |, B— IV,C—1ll
D-Il,E-V,;

or A—ll,B—IV,C— M

Do VE-I;

Mi

t.
n. cost® 10!
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g b ¢ d e 1o
v — = a b ¢ d
f , 18 26 17 11
)| 6 8 5 1 2 |13 28 14 26
g4 6 5 3 1 313 19 18 15
s|4. 2 73 1 4 119 26 24 10

5 3 9 5 1

512 = [ Calcutta Hons., 1987, 2002]
[ North Bengal Hons., 2007 |
[Ans,1_>q2—>e.3—>a,4—>d.5—»b;[Ans.1—»c,2—>a,3—>b,4—>d-
{5c2—63-d4->b5-a; Min. cost = 59.] |
15c2—263—d4-a5-5b;

Min. cost = 13. ]

11. One car is available at each of the stations 1, 2, 3, 4, 5, 6 and
one car is required at each of
7 8 9 10 11 12 e gations 7, 8, 9, 10, 11, 12.

1141 72 39 52 o5 51 | The distances between the

various stations are given in

2122 29 49 65 81 30| the adjacent matrix. How

3127 39 60 51 32 32| should the cars  Dbe

¢ | 45 despatched so as to minimize
50 48 52 37 43| the total mileage coverage ?

5/29 40 39 26 30 33 [Ans. 111,258,357,

6| g 4—595-10,6 - 12;

— 40 40 60 51 30 Minimum mileage = 185. ]

WA team of five horses and five riders has entered a jumping
show contest. The number of

RIDERS :

penalty points to be expected
when each rider rides any
horse is given in the adjacent
tableau. How should the horses
be allotted to the riders so as to
minimize the expected 108S of

the team ?

[Ans. Hy — Fs. He — R,
1 H4——)R3.H5"’H2; \
Min. loss = 8.]

COAU\—L;D

H3 - H4r

HORSES
&L LT L L& X
AO)ANU!1_‘D
N @ = w WD
O = 00N &~D
NN N O N (D




LINEAR PROGRAMMING

384
13. Solve the following assignmer:;pg;t?rlleomN'

PROJECT | : H IVT
A | 156 21 6 4 T
Bl 3 40 21 10 7
c| 9 6 5 8 10
D | 14 8 6 9 3
El21 16 18 7 4—J

[Ans. A— IV, B— |, C- D>l E-> V; Min. cost =23, ]

4. A computer centre has three expert programmers. The Centre
needs three application programmes to be developed. The head of the
computer centre, after studying ca'refull‘y thg programmes to pe
developed, estimates the computer time in minutes required by the

experts to the application programmes as follows :
PROGRAMMES

A B C

1 120 100 80
PROGRAMMERS 2 80 90 110
3 110 140 120

Assign the programmers to the programmes in such a way that the
total computer time is least. [ Kalyani Hons., 1988]

[Ans. 15 C,2-B,3 5 A; Min. time = 280 minutes. ]

15. A car hire company has one car at each of the five depots & b
¢, dand e. A customer in

each of the five towns A, B, a b c d ¢

C, Dand E requires a car. l—b?
The distance (in miles) A |160 130 175 190 2
?efwee;' the ~depots B | 135 120 130 160 175
origins) and the towns -
(destinations) where the C 1140 110 125 170 162
customers are, is given in D 50 50 80 80 110
the  adjacent distance 105
matrix. E | 55 35 80 48’0_//“)
How should the cars pe assigned to the customers SO 3576]
minimize the distance travelleq. ( Calcutta M. S¢. !
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_(¢) A company has five jobs (1, 2, 3, 4, 5) to be done The N

. ]ace |
matrix shows the return in a b c d I

rupees on assigning the 1 32 38 40 = e\ |
jobs to the machines g, b, » 0 24 28 4
¢, d, e. Assign the five jobs 21 %
to the machines tC 3 41 27 33 3 ol
maximize the expected 4 22 38 41 gg . |
retumn. 5 20 33 40 g il

9

—= 3

[Ans. 15 b, 2 4, | |
3 5e 4 5 c 5— d; Max. profit = 191.]

¢ 19. Find the minimum cost solution for the 4x 4 assignmer
problem whose cost coefficients

are as given in the adjacent table : 1 2' '1' -
[ Add 2 to all the elements and then 5 ) 0 o -2
proceed as usual. ] 1 1 ; ol
[Ans. 15 IV, 251, 31 3 ; —2 —1 ?
4 - /; Min.cost= -3.] 4 |

3/‘20/ Find the minimum cost solution for the 5x 5 assignmen
problem  whose  cost

coefficients are as given in 1 < 3 4 ﬁ‘:’

the adjacent table. 1 -2 -4 -8 -6 -

[ Kharagpur, 1978 2 0O -9 -5 -5 - 41

[Ans. 153,252 355, 3| <8 <8 -9 -2--0

451,554 4 4 -3 -1 0o -3

or 154, 252 353, E e _ _9 -5

435, 551 S 9 -5 -8

Min. cost= - 36. ]

: ive
.21. Consider the problem of assigning five operators to fV

machines. The assignment 4 5
costs in rupees are given in 1 2 3 ———4
the  adjacent tabe. A | 8 4 2 6 ‘|
Operator B cannot be B 0 — 5 5
assigned to machine 2 and C 3 8 9 2 6
operator E cannot be D | 4 3 ] o 3 }
assigned to machine 4, B /5
Find the optima! cost of E | 9 S 8 )
assignment. [ North Bengal Hons., 2

[Ans. A—)S, B—)1, C——)4' D_)3'E__’2' Min_cos(: 9]




