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Abstract

The assignment problem is a special type of linear programming problem
which is concerned with allocating m operators (men) to n machines (tasks)
given that each operator is qualified for certain of the tasks. The output
from each task is given as a function of the number of qualified men
assigned to it. The assignment model is to be solved by conventional linear
programming approach or transportation model approach. It is a square
matrix, having egual number of rows and columns. It enables the
assignment of men to task and the objective is to assign one man from row
to one task from column so as to maximize total output and minimize the
total cost.
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Introduction

Assignment problem pertains to problem of assignjobs to different machines. This model can be
effectively used for any other problem in which Brspns (or operators) are to be assigned to othems so that
each one of the first group is assigned to onéndisitem from the second group. Assignment model lse solved
by conventional linear programming approach orgpamtation model approach. It is a square mataxjrtg equal
number of rows and columns. The objective is tagasene item from row to one item from column satttotal
cost of assignment is minimum. The assignment prokis concerned with an allocation technique tontipe a
given objective. In linear programming we decidevho allocate limited resources over different éti#s so that,
we maximize the profits or minimize the cost. Adlpidn assignment problem, the assignees are bassggned to
perform different tasks. The assignees can be gmptowho need to be given work assignments, orchaid be
machines, vehicle, plants, time slots etc. to Isggasd different tasks.

An algorithm for solving this general problem isgh in which transfers like those used by Kuhntendimple
problem are selected using a node-labeling proeeoluma related network. The algorithm yields foergnk, 1 < k <
m, an optimal assignment of the first k men oniyp#ying a single transfer to increase k by one.

In real life, we are faced with the problem of aliting different personnel/ workers to differenbgo([1] and
[3]). Not everyone has the same ability to perfamiven job. Different persons have different dileidi to execute
the same task and these different capabilitie®gpeessed in terms of cost/profit/time involvedkecuting a given
job. Therefore, we have to decide how to assigfewmint workers to different jobs” so that the cogperforming
such job is minimized [6] They also stated that linear assignment probégraires the determination of an optimal
permutation vector for the assignment of taskgyents.

According to [2], some of the objectives of assigmiproblem include: the assignment of differetsjdo
different workers or different machines on one te dasis where time or cost of performing suchigodiven. The
assignment of different personal to different lomat or service station with the objective to maxei
sales/profit/consumer. The assignment of jobs tohimes/workers so as to deal with a situation wimenaber of
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jobs to be assigned do not match with number othines/workers. The assignment of jobs to machirasevs so
as to deal with a situation where some jobs cameadatssigned to specific machines/workers

According to[4], a balanced or standard assignment problem refeas assignment problem where numbers
of rows are equal to number of columns. Considaaahine shop with ‘n’ jobs and ‘m’ machines, whewenber of
jobs are equal to the number of machines i.e. nandhthis is known as balanced assignment problem.

Unbalanced or non-standard assignment problemsréfean assignment problem where the numbers of row
are not equal to number of columns. Consider a macshop with ‘n’ jobs and ‘m’ machines, where nembof
jobs is not equal to the number of machines i.eismot equal to ‘m’. This is known as unbalanaesignment
problem.

Sahu and Tapadar, [5] generalized “Assignment prablthrough genetic algorithm by basically using th
men- N jobs” problem where a single job can begaesi to only one person in such a way that theadveost of
assignment is minimized. They solved the problenoubh genetic algorithm (GA), using a unique erncgd
scheme together with Partially Matched CrossovétXP The population size can also be varied in eiéatation.

In simulated annealing (SA) method, an exponert@iling schedule based on Newtonian cooling proégss
employed and experimentation is done on choosiagtimber of iterations (m) at each step [5].

Assumptions of an Assignment Problem:

An assignment problem should satisfy the followasgumptions: (1) The number of assignees and nunfibe
task are the same (this number is denoted by nd2h assignee is to be assigned to perform gxaict task. (3)
Each task is to be performed by exactly one assigdé There is a cost or profit associated wigigaees
performing different tasks. (5) The objective igdetermine how all n assignments should be madetimize the
given pay offs which are expressed in termsasft, time spent, distance, revenue earned, prioduzbtained etc.

Mathematical Formulation Of Assignment Problem

Consider an assignment problem which consists sifjasig m machines to n different operators asqutesl in
Figure 1, where m equals 4 with 4 different opamatol he model is a square matrix, having equalbermof rows
and columns. The objective is to assign one itemmfrow to one item from column so that total cdshgsignment
is minimum.
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Fig. 1: Four Machines, Four Operators Assignmeableém
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Let there be n jobs which are to be assigned tpenators so that one job is assigned to only oesabpr.
i =Indexforjob,i=1,2,...n
j = Index for operators, j=1,2, ... m
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G; = Unit cost for assigning job ‘i’ to operator
X = 1if job iis assigned to operatt
Xj = 0 Otherwise

The objective is to minimize the total cost of gasnent.If job | is assigned to operator 1, the cost iy1X19).
Similarly, for job 1, operator 2 the cost is;»X1,). The objective function is:

Minimize {nizl znj::L Cij Xij (1)
Since one job (i) can be assigned to any one obpleeators, we have following constraint
Zni=1 Xij = 1; for all j,j = 1, 2, A (2)

Similarly for each operator, there may be only agsignment of job. For this, ticonstraint set i

zni:l Xij =1; for all |,| =1,2,..1 (3)

The non-negativity constraint is:
x>0 (@)
Minimize Z :zni::L znj::L Cij Xij (5)
Subject to Yha Xj=1;forallj;j=1,2,...n (6)
Y Xj=1;foralliji=1,2,...n (7)
K> for all i and all j. (8)

Solution Method for Assignment Problen
The type of solution to assignment problem is atdias presented the following flow chart as preskimFigure

2.

A4

Generate Opportunity Cost Matrix

X
Ve
v N —
7 1s the N e Find
—, . YEBS * Assignment of Row with
Solution .
Ontimal? Column of Matrix
p , * Total Cost of Assignment

Revise the Solution

Fig. 2: Solution method of Assignment Probl

Algorithm to Solve Assignment Mode

Let us understand it with an example. Let there be foachines and four operators. Operators | chargés®anc
8 units on machine I, Il, lll and IV respectivelyperator 2 charges 7, 8, 9 and 7 units, operatbiaBges 8, 6, 7 ar
6 units and operater charges 8, 7, 6 and 9 units respectively. Thelpro is to assign one operator on one mac
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so that ovewrll payment is least. The assignment model in ¢ fof operatc-machine matrix is shown in Figu
3. The entries in the matrix represent icharge in naira per hour.
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Fig. 3:Representation of an Assignment Mc
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Opportunity Cost Approach

Opportunity cost is the cost ofpossible opportunityich is lost or surrendered. The given problemeiated tc
assigningoperators on machine for a least cost objec

Consider that if operator 2 is assigned on machiitewill cost * 7. With this, no other operatocan be assigne
machine | as one-tone assignment is required. However, if operat® assigned on mhine I, it will cost "6.
Therefore, a potential saving of 276 = ~1 is possible, if instead of operator 2, @per 1 is assigned on machine
This is nothing but opportunity cost in case weiggs®perator 2 on machine 1. Similar logic may hg for

opportunity cost of not assigning the least costhiree to an operator. So, to form a total oppotyuoost matrix,
we adopt a very simple twstep methot

Method to Find the Total Opportunity Cost Matrix

Step 1:Select any column. Subtract the lowentry of this column from all the entries of th@wumn and prepare
new column. Repeat this for all columns of the maind the result is presented in matrix in Figdr.

0 1 1 2
] 1 2 2 1
— = < - - - -
Operator
2 0 1 0
3 2 0 1 0
4 2 1 0 3

Fig. 4: Operator-Opportunity Matrix.

Step 2:Select any row of the revised matrix obtained &pst. Subtract the lowest entry of this row frointlaé
entries of this row. Prepare a fresh row

Repeat this for rows of the revised matrix (opar-opportunity matrix). This would be the total oppmity cost
matrix which is presented in Figure 5.
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Fig. 5: Total Opportunity Cost Matrix

Optimality Test of Total Opportunity Cost Matrix
The optimality test of total opportunity cost matis performed through the following ste

Step 3: Draw minimum number of possible horizontal and/eriical lines so that all the zeros of the tc
opportunity cost matrix are covered.

If these lines are equal to the number of rowsc@umns) then solution is optimal. Make assignnmmnfollowing
the steps as outlined in step 5.

If number of vertical andhorizontal lines are less than number of rows,@stép 4, as the solution may be -
optimal.

Step 4: From the uncovered entries of step 3 (i.e., entvi@ish are not struck by lines just drawn) seleetlowes!
entry. Subtract this entry from all the entriesin€overed positio

Add this entry aintersection or junction points of lines just drav8y junction point we mean entries where b
horizontal and vertical lines meet.

Check for optimality as per step 3 and if optingal,to step 5; otherwise repeat ste

Step 5:Optimal Assignment ahe Matrix

Select row (or column), which has le-number of zeros (say, one zero). Note that all f@vgolumns) will have &
least one zero.

Make assignment of this row with corresponding ooiu Strike-off the already assigned row and colu

Now, seéect row and column which have minimum number obgeMake next assignment. Repeat the proces
all rows are assigned to one column.

lllustration of Optimality Test and Assignment
The optimality test and assignment for the besiltés conducteds follows:

Refer to Figure 5, we apply step 3 for the chetlomtimality. Draw minimum number of possible hamital
vertical lines to cover zeros. This can be donendnless than four lines to obtain the optimum assignt as
presented in Figure 6.
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Fig. 6: Four lines needed to cover all zengs2F

Therefore, the optimum assignment from Figure Bi¢tvis optimal) is carried out as follows::

Column Il has only one zero, therefore, assignhimecl| to operator 3, while we remove columnrbtaow 3.
From the remainder matrix, it is noticed that cofulll has only one zero, therefore, assign macHhine operator
4. We now remove row 4 and column 111

In the remainder matrix, only row 1 and 2 withuzoh | and IV remain. In this case, column IV wilive one zero
at row 2. Therefore, assign machine IV to operatdrhe last assignment is the left-over machine dperator 1.

Thus, the final assignment is:

Table 1: Optimum Assignment of Operators to Machine

Operator Machine Assign Operator To Machine Qaist (V)
1 I Ol e Ml 6
2 v 02 ey M2 7
3 Il 03 =i M3 6
4 11 04wy M4 6
Conclusion

The assignment problem as a special tool of lipgagramming problem has been successfully useddtysis a
system of assignment involving the allocating obperators to n machines given that each operatpratfied for
certain of the tasks. In the allocation, a squaatrimmhaving equal number of rows and columns wasetbped to
objectively assign the operators to the machinegetothe possible minimum cost from the optimunigesaent.
The optimum assignment obtained allocate operatormiachine |, operator 2 to machine 1V, operattow thachine
Il and operator 4 assigned to machine 11
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