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Assume that there are m people and n jobs, such that the number of people should
be smaller than the number of jobs and the cost of those occupations to people.
With the following restrictions, it is a typical unbalanced assignment problem:
n*(<n) jobs out of n jobs are assigned to m* (<m) persons out of m person & a
job cannot be assigned to more than one person; each of the m* persons can

1
perform at least one job, [n;] number of jobs are to be assigned to a special person,

and specific jobs can only be assigned to specific persons with the goal that the
total cost of performing the jobs by the persons with the above restrictions is as
low as possible.

0-1 integer linear programming (0-1 ILP) is used to formulate this problem. A
Lexi-search technique (LSA) based on pattern recognition is created to address
the issue as well as possible. For a range of randomly generated test issues, the
efficacy of the suggested LS method to the CLBSUAP in comparison to
alternative approaches has been investigated.

Keywords: Multi Constrained Unbalanced Assignment Problem[MCUAP],
Lexi-search algorithm, Pattern recognition technique, 0-1 Integer linear
programming.

1. Introduction

A wide range of industries, including healthcare, education, sports, and transportation, adopt
assignment models. Actually, it's a good analytical problem for models of optimization that
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use combinatorial optimization or for operational analysis. Furthermore, the assignment
problem is an important topic that is used to solve a lot of issues all over the world
[3,5,12,14].The assignment outlines the combinational architecture that supports the function,
while the aim role represents the preferences that must be optimized.The true question is,
"What should be done to execute the task optimally while meeting all the relevant
requirements at the same time?" .The problem has already been addressed by a variety of
methods [4], such as population search [8], heuristic approaches [6], and precise procedures
[13].The goal of the study is to identify a job between two or more element sets that can reduce
the total cost of each matching pair.Depending on the properties of the matching sets and the
cost functional form, the assignment problem can be classified as a quadratic, bottleneck,
linear, or multidimensional group [9].Because of this, each assignment problem has a table or
matrix. People, machines, and assigned responsibilities and tasks are typically found in the
rows and columns.The elements in the matrix represent the time and expense required to finish
each task.Any algorithm's objective is to provide a workable solution to the given problems.
The approach relies on a specially designed algorithm called the Lexi Search due to its
intricacy [1,2,9,10,11,15].

An outline of the structure of this document is provided below: Section 2 provides specifics
on the problem statement and mathematical model of the MCUAP. In Section 3, the suggested
algorithm for solving the MCUAP is explained. An example can be found in Section 4. Section
5 has comparable data, while Section 6 presents the findings.

2. PROBLEM STATEMENT AND FORMULATION

Think of m people, or [={1,2,3,.....,m}, n jobs, or J={1,2,3,.....,n}, and a nonnegative integer
time T(i,j), which shows how long it takes the ith person to finish the jth job. Assume that m
people will be assigned

n!(< n) jobs out of n jobs so that each person can perform at least one job, that a certain
number of jobs will be assigned to a special person, and that certain [n;l] jobs can only be
assigned to specific people. The issue According to MCUAP, n' jobs are assigned to m people
so that each person can complete at least one work. [n;l] Jobs are completed by a special person,

and specific jobs can only be assigned to certain people with the goal that the people's total
time spent on the assigned tasks is as little as possible.

The MCUAP model is formulated using the following assumptions:

° ni>m

° All the persons start to work at the same time

° The same job cannot be done by more than one person

) A person is allowed to do more than one job, but one after another in any order
° The elements in the time matrix take arbitrary values
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Using the above assumptions, the MCUAP model is developed as 0-1 ILP:

MIN > TG, )X, ))

iel, jel,
MIN
(3.2.1)
DX )=1jeJ
Subject to: iel (3.2.2)
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> X(i, j)=n'

iel jeJ (3.2.4)

SI" ={(i,j)/iel,jeJ and i denotes specified persons and j denotes specified jobs }

(3.25)

X, j)=00rl,(i,j)eIXJ 526

(3.2.1) is an objective function in this mode that reduces the time required for nl jobs for m
individuals. Constraint (3.2.2) states that only one worker may be allocated to each task.

At least [n1lm] jobs are allocated to each individual, according to constraint (3.2.3). The
constraint (3.2.4) indicates that m people are assigned to n1 occupations. The individual jobs
to specific people are represented by constraint (3.2.5). Lastly, if X (i, j) = 1 in (3.2.6), the jth
job will be assigned to the ith person; if not, X (i, j) = 0.

3. PRELIMINARIES OF LSA
3.1 Feasible Solution

An MCUAP solution that meets all the requirements in (3.2.1-
3.2.6) is considered a feasible solution.
3.2 Pattern

A pattern linked to a function is a two-dimensional array. The model is deemed practicable if
X is a feasible solution and its value is established using (3.3.2.1), which explains the overall
cost allocation, and is equal to the value of the objective function.
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V(X)= 3T )XG.))

jed

(3.3.2.1)
3.3 Alphabet Table

The alphabetic table T(i, j)'s time matrix's elements are arranged in non-decreasing order and
have names ranging from 1 to mxn. Assume that SN = {1,2,..., mxn } is a set of ordered mxn
matrices and indices. Assign the row and column symbols of the pairings marked with SN to
the R and C sets, assuming that T and CT stand for time and its cumulative sum for the
components of T.

A list of designated variables and a table of letters (SN, T, CT, R, C, etc.) are included in this
table. Si is an SN member, and Ls={S1,S2,......,Sr} is an ordered SN index string. The pattern
of Ls displayed in the commands and these symbols is unrelated to the sequence of Si in the
series. The order of SN symbols is Si i=1,2,3...r-1 for uniqueness.

3.4 Word and partial word

A systematic progression Ls={S1, S2,..., Sr} is a word of length r, according to our definition.
If r < n'the word Ls is considered partial feasible, and when r = n?, it is the full-length word.
Any index in SN can serve as the principal position in Ls. A set of words is identified as the
leader by a partial term, Ls. The leader is said to be both feasible and infeasible if there is at
least one feasible word in the word block it specifies.

35 Value of a word (V (Ls))

V(Ls) is the value of the word Ls, and it is computed using V(Ls-1) + D(Sr) = V(L0)=0. It is
clear that T(Sr) is the time array set up so that, for every r =1, 2, 3,... n, T(Sr)<T(Sr-1). V(LS)
and V(X) have comparable values (Sundara Murthy).

3.6 Calculation of bounds

In the search sector for NP-hard problems, the strong lower and upper bound configuration is
more difficult to manage. For objective functions of minimization, the upper bound of Ls is
first thought to have a huge value (UB= VT=9999) as a trial solution. When considering the
block values of words represented by Ls, the lower limit LB (Ls) can be understood as follows:

LB(Ls) = V(Ls) +CT (Sk+n*-k)-CT(Sk)
3.7 Lexi Search Method

When using combinatorial optimization models, the best results found through exact search
methods have grown in value. The full and implicit search methods are obviously similar to
these algorithms. The Branch and Bound method is one of the most widely used implicate
search strategies (B & B).The LSA is one such sophisticated enumeration method that
frequently yields the best result while merely examining a subset of the solution space (Pandit,
1962).

In actuality, B & B might be regarded as a special LSA circumstance. All B&B elements are
protected by the LSA, including the systematic development of feasible solutions, viability
testing, and the identification of restrictions for partially viable solutions.
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The phrase "Lexi-search™ describes the manner in which the entire search process is carried
out and seems to be analogous to a dictionary search for a word's definition. Additionally, this
methodical quest protection includes search time and stack overflow.

Determining the viability and defining effective boundaries are the two main issues with
implicit enumeration techniques. For a few issues, it is crucial to confirm the viability. A Lexi-
search strategy was developed and implemented with a pattern-recognition technology to
address this problem (Murthy, 1976):

Every solution to an issue has a connection to a specific pattern. Partial patterns can be found
in partially solved problems. An alphabet table is defined by the words that, in lexicographic
or dictionary order, reflect the pattern. The first boundaries are established when a partial word
is used; the locations where the value falls short of the trail's meaning are then assessed for
viability when choosing the best word.

3.8 Proposed LSA

The following is a discussion of the steps that go into LSA:

Step 1: Input

Time matrix T=[T(i, D].the required parameters n, m, n',

SJ" ={(i,j)/iel,jeJand i denotes specified persons and jdenotes specified jobs)
and UB = VT = 9999 (large value) and then Step 2.

Step 2: Create an alphabet table using the provided Time matrix T, then move on to Step 3.
Step 3: Setting the Bounds

Ls = (Ss) = 1, Ss €SN, a partial word with a single word length (s=1), is used to start the
process.

Compute LB (Ls). Proceed to Step 5 if the lower limit of an LB (Ls) is strictly less than VT;
otherwise, proceed to Step 4.

Step 4: All partial words of orders that follow Ls will be disregarded and move on to Step 7
if the lower limit of an LB (Ls) is larger than or equal to VT. Afterward, delete the partial
word Ls and suspend the block of words with Ls as a leader.

Step 5: Checking the Feasibility

If the partial word Ls follows the constraints then it is said to be feasible, otherwise, it would
be infeasible. If Ls is feasible, then accept it and continue for next partial word of order s+1
and go to Step 6, else proceed with the next partial word of order s by considering another
letter that succeeds Ss in its s' position and go to Step 3.

Step 6: Concatenation

Step 8 will be reached if Ls is a full-length feasible word (such that s= n?) and you replace VT
with the value LB(LS). Ls:1i= Ls * (Ss+1), Where * denotes the concatenation operation and
advances to step 3, can be used to concatenate a partial term, Ls.
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Step 7: The search is finished, and Step 9 is reached if all order terms have expired and the
word Ls has a length of one.

Step 8: Backtracking

Backtracking is used to examine the search space; the current VT is taken to be an upper
bound, and the search is carried out using the subsequent letter of the partial word of order s-
1; proceed to Step 3. Steps 3 through 8 should be repeated until VT stops changing, and any
viable or impractical options that are not part of the best solution should be ignored. Proceed
to step 9.

Step 9: Proceed to Step 10 after storing the current VT and the word Ls.
Step 10: Stop
Finally, VT provides the optimal solution at the end of the search and the word Ls gives the

position of the letters and with the aid of Ls one can find the optimal schedule for the
connectivity of the given cities.

4, NUMERICAL ILLUSTRATION
To explain the concepts and meanings that are part of the problem we considered n=9, m=2,
n'=6, 2" person can do [nal]z[g] = 3 jobs, SJ*= {(1,5),(2, 7)}.The Time matrix T(i, j)of
MCUAP is given as follows.

Table-3.4.1

T ) 79 8 14 6 4 16 2539
I, /)=
/ 8 3 4 21 31 2 3 470

T(i j) is taken in the numerical illustration in Table-1 as non-negative. In Matrix X =
[X(i,j)/X(i,j)= 0 or1] indicators in which X(i,j)=1 means the ith person j" job, or X(i,j)=0.Xis
called a solution.

4.1 Alphabet — Table

Table 3.4.2 relates to alphabet table construction for time matrix T. In Table 3.4.2, the
notations SN, T, CT, R and C respectively denote the serial number, time, cumulative time,
row and column of the indices.

Table —3.4.2 Alphabet Table (AT

SN T CT R C
1 2 2 2 6
2 3 5 2 2
3 3 8 2 7
4 4 12 1 6
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SN T CT R C
5 4 16 2 3
6 4 20 2 8
7 6 26 1 5
8 7 33 1 1
9 8 41 1 3
10 8 49 2 1
11 9 58 1 2
12 14 72 1 4
13 16 88 1 7
14 21 109 2 4
15 25 134 1 8
16 31 165 2 5
17 39 204 1 9
18 70 274 2 9

4.2 Search Table
A numerical example in Table 3.4.2 shows the logical flow of the developed LSA.
Table—3.4.3 Search Table (ST)

SN 1 |2 |3 4 5 6 V(1) LB(I) R | c |REM
1 1 2 20 2 |6 | A

2 2 5 20 2 |2 [A

3 3 8 20 2 |7 [A

4 4 12 20 1 |s |R

5 5 12 20 2 |3 [R

6 6 12 25 2 |8 [R

7 7 14 29 1 |5 |A

8 8 21 29 1 1 |A

9 9 29 29 1 |3 | A=vT=29
10 9 22 30 1 |3 |Revr
11 8 15 31 1 1 | Rovr
12 4 9 23 1 |s |R

13 5 9 26 2 |3 [A

14 6 13 26 2 |8 [R

15 7 15 30 1 |5 |Revr
16 6 9 30 2 |8 |Revr
17 3 5 23 2 |17 |A
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18 4 9 23 1 6 R

19 5 9 20 2 3 R

20 6 9 30 2 8 R>VT
21 4 6 27 1 6 R

22 5 6 31 2 3 R>VT
23 2 3 24 2 2 A

24 3 6 24 2 7 A

25 4 10 24 1 6 A

26 5 14 24 2 3 A

27 6 18 24 2 8 R

28 7 20 27 1 5 A

29 8 27 27 1 1 A=VT=27
30 8 21 29 1 1 R>VT
31 6 14 27 2 8 R=VT
32 5 10 27 2 3 R=VT
33 4 7 28 1 6 R>VT
34 3 3 28 2 7 R>VT

In the end, the value of VT is 27 lies in 29" row of the table and its corresponding word is
given by Le= (2, 3, 4, 5, 7, 8), which is also shown as a pattern in Table 3.4.3.

TABLE-3.44
vt 00 000
ME
PZo1 100010

5. EXPERIMENTAL RESULTS

In MATLAB, a computer program is created and tested for the intended LSA. The
experiments are performed by uniformly generating the cost values (Cj; ) between [1, 1000].
We experimented with a variety of challenges in various sizes. Cost random integers are used
to build the matrix. The results are summarized in Table-5. It has been demonstrated that
finding the best answer takes significantly less time. With the suggested LSA, the CPU takes
time to identify the optimal solutions for various hard situations, as seen in the table below.

Table-5: Computational ResultsTable

Number of jobs to ;‘A(;\r/e"ﬁ;htallgz Average time | Avg.
Number of | Number of Specific jobs to for getting
S.No. be done from n - table : AT+ OS
Persons(m) Jobs(n) . specific person . optimal ( )
jobs(n1) generation solution (OS) Seconds
(AT)
1. 2 12 10 (1,4),(2,10) 0.0000 0.0000 0.0000
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28

24

(2,25),(3.8)

0.0000

0.0000

0.0000

35

26

(1,22),(4,27),(5,
33)

0.0000

0.0547

0.0547

46

38

(1,6),(3,19),
(6,32)

0.0000

0.1088

0.1088
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