International Journal of Mathematical Archive-2(9), 2011, Page: 1679-1682

@& MA Available online through www.ijma.info ISSN 2229 - 5046

SATISFACTORY ROOMMATES PROBLEM
'T. Ramachandran, *K. Velusamy and ’T. Selvakumar*
IDepartment of Mathematics, Government Arts College, Karur, Tamilnadu, India-639005
E-mail: yasrams @gmail.com

’Department of Mathematics, Chettinad College of Engineering & Technology, Karur,
Tamilnadu, India -639114

E-mail: thanthonivelu@gmail.com

(Received on: 06-09-11; Accepted on: 21-09-11)

ABSTRACT

The present paper describes an algorithm, which will determine satisfactory matching of classical roommate’s
problem based on preference value, using assignment method.
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1. INTRODUCTION

The stable roommate’s problem is the extension of stable marriage problem [1]. It is a well known problem of,
matching 2n people into disjoint pairs to achieve a certain type of stability. The input to the problem is a set of 2n
preference lists, one for each person i, where person i’s list is a rank ordering of the 2n-1 people other than i. A
roommate assignment A is a pairing of 2n people into n disjoint pairs. Assignment A is said to be unstable if there are
two people who are not paired together in A, but who each prefer the other to their respective mates in A. Such a pair is
said to be block Assignment A. An Assignment which is not unstable is called stable. An instance of the stable
roommate’s problem is called solvable if there is at least one stable assignment [3]. It is known that there are
unsolvable instances of the stable roommate’s problem [1]; the problem of finding an efficient algorithm to determine if
an instance is solvable was proposed by Knuth and only recently solved by R. Irving [2]. In the next section, we
introduced classical satisfactory roommate’s problem and related definitions, to describe an algorithm, to find solution.

2. CLASSICAL SATISFACTORY ROOMMATE’S PROBLEM

The classical satisfactory roommate’s problem (SFRP). is closely related to the stable roommate’s problem. In the
satisfactory roommate’s problem each person in the set of even cardinality n ranks the n-1 others in order of preference.
The object is to find satisfactory matching of roommate’s problem. This is the partition of the set into n/2 pairs of
roommates based on the individual satisfactory level. It is known that some of the instances of the satisfactory
roommate’s problem are unsolvable. In this paper, we define preference value for the preference list and by making use
of this, an algorithm has described for finding matching. In this concept, in order to obtain optimal (satisfactory)
matching, we have applied assignment method.

3. RELATED DEFINITIONS

In order to describe the new algorithm to find the matching using assignment technique, we need to introduce the
following definitions.

Definition: 3.1 Satisfactory Value Matrix (SVM)

Matrix Representation of preference values [4] form a n x n matrix such that row and column represents members of
group and it is denoted SVM=[v;],where [vij]= - (not possible to define) if i=j and if i#j then [v;] is equal to the sum of
preference value of j" member with respect to i™ member and preference value of i member with respect to j™ member
and it is equal to
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Definition: 3.2 Satisfactory level
The product of preference value of matching and 50 is the satisfactory level of that matching.

Definition: 3.3 Optimal (Satisfactory) matching
The matching which satisfies both members of a pair to maximum possible extend (Satisfactory level) is defined as
optimal matching.

In other words, optimal matching is a matching in which change of any pair will lead to increase of satisfactory level of
one person and decrease of other. But no way, satisfactory level of any one will increase without affecting satisfactory
level of the other.

4. ABOUT ASSIGNMENT MODEL

The assignment Model is one of the fundamental combinatorial optimization models in the branch of operations
research in mathematics. In its most general form, if there are a number of agents and a number of tasks that are to be
assigned to agents. Any agent can be assigned to perform any task, incurring some cost that may vary depending on the
agent-task assignment. The objective of this model is to assign all tasks on one to one basis to all agents in such a way
that the total cost of the assignment should be minimized/maximized. To resolve this type of assignment problem
Hungarian method is used.

4.1 Hungarian algorithm
1. Convert the maximization problem into minimization problem, by subtracting all the elements from the largest
element of the matrix or by multiplying the matrix elements by -1.

2. (a) Row operation:
In matrix obtained from step 1, subtract the minimum element of each row from all the elements of that row. The
reduced matrix will have at least one zero in each row.

(b) Column operation:
In matrix obtained from step 2(a), subtract the minimum element of each column from all the elements of that column.
The reduced matrix will have at least one zero in each column.

3. Draw the minimum number of lines (horizontal and/or vertical) that are needed to cover all the zeros in the matrix
obtained from step 2(b). If the minimum numbers of lines are equal to the order of the matrix then go to step 5. else go
to the next step.

4. Find the smallest nonzero element (k) from the uncovered area, in the matrix obtained from step 3, and subtracts it
from each element of uncovered area and adds it with the elements lie in the position of intersection of the lines and
retain other elements as it and go to step 3.

5. Starting with first row of the matrix obtained from step 3, examine the rows/columns one by one until a row/column

containing exactly one zero. If it is found, mark that zero by ( | ) and cross mark all the zeros lies in the column/row

in which ( a ) marking is made. This procedure should be repeated until all zeros are marked or crossed.

6. Assigned zero marked by ( a ) in step 5 will give the optimal assignment. The sum of values in the cell marked by (
), in the given assignment matrix will give optimal assignment value.

5. SATISFACTORY MATCHING ALGORITHM FOR ROOMMATES (SMAR)

1. Get the preference lists of all members

2. Form a Satisfactory Value Matrix (SVM)

3. Apply Hungarian method to find optimal (satisfactory) matching for all members such that the total assignment value

should be maximized. That indicates optimal satisfactory level.

Examole: 1 Consider the problem instance of size 4 based on order of preference.

1 234
2 134
3 124
4 123

The Satisfactory value Matrix is
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1 2 3 4

e A
[ 2 2 2
3 3
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SVM= 3

3024 _ 2

3 3 3
a2 2
\3 3

The resultant matching for the above instance is (1, 2) and (3, 4). The above result shows that the satisfactory level of

matching (1, 2) is 100% and for (3, 4) is 33.33 %.

Example: 2 Consider the problem instance of size 6 based on order of preference.

1 26435
2 35164
3 16254
4 52361
5 61342
6 42513

The above instance will not give any solution.

Example: 3 Consider the problem instance of size 8 based on order of preference.

1 2546783
2 3617854
3 4728561
4 1835672
5 6182347
6 7253418
7 8364125
8 5471236

The Satisfactory value Matrix is

1 2 3 4 5 6 7 8
L[~ 1202 1212 6 6 60
77 7 7 7 1 1
|12 _ 124 6 12 6 6
7 77 7 7 71 7
31212 _ 126 6 126
7 7 77 7 7 7
4|12 2 12 6 6 6 12
707 7 77 7 7
5|12 6 6 6 _ 12 2 12
77 7 7 77 7
sl 12 6 6 12 12 2
77 7 7 7 7 7
210 6 126 2 12 12
77 7 7 1 1 7
6 6 6 12 12 2 12
g|l= 2 2 = = =z = _
\7777777/
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The matching by SMAR, for the above instance, is

{(1,2), (3,4, (5,6),(7, &)},
{(1,5),(2,6),(3,7).(4, 8},
{(1,4)(2,3),(5.6) (7, 8)},
{(1,2)(3,4),(5,8) (6,7},
{(1,4)(2,6),3.7) (5, 8)},
{(1,5)(2,6),3,4) (7, 8)},
{(1,5) (2, 3),(4,8) (6, 7)} and
{(1,2) 3.7, (4,8) (5, 6)}

The satisfactory level of all the above pair is 85.71 each.

For the above instance, by using SMAR, we got 8 set of optimal (satisfactory) matching and the satisfactory level is
85.71 for all pairs in all set of matching.

CONCLUSION
The Satisfactory Roommates problem is essentially a version of Stable Roommates problem involving just one set. In
this paper, an algorithm (SMAR) is described, by defining preference value for the preference list of Roommates

instance and satisfactory value matrix. This algorithm results a matching in which each pair attains maximum
satisfactory level i.e. optimum. So SMAR results satisfactory matching of roommates.
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