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Almost Stable Matching Problem
Including Unknown Preferences

Ryota SAKAI
Abstract
In task assignment problems, it is a crucial problem that to decide to which
contractor a particular task should be assigned. Task clients desire that a con-
tractor who has higher ability performs the task. On the other hand, contractors
have preferences of tasks and abilities for tasks. Therefore it’s necessary to sat-
isfy both requests. If you regard the task assignment problem as the problem
of assigning one task to one person, it becomes a widely known problem, the
stable marriage problem.

New contractors often participate in the matching one after another in a
large-scale task assignment problem. That causes a problem when it results in
the stable marriage problem, because preferences of all tasks and contractors are
necessary for solving the stable marriage problem. Task clients have their pref-
erences from the ability to perform the task. Contractors who did tasks before
also have their own preferences because they understand tasks well. There-
fore there is no problem for them. However new contractors can’t state their
preferences order of tasks, because they don’t know the respective tasks well.
Furthermore, because the contractors whose preferences are unknown have ac-
tual preferences, they may realize their own preferences. After the matching,
if clients and contractors notice there are mis-matchings, they will not be sat-
isfied with the result. Therefore it’s necessary to acquire a stable matching in
the matching problem with contractors whose preferences are unknown.

In order to solve the above problem, I studied about the stable marriage
problem with participants whose preferences are unknown. In general, the pur-
pose of the stable marriage problem is to find a stable matching. However there
are the cases that there is no stable matching in this problem. Therefore this
paper does not focus on stable matchings but almost stable matchings in which
the result is as stable as possible even if it becomes unstable. The purpose of
this research is to formulate the stable marriage problem including unknown

preferences and to make an algorithm by which we can find an almost stable



v

matching. Like the example of the task allocation problem explained above, I
assume that unknown preferences aren’t included in the task side in my study.

This problem contains these two following problems.

e All the members’ preferences are assumed in the stable marriage problem.
Therefore a formulation corresponding to unknown preferences is needed.

e The stable marriage problem is expanded variously to problem such as the
stable marriage problem with tie. It may be possible to ignore preferences
of new contractors by using this. Then good matchings will be acquired to
some degree. However, actually participants do have their own preferences,
so there should be no mis-matching.

In order to solve these problems, I regarded unknown preferences as tie pref-
erences, then expressed the problem as the stable marriage problem with tie.
Unknown preferences are considered to be the set of all possible preferences.
It reveals that it’s possible to find out almost stable matching under the fixed
condition, solving the stable marriage problem in all case of each possible pref-
erences. I improved the solution to the stable marriage problem in which case
analysis is delayed until it is needed. Consequently it’s possible to reduce the
number of cases. This algorithm I made can find almost stable matching with
exponential time.

The stable marriage problem with partially unknown preferences became
to be formulated in this research. Because of this formulation, the instabil-
ity of matching can be evaluated in other matching problems with unknown
preferences.

I made an algorithm that can find almost stable matching in a case that
unknown preferences are included under the fixed condition. When the result
is not limited to the fixed condition, it becomes an approximation algorithm.
Therefore in the task allocation problem with unknown preferences, the better
matching which is less unstable can be acquired. Complexity is exponential

time, but it is faster compared with full search which needs factorial time.
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pr < all tasks’ preference lists

return almostStable(pr)

000000 2 Procedure almostStable(Preferencelist p)

while there exist task ¢ not entered a company do
task t proposes to its most preferred contractor c
if ¢ has a partner tp then
if ¢ know which task ¢ prefers then
c refuses its less preferred task ¢/
delete ¢ from t/’s preference list
else
copy from p to pr
delete ¢ from t’s preference list in p
delete ¢ from tp’s preference list in p/
matchingl = almostStable(p)
matching2 = almostStable(p?)
return more stable matching from matchingl and matching?2
end if
end if
end while

return the matching
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