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Designing Two-sided Matching Protocols under
Asymmetric Information
Masanori Hatanaka

Abstract

In the scene of the laboratory assignment, each student has a preference to labs,
and each lab also has a preference to students. If students are assigned to laboratories
without definite protocols, problem of dissatisfied matching may occur: a student
may prefer another lab over the ongstee was assigned to and the lab also prefers
the student. This is called a blocking pair problem.

The matching problem of two distinct agents in market has been studied in the
area of two-sided matching in game theory. Gale and Shapley showed that the match-
ing with no blocking pairs can be obtained using the deferred-acceptance algorithm.
Moreover, the student-proposing deferred-acceptance algorithm returns the match-
ing which is Pareto-optimal for students. These characteristics are so useful that the
algorithm is actually applied to the residency matching in America.

However, it is hard for students to adequately evaluate labs. For instance, suppose
that there is a lab with long duty hours and students cannot do their research at their
own pace. One student may know this fact while another student may not. If the
student lacking this knowledge intends to do some theoretical researches at his own
pace and ranks this lab as first, and as a result is assigned to it, his true preference
will not be reflected in the matching. This problem originates from the following two
issues.

The absence of matching model when asymmetric information existsWhen an
assignment is made using the using deferred-acceptance algorithm, all students
must submit their preferences. However, it ifidult for each student to submit
his true preference under asymmetric information. Therefore, we need theoreti-
cal models to cope with the matching under asymmetric information.

The strategic actions of agents such as information hiding If one student knows
that one lab has many overseas trips, but surrounding reputations are not good,
the student may hide the information about overseas trip to wéirstwdents
who like to go abroad. Such strategic actions prevent other students from gain-
ing useful information.



To solve these problems, | propose two-sided matching protocols that allow stu-
dents to report their conditional preferences and share information about laborato-
ries. A conditional preference consists of a pair of the required condition and the
order of one’s preference, and it indicates one’s preference when the condition is
satisfied. The introduction of conditional preferences enables students who do not
know whether a laboratory has long working hours to submit their preferences for
each case. The match decider aggregates and assesses conditional preferences, and
determines the matching by game theoretical mechanism where the equilibrium of
informer’s utilities is calculated. This mechanism give an incentive to students with
information to share their information with others.

The proposed protocol theoretically satisfies the requirement discussed above,
but is dificult to directly apply to the real world problems due to computational
cost. To handle this, | have designed two derived protocols. These protocols were
evaluated by using simulations and compared to a no-information-sharing protocol.
The results showed that in the proposed protocol, students’ utilities and the value
of stability increased when the ratio of students whose preferences tieceed by
information sharing had increased. Moreover, it was also shown that the matchings
in the two derived protocols were better than the ones in the basic protocol.

The main contributions of this paper are the following.

Designing of the two-sided matching model under asymmetric information [0 [J
| designed the two-sided matching model under asymmetric information, and
designed the protocols that can deal with the model. In this protocol, submis-
sion of uncertain preferences caused by asymmetric information can be avoided.
Proposal of the matching protocol based on shared information D 0O 0 OO
The proposed matching protocol can handle conditional preferences by sharing
information through the match decider. Moreover, by introducing a mechanism
in which the equilibrium of the informer’s utilities was calculated, incentives
were given to information holders to share information.

With the above two contributions, submission of uncertain preferences or strate-
gic behavior of information hiding can be prevented, and the proposed matching pro-
tocols that promote information sharing in the laboratory assignment or job matching
can be designed.
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