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Abstract

The paper studies matching markets where institutions are matched
with possibly more than one individuals. The matching market con-
tains some groups who view the pair of jobs as complements. The pa-
per specifies that the groups have a “weak” preference to be matched
together. The paper first assumes that that the institutions have the
same preference over all the individuals. It then finds out under which
weak preferences of groups do stable matching exist and then generalise
this idea. It further weakens the assumption of identical preference of
institutions and proves existence of stable matching for unrestricted
group preferences. Finally, the paper seeks to establish a result on

stability by relaxing the condition on identical institution preferences.
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1 Introduction

In many different contexts, there is a centralized matching procedure by
which individuals on one side of the market are matched with institutions on
the other side of the market. These include the market for lawyers in Canada,
children in schools in the USA, doctors and senior-level health-care profes-
sionals in several countries, etc. There is a huge literature which has been
developed on various market designs to find out an “optimal” matching proce-
dure to produce stable matching. A matching is stable if there it ensures that
there are no deviations of institution-individual pairs. Thus a stable match-
ing also gives an incentive to agents to correctly reveal their preferences® It
was shown by Alvin E. Roth? that it was possible to have mechanisms which
induced only one side of the market to correctly reveal their preferences.
However, the results on stability have been more encouraging as the received
doctrine is that stable matchings do exist under appropriate domain restric-
tions. But to achieve that, institutions must view individuals as substitutes
and individuals also must only care about the institution to which they are
matched. It was first pointed out by Roth? that the presence of couples in the
labour market may lead to an impossibility result where no stable matching
may exist. This can happen because couples or groups may view pairs of
jobs as complements and thus the assumptions which consider the choices
individuals to be independent of each other might not apply. Bettina Klaus
and Flip Klijn* identify the maximal domain of preferences of couples under
which stable matchings exist. The maximal domain satisfies Responsiveness
- 80 a couple is better off when any member of the couple is matched with a
more preferred institution. However, Fuhito Kojima, Parag A. Pathak, and

Alvin E. Roth® point out that Responsiveness is not satisfied in their data

110] and [11] give illustrating surveys for this literature.
2Refer to [9].
3Refer to [8].
4Refer to [5].
Refer to [6].



sets because couples show strong preference to be matched together in the
institutions situated in the same geographical area.

In this paper, we consider a set of doctors who come together to form a
group. In particular, if all the group sizes are two, then we get a matching
matket with couples. We focus on the issue of existence of stable matchings
with groups. Furthermore, we first look at the scenario when all the insti-
tutions have identical preferences. The starting point of our analysis is how
to model the identical preferences of the institutions and how to model the
preference ordering of any group over tuples of positions, given the individual
preferences of each member of the group. We look into a setting where the
set of institutions is a finite set and thus there is no information about the
“distance” between any pair of institutions. But when a group is matched
with the same institution, then the distance trivially becomes zero. Thus as
assumed by Bhaskar Dutta and Jordi Masso®, we have an option to assume
that group prefers to be matched at the same institution rather than being
matched with different institutions.

We analyse the situation where groups’ preferences violate responsiveness
as long as they can be together in any possible institution. We show that
under identical preferences of institutions we will have stable matchings if,
and only if, the groups’ preferences satisfy some joint condition over their
allocations.

We then try to restrict the condition of identical institution preferences
further and try to check if stable matchings exist with unrestricted joint
groups’ preferences. We assume that the institutions’ preferences are lexico-
graphic and members of the group are adjacent in the identical preference,
i.e. there is no other individual in between any two members of a group in
the common preference of the institution. We finally show that if groups’
preferences are unrestricted, then stable matchings exist if, and only if, the
identical preference of institutions follow the above condition.

Finally, we try to find out the consequences of relaxing the condition of

SRefer to [3].



identical preferences of the institutions. We restrict the size of each group to
two, that is, we consider a matching market with couples. We try to establish
a result for the existence of stable matching when institutions’ preferences
are not identical. We find out, the results proved earlier are not sufficient
to prove the existence of stable matching in this scenario. Thus we need to
impose further restrictions on couples’ preferences in order to get a stable

matching.

2 The Framework

We consider many-to-one matching between doctors and hospitals. We de-
note by H the set of hospitals. We use the notation H to denote H U {(}.
If some doctor is matched with with {0}, then that doctor is unmatched.
Each hospital h € H has a finite capacity x, > 1. We denote by D the set of
doctors. We consider a fixed partition of the set of doctors D into subsets,
G'....,G™S. Here, forall j = 1,...,m, G = {g],..., g} } with n; > 2
denotes the set of doctors that are in group 7, and S denotes the set of single
doctors who do not belong to any of the groups. By G = {G',...,G™}
we denote the collection of all groups. Throughout this paper, we assume
|H| > 2, |G| > 1. Furthermore, if |G| = 1 then we assume |S| > 2. We also
assume that the total number of vacancies in all hospitals in H is equal to
the total number of doctors available, i.e., Y, kn = [D].

Consider a group of doctors G = {g1,...,g,} and let N = {1,...,n}.
Then, an allocation of the group G is an element h of HY where the hospital
hi is matched with doctor gy, hospital h, is matched with doctor g, and
so on. Here, for i € N, by h;, we mean the i component of h. Also, for
h_i € H¥N and h € H, by (h_;, (h);) we denote an allocation of the group
G where doctor g; is matched with h and g; is matched with (h_;); for all
j # i. Furthermore, for hospitals h,h’ € H, we denote by ((h)_;, (h');) an
allocation of the group GG where all doctors in G except g; are matched with
hospital h and g; is matched with A/. Similarly, for hospitals h, k', h” € H and



i,7 € {1,...,n} with ¢ # j, we denote by ((h)_;—;, (R');, (R");) an allocation
of the group G where all doctors in G except g; and g; are matched with
hospital h, g; is matched with h’, and g; is matched with h”, and so on.
Finally, for h € H, by (h,...,h) we denote an allocation of the group G
where all the doctors in G are matched with h.

For notational convenience, we do not use braces for singleton sets.

2.1 Matching

DEFINITION 1 A matching is a mapping p: HU D — H U 2P such that
(i) for all h € H, pu(h) C D with |u(h)| < Kk,
(ii) for alld € D, u(d) € H, and

(11i) for alld € D and h € H, u(d) = h if and only if d € u(h).

The first condition of the definition says that every hospital h € H can be
matched with at most x; many doctors. The second and the third conditions
of the definition say that every doctor can be either matched with exactly

one hospital in H or be unmatched.

2.2 Preferences

In this section, we introduce the notion of preferences of doctors and hospi-
tals, and present the restrictions on them.

For a set X, we denote by LL(X) the set of linear orders, i.e., complete,
transitive, and asymmetric binary relations over X. An element of L(X) is

called a preference over X.

2.2.1 Preferences of Hospitals

A preference of a hospital h € H, denoted by Py, is a linear order over the
feasible sets of doctors {D' C D : |D'| < kp}, ie., P, e L{AC D : |A] <
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kp}). We assume hospitals’ preferences to be responsive which we define

below.

DEFINITION 2 The preference ordering Py of a hospital h € H with capacity
Kp satisfies Responsiveness if for any D' C D with |D'| < kyp, the following
hold:

(i) for any d € D' and anyd € D\ D', (D" Ud)\ d)P,D’" if and only if
dP,d', and

(ii) for any D" C D', D'P,D".

Here the first condition says that there are no complementaries across
doctors, and the second condition says that all the doctors are acceptable
for hospital h. Throughout this paper, we assume that hospitals’ preferences

satisfy responsiveness.

DEFINITION 3 The preferences of the hospitals satisfy Identical Hospital
Preferences(IHP) if for all pairs of hospitals h,h' € H and for all d,d'" € D,
dP,d" if and only if dPyd’ .

Note that, THP implies that all the hospitals have common preferences
over individual doctors, however it does not impose any restriction on the
preferences of hospitals over larger subsets of doctors.

Unless mentioned otherwise, we assume that hospitals’ preferences satisfy
[HP. Under IHP, the common restriction of (P,)nen over individual doctors
is defined as P° € LL(D) such that for all d,d’ € D, dP°d" if dP,d' for all
h € H. Throughout this paper P° denotes an IHP. Whenever we consider an
IHP P we assume for ease of presentation that the indexation of the doctors
in groups is such that g/ P%g/,, for all i < n; and j < m, and gﬁ;jpogfbk for
all j < k € {1,...,m}. This is without of loss of generality as we consider

only one THP at every given context.



2.2.2 Preferences of Doctors

A preference of a doctor d € D, denoted by P,, is a linear order over H, i.e.,
Py € L(H). We assume hPy{) for all h € H and all d € D. For a doctor
d € D, by hg, we denote the top ranked hospital of the doctor d according
to preference P;. Having defined the preferences of the doctors (as singles),

now we proceed to define the preferences of the groups of doctors.

Preferences of Groups of Doctors

In this paper we intend to deviate from responsiveness in a ‘minimal’ way and
check what happens to stability. We assume that a groups’ preferences are
almost responsive except in the situations where all the members of the group
get to stay together in the same hospital. The usual definition of responsive
group preference means that for two group allocations, that differ in the
allocation for only one group member, then the group prefers the allocation
where that member is assigned to his more preferred hospital. However, here
we allow for the group to violate responsiveness only if all the members of
the group can be matched with the same hospital. We call this as preference
for togetherness.

We think some preference for togetherness should be adopted in a match-
ing model with groups, otherwise the fact that a few doctors act as group will
not have any impact on the model. Moreover, this is a very natural situation
that can occur in reality. However, we also do not wish to deviate far from
the assumption of responsiveness.

In the following, we define responsiveness for a preference of a group
of doctors. The notion of responsiveness is in principle same as that for a
preference of a hospital. However, for the sake of clarity, we present the

formal definition below.

DEFINITION 4 Let G = {g1,...,9.} be any group of doctors and N =
{1,...,n}. Let for alli € N, P, be a preference of g;. Then, a prefer-
ence Pg € L(HYN) of the group G is called responsive if, for alli € N, for all
h_i € HNV and all h,h' € H, we have (h_;, (h);)Pg(h_i, (W);) if and only if



hP,I'. For a group G, by DE we denote the set of responsive preferences of
G.

DEFINITION 5 Let G = {gi1,...,9,} be any group of doctors and N =
{1,...,n}. Then, a preference ordering Pg € L(HY) of the group G sat-
isfies Responsiveness Violated for Togetherness (RV'T) if and only if there is
a responsive preference Pg € DE of the group G such that

(i) for all h € H and all h € HY, (h,...,h)Pgh implies (h,..., h)Pgh,

and

(ii) for all h,h' € HN such that h; # h; and k), # h, for some i,j, k,l € N,
hPgh' if and only if hPgh! .

For a group G, by DEVT we denote the set of RVT preferences of G.

Note that, RVT implies that groups’ preferences can violate responsive-
ness only in order for all of them to be together in some hospital. Further
note that, by taking h such that h; = ... = h, in Condition (i) of Definition
5, it follows that the relative ordering amongst the allocations where all the
doctors of a group G are in the same hospital does not change from FPg to
Pg.

REMARK 1 In the rest of the paper, we assume that there exists a hospital
h e H and a group G € G such that r), > |G|. We assume this because if
kn < |G| for all h € H and all G € G, then the violation of responsiveness
would be on an infeasible set which will not play any role in the matching

mechanism.

2.2.3 Preference Profiles

In this section, we define the notion of a preference profile.

DEFINITION 6 A preference profile P for hospitals in H and doctors in D
with groups G is defined as a collection of preferences ({Pataep: {Pc}aec { Prtnen)
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where Py is a preference of doctor d, Pg s a preference of group G, and Pj
is a preference of hospital h for all d € D, all G € G, and all h € H

respectively.

By a matching problem, we mean the set of hospitals with corresponding
capacities, the set of doctors with its partition into groups, and a preference

profile.

2.3 Stability

Our model is formally equivalent to a many-to-many matching market as
any group with n doctors looks for n positions and hospitals may have more
than one positions. Thus, one can have different notions of stability based
on different types of permissible blocking coalitions. ”

Blocking pairs can be a hospital and a single doctor, or a set of hospitals
and a group of doctors.

Let s € S be a single doctor and h € H be a hospital. Then, for two

matchings p, ¢/, we write pp — 0 ' if,
(i) p/'(h) = (u(h) \ D") U s for some (possibly empty) D" C pu(h), and
(ii) @/(h') = pu(h') \ s for all B’ # h.

Let G = {g1,...,9n} € G be a group of doctors and N = {1,...,n}. Let
h=(hi,...,hy) € HY. For h € {hy,..., hy}, let G" = {g; : h; = h} Then,
for two matchings p, pi/, we write p — .6y ' if,

(i) ¢/(h) = (u(h) \ D) UG" for all i € N, for all h € {hy,...,h,} and
some (possibly empty) D" C u(h), and

(i) p'(h) = pu(h)\{g1,-..,gn} forall h € H\ {hy,..., h,}.

"Refer to [8, 9, 7, 4] for some alternative notions of stability in many-to-many matchings.




The statement p —y, 5 ' captures the idea that the hospital A and
the single doctor s can change their allocation under p to that under u/
because h can release some doctors and hire s. Moreover, hospitals other
than h continue to retain their allocations unless they were matched with
s. Similarly, the statement y —,cy 1 captures the idea that the set of
hospitals h = (hy,...,h,) and the group of doctors G can change their
allocation under p to that under u’ because each of the hospital can release
some doctors and hire a doctor from the group. Moreover, hospitals other
than the hospitals in {hq,...,h,} continue to retain their allocations unless

they were matched with any member of the group G.

DEFINITION 7 Let h € H be a hospital and s € S be a single doctor. Then,
(h,s) blocks p through pi' if 1 —gnsy 1, ' (h)Prp(h), and hPu(s).

DEFINITION 8 Let G = {g1,...,qn} be a group of doctors and N ={1,...,n}.
Let h = (hy,...,hy) € HN. Then, (h,G) blocks p through p' if j — ey

W, hPa(p(qr), .- p(gn)), and p'(h)Pyu(h) for all h € {hy,... h,} with

u(h) NG| < 1.

Thus for a hospital h and doctor s, (h,s) blocks p, if there exists
a matching /1 with y —, o ¢/ such that h and s are better off in ;/
as compared to p. Similarly, for hospitals h = (hy, ..., h,) and group
G, (h,G) blocks p, ig there exists a matching p/ with p — e 1
such that G is better off in ;/ than in p. Further, every hospital
in {hy,...,h,} which has at most one doctor from group G in p is
better off in x/ than in pu.

DEFINITION 9 A matching u is stable if it is not blocked by any pair (h, s)
where h € H and s € S, or by any pair (h,G) where h € HI and G € G.

Note that, members of a group move according to their group prefer-
ence, in particular, a member of a group does not block according his/her

individual preference.
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REMARK 2 By our assumptions on the preferences of hospitals and doctors,
hospitals find all doctors acceptable and doctors find all hospitals acceptable.

Therefore, all matchings are individually rational.

2.4 Algorithm

In this section we present a well-known doctor proposing deferred acceptance
algorithm (DPDA) that we will use throughout the paper to match hospitals
with doctors. Our existence proof uses a modification of the Gale-Shapley de-
ferred acceptance algorithm with the doctors making the proposals (DPDA).
We give a very short description of DPDA.

DPDA: In stage 1 of the algorithm, all doctors simultaneously propose to
their most preferred hospitals. Each hospital h provisionally accepts up to
rp, most preferred doctors. If a hospital has received more than xj proposals,
then it rejects all the doctors after its xj, most preferred doctors. In any step
k, the unmatched doctors propose to their most preferred hospital from the
remaining set of hospitals who have not rejected them in any of the earlier
steps. In any stage of DPDA, since each hospital accepts k; most preferred
doctors, it may reject some doctors that it had provisionally accepted ear-
lier. Hospitals whose provisional list of accepted doctors is less than their
maximum capacity can still add to their accepted list if they have received
fresh proposals. Thus the algorithm finally terminates when each doctor is
matched or has been rejected by all hospitals.

Now we present another well-known algorithm called Serial Dictatorship
Algorithm (SDA). In the SDA, the highest-ranked doctor according to the
identical hospital preference chooses his/her most-preferred hospital, and in
general the k-highest ranked doctor chooses his/her most preferred hospital
among the hospitals with available vacancy after all the higher ranked doctors

have made their choices.

REMARK 3 DPDA and SDA produce the same matching under IHP.
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2.5 Conditions for Stability under RVT

In this section, we provide conditions on groups’ preferences satisfying RV'T
that guarantee the existence of stable matchings.

Let P2 = ({P)}gen\s, { P&} aea) e a given collection of preferences of the
doctors that are in some group, and of the groups in G. Let P° be an IHP.
Recall that, we assume the indexation of the doctors in groups to be such
that g/ P'g/,, for all i < n; and all j < m. Then, by D(P%, P°) we denote
the set of preference profiles where doctors g € D\ S and groups G € G
have preferences as in P(Q; and the THP is PV, i.e., Q(Pg,PO) ={P: P, =
P) forall ge D\ S, Pg = P{ for all G € G, and P is the IHP of P}.

CONDITION 1 Suppose P} is such that P& € DEYT for all G € G. Then, the
collection of preferences (Pg,, PY) satisfies Condition 1 if: for each group G =
{91, 9n} € G and each g; € {g1,. .., gn1}, (hy...,R)P((h)_s, (K');) and
W P) h imply that there is be some j < i such that ((h)_;, (h');)Pa(h, ... h).

Condition 1 says the following. Consider a group G and let g; be a doctor
in G who is not the least preferred doctor according to the ITHP. Suppose g;
prefers some hospital h to another hospital A’. Suppose further that a RVT
preference of GG prefers an allocation where all the doctors of GG are in h to
another allocation where all the doctors of G except g; are in h and g; is in
h'. Then, there must exist a doctor g; who is preferred to g; according to
the IHP such that the RVT preference of G prefers the allocation where all
the doctors of G except g; are in h and g; is in A’ to the allocation where
all the doctors of G are in h. Note that, Condition 1 does not impose any
restriction on the preference of the least preferred doctor in G according to
the IHP. Further note that, Condition 1 implies that responsiveness is not

violated for togetherness with a compromise from the most preferred doctor
of G according to THP.

THEOREM 1 Suppose P(% is such that PS € DEVT for all G € G. Then, a
stable matching exists at every preference profile in Q(Pg, P%) if and only if
(P3, P°) satisfies Condition 1.
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Proof: [Necessity| Suppose Pg is such that P2 € DEVT for all G € G. Sup-
pose further that (Pg, PY) does not satisfy Condition 1. We show that there
is a preference profile in D(PZ, PY) with no stable matching. Since (Pg, P°)
does not satisfy Condition 1, there exists a group G = {¢1, . .. gn}, two hospi-
tals hy,hy € H, and i € {1,...,n—1} such that (hy, ..., h)P2((h1)_s, (ha)s),
haPghy, and (hy, ..., h1)Pa((hi)—j, (ha);)for all j < i. Without loss of gen-
erality, we assume that g¢; is the highest ranked doctor of the group ac-
cording to IHP for which Condition 1 is violated. That is, for all £ < 1,
(h1, ... b)) Po((ha) =k, (h2)x) and ho P) hy imply ((hy)—j, (he);)Pa(ha, ..., hi)
for some j < k. Note that, this and the fact that (hy, ..., h)P2((h1)—j, (h2);)
for all 7 < ¢ imply that hngoj hs for all j < 4.

Since hQPg?Z,hl, it follows from the definition of RVT that for all i’ # i, we
have ((h1)-i-ir, (ha)i, (h2)it) Pe((h1)-ir, (ha)ir). Also, as hi Py hy for all j <,
RVT implies ((h1)—i, (ha):)P2((h1)—j—i, (ha);, (ha);). Take doctors d; and ds
such that dy,dy ¢ G. Consider a preference profile P in D(P3, P°) such that
the THP P° satisfies g; P°dy P°dyP°g; 1, and hg, = hy, hq, = hs. Suppose
{d : dP°gy and hg = ho}| = Kkn, — 2, [{d : dP°g, and hg = hy}| = kp, — n,
and |{d : dP%g; and hy = h}| = Ky, for all h # hy, hy. Suppose further that
the preferences of all groups other than G satisfy responsiveness. We show
that there is no stable matching at P. Suppose p is a stable matching at P.
Since p is stable, it must be that u(d) = hy for all dP%g;. Moreover, since
{d:dP%g and hq = hy}| = kn,—2 and |{d : dP°g; and hy = hy}| = K, —n,
there are exactly 2 positions left in hy and exactly n positions left in h; after
matching all the doctors d such that dP%g;. We distinguish the following

cases.

Case 1: Suppose i = 1.

o If /,L(G) = <<h1>,1,_j, (hg)l, (hg)j> for any 7] € {27 c. ,77,}, then (hg,dg)
blocks p as hg, = hg and daPYg; for all j € {2,...,n}.

o If u(G) = ((h1)-j, (h2);), then (((h1)-1-j, (h2)1, (h2);), G) blocks p as
91 P°d P°dy and by RVT, ((h1)-1—j, (ho)1, (ha);) Pe((h1)—j, (ha);)-

13



o If u(G) = (h1,...,hy), then (hy,d;) blocks u as hg, = hy and di P%;
forall j €{2,...,n}.

[ J If,u(G) = ((hl)—la (h2)1>, then ((hl, NN hl), G) blocks M as 91P0d1P0d2
and by RVT, (hh ey hl)Pg((hl)—ly (hg)l)

Case 2: Suppose i € {2,...,n — 1}.

e Suppose u(g;) = ho. If u(gy) = ho for any k > i, then p is blocked
by (ha,dy) as doPYgy, and hg, = ho. Let u(gj) = ho for some j <
i Note that, by RVT ((hn)_s, (ha)s) PS((h1)_s—ss (h);, (ha)i). This,
together with the fact that g;P°g; P°dy P%dy, means p is blocked by
(((h1)=i, (h2)i), G). Finally, let u(G) = ((h1)-i, (h2):;). By RVT, we
have (hy,...,h1)P2((h1)_, (ha);). This, together with the fact that
g;P°dy Pdy, means p is blocked by ((hy, ..., ), G).

e Suppose u(g;) = hy. Let u(G) = ((h1)—_x, (h2)g) for some k # i. By
RVT, we have ((h1)_i_k, (h2)i, (ha)x) P2((h1)_k, (h2)x). This, together
with the fact that g; P°d; P’dy, means pu is blocked by (((h1)_i—r, (h2)i, (ha)x), G).
Finally, let u(G) = (h1,...,h1). Then, p is blocked by (hy,d;) as
diP°g;,1 and hg, = hy.

This completes the proof of the necessity part.

[Sufficiency| The proof of this part is constructive. Suppose Pg is such that
PY% € DEVT for all G € G. Suppose further that (P2, P%) satisfies Condition
1. Take P € Q(Pg, P%). We construct an algorithm that produces a stable
matching in P. For each group G = {g1, ..., g,} and each hospital h, define
the conditional preference of g, given h, Pé?n‘ » € L(H), in the following way:
WP) b if and only if ((h)_n, (F')n) P&((h)—n, (R")s). Recall that, by our
initial assumption on IHP, gfLJ_Pngk for all j < k € {1,...,m}. In the

n

following, we present our algorithm.

Algorithm: The algorithm involves m + 1 steps. We present the 1%¢ step, and

a general step of the algorithm.
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Step 1: Use SDA to match all doctors ranked above 97111 according to P°. If
g1, ..., 971”—1 are all matched with same hospital, say h, then match g}” using
SDA, where g, bids according to P;)}LH ,- Else match g; using SDA where
9n, bids according to P .

ni

Step j: Use SDA to match all doctors ranked below gﬁ;}l and above gﬁ;j
according to P°. If g}, ... 797J1j—1 are all matched with same hospital, say h,
then match g by SDA where g/ bids according to P;%_ .- Else match 9n,
using SDA where g7, bids according to P;%.. J

J

Continue this process till Step m and then match the remaining doctors by
SDA at step m + 1.

We show that the above algorithm produces a stable matching at P. Let
1 be the outcome of the above mentioned algorithm. We distinguish the

following cases.

Case 1: Suppose (h, s) blocks u through p'. Note that, by the nature of our
algorithm, all doctors that propose before s are more preferred to s according
to the IHP. Since s ¢ p(h), by the nature of our algorithm, this means either
dPs for all d € u(h) and |u(h)| = kp, or u(s)Psh. If dP°s for all d € pu(h)
and |u(h)| = kp, then by responsiveness of hospitals’ preferences, we have
w(h)Pp/(h). Thus hospital h does not block with s. On the other hand, if
1(s)Psh, then clearly s does not block with hospital k. This contradicts that
(h, s) blocks p.

Case 2: Suppose (h, G) blocks p where G = {g1,...,9,} and b = (hy, ..., hy).

We show ((u(g1), .., t(gn-1), hn), G) blocks . We show this by induc-
tion. Takei € {1,...,n—1}. Suppose ((1(g1),- -, 1(gi—1), his hiz1, ..., hyn), G)
blocks p through /. Here, for ¢ = 1, we mean ((hy, ..., h,),G) blocks u. We
show that ((u(g1),- -, 1(g:), hit1, ..., hn), G) blocks p.

15



Note that, if u(g;) = h;, then there is nothing to show. We claim
,u(gi)PgOi h;. Assume for contradiction that hini 1(gi). Note that, by the
nature of our algorithm, all the doctors that propose before g; are pre-
ferred to g; according to the ITHP P° Since g; ¢ u(h;), it must be that
dP%g; for all d € u(h;) and |u(h;)| = kn,. By responsiveness of hospitals’
preferences, this means p(h;)Pp,p/(h;). This is a contradiction to the fact
that ((u(g1), ..., p(gi—1), hiy Rig1, - - -, ha), G) blocks p through p/. Therefore,
11(gi) Py .

NOW7 we show that (M(gl)""7M<gi)ahi+1a"' ) (M(gl) Hu(g’b ) h’l

Suppose h' # h” for some W', h" € (u(g1), ..., 1(gi—1), hiy ... hy). Then by

RVT, it follows that (uu(g1), - .-, 1(g:i)s iz1s - - hn) P2(1(qn), - -, p(giz1), Py - - -

Now suppose pi(g1) = ... = p(gi—1) = hi = ... = hy = h. Since pu(g;) Py hs, by

hy).

hn).

Condition 1 we have either ((h)_;, (u(g:))i) P2(h, ..., k), or ((h)—j, (u(g:));) P2(h, ..., h)

for some j < i. Note that, if ¢ = 1, then ((h)_;, (u(g:)):)Pa(h, ..., h). Sup-
pose i # 1 and ((h)_j, (1(g:));)Pa(h, ..., h) for some j < i. Since j < i,
we have g;Pg;. Then, according to SDA, g; proposes before g;. Since
g; is matched to pu(g;), this means either p(g;) = u(g;) or u(gj)ngu(gi).
Since 1u(g;) = h and p(g;) Py h, it must be that thOj,u(gi). This contradicts

((h)—j’ (/L(g,))])ng(h, s 7h) Therefore, (M(gl)v s 7#(91')7 hi-i-la - hn)Pg(:u(gl)7 s ,M(fh—l), hi? :
Since ((1(91), - #(gi-1), i, - hn), G) Dlocks p, ((g1), - - 1(gi), hisr, - -

implies ((4(g1), -, (i), hit1, - .- hy), G) blocks p. Hence, by the induction
argument we have ((1(g1), ..., 1(gn-1), hn), G) blocks p.

Now we proceed to show that ((u(g1),..., #(gn-1), hn), G) cannot block
.
Case 2.1: Suppose 11(g;) # p1(g;) for some i # j € {1,...,n —1}. Then, by
our algorithm, thgonu(gn). Note that, by the nature of the algorithm, all
doctors that propose before g, are preferred to g, according to the IHP PY.
Since g, & p1(hy), it must be that dP%, for all d € pu(h,) and |u(h,)| = kp,,-
By responsiveness of hospitals’ preferences pi(hy,,)Pp, tt' (hy). This contradicts
that ((u(g1),- -, 1(gn-1), hn), G) is a block.

Case 2.2: Suppose ((g1) = ... = p(gn—1) = h. Then, by our algorithm and
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the definition of Pg?n‘ ,» We have thg?n‘ wi(gn). By the nature of the algorithm,
all doctors that propose before g, are preferred to g,, according to the IHP PY.
Since g, & p1(hy), it must be that dP%, for all d € pu(h,) and |u(h,)| = kp,,-
By responsiveness of hospitals’ preferences pu(h,,) P, 1t/ (hy,). This contradicts

that ((u(g1),- -, 1(gn-1), hn), G) is a block.
This completes the proof of the theorem. |

2.6 Existence of Stable Matching with Adjacent THP

In this section, we consider restrictions on the Identical Hospital Preference
and investigate the existence of stable matching under those restrictions.
We relax the RVT condition on the preferences of the groups of doctors.
By assuming that a group of doctors can have any preference over the sets
of hospitals irrespective of the preferences of the individual doctors in that
group over individual hospitals. Such preferences of the groups of doctors
are called unrestricted preferences. More formally, the set of unrestricted
preferences of a group G € G is L(HI).

In the following, we define lexicographic preferences of the hospitals. Let
Py, be a preference of a hospital h and D’ C D. Then, define ry(P,, D') = d
if and only if |{d' € D" : d'P,d}| =k — 1.
DEFINITION 10 A preference P, of a hospital h with capacity ky is called
lezicographic if for all D', D" C D with |D"| = |D'| < kp, D'P,D" if and
only if there exists k € {1,...,|D'|} such that ry(Py, D')Pyri(Py, D") and
71(Pp, D') = ri(Py, D") for alll < k. The set of lexicographic preferences of
a hospital h is denoted by D¥.

DEFINITION 11 A preference profile P with lexicographic hospitals’ prefer-
ences and RVT groups’ preferences is defined as ({ Pa}aep: {Pc}aec {Pnthen)
where Pg € L(H) for all d € D, Pg € DEYT for all G € G, P, € DE for
all h € H, and hospitals’ preferences satisfy IHP. The set of preference pro-

files with lexicographic hospitals’ preferences and RV'T groups’ preferences is
denoted by D',
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DEFINITION 12 A preference profile P with lexicographic hospitals’ prefer-
ences and unrestricted groups’ preferences is defined as ({Pa}taep, {Pctaec {Pnther)
where Py € IL(H) for alld € D, Pg € L(H'®) for all G € G, P}, € D for
all h € H, and hospitals’ preferences satisfy IHP. The set of all preference
profiles with lexicographic hospitals’” preferences and unrestricted groups’ pref-

erences is denoted by DY

In the following, we introduce the notion of Adjacent IHP (AIHP). AIHP
implies that for any two doctors in any group, there cannot be a doctor
outside that group that lies in-between those two doctors in the identical
hospital preference. Recall that, whenever we consider an IHP PY, we assume

the indexation of the doctors in groups to be such that g7 Pogg 1 foralli < n;
and all 7 < m. Below, we provide a formal definition of ATHP.

DEFINITION 13 Let P° be an IHP. Then, P° satisfies Adjacent IHP (AIHP)
if for any group G = {g1,..., 92} € G and any d € D, g P°dP°g, implies
de .

DEFINITION 14 Let P° be an IHP. Then, the collection of preference profiles

where

e hospitals in H have lexicographic preferences and groups’ preferences
satisfy RVT, denoted by DYE(P?), is defined as DLE(P?) = {P € DL
PV is the IHP of P},

e hospitals in H have lexicographic preferences and groups’ preferences
are unrestricted, denoted by DIV(PY), is defined as D*V(P°) = {P €
DIV . PO s the IHP of P}.

Note that, for any IHP P° € (D), D*%(P°) C DV (PY).
Our next theorem says that ATHP is a necessary condition for the ex-
istence of stable matching at every preference profile where hospitals have

lexicographic preferences and groups’ preferences satisfy RVT.
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THEOREM 2 Let P° be an IHP. Suppose stable matching exists at every pref-
erence profile in DM(PY). Then, P° satisfies AIHP.

Proof: Consider an IHP P°. Suppose PY does not satisfy AIHP. We show
that there exists a preference profile in D?(P%) with no stable matching.
Since PY does not satisfy ATHP, there exists a group G = {g1,...,9,} and
doctors d; ¢ G such that g;P°d;P°g;. for some ¢ € {1,...,n — 1} and
gnP°dy. Take two hospitals hy, hy € H. Consider a preference profile P in
DLR(PY) such that hy, = hy and hyPgh for all h € H \ {h,}. Further,
ha, = ho and hyPg,h for all h € H \ {hs}. Let the preference of group G be
such that hy = hy and hoPyh forallh € H\{h,} foralld € {gs,...,g.}. Also,
hg, = he and hy Py h for all h € H \ {ho} but (hy,...,h)Pc((h1)-1, (h2)1).
An allocation of the group G, where at least one doctor in G is matched
to a hospital h ¢ {hy,he} is assumed to responsive and is ranked below
all the allocations, where all the members of the group are either matched
to hy or ho. Let [{d : hg = ho}| = kp, — 2, |{d : hg = h1}| = kp, — n, and
{d : hg = h}| = Kk, for all h # hq, hy. Finally, we assume that the preferences
of all groups other than G satisfy responsiveness. We show that there is no
stable matching at this preference profile. Let p be a stable matching at this
preference profile. Since p is stable and ), _, x, = |D|, it must be that
wu(d) = hy for all d ¢ {gi1,...,9gn,d1,d2}. Now we distinguish the following

cases for the allocation of the group G.

e Suppose u(G) = (hy,...,h1). Then, (hy,d;) blocks p as hyPg hy and
dlpogi_,_l.

e Suppose u(G) = ((h1)-1,(h2)1). Then, ((h1,...,h1),G) blocks u as
91P0d1P0d2 and (hl, N h1>Bg((h1)_1, (hg)l)

e Suppose p(G) = ((h1)—j, (hg);) for some j # 1. Note that since
haPg, b1, by RVT ((h1)-1-j, (h2)1, (h2);)Pa((h1)—j, (hs);). This, to-
gether with the fact that g; P°d; P’dy, means p is blocked by (((h1)—_1-;, (h2)1, (h2);), G).
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o Suppose ((G) = ((h1)—j—k, (h2);, (he)i) for some j < i+1 and for some
k’ 7é ] Since (hl,. . ->h1>BG((hl)fjfk7 (hg)j, (hg)k), gjpodlpodg and
hospitals’ preferences are lexicographic, y is blocked by (((h1)_g, (ha)x), G).

e Suppose u(G) = ((h1)—j—k, (h2);, (he)x) for some j > k > i+ 1. Note
that, since hlBgih% by RVT we have ((hl),k, (hg)k)BG((hl),j,k, (hz)j, (hg)k>
This together with the fact that g, P°dy, means 1 is blocked by (((hy)_x, (ha)x), G).

This completes the proof of Theorem 2. |

Now we prove the converse of Theorem 2 which states that if the hospitals’
preferences satisfy AIHP, then stable matching exists at every preference
profile where hospitals’ preferences are lexicographic and groups’ preferences
satisfy RVT. However, we prove a stronger version of this, where we show
that if the hospitals’ preferences satisfy AIHP, then stable matching exists
at every preference profile where hospitals’ preferences are lexicographic and

groups’ preferences are unrestricted.

THEOREM 3 Let P° be an IHP. Suppose P° satisfies AIHP. Then, stable

matching exists at every preference profile in DIV (PY).

Proof: The proof of Theorem 3 is constructive. Suppose P° satisfies ATHP.
We construct an algorithm that produces a stable matching at every pref-
erence profile in DIV (PY). Take P € DLV(PY). Recall that, by our initial
assumption on IHP, gﬁ;jPOgﬁk for all j < k € {1,...,m}. Since P° is ATHP,
this means g] POg¥ for all j < k € {1,...,m}. Now we present our algorithm.
Algorithm: The involves m + 1 steps. We present the 1% step, and a general
step of the algorithm. At every step, a doctor from a group proposes to a set
of hospitals, one for each member of the group. Whenever a hospital receives
a set of proposals at some step, it accepts all proposals if it has adequate

vacancies, otherwise it rejects all the proposals.

Step 1: Use SDA to match all the doctors ranked above gi according to P°.
Let gl propose on behalf of G! to the top n;-tuple of hospitals according to
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Peu. If at least one doctor of the group is rejected, then let g propose to the
next ranked nq-tuple of hospitals according to Pgi. Continue this process

till the whole group G is accepted by a set of hospitals.

Step j: Use SDA to match all the doctors that ranked below gﬁ;}l and above
g7 according to P°. Let g] propose on behalf of G’ to the top n;-tuple of
hospitals according to Pg;. If at least one doctor of the group is rejected,
then let g{ propose to the next ranked n;-tuple of hospitals according to Pgi.
Continue this process till the whole group G is accepted by a set of hospitals.

Continue this process till Step m and then match the remaining doctors by
SDA at the m + 1% step.

We show that the above algorithm produces a stable matching at P. Let
1 be the outcome of the above mentioned algorithm. We distinguish the

following cases.

Case 1: Suppose (h,s) blocks p through p/. Note that, by the nature of
our algorithm, all the doctors that propose before s are more preferred to
s according to the ATHP PY. Moreover, for any G = (g1, ..., 9n), if g1 P’s,
then ATHP implies g, P%s. Since s ¢ u(h), by the nature of the algorithm, we
have either dP%s for all d € pu(h) and |u(h)| = kp, or p(s)Psh. If dP%s for all
d € u(h) and |u(h)| = kp, then by responsiveness of hospitals’ preferences,
we have p(h)Ppp/(h). This means hospital h does not block with s. On
the other hand, if u(s)Psh, then s does not block with hospital h. This
contradicts that (h, s) blocks p.

Case 2: Suppose (h,G) blocks p through u/ where G = {g1,...,¢9,} and
h = (hy,...,h,). Then, it must be that hPc(1(g1),- - -, 1(gn)). By the nature
of the algorithm, this means g; proposes to (hq,...,h,) before proposing to

(1(g1),- -, 1(gn)), and some hospital, say h;, rejects at least one member of
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the group G. Let {g;,,...,g;} be the set of doctors of group G that apply
to h; and get rejected. Because h; rejects those doctors, it must be that
h; has less than [ vacancies when g; proposes to (hi,...,h,) on behalf of
G. Let D’ be the set of doctors that are present in h; at that time. By
ATHP assumption and the nature of the algorithm, this means each doctor
in D’ is preferred to all the doctors of the group GG. Again, by the nature of
the algorithm, it follows that D’ C p(h;). This means h; must release some
doctors from D’ for the block (¢/,h,G) to p. Since dPy,g;, for all d € D’
and k € {1,...,l}, and P}, is lexicographic, we have p(h;)Pp,p’(h;). This
contradicts that (h, G) blocks p. This completes the proof of Theorem 3. B

In what follows, we show by means of an example that the lexicographic
assumption on the hospitals’ preferences is necessary for Theorem 3. In
other words, we show that if hospitals’ preferences are not lexicographic, then
existence of stable matching is not guaranteed even if hospitals’ preferences
follow AIHP. In fact, we show a stronger version where the existence of stable
matching is not guaranteed under the additional assumption that groups’

preferences satisfy RVT.

EXAMPLE 1 Consider a matching problem where H = {hy, ho} with k, =
Kn, = 2, D = {g1, g2, 51, $2} and there is exactly one group G = {g1,¢2} in
G. The preferences of individual doctors, preference of the group and ATHP
of hospitals on the set of individual doctors is given in Table 1. The group’s
preferences over pairs where one member is matched with a hospital h € H
and the other one is unmatched is not shown in the table, but assumed to
be responsive and ranked below the shown pairs. Finally, we assume that
for hospital hy, {g1, g2} Pn, {51, $2}. Note that, the preference of the hospital
hy is not lexicographic. Further note that, the preference of the group G
satisfies RVT.

(Clearly, for a stable matching pu, each hospital should get exactly 2 doctors.

We consider all 4 possible cases of group matching.
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PO P, P, P, P, Pq
st hi ha  hi Dy ( )
g1 ha hy (hz, hz)
(h1, ha)
(ha, h)

g2
52

Table 1: Preferences

e Suppose u(G) = (hy, hy). Since s;P%gy and hy Py, hs, p1 is blocked by
(hl, 81).

e Suppose u(G) = (hg, he). Since {g1, g2} Pr, {51, 52} and (hq, hy) Pg(ha, he),
it follows that u is blocked by ((hi, k), G).

e Suppose u(G) = (hy, he) or (hg, hy). We show p is blocked when pu(G) =
(h1, ha), the proof of the same for u(G) = (hs, hy) can be obtained by
changing the roles of g; and go. Since hy Ps, ho and s;P%so, if pu(hy) = so,
then p is blocked by (hi, s1). Now suppose pu(s1) = hy. Since u(gy) =
hi, this means p(se) = hy. Then, (hg, hy)Pg(hy, ho) and g, PYsy imply
w is blocked by ((hg, hs), G).

This shows that there is no stable matching at the above mentioned prefer-

ence profile.

2.7 Matching Market with Non-Identical Hospital Pref-

erence and Couples

In this section, we investigate what happens if the IHP condition is slightly
relaxed. We further assume that the groups are couples. Thus D = SUMUF
with |M| = |F|, where M = {my,...,my} is the set of males and F' =
{f1,.-., fe} is the set of females. Further, we denote the set of couples by
C ={{my, fr},...,{ms, fr}}. We assume that for all couples ¢ = {m, f} €
C and for all hospitals h € H, mP,f.
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Recall that, for a given set of hospitals H and set of doctors D with
couples C, a preference profile P is defined by a collection of preferences
({Pa}aep,{Pc}ecc, {Prtnen) where Py is a preference of doctor d, P, is a
preference of couple ¢ and P}, is a preference of hospital h for all d € D, all
ceC,and all h € H.

In what follows, we show by the means of an example that IHP assump-
tion on hospitals’ preferences is necessary for Theorem 1. In other words, we
show that if hospitals’ preferences do not satisfy IHP, then stable matching

is not guaranteed even if couples’ preferences satisfy Condition 1.

EXAMPLE 2 Consider a matching problem where H = {hq,hs, h3} with
Khy = Khy = 1, Kpy = 2, D = {m, f,s1,s2} and there is exactly one cou-
ple ¢ = {m, f} in C. The preferences of individual doctors, preference of the
group and preferences of hospitals on the set of individual doctors is given
in Table 2. The couple’s preference over pairs where one member is matched
with a hospital and the other one is unmatched is not shown in the table,
but assumed to be responsive and ranked below the shown pairs. Note that,

the preference of the couple ¢ satisfies Condition 1.

Pn Pw P P P, Pn Py P
s m m hy hy hy hy )
m f f hi ht hy h ( )
f si st hy hy hy hy ( )
Sy Sy 89 (hs, hs)
( )
(ha, h1)
( )

1 2

Table 2: Preferences

Let u be a stable matching at the preference profile given in Table 2. Since
51Pys9 for all h € H, it must be that either p(s1) = p(sa) or wu(sy)Ps, pu(s2).

e Suppose u(c) = (hy, he). Since hiPs hs and s1P,,m, p is blocked by
(hl, 81).
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e Suppose u(c) = (hy,hg). Since (hy, hy)P.(h1,hs) and fPy,s1, p is
blocked by (ha, f).

e Suppose p(c) = (hs, hs). Since (hy, ho)P.(hs, hs), fP,s1 and mPy, s,
w is blocked by ((hy, hs), ).

e Suppose u(c) = (hs, hy). Since (hs, hg)P.(hs, he) and fPy,so, p is
blocked by (hs, f).

e Suppose u(c) = (hs, hy). Since (hs, hg)P.(hs, hi) and fPy,so, p is
blocked by (hs, f).

e Suppose p(c) = (ha, hy). Since hy Py hy and s1 Py, f, 1 is blocked by
(hl, 81).

e Suppose pu(c) = (ha, hs). Since (hs, h3)P.(he, hs3) and mPp,sq, p is
blocked by (hsz, m).

Thus, there is no stable matching at this preference profile.

In view of the above example, we look for condition on couples’ prefer-
ences that is sufficient to ensure existence of stable matching when hospitals’
preferences are non-identical over individual doctors. Recall that, we have a
mild condition on hospitals’ preferences that m is preferred to f for all the
hospitals h.

Let P2 = ({P)}aep\s, {P?}eec) be a given collection of preferences of the
doctors that are in some couple, and of the couples in C. Then, by D(P{)
we denote the set of preference profiles where doctors d € D\ S and couples
in ¢ € C' have preferences as in P2, i.e., D(P2) ={P: Py = P? forall d €
D\ S and P. = P? for all c € C}.

CONDITION 2 Suppose P{ is such that P? € DEVT for all c € C. Then,
PY. satisfies Condition 2 if there exists responsive preference P. € DX for
all ¢ € C such that for all ¢ = {m, f} € C and all (hy,hs),(hs, hs) €
(Hx H)\(hm, han), we have (hy, ho) P.(hs, hy) if and only if (hy, ho) P (hs, hy).
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Note that, Condition 2 implies that for a couple ¢ = {m, f}, P? satis-
fies responsiveness over all pairs of hospitals except (A, hy,). Furthermore,
PY violates responsiveness for togetherness only when both members of the
couple get a position at h,,. In the following theorem, we show that exis-
tence of a stable matching is guaranteed at a preference profile if the couples’

preferences satisfy Condition 2.

THEOREM 4 Suppose PY is such that P® € DEVT for allc € C. Then, stable
matching exists at every preference profile in D(PQ) if P2 satisfies Condition
2.

Proof: The proof of Theorem 4 is constructive. We construct an algorithm
that produces a stable matching at every preference profile where couples’
preferences satisfy Condition 2. Suppose PJ is such that P? € DEVT for
all ¢ € C. Suppose further that P2 satisfies Condition 2. Then, for each
c={m, f} € C there exists some P. € D such that for all (hy, hs), (hs, hs) €
(H < H)\ (hm, hm), we have (hi, hy) P.(hs, hy) if and only if (hy, he) PO (hs, hy).
For each couple ¢ = {m, f}, define a conditional preference P;)‘ n € L(H) of f
in the following way: h'P?, h" if and only if (h, k') P?(h,h"). In the following

flh
lemma we establish a connection between PJQ and PJQ‘ o

LEMMA 1 Suppose ¢ = {m, f} is a couple and hy, hy, h,, are all distinct

hospitals. Then, hy Phy implies hlP})lhmhg.

Proof: Assume for contradiction that hy P{h, and hQPJ()‘ p, T Since th]?| ho s
we have (l,, ha) P (hy,, hi). Because hy, hy, h,, are all distinct, by Condition
2 we have (i, ha) Po(hy, h1). Because P. € DY, this means hyP{hy, which

is a contradiction. This completes the proof. |

Take P € D(PY). In the following, we present our algorithm that pro-

duces a stable matching at P.

Algorithm: Use DPDA where every doctor bids as a single doctor. For all

c = {m, f}, m proposes according to P% and f proposes according to P]?| I
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where h,, is the P? maximal hospital. For all s € S, s proposes according
to Ps.

The following lemma establishes an important property of DPDA. The
proof of the lemma is elementary, however we present the proof for the sake

of completeness. Let 1 be the outcome of the above mentioned algorithm.

LEMMA 2 Suppose a doctor d is rejected by hospital h at some stage of the
algorithm. Then p cannot be blocked such that d moves to the hospital h from

p(d).

Proof: Since h has rejected d during some stage of the algorithm, hospital A
had x; many better proposals from doctors that are better than d according
to P, at the time when h rejected d. Therefore, by the nature of DPDA all
the doctors that are matched with A at the end of the algorithm must be
better than d according to P,. So h will not block with d. This completes
the proof. ]

Now, we show that the above mentioned algorithm produces a stable

matching at P. We distinguish the following cases.

Case 1: Suppose (h, s) blocks p through 4. Since s blocks with h, we have
sPsu(s). Therefore, it must be that h rejected s earlier in the algorithm.
Hence by Lemma 2, (h, s) cannot block p.

Case 2: Suppose (h,c) blocks p through ' where ¢ = {m, f} and h =
(h1,hs). Note that, hy and hy are not necessarily different. Since ¢ blocks
with (hy, hs), we have (hy, ho) P2 (u(m), u(f)).

Case 2.1: Suppose p(m) = hy,. By the definition of P?, this means (h,,, ha) P (hy, hs).
Since (hy, ho) P2 (i, pu(f)), this implies (A, ha) P2 (hy, 1(f)). Because (i, b, c)
blocks p where p(m) = hy,, it follows that (i, (h.,, k), ¢) also blocks p. Note

that, (h, ho) Py (hm, p(f)) implies ho PP, fu(f). Therefore, by the definition

of the algorithm, it must be that f proposed to hy and got rejected at an

earlier stage of the algorithm. Hence, by Lemma 2, (¢, (h, ha),c) cannot

block .
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Case 2.2: Suppose pu(m) # h,,. Since m bids according to P, using similar
logic as before, it follows that either hy = p(m) or u(m)P2h;. This, together
with the facts that (hy, he)PO(pu(m), u(f)) and u(m) # h,,, implies that
hoP}u(f). Because p(m) # hy,, it must be that |[p(hy,)| = K, and dPy, m
for all d € pu(h,,). Since mPyf for all h € H, this means dP),, [ for all
d € p(hy). Therefore p(f) # hn,. Moreover, since (i, h,c) blocks pu, it
follows that hy # hy,. Because hoP{u(f), it must be that hy # u(f). As
11(f), ha, hin are all distinet and ho PPu(f), by Lemma 1 we have ho P, pu(f).
Therefore, by the definition of the algorithm, it must be that f proposed to
hy and got rejected at an earlier stage of the algorithm. Hence, by Lemma
2, (h,c) cannot block p.

This completes the proof. |

3 Conclusion

We consider many-to-one matching problem between doctors and hospitals
where doctors are divided into groups. We assume that the preferences of
the groups do not follow responsiveness and hospitals have identical prefer-
ences over the individual doctors. We show by means of an example that
existence of stable matching is not guaranteed in such scenarios. In view of
this, we find restriction on the preferences of groups that is necessary and
sufficient for the existence of stable matching. We further consider an ad-
ditional restriction on the identical hospital preference that we call adjacent
identical hospital preference, and show that stable matching always exists
under this restriction. Afterwards, we relax the condition of identical hospi-
tal preferences. However, in order to make the problem tractable, we restrict
the groups to be couples. Finally, we provide a sufficient condition for the

existence of stable matching for such matching problems.
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