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The stable roommates problem (SR) and its exten-
sions are one of the most well studied problems of the
area of matching under preferences [4]. Given a set of
an even number N of participants, each of which has
ranked all of the others in a strict order of preference,
the SR asks to determine pairs of participants such that
each participant is matched in a pair, and there do not
exist two participants that are not matched with each
other, yet prefer each other to their assigned partners.
Given a matching M , a pair of unmatched participants
that prefer each other to their partners matched by M
is said to be a blocking pair of M , and a matching that
has no blocking pair is said to be stable.

Among the various extensions of the SR the most
common ones are the SR with incomplete preference
lists (SRI), where “acceptable” pairs are limited by
only allowing participants that have included each
other in their preference lists to be matched together;
and the SR with partially ordered preference lists
(SRP), which introduces “indifference” in participants’
preferences. In the context of indifference, more than
one definition of stability are possible [3]:
- A matching is called weakly stable if there is no pair of
unmatched participants that strictly prefer each other
to their matched partners,
- A matching is called super-stable if no two unmatched
participants prefer each other to their matched part-
ners, or are indifferent between each other and their
respective matched partners.

There exist linear time algorithms for the SR and
the SRI which give a stable matching or correctly de-
termine that none exists [2]. While the problem of
finding a super-stable matching for an instance of the
SRP (or determining that none exists) is solvable in
polynomial time, the equivalent problem is NP-hard
under weak stability [3]. Henceforth, we focus on weak
stability and omit the quantifier “weak”.

In light of the NP-hardness results from introducing
indifference in the preference lists of the SR, we restrict
the notion of indifference and introduce unranked en-
tries, such that a participant is indifferent between an
unranked and any other entry in her preference list. A
pair of participants u and v such that u is unranked
in v’s preference list will never become a blocking pair
since v is indifferent between u and any other partic-
ipant in v’s preference list. Likewise, if u and v are
matched in a matching M , then no pair including v
can become a blocking pair to M . We call this prob-
lem SRU, for stable roommates problem with unranked
entries.
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Theorem 1. The SRU is NP-complete, even when
- all pairs are acceptable,
- each participant has two unranked entries in her pref-
erence list, or is an unranked entry of three other par-
ticipants, and
- each participant does not have unranked entries, or is
herself not unranked for any of the other participants.

Proof sketch. We model an instance of the SRU by
a bidirected graph G = (V,E) where the vertex set V
represents the set of participants, and the edge set E
represents the set of acceptable pairs such that for a
participant v ∈ V the set of edges E+(v) with v as a
tail gives the preference list of v. Edges are weighted
by a function ω : E → {1, 2, . . . , |V |} ∪ {∗} such that
for an unranked entry u on v’s preference list, for the
directed edge e = (v, u) it holds that ω(e) = ∗, and for
two edges e1 = (v, u1) and e2 = (v, u2), ω(e1) < ω(e2)
means that v prefers u1 to u2. Note that according
to our model of the SRU, for a participant v and two
edges e1, e2 ∈ E+(v), ω(e1) = ω(e2) holds if and only if
ω(e1) = ω(e2) = ∗. It should be obvious how to relate
the notions of matching and stability in terms of finding
a “stable” matching as a set of pairwise non-incident
edges in the graph G under the weight function ω. Let
E∗ ⊆ E denote the set of unranked directed edges. A
base triangle is defined to be a set {a1, a2, a3} of three
vertices such that
- {ω(e) | e ∈ E+(a2)} = {ω(e) | e ∈ E+(a3)} =
{1, 2, . . . , N − 1},
- E+

∗ (a1) = {(a1, bi) | i = 2, 3, . . . , k} for some positive
integer k,
- {ω(e) | e ∈ E+(a1)− E∗} = {4, 5, . . . , N − k − 1},
- ω(a1, a2) = ω(a2, a1) = ω(a3, a2) = 2,
- ω(a1, b1) = ω(a2, a3) = ω(a3, a1) = 1, and
- ω(a1, a3) = 3,
as illustarted in Fig. 1. We call the vertex a1 the at-
taching vertex of the base triangle {a2, a2, a3}. Any
stable matching in (G,ω) must contain the edge a2a3
and one of the edges a1bi, i = 1, 2, . . . , k.
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Figure 1: A base triangle {a1, a2, a3}, where the weight
ω is indicated by a number next to each edge, and
dashed lines indicate unranked edges.
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Figure 2: Illustration of an instance (GI , ω) reduced from a 3SAT instance I = (X = {xi | i = 1, 2, . . . , n}, C =
{cj = {ℓj,1, ℓj,2, ℓj,3} | j = 1, 2, . . . ,m}), where N = |V (GI)| is equal to 8n+12m, dashed lines indicate unranked
edges, and for a literal ℓ, f(ℓ) stands for the number of clauses in C containing this literal.

As the SRU is trivially in NP, we show its NP-
hardness by a reduction from the well-known 3SAT [1]:
Instance: A set C of m clauses over a set X of n
boolean variables such that each clause c ∈ C has ex-
actly three literals.
Question: Is there a truth assignment for X that sat-
isfies all the clauses in C?

Given an instance I = (X = {xi | i =
1, 2, . . . , n}, C = {cj = {ℓj,1, ℓj,2, ℓj,3} | j =
1, 2, . . . ,m}) of 3SAT, we will construct an SRU in-
stance (GI , ω) with a complete digraph on N = 8n +
12m vertices which consists of
- n variable gadgets, that is, 8-vertex graphs
g(x1), g(x2), . . . , g(xn);
- m clause gadgets, that is, 12-vertex graphs
g(c1), g(c2), . . . , g(cm); and
- the set of edges between these gadgets,
as illustrated in Fig. 2. The gadgets and edges between
them are defined as follows.
• For each variable xi ∈ X, define g(xi) to be a graph
with eight vertices that consists of two base triangles
s1i and s2i and two vertices, named xi and xi such that,
for h = 1 (resp., h = 2), the attaching vertex uh

i of the
base triangle shi has exactly one unranked edge (u1

i , xi)
(resp., (u2

i , xi)) in E+(uh
i ).

• For each clause cj = {ℓj,1, ℓj,2, ℓj,3} ∈ C, define g(ci)
to be a graph with 12 vertices that consisits of three
base triangles, t1j , t

2
j , and t3j , and three vertices, named

ℓj,1, ℓj,2, and ℓj,3, such that, for each h = 1, 2, 3, the
attaching vertex vhj of the base triangle thj has exactly

two unranked edges, (vhj , ℓj,2) and (vhj , ℓj,3) in E+(vhj ).

It can be shown that with a proper choice of the
edge weight function ω, the graph (GI , ω) has a stable
matching if and only if the 3SAT instance I = (X,C)
has a satisfiable assignment.

On the other hand, given an SRU instance with m
acceptable pairs and k unranked entries in total, we
can devise an O(2km)-time algorithm to find a stable
matching or determine that none exists. This algo-
rithm is based on an enumeration procedure which for
each of the O(2k) subsets of pairs including an un-
ranked entry checks if there exists a stable matching
containing that subset by applying the O(m)-time al-
gorithm due to Gusfield and Irving [2] for the SRI.
It is an interesting future research direction to inves-

tigate the nature of SR instances where indifference in
participants’ preferences are further restricted, and in
particular, determine if there exists a particular class
of SRU instances that are solvable in polynomial time.
It seems possible that the SRU where unranked entries
form a matching in the corresponding graph can be
solved in polynomial time.
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