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Abstract
Following the seminal contribution of Koray and Yildiz (J Econ Theory 176:479–
502, 2018), we re-examine the classical questions of implementation theory under 
complete information in a setting where coalitions are fundamental behavioral units, 
and the outcomes of their interactions are predicted by applying the solution concept 
of the strong core. The planner’s exercise includes designing a code of rights that 
specifies the collection of coalitions having the right to block one outcome by mov-
ing to another. We provide a complete characterization of the implementable social 
choice rules.

1  Introduction

The challenge of implementation lies in designing a mechanism (i.e., a game form) 
in which the equilibrium behavior of agents always coincides with the recommen-
dation given by a social choice rule (SCR). If such a mechanism exists, the SCR 
is implementable. Most early studies of implementation focused on noncooperative 
solution concepts, such as the Nash equilibrium (Maskin 1999) and its refinements 
(e.g., Moore and Repullo 1988; Abreu and Sen 1990).

Although implementation theory has had a tremendous success in identifying the 
class of SCRs that are implementable in various information structures, a nagging 
criticism of the theory is that many of its constructive proofs rely on questionable 
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tail-chasing procedures to eliminate unwanted equilibria, such as integer or modulo 
games (Jackson 1992).1

Since the relevance of the theory depends on the qualities of the devised mech-
anisms, economists have also been interested in understanding how to circumvent 
the limitations imposed by such unnatural features by exploring the possibilities 
offered by approximate (as opposed to exact) implementation (Abreu and Matsu-
shima 1992), as well as by implementation by bounded mechanisms (Jackson 1992; 
Mukherjee et al. 2019). One additional way around those limitations is offered by 
implementation by codes of rights, recently proposed by Koray and Yildiz (2018).

As demonstrated in the seminal paper by Koray and Yildiz (2018), an alterna-
tive to the noncooperative approach is to allow groups of agents to coordinate their 
behaviors in a mutually beneficial manner. To move away from non-cooperative 
modeling, the details of coalition formation are left unspecified. Consequently, coa-
litions—not individuals—become the basic decision-making units. Here, the role of 
the solution concept is to explain why, when, and which coalition forms and what it 
can achieve.

More importantly, the chosen coalitional solution concept is independent of the 
physical structure under which coalition formation takes place (e.g., Chwe 1994). 
This structure, often defined by an effectivity relationship, specifies which coali-
tions can form given a status quo outcome, and what they can achieve when they 
form (i.e., what new status quo outcomes they can induce). From an implementation 
viewpoint, the effectivity relationship is the design variable, playing the role of the 
mechanism.

Koray and Yildiz (2018) formalize this idea and study its implications. In their 
framework, the implementation of an SCR is achieved by designing a generalization 
of the effectivity relationship, introduced by Sertel  (2001), called a code of rights.2

A code of rights specifies, for each pair of outcomes (x, y), a collection of coali-
tions �(x, y) that are effective at moving from x to y. The code of rights is more flex-
ible than the effectivity function, as it allows the strategic options of coalitions to 
depend on how the status quo outcome is reached (i.e., on the current state).

Note that Koray and Yildiz (2018) introduce the more general concept of rights 
structures, which the code of rights is a special case of. In a rights structure, the 
state space may be augmented with other features apart from the set of outcomes 
Z, such as a preference profile. By restricting attention to the set of outcomes as 
the state space, the design exercise admits a very intuitive interpretation, bearing a 
straightforward analogy to the exercise of rights in the real world. This is in contrast 
to the more general rights structure framework which, although has shown to be 
more permissive for the implementation exercise, it does not easily conform with 
our intuition. We believe that the limitations that implementation by codes of rights 

1  Implementing mechanisms that do not rely on these unnatural features work only in particular settings. 
For two excellent surveys about implementation see Jackson (2001) and Maskin and Sjöström (2002).
2  Mcquillin and Sugden (2011) propose a similar notion, named the game in transition function form, as 
a generalization of effectivity functions.
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bears better convey the constraints of the mechanism design exercise in a real world 
scenario, thus making it more applicable.

As a coalitional solution, Koray and Yildiz (2018) adopt the core defined in terms 
of strong domination. Outcome x strongly dominates y if a coalition K exists that 
is effective at moving from x to y, and this move is beneficial for all members of K. 
The weak core is the set of outcomes that are not strongly dominated.

The core can also be defined in terms of weak domination. That is, x weakly dom-
inates y if a coalition K exists that is effective at moving from x to y, and this move is 
beneficial for at least one member of K and non-harmful for others. The strong core 
is the set of all outcomes that are not weakly dominated.

Most studies tend to utilize the notion of the weak core that admits in general 
more simple results. However, whether one should consider the weak or the strong 
core as a solution concept is not straightforward. That is, there is no clear reason to 
prefer one over the other for any environment, as such choice relies heavily on the 
particular issues that arise in each case. For example, as pointed out in Roth and 
Postlewaite (1977), in a market with indivisibilities, an important consequence of 
using weak instead of strong domination is that the strong core has no instability 
problems. Moreover, in the exchange market model of Shapley and Scarf (1974), the 
strong core is included in the set of competitive allocations (Wako 1984).

In this paper, we fully characterize the set of implementable SCRs in strong core 
by codes of rights (Theorem  1). Our characterization consists of the well-known 
unanimity condition and a new condition that we call SC-monotonicity, a variant of 
strong monotonicity as found in Korpela et al. (2020), who study implementation in 
codes of rights in weak core.

We provide applications of our result in a rationing environment, where we 
show that the intersection of the no-envy correspondence with the (strongly) Pareto 
optimal rule satisfies our sufficient conditions and is implementable in strong core 
(Corollary 1). On the other hand, we show by means of an example with single-
pleateaued preferences, that the previous intersection is not implementable in weak 
core (Example 3). More generally, there are solutions that cannot be achieved if we 
restrict our attention only to the weak core solution concept.

The remainder of the paper is divided into four sections. Section 2 sets out the 
theoretical framework and outlines the implementation model. Section  3 contains 
our characterization theorem. In Sect. 4 we provide some remarks and applications 
of our results, while in Sect. 5 we conclude and discuss points for further research.

2 � Preliminaries

Our environment consists of a collection of n agents (we write N for the set of 
agents), a (nonempty) set of outcomes Z. By Ri we denote agent i’s weak preference 
relation on Z and R = (R1, ...,Rn) denotes a preference profile. As usual, the asym-
metric part of Ri we denote by Pi . The set of agent i’s admissible preferences is Ri 
and the set of all admissible preference profiles is denoted by R.

We focus on complete information environments in which the true preference 
profile is common knowledge among the agents but unknown to the designer. The 
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power set of N is denoted by N  , and N0 ≡ N − {∅} is the set of all nonempty sub-
sets of N. Each group of agents, K (in N0 ), is a coalition. By slightly abusing nota-
tion, for all R ∈ R and K ∈ N0 , let x PK y denote xRiy for all i ∈ K , and xPjy for 
some j ∈ K.

The goal of the designer is to implement a social choice rule (SCR) F ∶ R → 2Z 
defined by ∅ ≠ F(R) ⊆ Z for every R ∈ R . We refer to x ∈ F(R) as an F-optimal 
outcome at R. To implement his goal, the designer devises a code of rights � , which 
is a (possibly empty) correspondence � ∶ Z × Z ↠ N  . � specifies, for each pair of 
outcomes (x, y) , a family of coalitions �(x, y) entitled to approve a change from out-
come x to y.

For any cooperative game (� ,R) , we say that x (strongly) dominates y if there 
exists a coalition K such that (i) K ∈ �(y, x) and (ii) xPiy for all i ∈ K . The definition 
of weak domination is obtained by relaxing condition (ii) to read (iia) xPKy . The 
core of the game (� ,R) , denoted by C(� ,R) , is the set of undominated outcomes. The 
strong core of (� ,R) , denoted by SC(� ,R) , is instead the set of weakly undominated 
outcomes.

Definition 1  A code of rights � implements F in strong core, simply SC-implements 
F, if F(R) = SC(� ,R) for all R ∈ R . If such a code of rights exists, then F is SC-
implementable by a code of rights.

Definition 2  A code of rights � implements F in core, simply C-implements F, if 
F(R) = C(� ,R) for all R ∈ R . If such a code of rights exists, then F is C-imple-
mentable by a code of rights.

Given preference profile R and outcome x, let agent i’s lower contour set be 
defined by Li(x,R) ≡

{
y ∈ Z|xRiy

}
 , and agent i’s strict lower contour set be defined 

by SLi(x,R) = {y ∈ Z|xPiy} . Fix any i ∈ N , any R,R� ∈ R and any x ∈ Z . We say 
that R′ is a monotonic transformation of R at x for agent i if Li(x,R) ⊆ Li(x,R

�) . If 
R′ is a monotonic transformation of R at x for each agent i ∈ N , we say that R′ is a 
monotonic transformation of R at x. F satisfies monotonicity3 provided that for all 
R,R� ∈ R and all x ∈ Z , if x ∈ F(R) and R′ is a monotonic transformation of R at x, 
then x ∈ F

(
R�
)
.

3 � A full characterization

As we will show later, monotonicity is not a necessary condition for SC-implemen-
tation by a code of rights. Thus, we introduce below a new condition, called strong 
core monotonicity, simply SC-monotonicity, using the following additional notation. 
For any coalition K ∈ N0 , profile R ∈ R , and outcome x ∈ Z , let

3  Monotonicity, also known as “Maskin monotonicity”, is necessary for full implementation in Nash 
equilibria (Maskin 1999). In this paper, we refer to it as “monotonicity”.
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Now, we define our notion of the “collective lower contour set” of a coalition 
K ∈ N0 at (x,R) ∈ Z ×R as follows:

Finally, given a SCR F, we define:

For completeness, we assume that when F−1(x) = � , SΛF
K
(x) = Z.

Definition 3  F is SC-monotonic provided that for all x ∈ Z and all R,R� ∈ R , if 
x ∈ F(R) and

then x ∈ F
(
R�
)
.

At this stage, it would be useful to compare SC-monotonicity with strong mono-
tonicity, which is found to be necessary and almost sufficient for C-implementation 
in Korpela et al. (2020). First we define:

Now, strong monotonicity is stated as follows:

Definition 4  F is strongly monotonic provided that for all x ∈ Z , R,R� ∈ R , if 
x ∈ F(R) and

then x ∈ F(R�).

The difference between the two conditions lies in the “collective lower contour 
set” of a coalition.4 Notice that, in the case of strong monotonicity, the collective 
lower contour set of coalition K is represented by ∪i∈KLi(x,R) , while it becomes 

LK(x,R) ≡
⋂

i∈K

Li(x,R),

SLK(x,R) ≡
⋃

i∈K

SLi(x,R),

F−1(x) ≡ {R ∈ R|x ∈ F(R)}.

SΛK(x,R) ≡ LK(x,R)
⋃

SLK(x,R).

SΛF
K
(x) ≡

⋂

R∈F−1(x)

(
LK(x,R)

⋃
SLK(x,R)

)
≡

⋂

R∈F−1(x)

SΛK(x,R).

SΛF
K
(x) ⊆ SΛK

(
x,R�

)
for all K ∈ N0,

ΛF
K
(x) ≡

⋂

R∈F−1(x)

∪i∈KLi(x,R).

ΛF
K
(x) ⊆ ∪i∈KLi(x,R

�) for all K ∈ N0,

4  We thank an anonymous referee for suggesting this interpretation.
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SΛK(x,R) = ∩i∈KLi(x,R)
⋃

∪i∈KSLi(x,R) in the case of SC-monotonicity. In the for-
mer case, a coalition which is entitled to move from x to y will form when all of its 
potential members strictly prefer y to x unanimously, i.e. when y ∉ ∪i∈KLi(x,R) . On 
the other hand, in the latter case dealt with in this paper, a coalition which is entitled 
to move from x to y will form when all of its potential members weakly prefer y to x 
with the preference being strict for at least one agent, i.e. when y ∉ SΛK(x,R).

As we formally show below, SC-monotonicity is a necessary condition for SC-
implementation via codes of rights, and it is sufficient when combined with another 
necessary condition known as unanimity. This condition states that, if an outcome is 
at the top of the preferences of all agents, then that outcome should be selected by 
the SCR. The condition can be stated as follows:

Definition 5  F satisfies unanimity provided that, for all x ∈ Z and all R ∈ R , if 
Z ⊆ Li(x,R) for all i ∈ N , then x ∈ F(R).

We show that SC-monotonicity and unanimity are necessary and sufficient for 
SC-implementation by codes of rights.

Theorem 1  F is SC-implementable by a code of rights if and only if F satisfies the 
conditions of SC-monotonicity and unanimity.

Proof  “Only If”: Assume that � SC-implements F. First, we show that F satisfies 
unanimity. For this, let Z ⊆ Li(x,R) for all i ∈ N but, for the sake of contradiction, 
x ∉ F(R) . Then, we have x ∉ SC(� ,R) , so there exists y ∈ Z and K ∈ �(x, y) such 
that yPKx . This however contradicts our premise.

In order to show that F satisfies SC-monotonicity, assume that R,R� ∈ R , 
x ∈ F(R) and SΛF

K
(x) ⊆ SΛK(x,R

�) for all K ∈ N0 . Suppose that x ∉ F(R�) . Now, 
x ∈ SC(� ,R) , but x ∉ SC(� ,R�) , as � SC-implements F. Then, there exist y ∈ Z 
and K ∈ �(x, y) such that yP′

K
x , implying that y ∉ SΛK(x,R

�) . This means that 
y ∉ SΛF

K
(x) , Then, however, there is some R�� ∈ F−1(x) with y ∉ SΛK(x,R

��) . 
That is, yP′′

K
x . So, x ∉ SC(� ,R��) since K ∈ �(x, y) , in contradiction with 

x ∈ F(R��) = SC(� ,R��).
“If”: Assume that F satisfies the conditions of SC-monotonicity and unanimity. 

Let us define a code of rights � ∶ Z × Z ↠ N  as follows. The range of F is the set 
F(R) = {x ∈ Z|x ∈ F(R) for some R ∈ R} . Given any x, y ∈ Z and K ∈ N0 , we let 

(a)	 K ∈ �(x, y) if and only if y ∈ SΛF
K
(x) , when x ∈ F(R),

(b)	 K ∈ �(x, y) , when x ∈ Z ⧵ F(R).

Take any R ∈ R . In order to show that F(R) ⊆ SC(𝛾 ,R) , pick any x ∈ F(R) . Also, 
take any K ∈ N0 and any y ∈ Z with yPKx . Now, however, y ∉ SΛF

K
(x) , implying 

that K ∉ �(x, y) by part (a) above, as x ∈ F(R) . Thus, x ∈ SC(� ,R).
Conversely, take any x ∈ SC(� ,R) . First, consider the case where x ∈ Z ⧵ F(R) . 

Take any i ∈ N and y ∈ Z . Since {i} ∈ �(x, y) and x ∈ SC(� ,R) , we conclude that 
xRiy for all i ∈ N . So, x ∈ F(R) by unanimity of F.
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Now, assume that x ∈ F(R) . Then, x ∈ F(R�) for some R� ∈ R . Suppose 
that SΛF

K
(x) ⊈ SΛK(x,R) for some K ∈ N0 . That is, there is some y ∈ SΛF

K
(x) 

with y ∉ SΛK(x,R) . Now, K ∈ �(x, y) by (a) since y ∈ SΛF
K
(x) , and yPKx since 

y ∉ SΛK(x,R) , contradicting that x ∈ SC(� ,R) . Thus, SΛF
K
(x) ⊆ SΛK(x,R) for all 

K ∈ N0 , implying that x ∈ F(R) by SC-monotonicity. This completes the proof. 	� ◻

4 � Remarks and applications

4.1 � Remarks

In this section, we provide some applications and remarks on our characterization 
theorem. First, we show that SC-monotonicity and monotonicity are logically inde-
pendent. To see this, let us consider the following SCRs:

Weak Pareto solution, WPO. For all R ∈ R,

WPO(R) ≡
{

x ∈ Z|for all y ∈ Z − {x} there exists i ∈ N such that xRiy
}

.

Pareto solution, PO. For all R ∈ R,

PO(R) ≡
{

x ∈ Z|there exists no y ∈ Z − {x} such that y PN x
}

.

It is well-known that the weak Pareto solution satisfies monotonicity.5 We show 
first in Example 1 below that it does not satisfy SC-monotonicity.

Example 1  There are two players in N ≡ {1, 2} , three preference profiles in 
R =

{
R,R�,R��

}
 , and two outcomes in Z ≡ {x, y} . Preferences are represented in the 

table below6:

R R R
1 2 1 2 1 2

x, y y y x, y y y
x x x x

Notice that WPO(R) = WPO
(
R�
)
= {x, y} and WPO

(
R��

)
= {y} . Let us check that 

the weak Pareto solution does not satisfy our condition SC-monotonicity. To this 
end, let us note that:

5  See for example Maskin (1999). Even though the condition we call monotonicity in our setting is 
slightly different than his, as ours concerns coalitions in general rather than individual agents, the proof 
still holds.
6  As usual, a

b
 for agent i means that he/she strictly prefers a to b, while a, b means that i is indifferent 

between a and b. Notice that preference profile R′ is not necessary for the example. It is merely added 
to outline the formulation of SC-monotonicity in a more general case with more than two preference 
profiles.
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	 (i)	 L1(x,R) = {x, y} , SL1(x,R) = ∅ , L2(x,R) = {x} and SL2(x,R) = ∅;
	 (ii)	 L1

(
x,R�

)
= {x} , SL1

(
x,R�

)
= ∅ , L2

(
x,R�

)
= {x, y} and SL2

(
x,R�

)
= ∅;

	 (iii)	 L1
(
x,R��

)
= L2

(
x,R��

)
= {x} and SL1

(
x,R��

)
= SL2

(
x,R��

)
= ∅.

Thus, by construction, it can be verified that SΛWPO
K

(x) = {x} for all 
K ∈ N0 . WPO does not satisfy SC-monotonicity because x ∈ WPO(R) , 
SΛWPO

K
(x) ⊆ SΛK(x,R

��) = {x} for all K ∈ N0 and yet x ∉ WPO
(
R��

)
.

We showed that WPO does not satisfy SC-monotonicity and is thus not SC-imple-
mentable. In Proposition 1, we show that PO on the other hand is SC-implementable.

Proposition 1  The Pareto solution PO is SC-implementable.

Proof  The fact that PO satisfies unanimity is obvious. We will prove that PO satis-
fies SC-monotonicity. For the sake of contradiction, consider x ∈ PO(R) ⧵ PO(R�) 
for some R,R� ∈ R , and suppose that for all K ∈ N0 , we have SΛPO

K
(x) ⊆ SΛK(x,R

�) . 
Since x ∉ PO(R�) , there must exist y ∈ Z , such that for all i ∈ N , yR′

i
x and yP′

j
x , for 

some j ∈ N . Now take K = N . We now have that y ∉ LN
(
x,R�

)
 and y ∉ SLN

(
x,R�

)
 , 

so, by our assumption, y ∉ SΛPO
N
(x) . Then, by the definition of SΛPO

N
(x) , there must 

exist R�� ∈ R where x ∈ PO(R��) , such that y ∉ SΛK(x,R
��) ≡ LK(x,R

��)
⋃

SLK(x,R
��) . 

This in turn implies that for all i ∈ N , we have yR′′
i
x , and for some j ∈ N , we have 

yP′′
j
x . This however contradicts our assumption that x ∈ PO(R��) . We conclude that 

PO satisfies SC-monotonicity as well, and, by Theorem 1, we have that PO is SC-
implementable. This completes the proof.

Finally, consider the following example:

Example 2  There are two players in N ≡ {1, 2} , two preference profiles in 
R =

{
R,R�

}
 , and two outcomes in Z ≡ {x, y} . Preferences are represented in the 

table below:

R R
1 2 1 2
x y x, y y
y x x

Now, PO(R) = {x, y} and PO
(
R�
)
= {y} . The Pareto solution does not satisfy 

monotonicity because x ∈ PO(R) , R′ is a monotonic transformation of R at x, and 
x ∉ PO

(
R�
)
.

Thus, PO does not satisfy monotonicity verifying the logical independence of 
SC-monotonicity and monotonicity. Note that Korpela et al. (2020) show that strong 
monotonicity, is necessary and almost sufficient for C-implementation by codes of 
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rights. Since strong monotonicity implies monotonicity (see Korpela et al. 2020; p. 
8), the examples above also show that SC-monotonicity and strong monotonicity are 
logically independent. On the same issue, Korpela et al. (2018; Example 2, p. 23) 
show that the weak Pareto solution is strongly monotonic. Thus, we conclude that 
while PO is implementable in strong core, it is not in weak core, while the opposite 
is true for WPO.

Additionally, note that, a code of individual rights is a code of rights that allo-
cates blocking powers only to single individuals. Korpela et al. (2020) introduce a 
stronger variant of strong monotonicity, called singleton strong monotonicity, which 
is necessary and sufficient for C-implementation by a code of individual rights 
when combined with the unanimity condition.7 When only individual deviations are 
allowed, the core defined by weak domination coincides with the core defined by 
strong domination, and so C-implementation by individual codes of rights is equiv-
alent to SC-implementation by individual codes of rights. This implies that SC-
monotonicity is equivalent to singleton strong monotonicity when only individual 
deviations are allowed.

As a final remark, note that singleton strong monotonicity implies monotonicity. 
Since the strong Pareto solution violates monotonicity, it follows that it does not sat-
isfy singleton strong monotonicity. However, the strong Pareto solution is SC-mono-
tonic. It follows that coalitions matter in the design of codes of rights implementing 
in strong core equilibria.

4.2 � Applications

Strong core has a bite relative to its weak counterpart, when indifferences matter. 
Indeed, in many instances where indifferences are inconsequential, the two equilib-
rium notions coincide.8 Consider for example a one-to-one matching environment 
with strict preferences over partners. Korpela et al. (2020) show in this case that the 
stable rule is C-implementable. While indifferences are allowed among matchings, 
they have no bite, as agents only care about their partners. The reader then can easily 
verify that the stable rule is SC-implementable as well in this case.

In order to further outline the significance of our characterization theorem, we 
turn our focus to rationing problems,9 where indifferences matter. We proceed with 
some formal definitions.

A social planner desires to allocate an infinitely divisible amount M ∈ ℝ+ among 
the agents. An allocation is a vector x = (x1, x2, ..., xn) ∈ ℝ

n
+
 , such that 

∑
i∈N xi = M . 

7  F is singleton strongly monotonic provided that, for all x ∈ Z and all R,R� ∈ R , if x ∈ F(R) and

then x ∈ F
(
R�
)
.

⋂

R̂∈F−1(x)

L
i
(x, R̂) ⊆ L

i
(x,R�) for all i ∈ N,

8  Notice that if we confine preferences to linear orders, SC-monotonicity collapses to strong monotonic-
ity. We thank a referee for pointing to this useful remark.
9  For Nash implementation results in rationing problems see Thomson (2010).
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Each agent i ∈ N has a weak preference relation ≿i on ℝ+ , with ≻i and ∼i as its asym-
metric and symmetric counterparts respectively. The set of all admissible prefer-
ences for agent i is denoted by Li . In this setting then, the set of outcomes consists 
of the set of allocations, that is, Z ≡ {x ∈ ℝ

n
+
�
∑

i∈N xi = M} and agents’ preferences 
naturally extend to the set of outcomes Z as follows:

For all i ∈ N , ≿i∈ Li and x, y ∈ Z:

A desirable rule that has attracted attention from the normative viewpoint is the no-
envy correspondence which is defined as follows:

Definition 6  The no-envy correspondence NE ∶ R → 2Z is defined such that, for all 
x ∈ Z , we have x ∈ NE(R) if and only if for all {i, j} ⊆ N, xi ≿i xj.

We now show that the no-envy correspondence satisfies SC-monotonicity.

Proposition 2  NE satisfies SC-monotonicity.

Proof  Consider R,R� ∈ R , where x ∈ NE(R)⧵NE(R�) , while for all K ∈ N0 , 
SΛF

K
(x) ⊆ SΛK(x,R

�) . Since x ∉ NE(R�) , there exists {i, j} ⊆ N , where xj ≻′
i
xi . 

Define y = (y1, y2, ..., yn) , such that for all yk where k ∉ {i, j} , yk = xk , while yi = xj 
and yj = xi . That is, y is the allocation where i’s and j’s assignments are permuted, 
while all other agents’ assignments are the same as in x. Now take K = {i} and 
notice that y ∉ Li(x,R

�) = Li
(
x,R�

)⋃
SLi

(
x,R�

)
= SΛi(x,R

�) . Then, by our assump-
tion and the definition10 of SΛF

K
(x) , there must exist R�� ∈ R with x ∈ NE(R��) , such 

that y ∉ Li
(
x,R��

)⋃
SLi

(
x,R

��)
= Li(x,R

��) . It follows that xj ≻
′′

i
xi as well and 

x ∉ NE(R��) , which is a contradiction. Therefore, NE satisfies SC-monotonicity. This 
completes the proof. 	�  ◻

SC-monotonicity is preserved under intersections, which is stated in our Corol-
lary below:

Corollary 1  Suppose that PO ∩ NE ≠ � . Then it is SC-implementable.

Proof  Follows from Propositions 1 and 2 and Theorem 1. 	�  ◻

We have verified that the intersection of PO and NE is SC-implementable. The 
reader might note that this result does not depend upon the specifics of the rationing 
problem and it holds in any abstract social choice setting, where PO ∩ NE ≠ �.

xRiy if and only if xi ≿i yi.

10  Note that in this case SΛNE

i
(x) =

⋂
R��∈NE−1(x)(Li(x,R

��) ∪ SL
i
(x,R��)) , because F = NE , K = {i} , and 

R′′ is the preference profile we want.
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We will now show an example where the previous intersection is not C-imple-
mentable. Specifically, we consider single-plateaued preferences in the rationing 
problem.11 Formally, preferences are single-plateaued, if for every agent i there exist 
x
i
, xi ∈ ℝ+ , such that for all xi, yi ∈ ℝ+ ∶ 

1.	 yi < xi ≤ x
i
 implies xi ≻i yi.

2.	 yi > xi ≥ xi implies xi ≻i yi.
3.	 xi, yi ∈ [x

i
, xi] implies xi ∼ yi.

Single-plateaued preferences generalize single-peaked preferences and have been 
central in studies of voting and public goods environments. Intuitively, an agent 
has single-plateaued preferences if there exists an interval such that, preference is 
strictly increasing (decreasing) to the left (right) of the interval, while the agent is 
indifferent among assignments in the interval, which correspond to the most pre-
ferred ones. Consider now the following example:

Example 3  Let N ≡ {1, 2} , R = {R,R�} , M = 20 , while the preferences are depicted 
in Fig. 1.

The left dashed graph corresponds to agent 1’s preferences in R, R1 . The left solid 
graph corresponds to agent 1’s preferences in R′ , R′

1
 . Finally, the right solid graph 

represents the preferences of agent 2 both in R and R′.
Consider the allocation x = (10, 10) ∈ (PO ∩ NE)(R) . Then, notice that 

agent 1’s preferences change from R to R′ in a monotonic transformation at x: 
L1((10, 10),R) = L1((10, 10),R

�) = ℝ+ . Moreover, agent 2’s preferences remain 

5 10 15 20

Utility

xi

R1 R2 = R2

R1

Fig. 1 Single-plateaued preferences, Example 3

11  Ehlers (2002) studies strategy-proofness in single-plateaued environments. For Nash implementation 
results, see Doghmi Ziad (2013).
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unchanged. However, notice that x ∉ PO(R�) , as there is a weak Pareto improve-
ment to y = (5, 15) . As the change from R to R′ is a monotonic transformation at x, 
we verify that PO does not satisfy monotonicity. Since strong monotonicity implies 
monotonicity (Korpela et al. 2020), it follows directly that PO ∩ NE is not C-imple-
mentable. This point outlines the importance of the right choice of equilibrium con-
cept according to the environment in hand, as well as the relevance of the strong 
core as a solution concept.

5 � Conclusion

We have studied the problem of implementing a social choice rule with codes of 
rights when the solution concept is the strong core, by characterizing the set of 
implementable rules. With our results we also aim to further motivate the study of 
mechanism design with cooperative game-theoretic devices, a special case of which 
is a code of rights. Additionally, we aim to outline the relevance of the strong core as 
a solution concept in economic design.

Our research can be taken further in several directions. Apart from applications 
of our results in more structured environments, a particularly fruitful avenue would 
be to relax the myopic assumption in the solution concept. Indeed, it is not clear yet 
what implications does farsightedness bear for the literature.
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