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Mechanism Design for Facility Location via SAT Solving
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We consider the problem of locating one facility on discrete grids with variable populations. An agent’s preference
is single-peaked or single-dipped, depending on whether she wants to access the facility (a public good), or be far
from it (a public bad). In this paper, we clarify whether or not there exists a mechanism which satisfies both false-
name-proofness and Pareto efficiency on a discrete grid by using SAT solver. Concretely, we reveal the existense
about the appropreate mechanism on a grid which size is less than 3 × 3, further the impossibility besides those
grids. Moreover, we also clarify the impossibility about ontoness on grids which size is over 2× 3.
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N ⊆ N (|N | = n ≥ 2)

i ∈ N zi ∈ V

Z = (zi)i∈N

i Z−i (Z = (zi, Z−i))

c : V × V → Z

a ∈ V i c(zi, a) ∈ N

p ∈ B

p = 0 p = 1

1 ( ) zi = (xi, yi) ∈ V

i G

a = (ax, ay) ∈ V c

c(zi, a) = |xi − ax|+ |yi − ay|.
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i G

a = (ax, ay) ∈ V c

c(zi, a) = −|xi − ax| − |yi − ay|.
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f
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a ∈ V

• ∀i ∈ N c(zi, f(Z, p)) ≤ c(zi, a)

• ∃j ∈ N c(zj , f(Z, p)) < c(zj , a)
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∀N, ∀Z, ∀p, ∀i ∈ N, ∀zi, ∀z′i ∈ V, ∀φi ⊆ N\N, ∀Zφi ∈ V |φi|

c(zi, f(Z, p)) ≤ c(zi, f((z
′
i, Zφi , Z−i), p)).
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∨
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03 0
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(b03−1) 023 0

(b023−0) 0

0 > 1

b03−1 → ¬b023−0.

CNF

¬b03−1 ∨ ¬b023−0.

Cu Cr SAT
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BINARY-RELATION(p,v) MANIPULATION(S,m)

BINARY-RELATION(p,v)

p v v

0 1

2 3

1: 2 2

Algorithm 1 Automated CNF SAT instance Generator

Require: a graph G = (V,E), a preference domain p

Ensure: CNF SAT instance F
1: let B ← ∅, Cu ← ∅ and Cr ← ∅
2: for v ∈ V do

3: Pp,v ← BINARY-RELATION(p, v) ⊂ E2

4: end for

5: for S ⊆ V do

6: for v ∈ PE(S, p) do

7: B ← B ∪ {bS,v}
8: end for

9: Cu ← Cu ∪∨
v∈PE(S,p) bS,v

10: for any pair v, v′ ∈ PE(S, p) do

11: Cu ← Cu ∪ (¬bS,v ∨ ¬bS,v′)

12: end for

13: end for

14: for S ⊆ V do

15: for m ∈ S do

16: M(S,m) ← MANIPULATION(S,m) ⊆ V

17: for T ∈ M(S,m) do

18: for any pair (v, v′) ∈ Pp,m do

19: if v ∈ PE(T, p) and v′ ∈ PE(S, p) then

20: Cr ← Cr ∪ (¬bS,v′ ∨ ¬bT,v)

21: end if

22: end for

23: end for

24: end for

25: end for

26: print Cu and Cr to F
27: return F

MANIPULATION(S,m)

S m m

S
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