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In this supplementary note, we provide the proof of Fact 1 and detailed explanations of
Example 4, 5, and 6. Fact 1 is proved in Sasaki (1997), which is not published yet. Thus, we
provide its proof for completeness. In Example 4, 5, and 6, we check that each probabilistic
rule defined in each example induces the feasible marginal distribution profiles and satisfies the
list of properties. We also provide tables which make it easy to check especially coalitionally
strategy-proof conditions in these examples.

Fact 1. [Sasaki, 1997] A marginal distribution profile p € P satisfies Pareto-efficiency with
respect to u if and only if it satisfies same-sideness with respect to u and at most binary.

Proof of Fact 1. First, we show the only if part of the fact, and then, prove the if part.

(A) only if part. Let u € U". Let p € P be a marginal distribution profile satisfying Pareto-
efficiency with respect to u.

We show that (i) p satisfies same-sideness with respect to u, and (ii) it also satisfies at most
binary.

(i) Suppose, on the contrary, p does not satisfy same-sideness with respect to w.

Without loss of generality, assume ) ;- 0(ui) > & since the other case is treated symmetry.
Since p violates same-sideness, there exist ¢ € N such that for some = € (b(ui), k], pi(z) > 0.
Without loss of generality, assume i = 1.

By feasibility, there also exists j € N\{1} such that for some y € [0, b(uj)), pj(y) > 0 and
the following p’ € P is well-defined. Without loss of generality, assume j = 2.

Let p’ € P be such that

p1(2) = p(@) — e, pi(z — 1) = pi(xz — 1) +e¢, forall z € K\{z — 1,2},p1(2) = p1(2),
Pa(y) = p2(y) — €, Po(y + 1) = pa(y + 1) + ¢, for all z € K\{y,y + 1}, p5(2) = pa(2),
for all h € N\{1,2} and all v € K, p{,(v) = pn(v).

Then, single-peakedness implies that E(p},u1) > E(p1,u1), E(h, u2) > E(p2,uz), and for all
J € N\{1,2}, E(pj;vj) = E(pj;uj). It contradicts Pareto-efficiency of p.
Thus, we have that p satisfies same-sideness with respect to wu.

(ii) Suppose, on the contrary, p does not satisfy at most binary.



Without loss of generality, assume ) ;- 0(ui) > k since the other case is treated symmetry.
Since p violates at most binary, there exists ¢ € N such that for some z,y € K with z +1 < g,
pi(z) > 0 and pi(y) > 0. Without loss of generality, assume i = 1.

By feasibility, there also exists j € N\{1} such that for some z,w € K with z < w, pj(z) >0
and pj(w) > 0 and the following p’ € P is well-defined. Without loss of generality, assume j = 2.
Since p satisfies same-sideness by (i), z,y € [0,b(u1)] and z,w € [0, b(u2)].

Let p’ € P be such that

(ph() = p1(@) — e, i+ 1) = pi(z + 1) + €91 (1) = fily) — 6, Pi(y — D) = pry — 1) + ¢,
for all v e K\{z,z+ 1,y — 1,y},pi(v) = p1(v),

P2(2) = p2(2) — €,05(2 + 1) = p2(2 + 1) + €, p5(w) = p2(w) — €, p5(w — 1) = po(w — 1) +¢,
for all v € K\{z,z +1,w — 1, w},p5H(v) = p2(v),

(for all j € N\{1,2} and all v € K, pj(v) = pj(v).

Then, single-peakedness and risk-averseness implies that E(p},u1) > E(p1,u1), E(ph, u2) >
E(p2,u2), and for all h € N\{1,2}, E(py; un) = E(pn;un). It contradicts Pareto-efficiency of p.
Thus, we have that p satisfies at most binary.

(B) if part. Let w € U". Let p € P be a marginal distribution profile satisfying same-sideness
with respect to u and at most binary. We show that p is Pareto-efficient with respect to wu.
Without loss of generality, assume ) ;- b(ui) > k, since the other case is treated symmetry.

Suppose, on the contrary, p does not satisfy Pareto-efficiency with respect to u. Then, there
exists p’ € P such that for all i € N, E(pj;ui) > E(pi,ui), and for some j € N, E(pj; uj) >
E(pj; uj).

For all i € N, let A\j € R+ be such that \j = Y ccpi -z, and zj € K be such that
Ai € [zj, zi +1). Note that [1 — (Aj — xi)] - zi + (A — i) - (i + 1) = A. Therefore, by feasibility,
Sien{ll =i —z)] -z + Qi —xi) - (@i + D} =k

Also note that single-peakedness and risk-averseness implies that for all 1 € N,

[1— i —zi)] - wizi) + i — i) - wizi + 1) > E(pi; w). (1)

Since p satisfies both same-sideness with respect to u and at most binary, for all ¢ € NV, there
exists yij € K such that yj +1 < b(uj) and pi(yi) + pi(yi +1) = 1.
Then, together with the assumption that p’ Pareto-dominates p, (1) implies that for all
1 €N,
[1— (i — 2)] - wizi) + (A — i) - wilzi + 1) > piyi) - wilyi) + pi(yi + Dui(yi +1),  (2)
and for some j € N,
(1= — )] uj(rg) + O — 25) - wj (g +1) > pj () - uj(yi) +piQys + Dujy; +1). (3)
Then, by single-peakedness, (2) implies that for all i € N,
xj > yj or [xi = yj and 1 — (A — zi) < pi(yi)]
and (3) implies that for some j € N,
xj > yj or [zj = yj and 1 — (\j — xj) < pi(wi)l.

Thun, we have that [1 — (A\i —zi)] - zi + (\i — i) - (@i + 1) > pi(yi) -vi +pi(yi +1) - (i + 1),
and for some j € N, [1 —(A\j —zj)]-zj + (\j —j) - (x5 +1) > pj(yj) -yj +rj(yj +1) - (yj +1).

The summing up implies that ) ;\{[1— (i —zi)]-zi + (i —2i) - (@i + 1)} > D ien 1@i(wi) -
yi + pi(yi +1) - (yi +1)}. However, since both sides equal k, it is a contradiction.

Hence, we have that p is Pareto-efficient with respect to u. O



Example 4. Let n = 3 and k = 2. We define the probabilistic rule f as below:
If w € U3 is such that for one agent, say 4, b(uj) = 1 and for any other agent j € N\{i},
b(uj) = 0, then, (i) in the case of uj(1) — ui(0) > ui(1) — ui(Z),

fitw)(@) =R, filw)(2) =
i) =5, filw@) =
and (ii) in the case of ui(1) — ui(0) < wi(1) — ui(2),

{fi (w)(0) = 220, fitw)(@) =2
i@ =2, fiw@) =1

Otherwise, f induces the same marginal distribution proﬁle as the uniform probabilistic rule.
Then, although the probabilistic rule f satisfy coalitional strategy-proofness, respect for
unanimity, and strong symmetry, it is not the uniform probabilistic rule.

First, we show that for all u € U", f(u) is feasible. Since the uniform probabilistic rule
induces the feasible marginal distribution profile, we show that there is a feasible distribution
providing f(u) in the cases of that f(u) is different from the marginal distribution profile induced
by the uniform probabilistic rule.

Let u € U3 be such that for one agent, say i, b(ui) = 1 and for any other agent j € N\{i},
b(uj) =0. Without loss of generality, assume ¢ = 1. In the case of u1(1) —u1(0) > u1(1) —u1(2),
[220 0(2,0,0), ~ 7 0(1,1,0), ~ 2%0 (1,0,1)] induces f(w). In the case of u1(1) —u1(0) < u1(1) —u1(2),
0(0,1,1),550(1,1,0), 55 0 (1,0, 1)] induces f(u).

Next, we show that f satisfies respect for unanimity, strong symmetry, and coalitional
strategy-proofness. However, since it is obvious that f satisfies respect for unanimity and strong
symmetry, we check only coalitional strategy-proofness.

Table 1 attached in the end of this note is provided to check coalitional strategy-proofness.

For each agent i € N, the utility function of agent ¢ is classified into four types; the type
of utility functions with b(uj) = 0, the type of utility functions such that b(uj) = 1 and (i)
ui(1)—ui(0) > ui(1)—wui(2), the type of utility function such that b(uj) = 1 and (ii) uj(1)—ui(0) <
ui(1) — ui(2), and the type of utility functions with b(uj) = 2. Since there are three agents in
this example, utility profiles are classified into 64(= 4%) types. Note that the rule f assigns the
same marginal distribution profile to utility profiles of the same type.

Table 1 describes how the rule f assigns to each type of utility profile a marginal distribution
profile. Table 1 consists of four matrices. Each matrix corresponds to a type of agent 3’s utility
function; The first matrix corresponds to the type of agent 3’s utility function with b(us) = 0,
the second corresponds to the type of agent 3’s utility function such that b(uz) = 1 and (i)
u3(1) — u3(0) > wu3(l) — u3(2), the third corresponds to the type of agent 3’s utility function
such that b(uz) = 1 and (ii) uz(1) — u3(0) < uz(1l) — u3z(2), and the fourth corresponds to
the type of agent 3’s utility function such that b(uz) = 2. The last four rows of each matrix
correspond to the types of agent 1’s utility function. The row dented “0” in the first column
corresponds to the type of agent 1’s utility function with b(u1) = 0, the row dented “1 case (i)”
in the first column corresponds to the type of agent 1’s utility function such that b(u1) = 1 and
(i) u1(1) — u1(0) > w1 (1) — u1(2), and so on. Similarly, the last four columns of each matrix
correspond to the types of agent 2’s utility function.

Marginal distribution profiles are described as 3 x 3 matrices nested in the corresponding
cells of the four matrices. For example, the matrix

11/20 9/20 0
0 18/20 2/20
11/20 9/20 0
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is nested in the cell corresponding to the utility profiles such that b(ui) = 0, b(uz) = 1,(i)
u2(1) — u2(0) > up(l) — u2(2), and b(uz) = 0. The first rows of the nested matrices corresponds
to agent 1’s allocations, the second rows to agent 2’s allocations, and the third rows to agent 3’s
allocations. The first columns of the nested matrices corresponds to the probability that agents
receive 0 units, the second columns to the probability that agents receive 1 units, and the third
rows to the probability that agents receive 2 units. For example, the nested matrix

11/20 9/20 0
0 18/20 2/20
11/20 9/20 0

implies that agent 1 receives 0 unit with probability 3 55> 1 unit with probability - 20 and 2 units
with probability 0; agent 2 receives 0 unit with probability 0, 1 unit Wlth probability 48 50, and 2
unlts with probablhty 555> and agent 3 receives 0 unit with probability 2% 55> 1 unit with probability
20, and 2 unit with probability 0. The bold fonts of nested matrices implies that the marginal
distribution profiles are different from those assigned by the uniform probabilistic rule, while
the normal fonts implies that the marginal distribution profiles coincide with those assigned by
the uniform probabilistic rule.

We use Table 1 to show that the rule f in Example 4 is coalitional strategy-proof. Let
we UM, N' C N, and iino € UN'. We need to show that whenever there is i € N’ such that
E(fi(uno, u—no); ui) > E(fi(u); ui), there exists j € N’ such that E(fj(u); uj) > E(fj(Uno, u—no); uj).
However, it is sufficient to show that (a) or (b) below holds:

(a) for any i € N', E(fi(u);ui) > E(fi(uno, u_no); ui),

(b) there exists i € N’ such that E(fi(u); ui) > E(fi(une, u_No); ui).

Since it is routine to show that (a) or (b) holds for all possible u € U", we check only two
utility profiles I) and II) below for demonstrations:

I) the utility profile w such that b(u1) = 0, b(uz) = 1, (i) u2(1) — u2(0) > up(1l) — u2(2), and
b(uz) =0,
IT) the utility profile u such that b(u1) = 2, b(uz) = 1, (i) u2(1) — u2(0) > u2(1) — u2(2), and
b(U3) =0.

In the first utility profile, we emphasize the role of the inequality u2(1) —u2(0) > u2(1)—u2(2).
In the second, we explain that by coalitional strategy-proofness of the uniform probabilistic rule,
we can omit checking many possible cases of Uype.

I) First, consider the utility profile w such that b(ui) = 0, b(up) = 1, (i) u2(l) — u2(0)
u2(1) — u2(2), and b(usz) = 0. Then, f(u) is represented by a nested matrix of bold font

11/20 9/20 0

0 18/20 2/20
11/20 9/20 0

If b(a1) = 0, b(u2) = 1, (i) u2(1)—u2(0) > u2(1)—u2(2), and b(u3) = 0, then since f(uno, u_no) =
f(u), (a) holds. Thus, in the following, we omit checking the case where b(u1) = 0, b(up) = 1,
(i) u2(1) — u2(0) > @2(1) — u2(2), and b(uz) = 0.
Case 1: #N' =1 In this case, we show that (a) holds.

Case 1-1: N’ = {1}. If b(@21) # 0, then since b(u1) = 0,

E(fi(u);u1) = 2 - u1(0) + 55 - ua(1) > ua(1) = E(f1(f1, u—1); ua).
Case 1-2: N/ = {2}. If b(a2) = 0, then since b(uz) = 1 and uz(1) — u2(0) > uz(1) — u2(2),

E(f2(u); uz) Bup()+ % u(2)
Loup(0) + 2 - up(l) = E(fa(fiz, u—2); uz).

v
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If b(u2) = 1 and u2(l) — u2(0) < u2(l) — u2(2), then since b(uz) = 1 and u2(l) — u2(0) >
uz(1) — u2(2),

cup(1) + % - u2(2)
-u2(0) + 35 - up(1) = E(f2(fi2, u—2); u2).

E(f2(u); u2)
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If b(22) = 2, then since b(up) = 1,

E(f2(u); u2)

= B .u(l)+ % u(2)
> u2(2) = E(f2(u2,u—_2); uz).

Case 1-3: N’ = {3}. If b(ua3) # 0, since b(uz) =0,

E(f3(u); u3)

= 4. uz(0) + 55 - us(l)
> uz(1) = E(f3(u2,u_2); uz).

Case 2: #N' =2 In this case we check that (b) holds.
Case 2-1: N' ={1,2}.
Case 2-1-1: b(u1) = 0.
If b(u2) = 0, then since b(u1) =0,

E(fi(u);u1) = 35 -u1(0) + 55 - ua(1)
>3- u1(0) + 5 - ua(1) = E(f1(lne, u—no); ua).

If b(up) = 1 and u2(1) — u2(0) < u2(1) — u2(2), then since b(ug) = 0,

E(fiu)iur) = 2 ui(0) + 55 - ua(l)
> 2 ui(0) + & ui (1) = BE(fi(ne, u_no); ua)-

If b(2) = 2, then since b(up) =1,

E(f2(u)iuz) = B w@)+ % u(2)
> up(2) = E(f2(une, u—no); uz2).

Case 2-1-2: b(u1) =1 and u1(1) — u1(0) > a1(1) — u1(2).
If b(up) = 0, then since b(u1) = 0,

E(fi(u);u1) = 35 -u1(0) + 2% - ua(1)
> 38 ui(l) + & - ua(2) = E(fi(iine, u—_no); u1).

If b(up) # 0, then since b(u1) = 0,

E(fiw)iur) = 2 u1(0) + 55 - ua(l)
> ul(l) = E(fl(aNo,u,No); ul).
Case 2-1-3: b(u1) =1 and u1(1) — 21(0) < u1(1) — u1(2).
If b(u2) = 0, then since b(u1) =0,

E(fi(u)iur) = 35 u1(0) + 55 - u1(1)
> &5 - u1(0) + 3¢ - ua(1) = E(f(lne, u_no); ua).
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If b(u2) # 0, then since b(u1) =0,
E(fi(u);u1) = 35 -u1(0) + 55 - ua(1)
> w1(1) = E(f1(@no, u—no); u1)-

Case 2-1-4: b(u1) = 2.
If b(2) = 0, then since b(u1) =0,

E(fi(w)iu) = 35-u1(0)+ 55 ui(l)
> u1(2) = E(fi(ano, u—no); uz).
If b(up) # 0, then since b(u1) =0,
E(fi(u)iu1) = 35 u1(0) + 55 - ua(1)
> (1) = E(fi(ano, u-no); uz).
Case 2-2: N’ ={1,3}.
Case 2-2-1: b(u1) = 0.
If b(u3) # 0, then since b(uz) =0,
E(fs(u)u1) = 35-u3(0)+ 55 us(l)
> uz(l) = E(fs(@no, u—no); us).
Case 2-2-2: b(u1) = 1.
If b(u3) = 0, then since b(u1) =0,
E(fi(u);u1) = 3 u1(0)+ 2% - ui(L)
> ul(l) = E(fl(aNo,u_No); ul).

If b(u3) # 0, then since b(ug) =0,

E(fi(u);ur) = 3 -u(0)+ - w(l)
> 3 u1(0) + 5 - ua(1) = E(fa(fine, u—no); ua).
Case 2-2-3: b(u1) = 2.
If b(u3) = 0, then since b(u1) =0,
E(fi(u);ur) = 35 -u1(0) + 55 - ua(1)
> u1(1) = E(f1(ine, u—_no); u).
If b(u3) # 0, then since b(u1) =0,
E(fi(u)u) = $-u(0)+ 2% -w(l)
> 1w (0) + % - ui(1) = E(fa(@ino, u—no); ua).

Case 2-3: N' ={2,3}.
Case 2-3-1: b(uz) = 0.
If b(@2) = 0, then since b(up) = 1 and u2(1) — u2(0) > uz(1) — u2(2),

E(fo(u)iuz) = B -ua(l) + % u2(2)
> 1 oup(0) + £ - up(2) = E(f2(lino, u—no); u2).



If b(u2) = 1 and u2(l) — u2(0) < u2(l) — u2(2), then since b(uz) = 1 and u2(l) — u2(0) >
uz(1) — u2(2),

E(fa(u)iuz) =

>

cup(1) + % - u2(2)
-u2(0) + 38 - up(1) = E(fa(ine, u—npo); u2).

If b(22) = 2, then since b(up) = 1,
E(fa(u);u2) = 35 -u3(0) + % - uz(1)
> ug(l) = B(fa(ano, u—no); us).

Case 2-3-2: b(uz) = 1 and ugz(1) — uz(0) > usz(l) — uz(2).
If b(@2) = 0, then since b(up) = 1 and up(1) — u2(0) > up(1) — u2(2),

E(f2(u)iuz) = 33 u2(l) + % - u2(2)
> 5 u2(0) + 55 - ua(1) = E(fa(lino, uno)iu2),
If b(up) # 0, then since b(uz) =0,
E(fs(u);uz) = 35 -us(0) + 2% - uz(L)
> uz(l) = E(f3(Une, u—_no); ua).

Case 2-3-3: b(u3) =1 and uz(1) — u3(0) < uz(l) — uz(2).
If b(@2) = 0, then since b(ip) = 1 and up(1) — u2(0) > up(1) — u2(2),

E(fa(u)iuz) = 38-u2(l) + % - ua(2)
> 55 u2(0) + 35 - u2(1) = E(f2(line, u—no); uz).
If b(u2) # 0, then since b(uz) =0,

E(fs(u);uz) = 2 us(0) + 55 - us(l)
> uz(l) = E(fa(une, u—no); ug).

S Sl
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Case 2-3-4: b(ugz) = 2.
If b(22) = 0, then since b(uz) =0,

E(fs(u)iuz) = 25 -uz(0)+ 55 ua(l)
> uz(2) = E(fz(uno, u_no); uz).

If b(u2) # 0, then since b(uz) =0,

E(fs(u);uz) = 35-us(0) + 2% - uz(L)
> uz(l) = E(f3(Une, u_no); ua).

Case 3: N =N In this case, we show that (b) holds. Owing to Case 2-1, we can omit
checking the case where b(u3) = 0.

Case 3-1: b(uz) = 1.

Owing to Case 2-3-2, we can omit checking the case where b(u1) = 0. Owing to Case 2-2, we
can also omit checking the case where b(up) = 1 and u2(1) — u2(0) > u2(1) — u2(2).

If b(@2) = 0, then since b(u1) =0,

E(fi(w)iur) = 35-u1(0) + 55 - us(l)
> ui(l) = E(f1(ano, u—no); u1).



If b(u) = 1 and u2(1) — uw2(0) < w2(l) — u2(2), or if b(up) = 2, then since b(up) = 1 and
u2(1) — u2(0) > uz(1) — u2(2),

E(fo(u),u2) = % ~up(l) + % ~u2(2)
> 2w+ § - ua(®) = E(f (s, u )i un)

Case 3-2: b(uz) = 2.

Owing to Case 2-3-4, we can omit checking the case where b(21) = 0. Owing to Case 2-2, we
can also omit checking the case where b(up) = 1 and u2(1) — u2(0) > u2(1) — u2(2).

If b(@2) = 0, then since b(ug) =0,

E(fi(u)iu) = 35-ua(0) + 55 - ua(1)
> u1(1) = E(f1(ane, u—no); u1).

If b(up) = 1 and 42(1) — w2(0) < w2(l) — u2(2), or if b(up) = 2, then since b(upz) = 1 and
up(1) — u2(0) > uz(1) — u2(2),

E(fo(u)iuz) = B-u)+ & ua(2)
> £ -u2(0) + 3 - up(1) = E(f1(lne, u—no); ua).

IT) Next, consider the utility profile u such that b(u1) = 2, b(uz) = 1, (i) u2(1) — u2(0) >
u2(1) — u2(2), and b(uz) = 0. Then, f(u) is equal to the marginal distribution profile that the
uniform probabilistic rule assigns to u, and it is represented by a nested matrix of normal font

0 1 0
0 1 0
1 0 0

Thus, since the uniform probabilistic rule is coalitional strategy-proof, we need not to check
the case where f(Z@ino,u_no) is equal to the marginal distribution profile that the uniform
probabilistic rule assigns to (uno,u_No). Therefore, we only need to check the case where
f(tNo,u_No) is not equal to the marginal distribution profile that the uniform probabilistic
rule assigns to (uno, u_No), i.e., the case where f(uno,u_No) is represented by nested matrices
of bold font. Note that it is sufficient to show that there is ¢ € N’ such that @j # uj and
E(fi(u);ui) > E(fi(uno, u—no); ui).
Case 1: b(u3) = 0.
If b(41) = 0, and b(u2) = 1 and u2(1) — 42(0) > u2(1) — u2(2), then since b(uy) = 2,
E(fi(w)iu) = w(l)
> B0+ ()
= E(fi(ano, u—no);u1).
If b(71) = 0, and b(u2) = 1 and u2(1) — 42(0) < @2(1) — ©2(2), then since b(uy) = 2,
E(fi(u)ju1) = wua(1)
> 5@+ B w)
= E(fi(ano, u_no);u1).
If b(u1) = 1 and u1(1) — ©1(0) > 41(1) — u1(2) and b(uz) = 0, then since b(u2) =1,
E(f2(u);uz) = wua(l)
> 55 - u2(0) + 55 - ua(1)
= E(f2(ino, u—No); u2).



If b(u1) = 1 and u1(1) — ©1(0) < 41(1) — w1 (2) and b(uz) = 0, then since b(uz) =1,

E(fa(u);uz) = wu2(l)
> 5 up(0) + 35 up(1)
= E(f2(une, u—no); u2).

Case 2: b(uz) = 1 and uz(1) — uz(0) > uz(1) — u3z(2).

In this case, f(uno,u_No) is not equal to the marginal distribution profile that the uniform
probabilistic rule assigns to (une, u_No) only when b(u1) = b(up) = 0. If b(u1) = b(up) = 0, then
since b(uy) = 2,

E(fi(w);u1) = wi(1)
> 35 u1(0) + 5 - ua ()
= E(fi(ane, u—nNo);u1).

Case 3: b(u3) = 1 and uz(1) — u3(0) < uz(1) — usz(2).

In this case, f(uno,u_No) is not equal to the marginal distribution profile that the uniform
probabilistic rule assigns to (une, u_No) only when b(;) = b(up) = 0. If b(u1) = b(up) = 0, then
since b(u1) = 2,

E(fi(w);u1) = wi(l)
> o5 ur(0) + 35 - ua(1)
= E(fi(ane, u_No); u1).

Note that f(uno, u_No) is always equal to the marginal distribution profile that the uniform
probabilistic rule assigns to (ane, u_no) in the case where b(3) = 2. Thus, we need not to check
this case.

Example 5. Let n =4 and k = 2. We define a probabilistic rule f as below:

If w € U% is such that for one agent, say i, b(uj) = 0, and for any other agent j € N\{i},
b(uj) > 1, then

{fi(u>(0) =2 fitw(1) = 5
i@ =4 i@ =21

Otherwise, f induces the same marginal distribution profile as the uniform probabilistic rule.
Then, although the rule f satisfies the four properties; coalitional strategy-proofness, respect
for unanimity, strong symmetry, and peaks-onlyness, it is not the uniform probabilistic rule.!

First, we check that f(u) is feasible even in the case of it is different from the marginal
distribution profile by the uniform probabilistic rule.

Let u € U be such that for one agent, say i, b(uj) = 0, and for any other agent j € N\{i},
b(uj) > 1. Without loss of generality, assume i = 1. Then, [ o (1,1,0,0), & 0 (1,0,1,0), 35 o
(1,0,0,1), 55 0(0,1,1,0), 5% 0(0,1,0,1), 5 0 (0,0, 1, 1)] induces f(u). Thus, for all u € U, f(u)
is feasible.

Next, we check that f satisfies the properties. Similarly to Example 4, it is obvious that f in
Example 5 satisfies respect for unanimity, strong symmetry and peaks-onlyness. We can check
that f also satisfies coalitional strategy-proofness by using Table 2. In this example, utility
profiles are classified into 81(= 3*) types. Each type coincides with each peak profile because

'In the case of n < 3 and k = 2, a rule satisfies coalitional strategy-proofness, respect for unanimity, strong
symmetry, and peaks-onlyness if and only if it is the uniform probabilistic rule.



of peaks-onlyness. We can show coalitional strategy-proofness by using Table 2 similarly to
Example 4. Thus, we omit the detailed explanation.

Example 6. Let n = 3 and k = 2. We define the probabilistic rule f as below:
For all v € U3, if b(u1) = 2 and b(uz) = b(us) > 1,

{ﬁ@@=ﬁﬁ@®=%
F2()(0) = f3(u)(0) = 12, () (1) = fa(u)(L) = 7,

and if b(u1) = 1 and b(uz) = b(uz) > 1,

{mmm=ﬁﬁwm=%
Fo)(0) = f3(u)(0) = &, fo(u)(1) = fa(u)(L) = =.

Otherwise, f induces the same marginal distribution profile as the uniform probabilistic rule.
Then, the rule f satisfies coalitional strategy-proofness and same-sideness, even though it
violates at most binary.

First, we show that f(u) is feasible even in the case of it is different from the marginal
distribution profile by the uniform probabilistic rule. When u € U" is b(u1) = 2 and b(uz) =
b(usz) > 1, [l5 o (0,1,1),1—‘51r 0(2,0,0)] induces f(u). When u € U™ is b(u1) = 1 and b(up) =
b(uz) > 1, [55 0 (0,1,1), 5= 0 (1,1,0), 1—75 0(1,0,1)] induces f(u). Thus, surely the feasibility is
satisfied.

We show that f satisfies the properties. It is easy to check same-sideness. We can show
coalitinal strategy-proofness by using Table 3 similarly to Example 4. Thus, we omit the detailed
explanation.
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the marginal probability distribution profiles induced by 7 in Example 4.

Table 1 (1)

b(U3) =0
b(u,) 0 1 case (i) 1 case (ii) 2

b(u,) # of objects 0 1 2 0 1 2 0 1 2 0 1 2
agent 1 1/3 2/3 0 11/20 9/20 0 9/20 11/20 0 1 0 0
0 agent 2 1/3 2/3 0 0 18/20 2/20 2/20 18/20 0 0 0 1
agent 3 1/3 2/3 0 11/20 9/20 0 9/20 11/20 0 1 0 0
agent 1 0 18/20 2/20 0 1 0 0 1 0 0 1 0
1 case (i)| agent 2 11/20 9/20 0 0 1 0 0 1 0 0 1 0
agent 3 11/20 9/20 0 1 0 0 1 0 0 1 0 0
agent 1 2/20 18/20 0 0 1 0 0 1 0 0 1 0
1 case (ii)| agent 2 9/20 11/20 0 0 1 0 0 1 0 0 1 0
agent 3 9/20 11/20 0 1 0 0 1 0 0 1 0 0
agent 1 0 0 1 0 1 0 0 1 0 0 1 0
2 agent 2 1 0 0 0 1 0 0 1 0 0 1 0
agent 3 1 0 0 1 0 0 1 0 0 1 0 0

b(ug) = 1, case (i)

b(u,) 0 1 case (i) 1 case (ii) 2

b(uy) # of objects 0 1 2 0 1 2 0 1 2 0 1 2
agent 1 11/20 9/20 0 1 0 0 1 0 0 1 0 0
0 agent 2 11/20 9/20 0 0 1 0 0 1 0 0 1 0
agent 3 0 18/20 2/20 0 1 0 0 1 0 0 1 0
agent 1 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
1 case (i)| agent 2 1 0 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 3 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 1 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
1 case (ii)| agent 2 1 0 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 3 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 1 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
2 agent 2 1 0 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 3 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0

bold : the different marginal distribution profiles from those by the uniform probabilistic rule




b(ug) = 1, case (ii)

the marginal probability distribution profiles induced by 7 in Example 4.

Table 1 (2)

b(u,) 0 1 case (i) 1 case (ii) 2

b(u,) # of objects 0 1 2 0 1 2 0 1 2 0 1 2
agent 1 9/20 11/20 0 1 0 0 1 0 0 1 0 0
0 agent 2 9/20 11/20 0 0 1 0 0 1 0 0 1 0
agent 3 2/20 18/20 0 0 1 0 0 1 0 0 1 0
agent 1 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
1 case (i)| agent 2 1 0 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 3 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 1 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
1 case (ii)| agent 2 1 0 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 3 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 1 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
2 agent 2 1 0 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 3 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0

b(U3) =2

b(u,) 0 1 case (i) 1 case (ii) 2

b(uy) # of objects 0 1 2 0 1 2 0 1 2 0 1 2
agent 1 1 0 0 1 0 0 1 0 0 1 0 0
0 agent 2 1 0 0 0 1 0 0 1 0 0 1 0
agent 3 0 0 1 0 1 0 0 1 0 0 1 0
agent 1 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
1 case (i)| agent 2 1 0 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 3 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 1 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
1 case (ii)| agent 2 1 0 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 3 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 1 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
2 agent 2 1 0 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0
agent 3 0 1 0 1/3 2/3 0 1/3 2/3 0 1/3 2/3 0

bold : the different marginal distribution profiles from those by the uniform probabilistic rule




b(ug) =0, b(u,) =0

the marginal probability distribution profiles induced by 7 in Example 5.

Table 2 (1)

b(u,) 0 1 2

b(u,) # of objects 0 1 2 0 1 2 0 1 2
agent 1 1/2 1/2 0 2/3 1/3 0 1 0 0

0 agent 2 1/2 1/2 0 0 1 0 0 0 1
agent 3 1/2 1/2 0 2/3 1/3 0 1 0 0

agent 4 1/2 1/2 0 2/3 1/3 0 1 0 0

agent 1 0 1 0 0 1 0 0 1 0

1 agent 2 2/3 1/3 0 0 1 0 0 1 0
agent 3 2/3 1/3 0 1 0 0 1 0 0

agent 4 2/3 1/3 0 1 0 0 1 0 0

agent 1 0 0 1 0 1 0 0 1 0

2 agent 2 1 0 0 0 1 0 0 1 0
agent 3 1 0 0 1 0 0 1 0 0

agent 4 1 0 0 1 0 0 1 0 0

b(uy) =0, bluy) =1
b(u,) 0 1 2

b(u,) # of objects 0 1 2 0 1 2 0 1 2
agent 1 2/3 1/3 0 1 0 0 1 0 0

0 agent 2 2/3 1/3 0 0 1 0 0 1 0
agent 3 2/3 1/3 0 1 0 0 1 0 0

agent 4 0 1 0 0 1 0 0 1 0

agent 1 0 1 0 11/30 19/30 0 11/30 19/30 0

1 agent 2 1 0 0 11/30 19/30 0 11/30 19/30 0
agent 3 1 0 0 27/30 3/30 0 27/30 3/30 0

agent 4 0 1 0 11/30 19/30 0 11/30 19/30 0

agent 1 0 1 0 11/30 19/30 0 11/30 19/30 0

2 agent 2 1 0 0 11/30 19/30 0 11/30 19/30 0
agent 3 1 0 0 27/30 3/30 0 27/30 3/30 0

agent 4 0 1 0 11/30 19/30 0 11/30 19/30 0

bold : the different marginal distribution profiles from those by the uniform probabilistic rule




blug) =1, blu,) =0

the marginal probability distribution profiles induced by 7 in Example 5.

Table 2 (2)

b(u,) 0 1 2

b(u,) # of objects 0 1 2 0 1 2 0 1 2
agent 1 2/3 1/3 0 1 0 0 1 0 0

0 agent 2 2/3 1/3 0 0 1 0 0 1 0
agent 3 0 1 0 0 1 0 0 1 0

agent 4 2/3 1/3 0 1 0 0 1 0 0

agent 1 0 1 0 11/30 19/30 0 11/30 19/30 0

1 agent 2 1 0 0 11/30 19/30 0 11/30 19/30 0
agent 3 0 1 0 11/30 19/30 0 11/30 19/30 0

agent 4 1 0 0 27/30 3/30 0 27/30 3/30 0

agent 1 0 1 0 11/30 19/30 0 11/30 19/30 0

2 agent 2 1 0 0 11/30 19/30 0 11/30 19/30 0
agent 3 0 1 0 11/30 19/30 0 11/30 19/30 0

agent 4 1 0 0 27/30 3/30 0 27/30 3/30 0

b(uy) =0, b(uy) =2
b(u2) 0 1 2

b(u,) # of objects 0 1 2 0 1 2 0 1 2
agent 1 1 0 0 1 0 0 1 0 0

0 agent 2 1 0 0 0 1 0 0 1 0
agent 3 1 0 0 1 0 0 1 0 0

agent 4 0 0 1 0 1 0 0 1 0

agent 1 0 1 0 11/30 19/30 0 11/30 19/30 0

1 agent 2 1 0 0 11/30 19/30 0 11/30 19/30 0
agent 3 1 0 0 27/30 3/30 0 27/30 3/30 0

agent 4 0 1 0 11/30 19/30 0 11/30 19/30 0

agent 1 0 1 0 11/30 19/30 0 11/30 19/30 0

2 agent 2 1 0 0 11/30 19/30 0 11/30 19/30 0
agent 3 1 0 0 27/30 3/30 0 27/30 3/30 0

agent 4 0 1 0 11/30 19/30 0 11/30 19/30 0

bold : the different marginal distribution profiles from those by the uniform probabilistic rule




b(ug) =2, b(u,) =0

the marginal probability distribution profiles induced by 7 in Example 5.

Table 2 (3)

b(u,) 0 1 2

b(u,) # of objects 0 1 2 0 1 2 0 1 2
agent 1 1 0 0 1 0 0 1 0 0

0 agent 2 1 0 0 0 1 0 0 1 0
agent 3 0 0 1 0 1 0 0 1 0

agent 4 1 0 0 1 0 0 1 0 0

agent 1 0 1 0 11/30 19/30 0 11/30 19/30 0

1 agent 2 1 0 0 11/30 19/30 0 11/30 19/30 0
agent 3 0 1 0 11/30 19/30 0 11/30 19/30 0

agent 4 1 0 0 27/30 3/30 0 27/30 3/30 0

agent 1 0 1 0 11/30 19/30 0 11/30 19/30 0

2 agent 2 1 0 0 11/30 19/30 0 11/30 19/30 0
agent 3 0 1 0 11/30 19/30 0 11/30 19/30 0

agent 4 1 0 0 27/30 3/30 0 27/30 3/30 0

b(U3) 2 1, b(U4) 2 1
b(u,) 0 1 2

b(u,) # of objects 0 1 2 0 1 2 0 1 2
agent 1 1 0 0 27/30 3/30 0 27/30 3/30 0

0 agent 2 1 0 0 11/30 19/30 0 11/30 19/30 0
agent 3 0 1 0 11/30 19/30 0 11/30 19/30 0

agent 4 0 1 0 11/30 19/30 0 11/30 19/30 0

agent 1 11/30 19/30 0 1/2 1/2 0 1/2 1/2 0

1 agent 2 27/30 3/30 0 1/2 1/2 0 1/2 1/2 0
agent 3 11/30 19/30 0 1/2 1/2 0 1/2 1/2 0

agent 4 11/30 19/30 0 1/2 1/2 0 1/2 1/2 0

agent 1 11/30 19/30 0 1/2 1/2 0 1/2 1/2 0

2 agent 2 27/30 3/30 0 1/2 1/2 0 1/2 1/2 0
agent 3 11/30 19/30 0 1/2 1/2 0 1/2 1/2 0

agent 4 11/30 19/30 0 1/2 1/2 0 1/2 1/2 0

bold : the different marginal distribution profiles from those by the uniform probabilistic rule




the marginal probability distribution profiles induced by 7 in Example 6.

Table 3 (1)

b(U3) =0
b(UZ) 0 1 2

b(u,) # of objects 0 1 2 0 1 2 0 1 2
agent 1 1/3 2/3 0 1/2 1/2 0 1/2 1/2 0

0 agent 2 1/3 2/3 0 0 1 0 0 1 0
agent 3 1/3 2/3 0 1/2 1/2 0 1/2 1/2 0

agent 1 0 1 0 0 1 0 0 1 0

1 agent 2 1/2 1/2 0 0 1 0 0 1 0
agent 3 1/2 1/2 0 1 0 0 1 0 0

agent 1 0 1 0 0 1 0 0 1 0

2 agent 2 1/2 1/2 0 0 1 0 0 1 0
agent 3 1/2 1/2 0 1 0 0 1 0 0

b(us) =1
b(u,) 0 1 2

b(u,) # of objects 0 1 2 0 1 2 0 1 2
agent 1 1/2 1/2 0 1 0 0 1 0 0

0 agent 2 1/2 1/2 0 0 1 0 0 1 0
agent 3 0 1 0 0 1 0 0 1 0

agent 1 0 1 0 1/15 14/15 0 1/15 14/15 0

1 agent 2 1 0 0 7/15 8/15 0 7/15 8/15 0
agent 3 0 1 0 7/15 8/15 0 7/15 8/15 0

agent 1 0 1 0 1/15 14/15 0 1/15 14/15 0

2 agent 2 1 0 0 7/15 8/15 0 7/15 8/15 0
agent 3 0 1 0 7/15 8/15 0 7/15 8/15 0

bold : the different marginal distribution profiles from those by the uniform probabilistic rule




the marginal probability distribution profiles induced by 7 in Example 6.

Table 3 (2)

b(U3):2
b(UZ) 0 1 2

b(u,) # of objects 0 1 2 0 1 2 0 1 2
agent 1 1/2 1/2 0 1 0 0 1 0 0
0 agent 2 1/2 1/2 0 0 1 0 0 1 0
agent 3 0 1 0 0 1 0 0 1 0

agent 1 0 1 0 1/15 0 14/15 1/15 0 14/15
1 agent 2 1 0 0 14/15 1/15 0 14/15 1/15 0
agent 3 0 1 0 14/15 1/15 0 14/15 1/15 0

agent 1 0 1 0 1/15 0 14/15 1/15 0 14/15
2 agent 2 1 0 0 14/15 1/15 0 14/15 1/15 0
agent 3 0 1 0 14/15 1/15 0 14/15 1/15 0

bold : the different marginal distribution profiles from those by the uniform probabilistic rule
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