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Distribution Rules under Dichotomous Preferences Felix Brandt

Donor Coordination

‣ Customers can select one of over  
1 million charitable organizations. 

‣ Amazon donates 0.5% of the price of a customer’s purchase 
to his selected charity. 

‣ Imagine customers could approve more than one charity. 

‣ Amazon could cleverly distribute the contribution of each 
customer among his approved charities. 
‣ Customer 1 approves a and b. Customer 2 approves b and c. An 

efficient distribution rule would donate both contributions to b. 
‣ Both customers are happier than without coordination because 

their approved charities receive more money.
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Donor Coordination

‣ Which distribution rule should be used? 

‣ Minimal requirement to incentivize customers to participate: 
Amazon donates money to at least one approved charity of 
each customer. 

‣ Main result: No such rule can simultaneously satisfy 
efficiency and strategyproofness! 
‣ Confirms a conjecture by Bogomolnaia, Moulin, and Stong  

(BMS 2005) 
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The Model

‣ Allocate a divisible and homogeneous resource among a set 
of public projects . 
‣ The resource could for example be money, time, or probability. 

‣ Each agent  contributes amount  to a common pool. 
‣  is called the endowment. 

‣ Each agent  approves a non-empty set of projects . 

‣ Distribution rule  returns  with . 

‣ Each agent  receives utility .

A

i ∈ N Ci
C = ∑i∈N Ci

i Ai ⊆ A
f δ ∈ [0,C]A ∑x∈A δ(x) = C

i ui(δ) = ∑x∈Ai
δ(x)
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Three Axioms

‣ Efficiency 
‣ There is no  with   for all  and 

         for some . 

‣ Strategyproofness 
‣  for all  and . 

‣ Positive Share (BMS 2005) 
‣  for all . 

δ′ ∈ Δ(C) ui(δ′ ) ≥ ui(δ) i ∈ N
ui(δ′ ) > ui(δ) i ∈ N

ui( f(A1, …, An)) ≥ ui( f(A1, …, A′ i, …, An)) i ∈ N A′ i

ui(δ) > 0 i ∈ N
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Three Rules

‣ Utilitarian rule (UTIL) 
‣ distributes endowment uniformly over most approved projects 

‣ Conditional utilitarian rule (CUT) 
‣ distributes each  uniformly over most approved projects in  

‣ Nash product rule (NASH) 
‣ returns distribution that maximizes the product of agents’ utilities

Ci Ai
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violates positive share!

violates efficiency!

violates strategyproofness!

UTIL
0 1 2 3 D8

1 1 5
2 1 5
3 1 0
4 1 0
5 1 5
X 5

CUT
0 1 2 3 D8

1 1 3.5
2 1 3.5
3 .5 .5 1.5
4 .5 .5 1.5
5 1 3
X 3 1 .5 .5

NASH
0 1 2 3 D8

1 1 3
2 1 3
3 1 2
4 1 2
5 1 3
X 3 2

Fig. 1. Example outcomes of distribution rules on profile A = ({0, 2}, {0,3}, {1, 2}, {1,3}, {0}, {0,1, 2,3}) with uniform contributions. The last row of each table shows the distribution returned by the distribution rule. The other rows
show a division of this distribution into individual distributions (zeros omi�ed). Approved projects are highlighted in grey.

UTIL CUT NASH

E�ciency X – X
Strategyproofness X X –
Positive share – X X

UTIL CUT NASH SUT No Rule!
E�ciency X – X X  
Decomposable E�ciency X X X X

Decomposability (Group Fair Share) – X X X
Positive Share – X X X  

Strategyproofness X X – –  
Monotonicity X X – X

Contribution Incentive-Compatibility – X X –
Weak Participation X X X –

Table 1. Axiomatic properties of distribution rules.
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Two Out of Three Ain’t Bad

‣ Theorem: No distribution rule satisfies efficiency, strategy-
proofness, and positive share when |A|≥4 and |N|≥6. 

‣ Strengthens three existing theorems by BMS 2005 and 
Duddy 2015. 

‣ Significantly weaker notion of strategyproofness suffices. 
‣ Manipulator has to enforce that the entire endowment is 

distributed on his approved projects.
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UTIL
0 1 2 3 D8

1 1 5
2 1 5
3 1 0
4 1 0
5 1 5

X 5

CUT
0 1 2 3 D8

1 1 3.5
2 1 3.5
3 .5 .5 1.5
4 .5 .5 1.5
5 1 3

X 3 1 .5 .5

NASH
0 1 2 3 D8

1 1 3
2 1 3
3 1 2
4 1 2
5 1 3

X 3 2

Fig. 1. Example outcomes of distribution rules on profileA = ({0, 2}, {0,3}, {1, 2}, {1,3}, {0}, {0,1, 2,3}) with
uniform contributions. The last row of each table shows the distribution returned by the distribution rule.
The other rows show a division of this distribution into individual distributions (zeros omi�ed). Approved
projects are highlighted in grey.

UTIL CUT NASH

E�ciency X – X
Strategyproofness X X –
Positive share – X X

UTIL CUT NASH SUT No Rule!

E�ciency X – X X  
Decomposable E�ciency X X X X

Decomposability (Group Fair Share) – X X X
Positive Share – X X X  

Strategyproofness X X – –  
Monotonicity X X – X

Contribution Incentive-Compatibility – X X –
Weak Participation X X X –

Table 1. Axiomatic properties of distribution rules.
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A FULL PROOF OF THEOREM
A.1 Assuming 5 (A1) has support 12 or 012 leads to contradiction.

�1 �2 �3 �4 �5 �6 possible supports dominated supports

Pro�le 1 1 2 01 02 13 23 12,012,123 03 � 12

Pro�le 2 1 2 012 02 13 23 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 3 1 2 12 02 13 23 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 4 12 2 12 02 13 23 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 5 12 2 12 02 13 023 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 6 12 2 12 02 13 03 23,023,123 01 � 23

Pro�le 7 12 2 12 02 123 03 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 8 12 2 12 02 23 03 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 9 12 2 23 02 23 03 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 10 12 2 23 012 23 03 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 11 12 2 23 01 23 03 02,023,012 13 � 02

Pro�le 12 12 2 23 01 23 023 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 13 12 2 23 01 23 02 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 14 123 2 23 01 23 02 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 15 13 2 23 01 23 02 12,012,123 03 � 12

Pro�le 16 13 2 23 012 23 02 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 17 13 2 23 12 23 02 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 18 13 2 023 12 23 02 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 19 13 2 023 12 3 02 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 20 13 2 03 12 3 02 23,023,123 01 � 23

Pro�le 21 13 2 03 123 3 02 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 22 13 23 03 123 3 02 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 23 13 23 03 23 3 02 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 24 13 23 013 23 3 02 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 25 13 23 01 23 3 02 03,013,023 12 � 03

Pro�le 26 13 23 01 23 3 023 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 27 13 23 01 23 3 03 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 28 123 23 01 23 3 03 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 29 12 23 01 23 3 03 13,013,123 02 � 13

Pro�le 30 12 23 01 23 3 013 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 31 12 23 01 23 3 13 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 32 12 23 13 23 3 13 13, 23,123 0� 1, 01 � 12, 02 � 12, 03 � 13

Pro�le 33 12 23 13 02 3 13 23,123 0� 2, 01 � 12, 03 � 23

Pro�le 34 12 023 13 02 3 13 23,123 0� 2, 01 � 12, 03 � 23

Pro�le 35 12 03 13 02 3 13 23,023,123 01 � 23

Pro�le 36 123 03 13 02 3 13 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 37 23 03 13 02 3 13 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 38 23 013 13 02 3 13 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 39 23 01 13 02 3 13 03,023,013 12 � 03

Pro�le 40 23 01 13 023 3 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 41 23 01 13 03 3 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 42 23 01 123 03 3 13 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 43 23 01 123 03 3 1 13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 44 23 01 12 03 3 1 13,013,123 02 � 13

Pro�le 45 23 01 12 013 3 1 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 46 23 01 12 13 3 1 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 47 23 01 12 13 13 1 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 48 23 01 012 13 13 1 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 49 23 01 02 13 13 1 12,012,123 03 � 12

Pro�le 50 123 01 02 13 13 1 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 51 12 01 02 13 13 1 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 52 12 01 02 12 13 1 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 53 12 013 02 12 13 1 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 54 12 03 02 12 13 1 01,012,013 23 � 01

Pro�le 55 12 03 012 12 13 1 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 56 12 03 01 12 13 1 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 57 12 03 01 12 123 1 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 58 12 03 01 12 23 1 13,013,123 02 � 13

Pro�le 59 12 013 01 12 23 1 12,13,123 0� 1, 02 � 12, 03 � 13

Pro�le 60 12 13 01 12 23 1 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 61 12 13 01 012 23 1 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 62 2 13 01 012 23 1 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 63 2 13 01 02 23 1 12,012,123 03 � 12

Pro�le 64 2 123 01 02 23 1 12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 65 2 123 01 02 23 12 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 66 2 12 01 02 23 12 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 67 2 12 01 023 23 12 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 68 2 12 01 03 23 12 02,023,012 13 � 02

Pro�le 69 2 12 012 03 23 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 70 2 12 02 03 23 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 71 2 12 02 03 123 12 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 72 2 12 02 03 13 12 23,023,123 01 � 23

Pro�le 73 2 12 023 03 13 12 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 74 2 12 23 03 13 12 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 75 2 12 23 23 13 12 23,12,123 0� 1, 01 � 12, 02 � 12, 03 � 12

Pro�le 76 2 01 23 23 13 12 12,123 0� 1, 02 � 12, 03 � 12

Pro�le 77 2 01 23 23 13 012 12,123 0� 1, 02 � 12, 03 � 12

Pro�le 78 2 01 23 23 13 02 12,012,123 03 � 12

Pro�le 79 2 01 23 23 123 02 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 80 2 01 23 23 12 02 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 81 2 01 23 23 12 023 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 82 2 01 23 23 12 03 02,012,023 13 � 02

Pro�le 83 2 012 23 23 12 03 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 84 2 02 23 23 12 03 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 85 2 02 123 23 12 03 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 86 2 02 123 3 12 03 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 87 2 02 13 3 12 03 23,023,123 01 � 23

Pro�le 88 2 023 13 3 12 03 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 89 2 23 13 3 12 03 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 90 23 23 13 3 12 03 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 91 23 23 013 3 12 03 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 92 23 23 01 3 12 03 13,013,123 02 � 13

Pro�le 93 23 23 01 3 123 03 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 94 23 23 01 3 13 03 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 95 23 13 01 3 13 03 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 96 23 13 01 3 13 023 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 97 23 13 01 3 13 02 03,013,023 12 � 03

Pro�le 98 23 13 013 3 13 02 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 99 23 13 03 3 13 02 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 100 123 13 03 3 13 02 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 101 12 13 03 3 13 02 23,023,123 01 � 23

Pro�le 102 12 13 03 3 13 023 13, 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 103 12 13 03 3 13 23 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 104 12 13 03 3 013 23 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 105 12 1 03 3 013 23 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 106 12 1 03 3 01 23 13,013,123 02 � 13

Pro�le 107 12 1 03 3 01 123 13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 108 12 1 03 13 01 123 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 109 12 1 03 13 01 13 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 110 12 1 03 13 012 13 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 111 12 1 03 13 02 13 01,012,013 23 � 01

Pro�le 112 12 1 013 13 02 13 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 113 12 1 01 13 02 13 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 114 123 1 01 13 02 13 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 115 23 1 01 13 02 13 12,012,123 03 � 12

Pro�le 116 23 1 012 13 02 13 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 117 23 1 12 13 02 13 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 118 23 1 12 13 12 13 12,13,123 0� 1, 01 � 12, 02 � 12, 03 � 12

Pro�le 119 23 1 12 13 12 03 13,123 0� 3, 01 � 13, 02 � 13

Pro�le 120 23 1 12 013 12 03 13,123 0� 3, 01 � 13, 02 � 13

Pro�le 121 23 1 12 01 12 03 13,013,123 02 � 13

Pro�le 122 123 1 12 01 12 03 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 123 13 1 12 01 12 03 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 124 13 1 12 012 12 03 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 125 13 1 12 02 12 03 01,013,012 23 � 01

Pro�le 126 13 1 12 02 12 013 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 127 13 1 12 02 12 01 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 128 13 1 123 02 12 01 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 129 13 1 123 02 2 01 12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 130 13 1 23 02 2 01 12,012,123 03 � 12

Pro�le 131 13 1 23 02 2 012 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 132 13 1 23 02 2 12 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 133 13 12 23 02 2 12 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 134 13 12 023 02 2 12 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 135 13 12 03 02 2 12 23,023,123 01 � 23

Pro�le 136 123 12 03 02 2 12 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 137 23 12 03 02 2 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 138 23 12 03 02 2 23 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 139 23 12 03 012 2 23 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 140 23 12 03 01 2 23 02,023,012 13 � 02

Pro�le 141 23 12 023 01 2 23 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 142 23 12 02 01 2 23 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 143 23 123 02 01 2 23 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 144 23 13 02 01 2 23 12,012,123 03 � 12

Pro�le 145 23 13 02 012 2 23 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 146 23 13 02 12 2 23 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 147 023 13 02 12 2 23 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 148 023 13 02 12 2 3 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 149 03 13 02 12 2 3 23,023,123 01 � 23

Pro�le 150 03 13 02 123 2 3 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 151 03 13 02 123 23 3 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 152 03 13 02 23 23 3 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 153 013 13 02 23 23 3 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 154 01 13 02 23 23 3 03,013,023 12 � 03

Pro�le 155 01 13 023 23 23 3 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 156 01 13 03 23 23 3 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 157 01 123 03 23 23 3 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 158 01 12 03 23 23 3 13,013,123 02 � 13

Pro�le 159 01 12 013 23 23 3 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 160 01 12 13 23 23 3 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 161 13 12 13 23 23 3 13, 23,123 0� 1, 01 � 12, 02 � 12, 03 � 13

Pro�le 162 13 12 13 02 23 3 23,123 0� 2, 01 � 12, 03 � 23

Pro�le 163 13 12 13 02 023 3 23,123 0� 2, 01 � 12, 03 � 23

Pro�le 164 13 12 13 02 03 3 23,023,123 01 � 23

Pro�le 165 13 123 13 02 03 3 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 166 13 23 13 02 03 3 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 167 13 23 13 02 013 3 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 168 13 23 13 02 01 3 03,023,013 12 � 03

Pro�le 169 13 23 13 023 01 3 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 170 13 23 13 03 01 3 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 171 13 23 123 03 01 3 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 172 1 23 123 03 01 3 13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 173 1 23 12 03 01 3 13,013,123 02 � 13

Pro�le 174 1 23 12 013 01 3 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 175 1 23 12 13 01 3 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 176 1 23 12 13 01 13 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 177 1 23 012 13 01 13 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 178 1 23 02 13 01 13 12,012,123 03 � 12

Pro�le 179 1 123 02 13 01 13 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 180 1 12 02 13 01 13 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 181 1 12 02 12 01 13 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 182 1 12 02 12 013 13 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 183 1 12 02 12 03 13 01,012,013 23 � 01

Pro�le 184 1 12 012 12 03 13 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 185 1 12 01 12 03 13 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 186 1 12 01 12 03 123 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 187 1 12 01 12 03 23 13,013,123 02 � 13

Pro�le 188 1 12 01 12 013 23 12,13,123 0� 1, 02 � 12, 03 � 13

Pro�le 189 1 12 01 12 13 23 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 190 1 12 01 012 13 23 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 191 1 2 01 012 13 23 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 1 1 2 01 02 13 23 12,012,123 03 � 12

A.2 Assuming 5 (A1) has support 123 leads to contradiction.

�1 �2 �3 �4 �5 �6 possible supports dominated supports

Pro�le 1 1 2 01 02 13 23 12,012,123 03 � 12

Pro�le 192 1 2 01 02 123 23 12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 193 12 2 01 02 123 23 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 194 12 2 01 02 12 23 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 195 12 2 01 023 12 23 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 196 12 2 01 03 12 23 02,023,012 13 � 02

Pro�le 197 12 2 012 03 12 23 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 198 12 2 02 03 12 23 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 199 12 2 02 03 12 123 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 200 12 2 02 03 12 13 23,023,123 01 � 23

Pro�le 201 12 2 023 03 12 13 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 202 12 2 23 03 12 13 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 203 12 2 23 23 12 13 23,12,123 0� 1, 01 � 12, 02 � 12, 03 � 12

Pro�le 204 12 2 23 23 01 13 12,123 0� 1, 02 � 12, 03 � 12

Pro�le 205 012 2 23 23 01 13 12,123 0� 1, 02 � 12, 03 � 12

Pro�le 206 02 2 23 23 01 13 12,012,123 03 � 12

Pro�le 207 02 2 23 23 01 123 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 208 02 2 23 23 01 12 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 209 023 2 23 23 01 12 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 210 03 2 23 23 01 12 02,012,023 13 � 02

Pro�le 211 03 2 23 23 012 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 212 03 2 23 23 02 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 213 03 2 123 23 02 12 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 214 03 2 123 3 02 12 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 215 03 2 13 3 02 12 23,023,123 01 � 23

Pro�le 216 03 2 13 3 023 12 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 217 03 2 13 3 23 12 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 218 03 23 13 3 23 12 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 219 03 23 013 3 23 12 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 220 03 23 01 3 23 12 13,013,123 02 � 13

Pro�le 221 03 23 01 3 23 123 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 222 03 23 01 3 23 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 223 03 23 01 3 13 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 224 023 23 01 3 13 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 225 02 23 01 3 13 13 03,013,023 12 � 03

Pro�le 226 02 23 013 3 13 13 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 227 02 23 03 3 13 13 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 228 02 123 03 3 13 13 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 229 02 12 03 3 13 13 23,023,123 01 � 23

Pro�le 230 023 12 03 3 13 13 13, 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 231 23 12 03 3 13 13 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 232 23 12 03 3 13 013 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 233 23 12 03 3 1 013 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 234 23 12 03 3 1 01 13,013,123 02 � 13

Pro�le 235 123 12 03 3 1 01 13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 236 123 12 03 13 1 01 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 237 13 12 03 13 1 01 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 238 13 12 03 13 1 012 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 239 13 12 03 13 1 02 01,012,013 23 � 01

Pro�le 240 13 12 013 13 1 02 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 241 13 12 01 13 1 02 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 242 13 123 01 13 1 02 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 243 13 23 01 13 1 02 12,012,123 03 � 12

Pro�le 244 13 23 012 13 1 02 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 245 13 23 12 13 1 02 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 246 13 23 12 13 1 12 12,13,123 0� 1, 01 � 12, 02 � 12, 03 � 12

Pro�le 247 03 23 12 13 1 12 13,123 0� 3, 01 � 13, 02 � 13

Pro�le 248 03 23 12 013 1 12 13,123 0� 3, 01 � 13, 02 � 13

Pro�le 249 03 23 12 01 1 12 13,013,123 02 � 13

Pro�le 250 03 123 12 01 1 12 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 251 03 13 12 01 1 12 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 252 03 13 12 012 1 12 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 253 03 13 12 02 1 12 01,013,012 23 � 01

Pro�le 254 013 13 12 02 1 12 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 255 01 13 12 02 1 12 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 256 01 13 123 02 1 12 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 257 01 13 123 02 1 2 12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 258 01 13 23 02 1 2 12,012,123 03 � 12

Pro�le 259 012 13 23 02 1 2 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 260 12 13 23 02 1 2 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 261 12 13 23 02 12 2 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 262 12 13 023 02 12 2 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 263 12 13 03 02 12 2 23,023,123 01 � 23

Pro�le 264 12 123 03 02 12 2 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 265 12 23 03 02 12 2 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 266 23 23 03 02 12 2 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 267 23 23 03 012 12 2 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 268 23 23 03 01 12 2 02,023,012 13 � 02

Pro�le 269 23 23 023 01 12 2 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 270 23 23 02 01 12 2 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 271 23 23 02 01 123 2 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 272 23 23 02 01 13 2 12,012,123 03 � 12

Pro�le 273 23 23 02 012 13 2 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 274 23 23 02 12 13 2 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 275 23 023 02 12 13 2 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 276 3 023 02 12 13 2 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 277 3 03 02 12 13 2 23,023,123 01 � 23

Pro�le 278 3 03 02 123 13 2 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 279 3 03 02 123 13 23 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 280 3 03 02 23 13 23 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 281 3 013 02 23 13 23 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 282 3 01 02 23 13 23 03,013,023 12 � 03

Pro�le 283 3 01 023 23 13 23 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 284 3 01 03 23 13 23 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 285 3 01 03 23 123 23 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 286 3 01 03 23 12 23 13,013,123 02 � 13

Pro�le 287 3 01 013 23 12 23 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 288 3 01 13 23 12 23 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 289 3 13 13 23 12 23 13, 23,123 0� 1, 01 � 12, 02 � 12, 03 � 13

Pro�le 290 3 13 13 02 12 23 23,123 0� 2, 01 � 12, 03 � 23

Pro�le 291 3 13 13 02 12 023 23,123 0� 2, 01 � 12, 03 � 23

Pro�le 292 3 13 13 02 12 03 23,023,123 01 � 23

Pro�le 293 3 13 13 02 123 03 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 294 3 13 13 02 23 03 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 295 3 13 13 02 23 013 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 296 3 13 13 02 23 01 03,023,013 12 � 03

Pro�le 297 3 13 13 023 23 01 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 298 3 13 13 03 23 01 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 299 3 123 13 03 23 01 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 300 3 123 1 03 23 01 13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 301 3 12 1 03 23 01 13,013,123 02 � 13

Pro�le 302 3 12 1 013 23 01 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 303 3 12 1 13 23 01 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 304 13 12 1 13 23 01 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 305 13 012 1 13 23 01 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 306 13 02 1 13 23 01 12,012,123 03 � 12

Pro�le 307 13 02 1 13 123 01 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 308 13 02 1 13 12 01 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 309 13 02 1 12 12 01 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 310 13 02 1 12 12 013 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 311 13 02 1 12 12 03 01,012,013 23 � 01

Pro�le 312 13 012 1 12 12 03 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 313 13 01 1 12 12 03 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 314 123 01 1 12 12 03 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 315 23 01 1 12 12 03 13,013,123 02 � 13

Pro�le 316 23 01 1 12 12 013 12,13,123 0� 1, 02 � 12, 03 � 13

Pro�le 317 23 01 1 12 12 13 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 318 23 01 1 012 12 13 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 319 23 01 1 012 2 13 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 320 23 01 1 02 2 13 12,012,123 03 � 12

Pro�le 321 23 01 1 02 2 123 12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 322 23 01 12 02 2 123 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 323 23 01 12 02 2 12 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 324 23 01 12 023 2 12 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 325 23 01 12 03 2 12 02,023,012 13 � 02

Pro�le 326 23 012 12 03 2 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 327 23 02 12 03 2 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 328 123 02 12 03 2 12 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 329 13 02 12 03 2 12 23,023,123 01 � 23

Pro�le 330 13 023 12 03 2 12 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 331 13 23 12 03 2 12 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 332 13 23 12 23 2 12 23,12,123 0� 1, 01 � 12, 02 � 12, 03 � 12

Pro�le 333 13 23 12 23 2 01 12,123 0� 1, 02 � 12, 03 � 12

Pro�le 334 13 23 012 23 2 01 12,123 0� 1, 02 � 12, 03 � 12

Pro�le 335 13 23 02 23 2 01 12,012,123 03 � 12

Pro�le 336 123 23 02 23 2 01 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 337 12 23 02 23 2 01 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 338 12 23 023 23 2 01 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 339 12 23 03 23 2 01 02,012,023 13 � 02

Pro�le 340 12 23 03 23 2 012 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 341 12 23 03 23 2 02 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 342 12 123 03 23 2 02 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 343 12 123 03 3 2 02 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 344 12 13 03 3 2 02 23,023,123 01 � 23

Pro�le 345 12 13 03 3 2 023 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 346 12 13 03 3 2 23 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 347 12 13 03 3 23 23 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 348 12 013 03 3 23 23 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 349 12 01 03 3 23 23 13,013,123 02 � 13

Pro�le 350 123 01 03 3 23 23 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 351 13 01 03 3 23 23 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 352 13 01 03 3 23 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 353 13 01 023 3 23 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 354 13 01 02 3 23 13 03,013,023 12 � 03

Pro�le 355 13 013 02 3 23 13 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 356 13 03 02 3 23 13 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 357 13 03 02 3 123 13 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 358 13 03 02 3 12 13 23,023,123 01 � 23

Pro�le 359 13 03 023 3 12 13 13, 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 360 13 03 23 3 12 13 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 361 13 03 23 3 12 013 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 362 1 03 23 3 12 013 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 363 1 03 23 3 12 01 13,013,123 02 � 13

Pro�le 364 1 03 123 3 12 01 13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 365 1 03 123 13 12 01 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 366 1 03 13 13 12 01 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 367 1 03 13 13 12 012 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 368 1 03 13 13 12 02 01,012,013 23 � 01

Pro�le 369 1 013 13 13 12 02 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 370 1 01 13 13 12 02 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 371 1 01 13 13 123 02 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 372 1 01 13 13 23 02 12,012,123 03 � 12

Pro�le 373 1 012 13 13 23 02 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 374 1 12 13 13 23 02 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 375 1 12 13 13 23 12 12,13,123 0� 1, 01 � 12, 02 � 12, 03 � 12

Pro�le 376 1 12 03 13 23 12 13,123 0� 3, 01 � 13, 02 � 13

Pro�le 377 1 12 03 013 23 12 13,123 0� 3, 01 � 13, 02 � 13

Pro�le 378 1 12 03 01 23 12 13,013,123 02 � 13

Pro�le 379 1 12 03 01 123 12 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 380 1 12 03 01 13 12 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 381 1 12 03 012 13 12 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 382 1 12 03 02 13 12 01,013,012 23 � 01

Pro�le 383 1 12 013 02 13 12 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 384 1 12 01 02 13 12 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 385 1 12 01 02 13 123 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 386 1 2 01 02 13 123 12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 1 1 2 01 02 13 23 12,012,123 03 � 12
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A FULL PROOF OF THEOREM
A.1 Assuming 5 (A1) has support 12 or 012 leads to contradiction.

�1 �2 �3 �4 �5 �6 possible supports dominated supports

Pro�le 1 1 2 01 02 13 23 12,012,123 03 � 12

Pro�le 2 1 2 012 02 13 23 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 3 1 2 12 02 13 23 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 4 12 2 12 02 13 23 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 5 12 2 12 02 13 023 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 6 12 2 12 02 13 03 23,023,123 01 � 23

Pro�le 7 12 2 12 02 123 03 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 8 12 2 12 02 23 03 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 9 12 2 23 02 23 03 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 10 12 2 23 012 23 03 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 11 12 2 23 01 23 03 02,023,012 13 � 02

Pro�le 12 12 2 23 01 23 023 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 13 12 2 23 01 23 02 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 14 123 2 23 01 23 02 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 15 13 2 23 01 23 02 12,012,123 03 � 12

Pro�le 16 13 2 23 012 23 02 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 17 13 2 23 12 23 02 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 18 13 2 023 12 23 02 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 19 13 2 023 12 3 02 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 20 13 2 03 12 3 02 23,023,123 01 � 23

Pro�le 21 13 2 03 123 3 02 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 22 13 23 03 123 3 02 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 23 13 23 03 23 3 02 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 24 13 23 013 23 3 02 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 25 13 23 01 23 3 02 03,013,023 12 � 03

Pro�le 26 13 23 01 23 3 023 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 27 13 23 01 23 3 03 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 28 123 23 01 23 3 03 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 29 12 23 01 23 3 03 13,013,123 02 � 13

Pro�le 30 12 23 01 23 3 013 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 31 12 23 01 23 3 13 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 32 12 23 13 23 3 13 13, 23,123 0� 1, 01 � 12, 02 � 12, 03 � 13

Pro�le 33 12 23 13 02 3 13 23,123 0� 2, 01 � 12, 03 � 23

Pro�le 34 12 023 13 02 3 13 23,123 0� 2, 01 � 12, 03 � 23

Pro�le 35 12 03 13 02 3 13 23,023,123 01 � 23

Pro�le 36 123 03 13 02 3 13 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 37 23 03 13 02 3 13 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 38 23 013 13 02 3 13 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 39 23 01 13 02 3 13 03,023,013 12 � 03

Pro�le 40 23 01 13 023 3 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 41 23 01 13 03 3 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 42 23 01 123 03 3 13 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 43 23 01 123 03 3 1 13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 44 23 01 12 03 3 1 13,013,123 02 � 13

Pro�le 45 23 01 12 013 3 1 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 46 23 01 12 13 3 1 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 47 23 01 12 13 13 1 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 48 23 01 012 13 13 1 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 49 23 01 02 13 13 1 12,012,123 03 � 12

Pro�le 50 123 01 02 13 13 1 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 51 12 01 02 13 13 1 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 52 12 01 02 12 13 1 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 53 12 013 02 12 13 1 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 54 12 03 02 12 13 1 01,012,013 23 � 01

Pro�le 55 12 03 012 12 13 1 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 56 12 03 01 12 13 1 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 57 12 03 01 12 123 1 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 58 12 03 01 12 23 1 13,013,123 02 � 13

Pro�le 59 12 013 01 12 23 1 12,13,123 0� 1, 02 � 12, 03 � 13

Pro�le 60 12 13 01 12 23 1 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 61 12 13 01 012 23 1 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 62 2 13 01 012 23 1 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 63 2 13 01 02 23 1 12,012,123 03 � 12

Pro�le 64 2 123 01 02 23 1 12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 65 2 123 01 02 23 12 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 66 2 12 01 02 23 12 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 67 2 12 01 023 23 12 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 68 2 12 01 03 23 12 02,023,012 13 � 02

Pro�le 69 2 12 012 03 23 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 70 2 12 02 03 23 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 71 2 12 02 03 123 12 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 72 2 12 02 03 13 12 23,023,123 01 � 23

Pro�le 73 2 12 023 03 13 12 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 74 2 12 23 03 13 12 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 75 2 12 23 23 13 12 23,12,123 0� 1, 01 � 12, 02 � 12, 03 � 12

Pro�le 76 2 01 23 23 13 12 12,123 0� 1, 02 � 12, 03 � 12

Pro�le 77 2 01 23 23 13 012 12,123 0� 1, 02 � 12, 03 � 12

Pro�le 78 2 01 23 23 13 02 12,012,123 03 � 12

Pro�le 79 2 01 23 23 123 02 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 80 2 01 23 23 12 02 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 81 2 01 23 23 12 023 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 82 2 01 23 23 12 03 02,012,023 13 � 02

Pro�le 83 2 012 23 23 12 03 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 84 2 02 23 23 12 03 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 85 2 02 123 23 12 03 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 86 2 02 123 3 12 03 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 87 2 02 13 3 12 03 23,023,123 01 � 23

Pro�le 88 2 023 13 3 12 03 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 89 2 23 13 3 12 03 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 90 23 23 13 3 12 03 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 91 23 23 013 3 12 03 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 92 23 23 01 3 12 03 13,013,123 02 � 13

Pro�le 93 23 23 01 3 123 03 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 94 23 23 01 3 13 03 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 95 23 13 01 3 13 03 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 96 23 13 01 3 13 023 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 97 23 13 01 3 13 02 03,013,023 12 � 03

Pro�le 98 23 13 013 3 13 02 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 99 23 13 03 3 13 02 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 100 123 13 03 3 13 02 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 101 12 13 03 3 13 02 23,023,123 01 � 23

Pro�le 102 12 13 03 3 13 023 13, 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 103 12 13 03 3 13 23 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 104 12 13 03 3 013 23 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 105 12 1 03 3 013 23 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 106 12 1 03 3 01 23 13,013,123 02 � 13

Pro�le 107 12 1 03 3 01 123 13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 108 12 1 03 13 01 123 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 109 12 1 03 13 01 13 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 110 12 1 03 13 012 13 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 111 12 1 03 13 02 13 01,012,013 23 � 01

Pro�le 112 12 1 013 13 02 13 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 113 12 1 01 13 02 13 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 114 123 1 01 13 02 13 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 115 23 1 01 13 02 13 12,012,123 03 � 12

Pro�le 116 23 1 012 13 02 13 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 117 23 1 12 13 02 13 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 118 23 1 12 13 12 13 12,13,123 0� 1, 01 � 12, 02 � 12, 03 � 12

Pro�le 119 23 1 12 13 12 03 13,123 0� 3, 01 � 13, 02 � 13

Pro�le 120 23 1 12 013 12 03 13,123 0� 3, 01 � 13, 02 � 13

Pro�le 121 23 1 12 01 12 03 13,013,123 02 � 13

Pro�le 122 123 1 12 01 12 03 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 123 13 1 12 01 12 03 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 124 13 1 12 012 12 03 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 125 13 1 12 02 12 03 01,013,012 23 � 01

Pro�le 126 13 1 12 02 12 013 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 127 13 1 12 02 12 01 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 128 13 1 123 02 12 01 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 129 13 1 123 02 2 01 12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 130 13 1 23 02 2 01 12,012,123 03 � 12

Pro�le 131 13 1 23 02 2 012 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 132 13 1 23 02 2 12 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 133 13 12 23 02 2 12 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 134 13 12 023 02 2 12 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 135 13 12 03 02 2 12 23,023,123 01 � 23

Pro�le 136 123 12 03 02 2 12 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 137 23 12 03 02 2 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 138 23 12 03 02 2 23 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 139 23 12 03 012 2 23 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 140 23 12 03 01 2 23 02,023,012 13 � 02

Pro�le 141 23 12 023 01 2 23 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 142 23 12 02 01 2 23 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 143 23 123 02 01 2 23 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 144 23 13 02 01 2 23 12,012,123 03 � 12

Pro�le 145 23 13 02 012 2 23 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 146 23 13 02 12 2 23 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 147 023 13 02 12 2 23 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 148 023 13 02 12 2 3 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 149 03 13 02 12 2 3 23,023,123 01 � 23

Pro�le 150 03 13 02 123 2 3 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 151 03 13 02 123 23 3 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 152 03 13 02 23 23 3 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 153 013 13 02 23 23 3 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 154 01 13 02 23 23 3 03,013,023 12 � 03

Pro�le 155 01 13 023 23 23 3 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 156 01 13 03 23 23 3 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 157 01 123 03 23 23 3 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 158 01 12 03 23 23 3 13,013,123 02 � 13

Pro�le 159 01 12 013 23 23 3 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 160 01 12 13 23 23 3 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 161 13 12 13 23 23 3 13, 23,123 0� 1, 01 � 12, 02 � 12, 03 � 13

Pro�le 162 13 12 13 02 23 3 23,123 0� 2, 01 � 12, 03 � 23

Pro�le 163 13 12 13 02 023 3 23,123 0� 2, 01 � 12, 03 � 23

Pro�le 164 13 12 13 02 03 3 23,023,123 01 � 23

Pro�le 165 13 123 13 02 03 3 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 166 13 23 13 02 03 3 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 167 13 23 13 02 013 3 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 168 13 23 13 02 01 3 03,023,013 12 � 03

Pro�le 169 13 23 13 023 01 3 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 170 13 23 13 03 01 3 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 171 13 23 123 03 01 3 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 172 1 23 123 03 01 3 13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 173 1 23 12 03 01 3 13,013,123 02 � 13

Pro�le 174 1 23 12 013 01 3 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 175 1 23 12 13 01 3 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 176 1 23 12 13 01 13 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 177 1 23 012 13 01 13 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 178 1 23 02 13 01 13 12,012,123 03 � 12

Pro�le 179 1 123 02 13 01 13 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 180 1 12 02 13 01 13 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 181 1 12 02 12 01 13 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 182 1 12 02 12 013 13 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 183 1 12 02 12 03 13 01,012,013 23 � 01

Pro�le 184 1 12 012 12 03 13 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 185 1 12 01 12 03 13 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 186 1 12 01 12 03 123 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 187 1 12 01 12 03 23 13,013,123 02 � 13

Pro�le 188 1 12 01 12 013 23 12,13,123 0� 1, 02 � 12, 03 � 13

Pro�le 189 1 12 01 12 13 23 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 190 1 12 01 012 13 23 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 191 1 2 01 012 13 23 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 1 1 2 01 02 13 23 12,012,123 03 � 12

A.2 Assuming 5 (A1) has support 123 leads to contradiction.

�1 �2 �3 �4 �5 �6 possible supports dominated supports

Pro�le 1 1 2 01 02 13 23 12,012,123 03 � 12

Pro�le 192 1 2 01 02 123 23 12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 193 12 2 01 02 123 23 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 194 12 2 01 02 12 23 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 195 12 2 01 023 12 23 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 196 12 2 01 03 12 23 02,023,012 13 � 02

Pro�le 197 12 2 012 03 12 23 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 198 12 2 02 03 12 23 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 199 12 2 02 03 12 123 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 200 12 2 02 03 12 13 23,023,123 01 � 23

Pro�le 201 12 2 023 03 12 13 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 202 12 2 23 03 12 13 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 203 12 2 23 23 12 13 23,12,123 0� 1, 01 � 12, 02 � 12, 03 � 12

Pro�le 204 12 2 23 23 01 13 12,123 0� 1, 02 � 12, 03 � 12

Pro�le 205 012 2 23 23 01 13 12,123 0� 1, 02 � 12, 03 � 12

Pro�le 206 02 2 23 23 01 13 12,012,123 03 � 12

Pro�le 207 02 2 23 23 01 123 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 208 02 2 23 23 01 12 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 209 023 2 23 23 01 12 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 210 03 2 23 23 01 12 02,012,023 13 � 02

Pro�le 211 03 2 23 23 012 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 212 03 2 23 23 02 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 213 03 2 123 23 02 12 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 214 03 2 123 3 02 12 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 215 03 2 13 3 02 12 23,023,123 01 � 23

Pro�le 216 03 2 13 3 023 12 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 217 03 2 13 3 23 12 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 218 03 23 13 3 23 12 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 219 03 23 013 3 23 12 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 220 03 23 01 3 23 12 13,013,123 02 � 13

Pro�le 221 03 23 01 3 23 123 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 222 03 23 01 3 23 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 223 03 23 01 3 13 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 224 023 23 01 3 13 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 225 02 23 01 3 13 13 03,013,023 12 � 03

Pro�le 226 02 23 013 3 13 13 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 227 02 23 03 3 13 13 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 228 02 123 03 3 13 13 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 229 02 12 03 3 13 13 23,023,123 01 � 23

Pro�le 230 023 12 03 3 13 13 13, 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 231 23 12 03 3 13 13 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 232 23 12 03 3 13 013 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 233 23 12 03 3 1 013 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 234 23 12 03 3 1 01 13,013,123 02 � 13

Pro�le 235 123 12 03 3 1 01 13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 236 123 12 03 13 1 01 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 237 13 12 03 13 1 01 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 238 13 12 03 13 1 012 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 239 13 12 03 13 1 02 01,012,013 23 � 01

Pro�le 240 13 12 013 13 1 02 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 241 13 12 01 13 1 02 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 242 13 123 01 13 1 02 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 243 13 23 01 13 1 02 12,012,123 03 � 12

Pro�le 244 13 23 012 13 1 02 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 245 13 23 12 13 1 02 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 246 13 23 12 13 1 12 12,13,123 0� 1, 01 � 12, 02 � 12, 03 � 12

Pro�le 247 03 23 12 13 1 12 13,123 0� 3, 01 � 13, 02 � 13

Pro�le 248 03 23 12 013 1 12 13,123 0� 3, 01 � 13, 02 � 13

Pro�le 249 03 23 12 01 1 12 13,013,123 02 � 13

Pro�le 250 03 123 12 01 1 12 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 251 03 13 12 01 1 12 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 252 03 13 12 012 1 12 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 253 03 13 12 02 1 12 01,013,012 23 � 01

Pro�le 254 013 13 12 02 1 12 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 255 01 13 12 02 1 12 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 256 01 13 123 02 1 12 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 257 01 13 123 02 1 2 12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 258 01 13 23 02 1 2 12,012,123 03 � 12

Pro�le 259 012 13 23 02 1 2 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 260 12 13 23 02 1 2 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 261 12 13 23 02 12 2 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 262 12 13 023 02 12 2 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 263 12 13 03 02 12 2 23,023,123 01 � 23

Pro�le 264 12 123 03 02 12 2 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 265 12 23 03 02 12 2 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 266 23 23 03 02 12 2 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 267 23 23 03 012 12 2 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 268 23 23 03 01 12 2 02,023,012 13 � 02

Pro�le 269 23 23 023 01 12 2 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 270 23 23 02 01 12 2 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 271 23 23 02 01 123 2 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 272 23 23 02 01 13 2 12,012,123 03 � 12

Pro�le 273 23 23 02 012 13 2 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 274 23 23 02 12 13 2 23,12,123 0� 2, 01 � 12, 03 � 12

Pro�le 275 23 023 02 12 13 2 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 276 3 023 02 12 13 2 23,12,123 0� 2, 01 � 12, 03 � 23

Pro�le 277 3 03 02 12 13 2 23,023,123 01 � 23

Pro�le 278 3 03 02 123 13 2 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 279 3 03 02 123 13 23 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 280 3 03 02 23 13 23 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 281 3 013 02 23 13 23 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 282 3 01 02 23 13 23 03,013,023 12 � 03

Pro�le 283 3 01 023 23 13 23 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 284 3 01 03 23 13 23 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 285 3 01 03 23 123 23 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 286 3 01 03 23 12 23 13,013,123 02 � 13

Pro�le 287 3 01 013 23 12 23 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 288 3 01 13 23 12 23 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 289 3 13 13 23 12 23 13, 23,123 0� 1, 01 � 12, 02 � 12, 03 � 13

Pro�le 290 3 13 13 02 12 23 23,123 0� 2, 01 � 12, 03 � 23

Pro�le 291 3 13 13 02 12 023 23,123 0� 2, 01 � 12, 03 � 23

Pro�le 292 3 13 13 02 12 03 23,023,123 01 � 23

Pro�le 293 3 13 13 02 123 03 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 294 3 13 13 02 23 03 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 295 3 13 13 02 23 013 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 296 3 13 13 02 23 01 03,023,013 12 � 03

Pro�le 297 3 13 13 023 23 01 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 298 3 13 13 03 23 01 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 299 3 123 13 03 23 01 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 300 3 123 1 03 23 01 13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 301 3 12 1 03 23 01 13,013,123 02 � 13

Pro�le 302 3 12 1 013 23 01 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 303 3 12 1 13 23 01 13,123 0� 1, 02 � 12, 03 � 13

Pro�le 304 13 12 1 13 23 01 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 305 13 012 1 13 23 01 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 306 13 02 1 13 23 01 12,012,123 03 � 12

Pro�le 307 13 02 1 13 123 01 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 308 13 02 1 13 12 01 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 309 13 02 1 12 12 01 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 310 13 02 1 12 12 013 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 311 13 02 1 12 12 03 01,012,013 23 � 01

Pro�le 312 13 012 1 12 12 03 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 313 13 01 1 12 12 03 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 314 123 01 1 12 12 03 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 315 23 01 1 12 12 03 13,013,123 02 � 13

Pro�le 316 23 01 1 12 12 013 12,13,123 0� 1, 02 � 12, 03 � 13

Pro�le 317 23 01 1 12 12 13 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 318 23 01 1 012 12 13 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 319 23 01 1 012 2 13 12,13,123 0� 1, 02 � 12, 03 � 12

Pro�le 320 23 01 1 02 2 13 12,012,123 03 � 12

Pro�le 321 23 01 1 02 2 123 12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 322 23 01 12 02 2 123 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 323 23 01 12 02 2 12 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 324 23 01 12 023 2 12 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 325 23 01 12 03 2 12 02,023,012 13 � 02

Pro�le 326 23 012 12 03 2 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 327 23 02 12 03 2 12 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 328 123 02 12 03 2 12 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 329 13 02 12 03 2 12 23,023,123 01 � 23

Pro�le 330 13 023 12 03 2 12 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 331 13 23 12 03 2 12 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 332 13 23 12 23 2 12 23,12,123 0� 1, 01 � 12, 02 � 12, 03 � 12

Pro�le 333 13 23 12 23 2 01 12,123 0� 1, 02 � 12, 03 � 12

Pro�le 334 13 23 012 23 2 01 12,123 0� 1, 02 � 12, 03 � 12

Pro�le 335 13 23 02 23 2 01 12,012,123 03 � 12

Pro�le 336 123 23 02 23 2 01 02,12,012 3 � 2, 03 � 02, 13 � 12

Pro�le 337 12 23 02 23 2 01 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 338 12 23 023 23 2 01 02,12,012 3 � 2, 03 � 02, 13 � 02

Pro�le 339 12 23 03 23 2 01 02,012,023 13 � 02

Pro�le 340 12 23 03 23 2 012 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 341 12 23 03 23 2 02 02, 23,023 1 � 2, 01 � 02, 13 � 02

Pro�le 342 12 123 03 23 2 02 02, 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 343 12 123 03 3 2 02 23,023 1 � 2, 01 � 02, 13 � 23

Pro�le 344 12 13 03 3 2 02 23,023,123 01 � 23

Pro�le 345 12 13 03 3 2 023 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 346 12 13 03 3 2 23 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 347 12 13 03 3 23 23 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 348 12 013 03 3 23 23 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 349 12 01 03 3 23 23 13,013,123 02 � 13

Pro�le 350 123 01 03 3 23 23 03,13,013 2 � 3, 02 � 03, 12 � 13

Pro�le 351 13 01 03 3 23 23 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 352 13 01 03 3 23 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 353 13 01 023 3 23 13 03,13,013 2 � 3, 02 � 03, 12 � 03

Pro�le 354 13 01 02 3 23 13 03,013,023 12 � 03

Pro�le 355 13 013 02 3 23 13 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 356 13 03 02 3 23 13 03, 23,023 1 � 3, 01 � 03, 12 � 03

Pro�le 357 13 03 02 3 123 13 03, 23,023 1 � 3, 01 � 03, 12 � 23

Pro�le 358 13 03 02 3 12 13 23,023,123 01 � 23

Pro�le 359 13 03 023 3 12 13 13, 23,123 0� 3, 01 � 13, 02 � 23

Pro�le 360 13 03 23 3 12 13 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 361 13 03 23 3 12 013 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 362 1 03 23 3 12 013 13, 23,123 0� 3, 01 � 13, 02 � 13

Pro�le 363 1 03 23 3 12 01 13,013,123 02 � 13

Pro�le 364 1 03 123 3 12 01 13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 365 1 03 123 13 12 01 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 366 1 03 13 13 12 01 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 367 1 03 13 13 12 012 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 368 1 03 13 13 12 02 01,012,013 23 � 01

Pro�le 369 1 013 13 13 12 02 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 370 1 01 13 13 12 02 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 371 1 01 13 13 123 02 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 372 1 01 13 13 23 02 12,012,123 03 � 12

Pro�le 373 1 012 13 13 23 02 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 374 1 12 13 13 23 02 12,123 0� 2, 01 � 12, 03 � 12

Pro�le 375 1 12 13 13 23 12 12,13,123 0� 1, 01 � 12, 02 � 12, 03 � 12

Pro�le 376 1 12 03 13 23 12 13,123 0� 3, 01 � 13, 02 � 13

Pro�le 377 1 12 03 013 23 12 13,123 0� 3, 01 � 13, 02 � 13

Pro�le 378 1 12 03 01 23 12 13,013,123 02 � 13

Pro�le 379 1 12 03 01 123 12 01,13,013 2 � 1, 02 � 01, 23 � 13

Pro�le 380 1 12 03 01 13 12 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 381 1 12 03 012 13 12 01,13,013 2 � 1, 02 � 01, 23 � 01

Pro�le 382 1 12 03 02 13 12 01,013,012 23 � 01

Pro�le 383 1 12 013 02 13 12 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 384 1 12 01 02 13 12 01,12,012 3 � 1, 03 � 01, 23 � 01

Pro�le 385 1 12 01 02 13 123 01,12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 386 1 2 01 02 13 123 12,012 3 � 1, 03 � 01, 23 � 12

Pro�le 1 1 2 01 02 13 23 12,012,123 03 � 12
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Distribution Rules under Dichotomous Preferences Felix Brandt

Decomposability & Fairness

‣ Decomposability (Brandl et al. 2021) 
‣ The distribution can be decomposed into individual distributions 

of each agent‘s contribution on his approved projects. 

‣  with  and  

‣ Group Fair Share (BMS 2005) 
‣ The cumulative contribution of each coalition is distributed on 

projects approved by at least one member of the coalition.  

‣  for all  

‣ Both axioms obviously imply positive share. 

‣ Theorem:  
A distribution is decomposable iff it satisfies group fair share.

δ = ∑i∈N δi ∑x∈A δi(x) = Ci ui(δi) = Ci

∑x∈⋃i∈S Ai
δ(x) ≥ ∑i∈S Ci S ⊆ N
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Distribution Rules under Dichotomous Preferences Felix Brandt

Participation Incentives

‣ Participation 
‣ Agents prefer participating to abstaining. 

‣  

‣ Contribution Incentive-Compatibility 
‣ Agents weakly prefer participating to abstaining and spending 

their contribution on approved projects themselves. 

‣  

‣ Both axioms obviously imply positive share.

ui( f((Aj)j∈N)) > ui( f((Aj)j∈N∖{i}))

ui( f((Aj)j∈N)) ≥ ui( f((Aj)j∈N∖{i})) + Ci
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Distribution Rules under Dichotomous Preferences Felix Brandt

Summary

‣ Unknown whether there is a rule that satisfies efficiency, 
monotonicity, and contribution incentive-compatibility. 
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UTIL
0 1 2 3 D8

1 1 5
2 1 5
3 1 0
4 1 0
5 1 5
X 5

CUT
0 1 2 3 D8

1 1 3.5
2 1 3.5
3 .5 .5 1.5
4 .5 .5 1.5
5 1 3
X 3 1 .5 .5

NASH
0 1 2 3 D8

1 1 3
2 1 3
3 1 2
4 1 2
5 1 3
X 3 2

Fig. 1. Example outcomes of distribution rules on profile A = ({0, 2}, {0,3}, {1, 2}, {1,3}, {0}, {0,1, 2,3}) with uniform contributions. The last row of each table shows the distribution returned by the distribution rule. The other rows
show a division of this distribution into individual distributions (zeros omi�ed). Approved projects are highlighted in grey.

UTIL CUT NASH

E�ciency X – X
Strategyproofness X X –
Positive share – X X

UTIL CUT NASH SUT No Rule!
E�ciency X – X X  
Decomposable E�ciency X X X X

Decomposability (Group Fair Share) – X X X
Positive Share – X X X  

Strategyproofness X X – –  
Monotonicity X X – X

Contribution Incentive-Compatibility – X X –
Participation X X X –

Table 1. Axiomatic properties of distribution rules.
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