
Source Channel Decoder

Fig. 1

...

Individual 1

Individual n

Fig. 2

x
12

R
2
1

 
x

22 
R

2 
2 . . . R

2
m-1x

m2

x11R1
1

 x21 R1
2 . . . R1

m-1
 xm1

x
1n

R
n

1 x
2n 

R
n
2 . . . R

1
m-1

 
x

mn

Society
Decision
Making
Mechanism x

1
R1

 
x

2 
R2 . . . Rm-1

 
x

m

Social
Ordering

Coder Receiver

Individual 2



c a b
cPaPb

cPaPb

slot 2 slot 3slot 1

Fig. 3

Individual's true
preference profile

Individual's preference
profile built up from
binary relationships,
cPa, cPb, aPb, expressed
in 3 slots

a

slot 1 slot 2 slot 3

Individual's preference
profile built up from unary
projection onto 3 slots

cPaIb
"open slot"c

ac

"sensitivity"
level

b

b



hedfgc

g f

i

dc i e h

"sensitivity"
level

1
cPgPdIfIiPaIbePh

slot: 2 3 4 5 6 7 8 9

c g

a

a b h cIgPdPaPbPh
slot: 1 3 4 65

slot: 1 2
aPb

d

slot:

b

b

ba

a b

a

Individual's "true"
preferences

Individual's prefer-
ences expressed
on an "appropriate"
grid of 6 slots, 1
alternative per slot

Individual's expressed
preferences with 3
alternatives removed

Individual's expressed
preferences with 6
alternatives removed

Individual's expressed
preferences with 7
alternatives removed

cPgPdPfPiPaPbPePh

dPaIb

Fig. 4

A

B

C

D

E

d

2

1 32



Fig. 5

ba c d e

ba c d e

a b c d e

aPbPcPdPe

aIbIcIdIe

aPbPcPdPe

Individual
True
Preferences

Individual
Projected
Preferences

Individual
Preferences
from
Binary
Comparisons



A
a d f e c b

m=6 aPdPfPePcPb

B
a d f e c b

Fig. 6



{
2 voters have xPiyPizPiw x y

1 voter has zPiwPixPiy

x z w

x z w

Possible profiles with
y removed

z w x

z w x

z w x

z xw

Possible profiles with
y removed

Fig. 7

z w

z w x y



P(x in middle slot) =

x z wy

0

10 1
3

2
3

P(z in bottom slot for m=3) =

P(z in center slot for m=3) =

2
3

1
4

2
_

= 2

3

4
3

1

2
_

1
4

1
3

=

4
3

1

2
11

x z w

4

z x yw

P(w in middle slot) = 2

P(w in top slot) = P(x in bottom slot) =
3

0
4
3

w xw x

10 1
3

2
3

P(xP
i
zP

i
w) =

3
P(xPbPzIw) =Note: b = blank

Fig. 8

P(zPwPx) =

P(zPwIxPb) =

2

1
9

P(zIwPxPb) =

P(zIwPbPx) =

1

2

3

1

1
2

1
4

1

3
1

9
4

9

2
9



5

Social
Ordering
WinnerVoter 3Voter 1 Voter 2

Borda Counts

zPwIxPbxPzPw

z

4 8 7

zPwPxxPzPw 4 7 7 xIzPw

zIwPbPxxPzPw 5 7 7

xPzPw xPzPw zIwPxPb 85 7 xPzPw

xPzPw

xIzPw

xPbPzIw zPwIxPbxPzPw 84 6 xPzPw

zPwPxxPzPw 4 xPzPw

xPzPw xPbPzIw zIwPbPx 5 7

7

6

6

xPzPw

xPzPw xPbPzIw zIwPxPb 5 8 6 xPzPw

xPzPwxPbPzIw zPwIxPb 4 8 6 xPzPw

xPbPzIw xPzPw 4 7 6 xPzPw

xPbPzIw xPzPw 5 7 6 xPzPw

xPbPzIw 5 8 6 xPzPw

xPbPzIwxPbPzIw zPwIxPb 4 8 5 xPzPw

xPbPzIwxPbPzIw zPwPx 4 7 5 xPzPw

xPbPzIw zIwPbPx

xPbPzIw

xPbPzIw

xPbPzIw

zIwPbPx

zPwPx

zIwPxPb

zIwPxPb

5 7

85 5

xPzPw

xPzPw

xPzPw

xPzPw

xPzPw

xPbPzIw

xPzPw

Case

2

3

1

4

5

6

9

8

7

10

11

12

13

16

15

14

xw

Appendix 1

26

Probability
of
Occurence

Top
Slot

x

x

x,z

x,z

x

x

x

x

x

x

x

x

x

x

x

x

16

81

81

81

8

81

8

81

4

81
2

81
4

81
8

81
4

81
2

81

4

81

4

81
2

81
1

81

2

81

8

4



0

"true"
preferences
probability
density

preference
profile

A

Fig. 9

1 2 3 54 6

1 2 3 54 6

30
1

1
6

0

30
330

2

2
6

3
6

14
6

5
6

1 2 3 4 5

1
5

2 3
5

1

0
1 1

0

B

ef d c b a

1

1 1
0

1
0

1
0

4
30

4
55

0

4.2 5.03.42.61.81.0

Borda
Count
m=5

D

Borda
Count
m=6

C

BC
Expected
value
m=5

E

BC
m=6



b

c

Fig. 10

a

Voter 1:
aP1bP1c

ca

Voter 2:
bP2cP2a

Voter 3:
bP3cP3a

cb

a b

a b c

a cb

b c a

b ac

ac b

a bc

Case 1b

Case 1a

or

Case 2b

Case 2a

or

Case 3b

Case 3a

or



S
o

cial O
rd

erin
a

S
o

cial O
rd

erin
g

1a, 2a, 3a

1a, 2a, 3b

Orderings
with b
removed

ac, ca, (ca)

S
o

cial O
rd

erin
g P(c)

Orderings
with a
removed

bc, (bc), cb

BC
b  c

5, 5 aIb 1/8

1a, 2b, 3a

1a, 2b, 3b

1b, 2a, 3a

1b, 2a, 3b

5, 5

5, 4

5, 4

4, 5

4, 5

4, 4

1b, 2b, 3b

1b, 2b, 3a

4, 4

(bc), (bc), cb

(bc), bc, cb

ac, ca, ca

ac, (ca), (ca)

BC
a  c

5, 5

4, 5

5, 4

cPa

(ab), ba, ab

Orderings
with c
removed

aPc

BC
a  c

5, 5

ac, (ca), ca 4, 4

bIc

bPc

cPb 5, 5

4, 5

5, 4

4, 4

(ab), ba, ab

ab, ba, ab

ab, ba, (ab)

aIc

aIc

cPa

aPc

4, 5

5, 5

4, 5

5, 4

4, 4

5, 4

aIb

aIb

aIb

bPa

bPa

4, 4

aPb

aPb

1/8

1/8

1/8

1/8

1/8

1/8

1/8

Appendix 2

27

Cases from
Fig. 10

Note:   xy = xPy, (xy) = xIy

bc, (bc), cb

bc, bc, cb

bc, bc, cb

(bc), (bc), cb

(bc), bc, cb

bIc

bIc

bIc

cPb

bPc

ac, ca, (ca)

ac, ca, ca

ac, (ca), (ca)

ac, (ca), ca

aIc

(ab), ba, (ab)

aIc (ab), ba, (ab)

ab, ba, ab

ab, ba, (ab)



Normalized
Placement

Index

Place
Value 1st2nd

1 m-2
m-1

10

mth (m-1)th . . .
. . . . . .

. . .

. . .

j. . .
m-1m-1

(j+1)
m-1

(m-j-1)jth(m-j)jth

j
m

(j+1)
m

33

1 2
0 1

Example: m=4

sensitivity
0

4

1

2
1

4
3 1

Fig. 11

x y

xIy

yPx
True

Placement
Index

Expressed
Normalized
Placement

Index


