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If a g > —1 and A > —1 and a g > —1 and not (ajg = agy = azp = 0) then sum=sum+p>

CASE 001 (white,white,black) (Scode: 110)
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CASE 010 (Scode: 201)

If ajo > —1 and agg < 1 and ag; > —1 and not ( a;p = asg = ag; = 0) then sum=sum+p3q

CASE 011 (Scode: 311)

If aj3 > —1 and ag; < 1 and a3; < 1 and not ( a;3 = ag; = az; = 0) then sum=sum+pq?

CASE 100 (Scode: 022)

If aj9 < 1 and agy > —1 and azs > —1 and not (ajg = agy = age = 0) then sum=sum+p?q

CASE 101 (Scode: 132)

If a;; < 1 and agz > —1 and agps < 1 and not (aj; = agg = azs = 0) then sum=sum+pq?

CASE 110 (Scode: 223)

If a2 < 1 and agy < 1 and agz > —1 and not (aja = age = agz = 0) then sum:suerpq2

CASE 111 (Scode: 333)

If a;3 < 1 and agz < 1 and a3z < 1 and not (a;3 = agz = agz = 0) then sum=sum+q?>
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adequate_sets()

'' this program: shows adequate sets (AS)

"' calculates sum of probabilities in AS

"' counts number of zero's in each binary element

'' parameters required: N, p, das

Dim

Dim

Dim

Dim

Dim

d() As Integer
m() As Integer
i() As Integer
y() As Integer

check() As Integer
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p=20.9
qa=1-p
N=4
H=2"N-1
das = 4

ReDim d(1 To N) As Integer

ReDim m(0 To N - 1, O To H) As Integer
ReDim i(1 To das) As Integer

ReDim y(0 To N - 1, O To H) As Integer

ReDim check(0 To H) As Integer

" for each number from O to H:
" first calculate binary digits d(.)
" and then the scodes

" £fill matrix m with scodes

For num = 0 To H
g = num

For z =1 To N
d(z) = g Mod 2
g=(g-d@) /2

Next z

For k =1 To N
scode = 0

For t =1Tok -1

scode = scode + d(t) * (2 =~ (t - 1))

Next t

Foru=k+1To N

scode = scode + d(u) * (2 =~ (u - 2))
Next u

m(k - 1, num) = scode
Next k

Next num
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x=0 "x: row in Excel where result is displayed
‘’adequate set: {i_1, i_2,\dots,i_{das}\}

For i1 = 0 To H - 3

i(1) =11

"VBA-EXCEL can't handle with an array in for to next
For i2 =il + 1 To H - 2

i(2) = 12

For i3 =12 + 1 To H - 1

i(3) = i3

For i4 = i3 + 1 To H

i(4) = i4

"check on adequate set property:
For k = 0 To H

check(k) =0

f=1
For s =0 To N -1
For j = 1 To das

If m(s, i(j)) = m(s, k) Then y(s, i(j)) = 0 Else y(s, i(j)) =1
f=1fx*y(s, 1(j))

Next j

Next s

If f = 0 Then check(k) =1

Next k

state = 1

For k = 0 To H

state = state * check(k)
Next k

" state=1 means: we found an adequate set
If state = 1 Then x = x + 1

" next row in Excel; show elements of adequate set: Cells(row,column).
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For k = 1 To das

If state = 1 Then Cells(x, k) = i(k)
Next k

" Sum: sum of probabilities in AS
Sum = 0

If state = 1 Then

For k = 1 To das

g = i(k)

For z =1 To N

d(z) = g Mod 2

g=(g-4d=) /2

Next z

count = 0 " count of zero's in element of adequate set

For t 1 To N

If d(t) = 0 Then count = count + 1
Next t

term = p ~ count * q = (N - count)
Sum = Sum + term

Cells(x, 1 + das) = Sum

Cells(x, das + k + 1) = count

Next k

End If

Next i4
Next i3
Next i2
Next il

End Sub



*0

- i

* L2 A4

"EXCEL/VBA s

(VBA g Excel 'y Comdg i Al F11

.(VBA ,5) 4eliys sl,>l iF5

)..oL}..c Q‘M) nasopt 9 c(wL‘m :i.cw ).,aL'».c J..x:) das <P «N GLQJM‘)QIQQLSA ccul.}).;

Sub
Dim
Dim
Dim
Dim
Dim

Dim
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Decision Matrix_Generator()

c() As Integer
d() As Integer
m() As Integer
m2() As Integer
i() As Integer

y() As Integer
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Dim

Dim

Dim

Dim

das

nasopt = 24 'number of optimal sets

ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim

ReDim

" calculate reversed bincode d(.), bincode c(.)

" scodes and fill matrix m with scodes

For

g:

For

check() As Integer
rdec() As Integer
rbin() As Integer

s2() As Integer

4 H=2"N-1

=4

num = 0 To H
num
z=1To N

d(z) = g Mod 2

g=(g-d=) /2
Next z
For z =1 To N

c(z) =dlN +1 - 2)

Next z

For

k=1To N

c(1 To N) As Integer
d(1 To N) As Integer

m(0 To N - 1, O To H) As Integer

i(1 To das) As Integer

y(0 To N - 1, 0 To H) As Integer

check(0 To H) As Integer

rdec(l To nasopt, 1 To das) As Integer

rbin(1l To nasopt, 1 To das, 1 To N) As Integer

s2(1 To nasopt, 1 To das, 1 To N) As Integer

m2(1 To nasopt, 1 To N, 0 To 2 = (N - 1) - 1) As Integer
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scode = 0

For t =1Tok -1

scode = scode + c(t) *x (2 = (N -t - 1))
Next t

Foru=k+1To N

scode = scode + c(u) * (2 =~ (N - u))

Next u

m(k - 1, num) = scode

Next k

Next num

x=0 "x: row in Excel where result is displayed

"Search of AS:

For i1 = 0 To H - 3

i(1) =11

For i2 =11 + 1 To H - 2
i(2) = i2

For i3

i2+1ToH-1
i(3) = i3

For i4

i3+ 1 To H
i(4) = i4
"check of AS property:

For k = 0 To H

check(k) = 0

f=1

For s =0 To N -1
For j = 1 To das

If m(s, i(j)) = m(s, k) Then y(s, i(j)) = 0 Else y(s, i(j)) =1
f=1fx*y(s, i(j))

Next j

Next s

If £ = 0 Then check(k) = 1

Next k

state = 1
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For k = 0 To H

state = state * check(k)
Next k

"state=1: adequate set

Sum = 0O

"sum of probabilities in AS

If state = 1 Then "start long if
For k = 1 To das

g = i(k)

For z =1 To N

d(z) = g Mod 2

g=(g-d(=2) /2

Next z

For z =1 To N

c(z) =dlN + 1 - z)

Next z

count 0 " count of zero's in members of AS
For t =1 To N

If c(t) = 0 Then count = count + 1

Next t

term = p ~ count * q = (N - count)

Sum = Sum + term

Next k

" £ill the decimal codes rdec(.,.), with adequate set values
" optimal solution: N=4: sum=pq

If Sum = p * q Then

x=x+1

For k = 1 To das

rdec(x, k) = i(k)

Next k

End If

" fill the binary codes rbin(.,.) using decimal codes rdec:
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For a 1 To nasopt

For j 1 To das

g = rdec(a, j)

For z =1 To N
d(z) = g Mod 2
g=(g-d=) /2
Next z

For z =1 To N
rbin(a, j, z) = d(N + 1 - z)
Next z

Next j

Next a

" £i11 s2(.,.)with scodes:

For a = 1 To nasopt

For j = 1 To das

For k =1 To N

scode = 0

For t =1 To k -1

scode = scode + rbin(a, j, t) * (2~ (N -t - 1))
Next t

Foru=k+1ToN

scode = scode + rbin(a, j, u) * (2 - (N - w))
Next u

s2(a, j, k) = scode

Next k

Next j

Next a

" £i11 m2(.,.), the decision matrix:

" start with zero's in the matrix:

For a 1 To nasopt

For k 1 To N

For j=0To 2~ (N-1) -1
m2(a, k, j) =0

Next j
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Next k

Next a

"use bit map b+ 2b-1 (see section 1.1)

"we use code 3 when all three guesses ( -1,0 and 1) are correct
For a = 1 To nasopt

For k 1 To N

For j 1 To das

If m2(a, k, s2(a, j, k)) =0

Then m2(a, k, s2(a, j, k)) = 2 * rbin(a, j, k) - 1
Else m2(a, k, s2(a, j, k)) =3

Next j

Next k

Next a

"show header and decision matrix m2:

For a = 1 To nasopt
For k =1 To N
For j = 1 To das

Cells(6 * a, 1) = a

Cells(6 * a, j + 3) = rdec(a, j)

Next j

Next k

Next a

For a = 1 To nasopt

For k =1 To N

For j=0To 2~ (N-1) -1

Cells(6 * a + k, j + 1) = m2(a, k, j)
Next j

Next k

Next a

End If " end long if

Next i4

Next i3

Next i2

Next il
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End Sub
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Sub Brute Force 2()
Dim a(l1 To 100, 1 To 2, 1 To 2) As Integer
p=20.5
q=1-7p
max = 0.5 ''min van AS
For s1 = 0 To 8
For s2 = 0 To 8
Sum = 0
'case 00
If v(s1) > -1 And v(s2) > -1 And v(sl1) + v(s2) > 0

Then Sum = Sum + p ~ 2

'case 01

If w(s1l) > -1 And v(s2) < 1 And Not (w(s1l) = 0 And v(s2) = 0)
Then Sum = Sum + p * g

'case 10

If v(sl) < 1 And w(s2) > -1 And Not (v(sl1l) = 0 And w(s2) = 0)

Then Sum = Sum + p * q

'case 11

If w(sl) < 1 And w(s2) < 1 And Not (w(sl) = O And w(s2) = 0)
Then Sum = Sum + q ~ 2

If Sum >= max

Then Count = Count + 1: a(Count, 1, 1) v(s1): a(Count, 1, 2) = w(sl):

a(Count, 2, 1) = v(s2): a(Count, 2, 2) = w(s2)

ya
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Next s2

Next si

For r = 1 To Count

Cells(3 *x r - 2, 2) = a(r, 1, 1)
Cells(3 * r - 2, 3) = a(r, 1, 2)

Cells(3 *r -1, 2) = a(r, 2, 1)

Cells(3 *x r - 1, 3) = a(r, 2, 2)

Next r

End

Sub

Function v(i) " first ternary digit

Dim

Dim

End

w As Integer

1 As Integer

i

1Mod 31=1\3
1 Mod 3

v -1

Function

Function w(i) " last ternary digit

w

w

End

i Mod 3
w -1

Function
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Sub Brute_Force_3()
Dim m, r, sl, s2, s3, teller As Integer
Dim p, g, max, som As Double
Dim a(l To 4, 1 To 3, 1 To 4) As Integer
p=20.5

q=1-7p

max = 1 - p +p *p

teller = 0

For s1 = 0 To 80
For s2 = 0 To 80
For s3 = 0 To 80
som = 0O

'case www

If (t(s1)>-1 And t(s2)>-1 And t(s3)>-1 And t(s1)+t(s2)+t(s3)>0) Then

som=som+p~3

'case wwz

If u(s1)>-1 And u(s2)>-1 And t(s3)<1 And Not (u(s1)= 0 And u(s2)=0

And t(s3)=0) Then som=som+p~2%q

AY
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'case wzw
If v(s1)>-1 And t(s2)<1 And u(s3)>-1 And Not (v(s1)=0 And t(s2)=0

And u(s3)=0) Then som=som+p~2xq

'case wzz
If w(s1)>-1 And u(s2)<1 And u(s3)<1 And Not (w(s1)=0 And u(s2)=0

And u(s3)=0) Then som=som+q~2*p

'case zZww
If t(s1)<1l And v(s2)>-1 And v(s3)>-1 And Not (t(s1)=0 And v(s2)=0

And v(s3)=0) Then som=som+p~2%q

'case zwz
If u(s1)<1 And w(s2)>-1 And v(s3)< 1 And Not (u(s1)=0 And w(s2)=0

And v(s3)=0) Then som=som+q~2*p

'case zzw
If v(s1)<1l And v(s2)<1 And w(s3)>-1 And Not (v(s1)=0 And v(s2)=0

And w(s3)=0) Then som=som+q~2*p

'case zzz

If w(s1)<1l And w(s2)<1 And w(s3)<1 And Not (w(s1)=0 And w(s2)=0

And w(s3)=0) Then som=som+q~3

If som = max Then teller = teller + 1: a(teller, 1, 1) = t(sl):

a(teller, 1, 2) = u(sl): a(teller, 1, 3) = v(sl): a(teller, 1, 4) = w(sl):
a(teller, 2, 1) = t(s2): a(teller, 2, 2) = u(s2): a(teller, 2, 3) = v(s2):
= w(s2): a(teller, 3, 1) = t(s3): a(teller, 3, 2) = u(s3):

2
a(teller, 2, 4)
3 w(s3)

v(s3): a(teller, 3, 4)

a(teller, 3, 3)
Next s3
Next s2

Next si
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Cells(1, 3)

max

Cells(1, 1) teller
For r = 1 To teller
Cells(b * r + 1, 2) = a(r, 1, 1)
Cells(5 * r + 1, 3) = a(r, 1, 2)
Cells(b *x r + 1, 4) = a(r, 1, 3)

Cells(b * r + 1, 5) = a(r, 1, 4)

Cells(5b * r + 2, 2) = a(r, 2, 1)
Cells(5 * r + 2, 3) = a(r, 2, 2)
Cells(5 * r + 2, 4) = a(r, 2, 3)
Cells(5 * r + 2, 5) = a(r, 2, 4)
Cells(b * r + 3, 2) = a(r, 3, 1)
Cells(5 * r + 3, 3) = a(r, 3, 2)
Cells(5 * r + 3, 4) = a(r, 3, 3)
Cells(b * r + 3, 5) = a(r, 3, 4)
Next r

End Sub

(%)

Function t(i) ternary digit 1
Dim w As Integer
Dim v As Integer

Dim u As Integer

Dim j As Integer

j=1
w = j Mod 3
j=3\3
v = j Mod 3
j=3\3
u=j Mod 3
t=3\3
t=t-1

End Function
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Function u(i) ‘’ ternary digit 2

Dim w As Integer

Dim v As Integer
Dim k As Integer
k=1

w =k Mod 3
k=k\3

v = k Mod 3
k=k\3

u =k Mod 3
u=u-1

End Function
Function v(i) ‘’ ternary digit 3

Dim w As Integer

Dim 1 As Integer

1=1

w =1 Mod 3

1=1\3

v =1 Mod 3

v=v-1

End Function

Function w(i) ‘’ ternary digit 4
w =1 Mod 3

w=w-1

End Function
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Abstract

Consider a situation with n agents or players where some of the players form a coalition
with a certain collective objective. Simple games are used to model systems that can
decide whether coalitions are successful (winning) or not (losing). The dimension of a
simple game is the smallest positive integer d such that the simple game can be expressed
as the intersection of d threshold functions where each threshold function uses a threshold
and n weights. In this thesis, we study the lower and upper bounds for the dimension of
a simple game. In this regard, the upper bound by Taylor and Zwicker will be presented
which states that the dimension is at most the number of maximal losing coalitions then
this bound will be significantly improved to the cardinality of a binary covering code with
length n and radius 1.

As another topic studied in this thesis, we explore the Hat Game. Using covering
codes, some optimal strategies for Hat Game will be introduced in both symmetric and

asymmetric cases.

Keywords: Dimension, Maximal losing coalitions, Binary covering code, Symmetric case,

Asymmetric case.
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