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A, positive reciprocal, a;; 1,7 =1,...,n
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Numerical algorithms

. The less precise=-less complex. We sum the elements of each row and
divide such a value with the sum of all the elements of the matrix. The
ratio for the i-th row gives the i-th element of the eigenvector w that
is normalized by construction.

. Higher precision<+higher complexity. We sum the elements of each
column and then we evaluate the reciprocal of each sum. To normalize
we divide each reciprocal with the sum of the reciprocals.

3. Good precision+higher complexity. We evaluate the sum of the ele-
ments of each column and divide each element of a column for that
sum (we normalize each column) so to obtain a new matrix. At this
point we sum the elements on each row of the new matrix and divide
the sum for the dimension of the matrix. In this way we evaluate an
average over the normalized columns.

4. Good precision-+-higher complexity. We multiply the elements of each
row among themselves, evaluate the n—th root (if n is the dimension
of the matrix) of that value and, lastly, normalize each of such values.

5. Exact solution-+-highest complexity. We raise the matrix A to an ar-
bitrarily large power and then divide the sum of the elements of each
row of the resulting matrix by the sum of the elements of such matrix.
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A simple exercise
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d v3 (four matrices and

é e pairwise rank v1, v2 and
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matrix and one eigenvector)

» W=L L prionties of a1, a2,
a3, a4 with respect to MG

> W « total ordering i.e.
priorities of al, a2, a3 and
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A simple exercise: matrices and vectors

LAMBDAI Zl CR
al 100 200 500 700 70,0000 2.8925 05488 4,02 0,017 007
at 050 100 200 3,00 30000 1.3181 02497 4,01
a3 020 050 1,00 200 0,2000 LT 0,1269 4,02
0.39.28 4,02

5.2701 4,02

LAMEDAZ  Cl CR
al 100 200 050 0,25 0,2500 0,707 0,1355 4,03 0,01 001
az 052 100 033 07 0.0278 0.4082 00782 4,03

a3 200 300 100 033 2.0000 1.1892 02279 4,04
2.9130 4,04

5.2175 4,03
al az a3 ad W3 LAMEDAS I R
al 100 100 020 0,20 0,0400 0.4472 0,0833 400 0 0
ad 100 100 020 0,20 0,0400 0.4472 0,0833 4,00
a3 500 5400 100 1,00 25,0000 2.2361 04167 4,00
ad 500 500 100 1,00 250000 2.2361 04167 4,00
2, 3666 1,0000 4,00
Wi W2 W3 Wi W
05488 01355 0,0B33 0.3333 02555 [=})
02497 00782 0,0833 .3333 03,131 pd
0269 02279 04167 0,3333 02571 pd
0,0745 05583 04167 0.3498 pé
0.549%0

Simulation and other quantitative approaches; to the assessment of electoralisystems; Alessandria 4-5 June 2007



L L L L

A harder exercise///////// y

g

’
%

YIS IIIIIIIIIIIA
il . )
’ 1@ P e a //;//?///////

v A Y

onotonicity

Z satisfaction

M

1 A HM 08 > PM =058

2 A~HM >QS~PM>C>S8

3. S>C~PM>A>HM~QS 7 Ranking of the
4. QS>HM ~A>PM~C~S properties — ranking Of

/// the methods
r// ////// SessimentioielecioralisysSiens Alessandria 4-5 June 2007

Simulation and other quantitative ap
T



A harder
exercise:
NEEE
=[gle
vectors

no3QE>

no3QE>

1,00]
0,50]
0,33

0,25

0,17|

1.00

1,00
0,33

033

0,20/

HEd
2.00

1,00
0,50

0,50

0,33

Hitd

1,00]
1,00]
0,33|

0,33

0,20,

s
3,00

| 1.00
Qs
3.00

1.00

2,00
1,00

0.50]

3,00/
1,00

0.20]

FM 5

4,00 600 9.00
2,00 300 400
1,00 2,00 2,00

1,00 2,00 2,00

0,50 1,000 2,00

FM C 5

3,00] 500 7.00
3.00) 500  7.00
1,000 500 7.00

1,00 500 7,00

0,20 1,000 2,00

FM < 5

' 1,00 1,000  0.20|
| 0,50] 050 0.4
| 0,50] 050 0.4

1,000 1,00 0,33

' 1,00 1,000 033
| 3.00] 3.00[ 1.00|

FM 5

[ 200 2000 2.00
[ 200 200 200
| 700/ 700 7.00
1,000 1,000 1.04)

1,00 1,00 1.00
1,000 1,000 1.00)

0,13 0% 0.2500
0,07 0% 02500
007 048 02500
0,4 Q.07 02500
0,94 Q.07
047 0,07

Prod Square
1296,00 330
2400 1,70
DayT 0,93
0al 089
2,03 0,55

0o 0,39

77

Frod Square
s 261
500 261
38% 1.5
389 1,25
000 0,38

000 0,24

8,35
Prod  Square
080 0,96
002 0,51
002 0.5
1,33 1,05
133 1,05
220500 3,61
.69
Prad  Square
267 1,18
2467 1,18
JpEs00 3,82
0,04 057
004 057
004 0,57
a9

W
0,25
0,19
0,21
0,12
0,08
0,16
1,00

W1

0,43
0.2
0,12
0,11
0,07
0,05

1,00
W2

031
0,31
013
0,13
0,05
0,03

1,00

W3
0,13
0,07
0,0y
0,14
0,14
047

1,00
Wi
0,15%
015
048
0,07
0,07
0,a7

1.00

A
Hd
Q5
P

=

5

LAMBDA, Cl CR
02 0,0107 00082
&,01
&,05
£,04
6.1
G059

6,05
LAMBDA l R
G.27 0.0571 0.0481
6,27

G, 28

&, 28

6,29

&332

&,.29
LAMEDA  CI CR
&,05 0,0049 00034
&,00
&, 00
&,01
&,01
&, 05

04
LAMBEDA -l R
6,00 Q0008 0,0008
&, 00
2,01
&, 00
&,00
&, 00

&,00

B U0 R L =

QUCTA METHOLD

Simulation and other quantitative approaches; to the assessment o electoralisystens;

Alessandria 4-5 June 2007



A O HM Q= PM O
A 1,000 200 3.00 4,00 600

C | 0,47 033 0,50 050 1.00

A HM Q5 PM C
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1.00
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A CW CL PP WARP P Prad
A 1,000 300 4,00 5000 700 900 3780.00
cw | 0.33) 100 100 200/ 200 300 4,00
CcL | 0.25 100 1,000 1,00] 200 300 150
0.20( 0,50 1,00 1.00] 2,00 300 060
0.14| 0,50 050 050 1,00 200 0,04
' [ ' ' [ 1,00 0,00

A CW CL PP WARP Pl Prod
A 1.000 0,14] 0,14) 050 1.00 o050 0,01
cw | 7000 1,00/ 1,00 300 7.00 500 73500
CL | 7000 1,00[ 1,00 300 7000 500 73500
2000 033 033 1,00 3,00 2,00 1.33
1000 0,4 014 033 100 050 0,00
200 020 020 050 200 1.00 0,08

Another
harder
exercise

PE  WaRP (=] Prad
18,00
0.01

0.0

0,20
3.00

11.25
0.1
0.00
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£0,00
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0.07
0,13

1.00
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0.92
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0.35
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0.41
3.040
3.00
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0.B4

8,22
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1,62
0,45
0.45
3.37
0,74
1,20

£.85
Square
1,50
0.43
0,30
3.55
.71
2,08

B.56

A
W
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215
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0,24

1.00

,04
.11
6,03
6,13
6,06
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.08

&,04

LaMBEDA,
6,13
G,04
G,04
6,02
&,06
E,11

6,07
LaMBDA
.34
g1%
G275
6,55
6,18
6,27

6.3

I
0.0

CR
001146

I
0.0

R
0.0065

i
0,0

CR
0.0107

l
0,06

<R
0.0481

Alessandria 4-5 June 2007



U A

A ranking exercise /////?
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2, P R=UD =11
3. TR > P ~UD > BT
4. ED::»P::-TR}BI
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i0.43
3,20

5.33
Square

2,59
0,50
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That's all, folks....
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