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Instance A53 consists of N = 460 voters and C = 10 candidates running
for M = 4 seats. This instance is very interesting because the Newland-
Britton method, the Meek method, and the Warren method each chooses a
different set of winners. The Newland-Britton (1997) method chooses
{a,b,gj}; the Meek (1969, 1970; Hill, 1987) method chooses {a,d,g,j}; and
the Warren (1994) method chooses {a.f,g,j}.

Format 1:

The instances of Tideman’s database have two different formats. 50 of
the 66 instances of Tideman’s database have format “1”. For example,
instance AS53 shares this format. That means, the file a53.dat has to be read
as follows:

[3530 3 ] 99 ] 99 | 99 | 4 [ 99 [ 2 [ 99 ] 99 | 1 ]

The first column is the number of the voter. The second to the eleventh
column are the preferences of voter v = 353 for candidate a to candidate j.
Thus, voter v = 353 gives his first preference to candidate j, his second
preference to candidate g, his third preference to candidate a, and his fourth
preference to candidate e. And he keeps the candidates b, c, d, f, h, and i
unranked.

Format 2:
16 of the 66 instances of Tideman’s database have format “2”. For

example, instance A35 shares this format. That means, the file a35.dat has to
be read as follows:

[26 [ F D Jo[N[P[H]A]

Voter v = 26 gives his first preference to candidate f, his second
preference to candidate d, his third preference to candidate o, his fourth
preference to candidate n, his fifth preference to candidate p, his sixth
preference to candidate 4, and his seventh preference to candidate a. And he
keeps the candidates b, c, e, g, 1, j, k, [, m, and g unranked.

Unfortunately, in 7 instances some voters give more than one preference
to the same candidate. The following table lists all those voters who give
more than one preference to the same candidate:

instance | voters who give more than one preference to the same candidate

Al7 #72, #126, #152, #232, #275, #290, #370, #538, #793, #846
Al9 #330, #3816
A20 #98, #1783, #2193, #2221
A49 #16, #51, #133, #134, #315, #413, #463, #559
AS3 #69, #85, #145, #205, #317, #757,
#782, #802, #1001, #1046, #1088
A95 #267
A96 #415

When an individual voter ranks some candidates in a cyclic manner, then
we presume that this voter is indifferent between all the candidates of this
cycle.
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File a53 stv.dat contains the strengths of the (C!)/(M!)-((C—M-1)!)) =
1260 vote managements. File a53 stv.dat has to be read as follows:

[1oaJAIDJF |G| J]88714286 ]101.098901 [ 101.351648 [90.736264 [78.098901 |

Then, row 104 says:

N[{d f.gj}a]l =88.714286

N[{af.gj},d]=101.098901

N[{a,d.gj}f1=101.351648

N[{a,d fj},.g]=90.736264

N[{a,d f.g}j]="78.098901

In the traditional head-to-head format, row 104 represents the following

defeats:

=0 = 85 88 83

AN A A

%" %" %" %" %"

= = = = =
N[{adfg},*] 78.098901 | 78.098901 | 78.098901 | 78.098901
Nl{adfi},*] | 90.736264 90.736264 | 90.736264 | 90.736264
]\Nf[{adg]'},*] 101.351648 | 101.351648 -— 101.351648 | 101.351648
Nl{afgi},*] | 101.098901 | 101.098901 | 101.098901 101.098901
Nl{dfgj},*] | 88.714286 | 88.714286 | 88.714286 | 88.714286
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In the graph theoretical format, row 104 represents the following links:

adfg

adfj
—  [7808}F—»
< 90.736
\{ 78.098 | [88.714 /

<O
[EINS

88.714

\ 1\ [/ 101.351 ——
101.098 adgj
101.098 90.736
T01.098 101.351

afey
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Candidates a, g, and j are Condorcet candidates because the strongest
vote managements against these candidates are strictly below N/(M+1) =92.

max { N[{z1,...,z4},a] | z1,..,z4 € A\ {a} } =89.332604
max { N[{z1,...,z4},2] | Z1,...,24 € A\ {g} } =91.345733
max { N[ {z1,....Z4} J] | Z1,e..r24 € A\ {j} } =78.524229

When the Schulze STV method with proportional completion is being
used, then A = {a.f,g,j} is the unique winning set, since it is the only set with

P[A, ] > P[,A] for every other set B € A4,.

The largest value in file a53_stv.dat is N[{a,e,g,j} ,h] = 110.674779. This
is the strength of the vote management of the candidates {a,e,g,j} against
candidate 4. This vote management is illustrated in table 1.

In table 1, the column “opinion” describes the opinion of the voters. A
“1” means that this voter strictly prefers this candidate to candidate 4. A “2”
means that this voter is indifferent between this candidate and candidate 4. A
“3” means that this voter strictly prefers candidate % to this candidate. The
column “voters #1” says how many voters share this opinion before
proportional completion. The column “voters #2” says how many voters
share this opinion after proportional completion. The column “distribution”
describes how many voters of each group of voters vote for which candidate
in the optimal vote management of the candidates in columns “17, “2”, “3”,
and “4” against the candidate in column “5”.

For example, row “4” says that before proportional completion there are
8 voters and after proportional completion there are 9.210514 voters who
strictly prefer the candidates @ and e to candidate # and who strictly prefer
candidate /4 to the candidates g and j. In the optimal vote management of the
candidates {a,e,g,j} against candidate A, all 9.210514 voters vote for
candidate e.
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opinion voters voters distribution
1[2]3]4] #1 #0 1 2 3 4 5
alelglj a e g j h
111 [1]1 76 | 174.783852 | 26.529814 | 42.206980 | 79.076900 | 26.970159
2111 ]1]3 7| 11.478359 11.478359
31131 18 | 29.690120 29.690120
4111313 8| 9210514 9.210514
HIERE 23 | 60.086335 | 60.086335
61 ]3]1]3 7| 10.278434 | 10.278434
71331 30 | 40.043541 40.043541
s[1]3]3]3 13 | 13.780196 | 13.780196
of3]1]1]1 8 | 16563163 16.563163
1w[3]1[1][3 3] 4586022 4.586022
131371 6] 8.113086 8.113086
2]3]1[3]3 5] 5.389698 5.389698
13[3]3]1]1 8 | 13.449067 13.449067
1431313 14 | 15.034716 15.034716
15313371 28 | 30212012 30.212012
163333 17 | 17.300885 17.300885
171112 3
1811271 8
o1 122 5
2012111 32
201212 17
2|1 ]2]2]1 26
231222 8
242111 11
252112 11
2621 [2]1 8
272122 6
2820211 20
2920212 11
30]2[2[2]1 14
31|2[2]2]2 8
32223311 1
sum 460 460 | 110.674779 | 110.674779 | 110.674779 | 110.674779 | 17.300885

Table 1: vote management of the
candidates {a,e,g,j} against candidate h
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In table 2, the Schulze STV method is applied to other instances of
Tideman’s (2000) database. The column “name 1” contains the name of the
instance. If e.g. the name of the instance is AS53, then the file a53.dat
contains the raw data of this instance, the file a53 stv.dat contains the
strengths of the vote managements to calculate the winning set of the
Schulze STV method, and a53 list.dat contains the strengths of the vote
managements to calculate the Schulze proportional ranking.

The column ‘“name 2” contains the name of the same instance in
Wichmann’s (1994) database. N is the number of voters. C is the number of
candidates. M is the number of seats.

The column “Schulze STV” contains the winning set of the Schulze STV
method with proportional completion. The column “Schulze proportional
ranking” contains the Schulze proportional ranking. Only in 6 of the 66
instances of Tideman’s database (A10, All, A13, A33, A34, AS59), the
winning set of the Schulze STV method differs from the first M candidates
of the Schulze proportional ranking.

The programs singl01.cpp and multi0l.cpp calculate the winning set of
the Schulze STV method. The program singl01.cpp is single-threading; the
program multi0l.cpp is multi-threading. The column “runtime 1 contains
the runtime for singl0l.cpp. The column “runtime 2” contains the runtime
for multiOl.cpp. A 4-core “Intel Core 13-2100 CPU @ 3.10 GHz” is used for
the calculations.

The programs singl02.cpp and multi02.cpp calculate the Schulze
proportional ranking.
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Schulze Schulze
name 1 | name 2 N cC | M STV proportional runtime 1 | runtime 2
ranking
1| Aol RO06 | 380 [ 10 | 3 ahi aihdbegjfe <0.1s <0.1s
2| A2 | Roo7 [ 371 ] 9 | 2 cd cdebfahig <0.1s <0.1s
3| a03 | Roos [ 980 | 15| 7 | bdernkn | SHdkbeng 31.0s 14.7 s
alcijom
4| Ao4 | ROO9 | 43 | 14 | 2 ai iakjecbg <0.1s <0.1s
dhmjln
s| aos | Rowo [ 762 | 16 | 7 | acdegim | 4cmedglk 38.0's 17.1's
fophijbn
6| Ao6 | Ro1l | 280 | 9 | 5 bcehi ihecbfgad <0.1s <0.1s
71 a07 | RO12 | 79 | 17 | 2 di idcomp ha <0.1s <0.1s
kgejlnfbg
8] Ao8 | RO13 | 78 | 7 | 2 dg dgchbfea <0.1s <0.1s
n((apmgqg)or
(mpga))
9| A10 | ROI5 | 83 | 19 | 3 mnp afsrlib 0.2s <0.1s
djkehoc
10| A1l ROI6 | 963 [ 10 | 6 acdegh | acehjgdibf <0.1s <0.1s
rilsgmap
bhtneokd
11| A12 | RO17 | 76 | 20 | 2 ir . . <0.1s <0.1s
((fj)or(jf))
cq
ithkmsjcfy
12| A13 | ROI8 | 104 | 26 | 2 kt zlunagebp <0.1s <0.1s
rdhvxoqw
. jbcnhqoia
13| A14 | RO19 | 73 | 17 | 2 bj ledghpmf <0.1s <0.1s
lgtrmichpkj
14| A15 | RO20 | 77 | 21 | 2 gl sabodunfe <0.1s <0.1s
15] A17 | R022 | 867 | 13 | 8 | abdefiji Jbaelfd 125 0.6
imhkcg
16| A18 | R023 | 976 | 6 | 4 abcf bcfade <0.1s <0.1s
17| A19 | R024 | 860 [ 7 | 3 aeg eagcdbf <0.1s <0.1s
18| A20 | R025 |2785] 5 | 4 acde adceb <0.1s <0.1s
19| A22 | RO27 | 44 | 11| 2 ck keaghd <0.1s <0.1s
ijhef
351726721
22271491524
200 A23 | RO28 | 91 | 29 | 2 35 4161920611 <0.1s <0.1s

1828223291
138101225
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Schulze Schulze
name 1 | name 2 N cC | M STV proportional runtime 1 | runtime 2
ranking
oaeihcl
ngfrdg
21| A33 | RO38 | 9 | 18 | 3 eoq ((bmp)or <0ls| <0ls
(bpm)or
(mbp))
ki
2| A4 | Ro39 | 63 | 14 | 12| @bedes Jbheknl <0.1s <0.1s
ghjkmn gmcdafi
feadqkbi
23| A35 | Ro40 | 176 | 17 | 5 adefq ; 8.5s 445
mnchjpogl
24 | A48 R041 923 | 10 9 labcdefghj| dfbechjgai <0.1s <0.1s
25| A49 | Ro42 | 575 | 13 | 3 ach heajldm <0.1s <0.1s
gbiefk
26| A51 | Ro#a | 42 | 6 | 3 ade daefch <0.1s <0.1s
27] A52 | Ro45 [ 667 [ 10 | 6 abcdeg | edbgacjfih <0.1s <0.1s
28| A3 | Ro46 | 460 | 10 | 4 adgj jagdfbecih <0.1s <0.1s
29| As4 | Ro47 | 924 | 11| 9 |abdergnjk ehdjf baikcg <01s| <01s
30 A55 | Ro48 [ 302 [ 10 | 5 adfij iajfdehcgh <0.1s <0.1s
31| AS6 | R049 | 685 | 13 | 2 ik Jkfhmed <0.1s <0.1s
aecbli
32| A57 [ Roso [ 310 9 | 2 de deibhcgfa <0.1s <0.1s
33 A9 [ Ro52 [ 694 | 7 | 4 bdfg fdeghbca <0.1s <0.1s
34| A63 | RO56 | 156 | 7 | 2 cf cfedbag <0.1s <0.1s
35] A64 | Ro57 | 196 | 3 | 2 bc bca <0.ls <0.1s
36| A65 | Ro58 [ 198 [ 10 | 6 abefgj | gbfejadchi 0.2s <0.1s
37] A66 | R059O | 193] 6 | 4 bdef fdebca <0.1s <0.1s
((fg)or(gf))
38| A67 | Ro60 | 183 | 14 | 10 beefg kbiejl 26.7 s 12.5 s
hijkl
chnmda
39 A68 | Ro61 | 50 | 4 | 3 acd acdb <0.1s <0.1s
40] A6 | Ro62 | 86 | 9 | 3 ace ecafidbhg <0.1s <0.1s
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Schulze Schul.ze . .
name 1 | name 2 N cC | M STV proportional runtime 1 | runtime 2
ranking
41 | A70 R063 | 529 | 9 3 ehi eihcdbagf <0.ls <0.ls
421 A7l R064 500 8 7 abcdefg dcgeabfh <0.1s <0.1s
43 AT2 R0O65 272 3 2 ac ach <0.1s <0.1s
44 A73 R066 525 5 2 cd dcbae <0.1s <0.1s
45| A74 R067 | 253 | 3 2 ac ach <0.1ls <0.1s
46 | A76 R069 | 403 5 2 ac cadbe <0.ls <0.ls
47 A78 RO71 486 4 3 bed cdba <0.1s <0.1s
48] A79 | RO072 [ 362 | 8 | 4 aceg gaecfdbh <0.1s| <0.ls
491 AS80 RO73 269 7 5 abceg aecgbfd <0.1s <0.1s
50| AS81 | R0o74 [ 902 | 11 | 9 |abceghijk hael.ckbdffg <0.1s <0.1s
51 A83 RO76 | 1123 | 4 3 abc cabd <0.1s <0.1s
s2| A84 | R077 [ 277 ] 7 | 6 | abcdeg ebcdgaf <0.1s| <0.ls
53| A85 R0O78 158 | 4 3 abd dabc <0.ls <0.1s
54| AS86 RO79 157 5 4 acde cadebd <0.1s <0.1s
55 A&7 R0O80 120 4 3 abd dbac <0.1s <0.1s
s6| A88 | Ro81 | 135 ] 9 | 6 acefgh hegcfadbi <0.1s| <0.ls
57| A89 RO82 | 256 | 5 3 ade edabc <0.1ls <0.1s
ss| a90 | Ros3 | 366 | 20 | 12 | @bcdef |aitlecsdfno 2184s|  130.0s
ilnost bpjmgkrhqg
59| A92 | Ro85 | 540 | 13 | 3 dfi dfiebha <0.1s <0.1s
mcjgkl

60 | A93 R0O86 | 561 4 2 bd bdca <0.ls <0.1s
61 | A% RO87 | 579 | 4 2 ad adbc <0.ls <0.ls
62 A95 RO88 587 7 2 ab abfgdec <0.1s <0.1s
63 A96 R0O89 564 6 2 ab abefdc <0.1s <0.1s
64| A97 R090 | 284 | 4 2 ab abced <0.1ls <0.1s
65| A98 RO91 | 279 | 4 2 ac achd <0.ls <0.ls
66 A99 R092 275 4 2 ab bacd <0.1s <0.1s

Table 2: Schulze STV method applied to instances of Tideman’s database
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In 18 of the 66 instances of Tideman’s database, the winning set of the
Schulze STV method differs from the winning set of traditional STV
methods. These instances are listed in table 3. The column “Newland-
Britton” contains the winning set of the Newland-Britton (1997) method.
The column “Meek” contains the winning set of the Meek (1969, 1970; Hill,
1987) method. The column “Warren” contains the winning set of the Warren

(1994) method.
Newland- Schulze
name 1l | name2 | N | C | M Britton Meek Warren STV
1 A04 RO09 | 43 |14 ] 2 ai ik ik ai
2 A05 ROI0 1762 |16 | 7 |acdegkm |acdegkm |acdegkm | acdeglm
3 A06 ROI1 J280| 9 | 5 cefhi cefhi cefhi bcehi
4 AQ7 RO12 79 |17 ] 2 ci ci ci di
5 All RO16 963 | 10| 6 aceghi aceghi aceghi acdegh
6 AlS R0O20 | 77 |21 ] 2 lr il il gl
7 A33 RO38 9 |18] 3 [1] [1] [1] eoq
abcdef abcdef abcdef abcdef
8 A34 RO39 63 14112 hjklmn hjklimn hjklmn ghjkmn
9 A35 RO40 176 | 17| 5 aefngqg aefkn aefkn adefq
10| AS3 R0O46 1460 | 10| 4 abgj adgj afgj adgj
11 ] ASS R0O48 302 10| 5 adfij adefi adefi adfij
12| A65 RO58 198 | 10| 6 bdefgj bdefgj bdefgj abefgj
bcdef becdef bcdef bcefg
13] A67 RO60 | 183 | 14| 10 gijkl ehijk gijkl hijkl
14] A7l R064 |500 | 8 | 7 |abcdegh | abcdegh | abcdegh | abcdefg
15 A74 R0O67 253 | 3 | 2 ab ab ab ac
16 ] A79 RO72 1362 | 8 | 4 aefg adeg adeg aceg
17| AS80 RO73 1269 | 7 | 5 abcef abcef abcef abceg
18| A% | Ro83 |366|20]| 12| @bcdesS | abedef | abedef | abedef
iklnst iklnst ilnost ilnost

Table 3: instances where the winning set of the Schulze STV method differs
from the winning set of traditional STV methods

[1 In instance A33, 10 candidates received no first preferences, 7
candidates received one first preference each, and one candidate
received two first preferences. The winning sets of the Newland-Britton
method, the Meek method, and the Warren method depend on which
candidates happen to be eliminated by random choice.
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