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Abstract 

In every sport, p制ng systems suchωSwiss S戸館m an:凶“ ωselect the加t player or the k・be哩tplay闘訓th the strict 

ord師且.g among a set of ω，mpeting playl問。r ぬams. This paper exam泊es the sm叫組側・ba鈴dω蜘Ime of 釘ver叫

well-known paiJ泊Igsy蜘幽釦ch as RJ側且.d Robin, Swiss S戸畑n and Random Swiss pa釘ing. We也開制kde縄問白紙師

。p也nally efficient in 也es個se that 也epairi且19 system of limitωroun.ds恥ωmesc1ωerto 血.eo臨omeofR，仰nd Robin.O町

mode1s for臨母mulati岨 ret1ect臨 fact 白紙曲.ebe蜘 player in 伊m偲 betw闇 twoplay，師 or 飽ams 必es not a1ways w泊，

but it(均endson也術館ength.百e 依perim副sperformed show也.atR釦domSwissp前i略側中erfor醐 SwissS拘飽凪

1. Introduction Random Pairing 
In many 刷1I'IlIIm聞包伽 g咽関 suchω ぬ臨 and In Random pairing, the play'闘 ωplayeaぬ other

m剖且gev姐lts 白mゆout 也e wor1d, vario凶 p卸ing will be determined j凶 at random. Ho哨ve巳 two

w蹴幽眠 U剖ωse加t suitable partn間 ωfac出蜘 play悶 shall notm倒 more 白anoDce.

ωcur瓜eranking， w悩le deter:mining 也ewinner. In m倒t

ω踊 R創md 恥binωnnot be u剖， hen健也e

assi伊ment ofpar旬開 hi出ly int1uen闘 the 0臨佃S

of 印刷l1'I18Dlent of 1imiぬd roun.ds ωp1a:罫 AI也ough

the pairing is im阿tant， th闘胸恥enli蜘悶悶ch

必d町四時 thl闘 is凱閥抗蜘蜘lly.

We 也側蹴:k d隠igr凶白紙師 op也nally effici，副

泊 the 蜘se 脳血 p副且19 sy書館moflimi凶 roun.ds

k∞m錨 d閣官ωtheo臨omeof Round Rob血 h 也is

P停釘耐震叫珊U・h胞wn 抑iringsy剖阻S 釦chω

Round Robin, Sw国 p凶泊.g and Random Sw悶仰iring

m∞Impar吋 bysimul組組依開iments.

1. Method 

1.1.P剖r恒.gsys飽lD8

We d飽aibe the basic iゐa of 鎚vera1卵白g

sys飽ms 也atwecor却価哲也也isp待問.

RoundRobiD 
h齢 1800恒也 f伺matofchl糊蜘回阻副swas

often Round Robin where 鵬h p1ayed all of the oth釘

a留置淘. This must be 也eb関twayωdetermine 也e

同tp同町 orthek・b醐 play田 with the 紺ictoniering 

8ID01I8 a 制。fcom附ngplay悶 or 回ms. However, 
thenu曲er of lOUJ由 m岨edis 抑制b泌ve 伽 a 凶ge

numberof健lIraI瑚.

Swiss System 

It is inven凶 byl.M凶lerand tirstω“ in ach蜘

刷l1'I18Dlent at Zurich, Switzerland in 1895 (henω 

Swiss System)[l]. Swiss Sys蜘 is a sys畑町entedω

∞時間蹴 for伽 sh仰om泊ig. Its prin吻1e isωpair 

p1ay師 with勘 n閣制問sib1eres叫白血 a 鈎町nam倒

without p1ay泊.gthe same 句ponent同iω. P1ayl悶 m回

have played 也.e same number of m蹴hes in order 伽

themωp1ay one 8IJ(池er. The i抑制制 features of 

Swi鎚 Sy冨旬mare 1is凶 be10w [1][2]. 

. In Sw国 S拘ぬm， after 臨伽t round p1勾回闘

がおedingro叩S削減必118ω 也eirscores (羽m闘血

血 grol申 1，白ωewho drew go in 也e gr.ωpO.5， and 

10鈍rs go 泊 the gro叩 0). At 脚hround each p均B

S側eone wi白血e same s悶e as hiSIher score. Sinω 

then阻加。f戸rfect 鎚〈官官s is cut 泊 halfeach round, 

it dωs not 旬ke 10ng unti1 thぽ'e is only one player 

remaining with a perfect sαlfe. 

'P1ay悶W油 similar悶u1ts playωchoth釘ωmuch腿

posSlble. 

・組 play悶 play the same number of ma帥.es，

m伊rdlessof hislher scor鏑.

'M蹴:hingof也e same rank is realizab1e. 

'Upse旬間possible.

Random Swlss PairiDg 
In S捌鈎 Sys蜘 or its m岨.fied VI田ion sl油飽

A倒1田凶 Sw包s. the reverse ph偲，omen∞ of the 
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m回tsand 午lIIl泊ωω田胸ぱ加。ω凹. It impli鏑白紙

W伺kerplayer冒 maysom倒mesbe finaIly ran恥dhigher

也組制mger 0111飽甑伽 sense of Round Robin. In 

orderω 泊司prove 血e 命軍wback， Random Swiss Pairing 

問凶IizesRandom p臨時伽釦問。fthe rounds and 

foHow“ by Swiss Sy剖阻. No旬白紙 R組domSwi鑓

pairi且gis 岬温val倒ωSwi鴎 Sys飽mwhen no Random 

p宿泊g抱卵rformed.

2ムRating 副鋪ignm個t

The winni喝 E甜o of higbぽ~ra紘血Ig player is 

必hωas めout 76% w抽 the2ω-point dift1釘en鴎

under Ihe Elo回m血.gsys蜘.108抑lifyωlω1副OIIwe

ins飴“凶e 75% wilh the 2∞引湖.t dift1信組関. The 

ra.tio W is given by 白書 偽Uowi時 form由 [3][4]， wb闘

rr甲国ents ther凶ngdiffer唱nce.

W = 1 -1 1(3 r12llO+ 1 ) (1) 

Below we 品。IW Ihe me曲。d 10 determine 1he win 

odωsin也S依戸rimer陶.

(1) Obtain 邸周出Ig di蜘ence betw蜘 two play，悶:

whi旬 andBlack.

(2) In qu鰯t of 也e winning perω凶age of White a 

ゐc泊Ial pointω Ihe 41h pl稍c (rounds otf by the 

5血 place)， it doubl錨 104• At 也is time 血evalue n 

ω1叫a嗣 isin曲問時e of[O, 10∞0]. 

(3) 司書 ωsen"'l∞∞悶T切ωdsωthew祖国ng

ra.tio 1伺%for White, while n '" 0伽Black.

(4) G個釘脚 arandom number r 白紙 is 泊也.era喝eof

[0,9999]. 

σ) Ifr<n， W悩tewins.O也erwiseBlack wins. 

In or加 ωgener脚Ihe r凶且180 由eran伊 which

E瓜暗闘且 bet政enisde加盟ined. The ra.ti喝 for伺ch 函

脚igr凶羽白血血e limi飽. The叙阿国側s are 

ωÐducted wilh 歯切 kinds of ra血.g ran伊s: 250; 500 

and 1000. 

百edi紺ib凶.onofther必ngofplay悶白幽割nned

ωbe a normal di縮ib岨on.Adi紺ibutionis giv1伺国ing

the random m皿bぽ白紙制10隅 a normal dis凶bution

ω 白書 E甜ng. Anc班mal distribl説。E 凶ed Ihe 翻mof12

rand卿 num以悶 betw悶 o and 1. The simi1ar normal 

random number 白紙 practices 鶴叫泊Ig of Ihis accor叫ing

10伽叫喝rangeisus叫

2.3. Rank旬.gdedsion
when 閣時 S訓舗蜘m 伽 a 回1ßllUlI.ent， ω

elim泊雌 play悶 wilh伽舗me 鶴併凶(訓m泊.gpo凶)

have 也.e same sωre 曲e ranking is perfor祖ed in Ihe 

foHow泊:gorder:

(1) A I地ayer w抽陶 l時.est number of 訓nning

polnts. 

(2) SoI加賀(白E 釦m of an Ihe 叩ponen飽'羽nning

伊国s).

(3) SB (lhe sum of the w凪瓜且g poin旬 of 白書

op伊m臨御play釘 won).

(4) Medium (the.sum of白書 winningpo凶s of alllhe 

opponents，依"IIt the higt闘t 鍋d 也e lowl関t two 

opponen飽).

h 也組問er we VI国fy which P血崎明細 is

岬回目ζas weH 鈎盛時:ir si阿ficance ba副 ω 也e

m制官官s: w祖国噌卵白飽， Solkotf, SB 副間四e SB 

(the sum of 血.e number of 108摘。f臨明佃回ts 血e

player 1ωt). 

2.4. Experim阻凶dω蜘

F町也.eexperim倒sweas釦me也at 也.enumberof

m信組ts n"'20 and rounds 1='9. The ra肱ing of all 

伺紅制包 will be assign“. It enabl舗 ωωm開問也e

m虫i略組問nce betw細胞 r現政ings by Round 

Robin and Random Swiss. 

It is 蹴umed 血at Round Robin gives a 岡町

ranking 由an any 0血erp附加g sy蜘mswi血 limited

numl加。，frounds. We also 蹴ume Ihat a good 抑制ng

sys陶n oflimi凶 number of rounds bωom鋪c1ωerω

也eωωωne of Round Robin. In the cl甲信iments we 

havea 舗岬，leof Ihe rar創ngby Round 除必，in. Random 

Swiss tak儲 the rounds of Random P瓜ring varying 

倉'ODl 0 (Swiss Sys蜘)ω9(Random Pairing). For one 

S組事11e ranking by Round Robin, 100 出血師

performed byωぬ p宿泊.g sy蜘mω，ncerned and 血e

average 回∞岬uted. In orderω ∞抑留e Ihe 伽民

"average" and "variancc" areωlcula.tedωωmpare 

ωch time when randomized [7)[8]. Sinωvaluωwi也

'+' and '.'師 in町minglω 油enthera肱ing difference 

iscompar凶 wi也RoundRobin. "average of ditference" 

副"v;副ance" areω11c由旬dby ぬanging白m泊ω Ihe

abso1u旬 valu飽[勾.百eform叫鎚 aregiven in (2) ・ (5).

・ Av闘1geofdiff釘mω'" 1: (ra成時 ofRound 泳均lin.

san司pling伽旬 )1100 (2) 

.Variar問。fditferenlω== 1/ (100.1) 1: ( sampling data 

-町闘.geof difference ) 2 (3) 

・ 1 Av悶Igeofdi質問Eω1 =1: I(r司法ingofRound

Robin - samp泊四gda切) 1 /1∞ (4) 

・ 1 Var加闘 of difl釘encel = 1/ (1∞・1) 1: ( 1 

sampl時d刷|一 1 Average of dift1釘mω1 )2σ} 

the 尚:break sys畑町鈎d (5)[6]. For the play闘 who
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3. Results and Discussions (2) Tiebreak is not app1ied. 

h 血e e:河期iments Swiss and Random Swiss are (3) Ca1cu1ate the difference between 血e rankings by 

mai叫y compared. We verifシ whichp即時 sy蜘m (i.e., Random Swiss and Round Robin 

how many rounds are appropriate for Random pairing (4) Ca1cu1ate “av釘age of the ranking differen∞:" and 

in Random Swiss) ∞mes c10s町 to Round Robin， 総 “van組ce" .

well as what significance each factor of ranking (5) Ca1cu1ate “av釘age of ranking diffi釘ence" 釦d

ca1c叫ati∞ has . “variance" of absolute va1ue. 

3ムRanking measures We show the experim側a1 r，悶dts for 歯切

Winning points 

The winning points are the number of wins of a 

p1a戸lr. 1t dωs not conc釘n about the s位窃湾出 of 也e

opp∞.ents phr戸d. Theranking ∞1y wi血 the winning 

points without taking 白e op伊nen飽， s釘旬以h inω 

∞nsid釘ati∞ may be far 企ωn 出直 true r81首位Ig of 

p1ay悶血也e sense of Round Robin. 

By ∞岬aring the rankings ca1cu1ated by 臨

numb釘 of wins on1y wi白血at of Round Robin, we 

observe w悩ch sy蹴m determines effective1y by the 

number of wins on1y. The procedure is as おllows .

(1) The winning伊ints 間信組sformed inωranking. 

I 3 I 
a・.

2.5 

different rating ranges in Fig.l. Consequent1y, itωrns 
out 也創出e average and vari8llce of ぬe ranking 

difference in Round Robin bωome low as 血en山nber

ofrounds fc町Random pairing inα切関s， regardless of 

血.e rating range . 百le re脳on for 也e possibili句， that a 

S回ng p1ay町1ays against a wωkp1ay釘 b捌meshigh

is 也oughtωbe from 白白n凶s凶ig op伊rtunities fiぽ

players of similar abilitiesωp1ay against ωch oth釘，

悶叫討ng in c1伺r out∞mes. This is because a win will 

∞unt as a win, no matter how 姐"Ong 白e opponent is. 

This r，関u1t app伺rs to reflect the participants' rea1 

abilities. However, it is not so re1iable since it dぽ渇

notindic脚也es紅engthsof the oppone臨.

4 
3.5 

-
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曽
・
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4 5 

・・・a珊・ge (25O)
・-.-・咽ria園時50)
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1::ロa--se<l (00)
ー+一明m出認可1例刻}

e 7 

c:::::コ a咽・ge(~∞)
ー封一咽ri血阿蜘)

Fil!:.l. Rankinl!: diffi釘ence between Random Swiss and Round Robin ωmnared based on winninlZ ooin包

Solkofl' va1ue adds the oppone臨，number of wins regardless of 

The idea of Solkoff wωinvenl凶 by E. Solkoff in outωmes. 

1949 [10]. Solkoff is the s阻 of a11 泊施。pponents' ηJe res山 of白書 simu1atiωwhen cbanging 附Ig

winning 凹mts re伊rdless of the outcome. We show 白e 細野町 shown in Fig.3. 1t ∞mp釘es 也e ra成ing

rankingdifferenωbetween 血e ranking by Solkoff and diffi悶nce between 白 r81必ng when 0叫y the Solkoff 

Round Robin in Fig.2. va1ue is 凶ed and the ranking by Round Robin. Itぬrns

The figure shows the ∞mpari抑1 by ωch number out 伽t 血eran悩ng difference be∞m岱加ge 凶出e

ofrounds for Random pairing when se似ngra他Igrange num以罰r of rounds for Random p8ﾏring incrωses. This is 

upω1000. H叩zonta1 1はis is the r8llking at ぬe time of becaωe as the number of rounds for Random 抑iring

Round Robin (finishing sぽt). A 1eft vertica1 axis is 白e incr，ωses， many match岱釘E 邸signωat r，飢dom，

average of the ranking difference betw健n Random 官gardless of 也eir めiliti民 cr伺佃g bias pairing 

Swiss and Round Robin. A right v出iωaxis is a、 Furt加more， since the Solkoff va1ue doお回t refl削

variance 鉱山at time. Fig.2 indica回白紙 as the ranking p1ayerピぬilities， it crl伺t総 awidぽ伊p in the mrmber 

炉sfa地eraway from the mi“le in the perfi制 random of wins between hゆIlow ranked p1ayers. This 

w蜘m，the "aver軍事eof血edift釘阻ω" 明白 theranking indiω協伽t it 凶回伊巾瓜 for the Solkoff sy蹴mω

by Round Robin is 1arg位百お isbeca四也e Solkoff 剖upmatches wi血 oppone臨' ab山崎 inmind. 
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Fil!.3. Rankinl! diff悦nωbetweenRandom Swiss and Round Robin comDared based on Solkoff 

SB However, when we calculate the SB value in a similar 

SB (Sonne加m・B町ger) sys旬mωes 血e sum of mannぽ as wi血世le number of winning points and the 

the number of winning points of 也e opponents 也.e Solkoff value, we cannot 記e any superiority over 出e

player won [11). One player may have a high SB value 0出町 pairing sy由ms in regardsωthe average of 

if he/she won against a strong釘 p8rtner. Since it is rare ranking difference and variance, even if we change the 

ωwm a s加Inger opponent, SB value mωm “true number of rounds for Random pairing. However, when 

ability + accidental wins". We show, in Fig.4, the rating ran伊町 chang吐血 ou回mes are shown in 

res叫ts ∞也e ∞mpanson amongωch number of Fig.5 

rounds 伽Random p8ﾍring when cal叫ating in 也e When the rating range is small，血at is, when 

absolute value atωse rating range 1000. abilities are balanced, it becomes easier for upsetsω 

百le res叫ts of Fig.4 show 白紙 a variance value take andω 出er凶u1t. SB value be∞mes high. Howev民

a1so be∞mes high when 也e av釘age of ranking when there is a clear difference in rating range, 

diffi釘'encebetw鋭m Random Swiss and Round Robin is indicating a clear difference in players' abilities， 吐len

high. An accidental wins of SB value influences 也is， upsets is !ess likely ωoccur. Th釘efore， SB value is 

也釘'efore，血.e average of ranking 必jference be∞mes 白ωght 白紙 it ∞rre!ates wi也 abilities， such as with 

high. Since 批 act of being accidental 凶 a 即'e ra出，g range, and not correla凶 with a pairing sy批m

∞currenω， the variation from the part average is also like the number of rounds for Random pairing 

ω凶ideredωbe because it aISO has bωome high. 
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losses，∞mparedω 出at by Round Robin. When 

SB enhancement 

SB ∞nωrns “True abi1ity + accidental wins". We 

can also ∞ncern 出e sum of the number of losses for 

those who you lost. Narnely we also consider the 

accidental losses by weaker opponentsηùs is “True 

ability + accidental losses" (called the reverse SB 

hereafter). The results of the simulation with rating 

r組geof 250 are shown in Fig.6 

Fig. 6 shows the difference in r郎ults with reverse 

SB with ra.'lking det釘mined by fewer 則的問。f

analyzing Fig. 6, weω且鎚e 血at when the average of 

ranking difference between Random Swiss and Round 

Robin is lùgh, it turns out like the original SB value 
伽.t avanan側叫ue 蜘 becomes hi偵伽e 蜘

∞，nsider 白紙 it is not necessary to see 出is Iype of data 

since it is 出e same 総 SB value. However, when a garne 

is played with the limited number of rounds, the 

negative portion, indicating whether you have lost by 
chance, as well as the how weak your opponent wぉ

should also be exarnined. 
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3.2. Tiebreak 
When 凶ing Swiss System for a toumament, 

ticbreak isω伺 We examine which pairing sys旬m is 

more effective for 白e tiebreak. We conduct the 

simulation with the number of p釘ticipating teams n= 

20 and round t=9. Fig.7 shows the results of the 

simulation experiments when using a tiebreak for the 

rating range 1000. When examining Fig.7, by ad必ng

the random element, ranking difference 切tween

Random Swiss and Round Robin is smaller ∞mp8I吋

to Swiss System overall. That is， 也is produωs the 

outcome close ω白紙 ofRound Robin. 

From the average of曲eranking difference in each 

ra出g r細野鶴 shown in Fig.8，釦d ∞mparison of 

variance, it can be said 曲at it is the optimal pairing 

when the number of rounds for Random pairing is 

somewhere between 4 or 5 round. 
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3ふ Rounds for Random pa廿泊g

We conduct the simulati∞ with the number of 

entrants(的 fixedω20 回ms. The rounds p釘 team (t) 

are set to 4, 9, and 14. 百le results when setting rating 

range 鎚 1000 釘e shown in Fig.9 

ηle e'湾指rimenta1 results show that 白ebest pairing 

sys飽mfor20en紅ants (n) and 4 rounds (t) wぉRandom

Swiss with Random pairing twiω. Random Swiss wi也

4 or 5 rounds for Random p自民ng in cωe t=9 and 7 

rounds for Random p創ring in case t= 14. These results 

show 也at the optimal number of rounds for Random 

pa出ng in Random Swiss 凶 rough1y a half of the 

n凶nberofthe whole rounds. 
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3.4. Number of toumament entran飽 Random-pairing TOW1ds are included. There are 0凶y

What will happens when incrωsing 血e number of few TOW1ds played as 出e number of en仕組匂Încrlωse

entrants for the fixed number of roW1ds? F or aηtis is beca凶e 白e ranking tukes place afterωrly 

to四百ament of 9 roW1ds we set fo町 different en甘組ts rOW1ds and ignoring the results thereafter. The number 

n=24, 40, 60, and 80. We show, in Fig.lO, the res凶ts in of the minimum required roW1ds for Knockout 

勘 case where 白即時 range is 500. Fig.l 0 indicates ωumament is giv伺 by Equation (6). 

伽t it d拙 not make any ditIerence even 出ough

x = [log2(n)] ( X : minirnum r，何回ed TOW1ds, n : en釘ants) (6) 

We show, in Table 1, 0町 calculation for the minimum required number of TOW1必 in a Knω:kout ぬ凶百創nent for 

vario凶 numbers of en甘ants

En仕組.ts (n) 

Minimum required TOundsα) 

T'able.l. The minimum reauired roW1ds in Knockout toumament and 出e numbers of e岨組包

The number of rOW1ds for Random pairing in Random Swiss since Swiss System pωsesses 也E

Random Swiss is given ぉ白 ditIerence between 山 property of Knω:koutωumament. We simply reωgnize 

number of all roW1ds played and 白e minimum required 也at the number of the rounds is twiωof也e minimum 

rOW1ds for Knockout. It may suggest a sufficient required rounds for Knockout 

number of all roW1ds for aω町nament when applying 

y=X x 2 Y : the minimum r句uiredroW1ds played in a toumament, 

X: the minim凶nrequired rounds for Knω:kout (7) 

Experiments are conductωto ve:司令山 relation of 伽t 白eaωuracy improves Swiss System. Naturally, if 

Form山 (7) based on the minimum requirωroW1ds the numb町 ofroW1ds increa掛， the accuracy improves 

shown in Table 1. We show the results in Fig.ll. In the as well. However, it may be ideal if we do not conduct 

experiment批 numberof all rOW1ds for a toumament is all the matches by Swiss System. Instead it might be 

set with the twice number of roW1ds for the minimum better to pair as m組y matches with the random sy蜘m

re中山ed roW1ds for Swiss System. The results show as the Swiss System 
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4. Conclusion 
h 也is pap釘 we sωdi凶 on pairing sy蹴四伽t

pr'αiuce the rankings for ωumament entrants 也8t

wo叫d reflect the real 鈍悶19t1t of each player even 

wben the numb釘 of rounds is res凶はed. In the 

experiments Random Swiss pairing, with various 

number of rounds for Random pairing, was compared 

wi血 Round Robin in the agreement of the mnking 

bぉedon 由emωS町民 sucb as winning poin包， Solkoff, 

SB and revぽ鵠 SB. 百le sign泊canωofeach me飴ure

for 血eranking was a1so ∞nsid釘ed.

It is found伽t Random Swiss pair時 o吻dぽm

in any case Swiss Systern. The op也na1 numbぽ of

rounds for Random pairing in Random Swiss is rou出y

a half of the numb釘 ofthe whole rou目ds . Wes凶pect

出at 白enumber of the rounds necess鑑yfor an effective 

Random Swiss ω，umament is twice of the minimum 

問中lÌred rounds to select the winner in a Knockout 

ω'umament 

Further experiments are neededωdetermine 曲e

number of rounds for Random pairing in generalωse. 

0町血.terest is a1so in the 凶e of combination of 血e

rev悶e SB with SB 鎚 well as the vario凶 combination

of Random pairing and Swiss System. 
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