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FAQ

o [8]: MRKEBZMHA?

o Z: HIER— AN EIBLEM, MMRALE, FU—BRZARME
B, ERRAMRAH.

o l8: XIKREAB? SFASRESH?

o« &: EBE LCT HA R,

o jo): MRIHIRKEBFRNELRE? KEZON?

o B: PRASBNTRFME. ERD
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EXTE—NEE S LWEE x HETHIMMMR, Btk — 8
1. FHAM: Va,be S,axbe S
2. & Va,b,ce S,(axb)xc=ax (bxc)
3. FHERNMIT: Je€ S,stVac S,exa=axe=a
4. BHEHET: Vae S,Fbe S, staxb=bxa=1, itfEb=a"!
Abel Bf
o X WHEINME: Va,bc S,axb=bxa
EX

e ifk=0

a =
a x a*~1'  otherwise.

AN REXBIEHRT, o x b ALUEHE ab

R I BB

Ens) HKRBANI



2]

R B +
R\{0} EAY x
p ARH, M modp THI {1,....,p—1}

e xor Bt
eVneN, £ S={1<zx<n:xeN, (r,n) =1}, FERX n =
o 3E Abel B¢

o {1,2,...,n} WFAIBEMK

o FEPERE

¥ RUEEHRRKR
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BRVERMER

BRTH—: &ed HIARBRMTT, Me =e =e
BITENSETE—: B o BBEMET 2.y, Wz =zay=1y
(aHt=a

EERE: Bau=bu, Ma=b; BFua=ub, Ma=10

HKRBANI



EEE (2013 FEVRAEM)

o {KE—NEXFE {0,1,...,n— 1} WEE, MAHIEHEHEESE?
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EEE (2013 FEVRAEM)

BE—NEXE{0,1,...,n—1} HZHE, WMATHEEFHEESE?

Light's associativity test
Monte Carlo method
o MEHLEERMA 0/1 BN, KREBHEAE
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EEE (2013 FEVRAEM)

BE—NEXE{0,1,...,n—1} HZHE, WMATHEEFHEESE?

Light's associativity test

Monte Carlo method
o MEHLIEFEAA 0/1 2, WERSTELE

o fiEE: 32 fZiK

HKRBANI
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o BE—Nn, K n MENEE
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o BE—Nn, KnMENHEE
n < 3000
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o BE—Nn, KnMENHEE
n < 3000
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o BE—Nn, KnMENHEE
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o {REE AZR Mathematica EIF L1
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JSOI 2007 #RYITEL

o {REE AZR Mathematica EIF L1
o FTAKRRAIUEFIATT T
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¥ RUEEHRRKR

JSOI 2007 #RYITEL

REEFAZK Mathematica TS
BR AR KA LA AT T
@Seter: T3 + OEIS, &B#BIT 2k HIEIE

TR HKRBANI



EPS A

o FE: HEGHMA HCG, B (H x) #E, WK o2 GH—1
T, LFH<G
e BE&: SH<G, MVYaecG id

Ha={ha:he H},aH ={ah:he H}

DAFRZ A H NAMRRE. ZRE

o Ha=Hb FEFZFHR ab™' € H

o |Ha| = |Hb|

o HEHa#Hb, Ml HonHb=10

o G H H WFBAREWR G —1KRI5, MaNE—oXK/EF
e Lagrange Theorem

o % H<GH|G| AR, W |H|Z |G| WEF

HKRBANI



EES s
o ERTFE: —1MNES S WERTFEHMENA
N ¢
sca
o B EE: & G JLIHA—1PRTRER, BIFEE—I TR o HE
G={d":kez},
MFR G Z2ETE, o« 2 G H—DNERT
e AR (B): MFaeG, EX
o(a) =min{n e N:n > 0,a" = e},
WMRAEFE, MWL o(a) =0
o #it: & |G| BIR, M o(a)||G|] (Lagrange EIE)
o & |Gl=p B p AEH, W G HEREE
o EE G REE—ITE a BIM: o(a)lp

HKRBANI

BEXE IE2HRER
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L P HIRRRLE TR

eVneN, (a,n)=1 %8

a®(™ —1
e {a:a €N, (a,n) =1} WER—DEE, BEXNA o(n)
° H o(a)||G| EIZFLAHEL K

XI5 25
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BEARER

o GH—NEE, S H—NEE, — NG xS — S HIMET (g,5) — gxs
I

oVxeSexz==x
o Va,be G,z € S,(ab)xz=ax* (bxx)

o MIFR G T S EEXT—1NE/ER

o ZG REMRE S EMEMREE, H g+xx =gz MBENEANIERINAE
BT EAWIER
o ERSIREXMERT, g« AIIMIEH gr & 29

BEXE RXNEEHRR THEERE HKRBANI



HEBELR

o HiB: Vxe S, EX r BIHIER
Gr={gx:9€G}

BfE G 1ERAT, = BT EFREMLER
o MEWNT: VxS, EX v WRAEWLKTH

Stabz={ge€G:gz =z}

BI7E G RETERE « FEINTENES
o HuBAR:
|Gz| =[G : Stab z]

XI5 25
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BURNSIDE EIE

« &G RH—ABRE, S H—ER G £, n NS £ CEREHTRR
soERE, 1
=S
STl 2; g

Hep Sy={x€S:gz =1z}

'i.l_.EHE: . Stab
tab x
SPIEEP P
s |Gl % 1G]
1

o B—HE gr =z B (g9,7) MAEFAFILTTH a1

HKRBANI
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E iR

o RIMN RS IR
o A EMBMLEER

Theorem (Cayley Theorem)

EfI—18f G HELT G EEMBEN—1FE.
Proof of Cayley Theorem.
ENEH ¢:G—Sym(G) , B

¢q(z) = gz,Vz € G,

Sk ¢ ARG, Im ¢ ABEEIHM, T Im ¢ < Sym(G) , UEEE.

BIEAE ZXNEEMRER TRE HRAREAIT



SGU 539 MULTISWAP SORTING

o BE—N (1,2,...,n) NE#H®R P

o FRATLUEERERZME T (x1,11), (22, 92), - - -, (T, yx) REE]
BI3e# z,y; EFFIFIAE

o REVEZDRABFEENHINEF

o EXRME—HAR

o n <102

¥ RUEEHRRKR
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SGU 539 MULTISWAP SORTING

c BEREZR?
o ARERENRBMHMETT
o XFRNA 2 B9HT: RFE—R
o JFXRPMKTF 2 B9HE5: (2,3,...,n,1)
o B—X: (3,n),(4,n—1),...
o TWBTM (2,1,n,n—1,...,3)
o BIR: HIEXH
o IERR: SEFEIHLENA

L (2’3747 1) % (2’ 1747 3) % (1’ 27 37 4)
° (2,3,4,5,1) = (2,1,5,4,3) — (1,2,3,4,5)

HKRBANI



Y

HDU 4702 [a]giiA

o {E m M L,....n BYHEF 01,00,...,0m

o KEAERTFEAN

e n,m < 50

HKRBANI Schreier-Sim Algorithm



STABILIZER

o & G ARBWENTE
o Y3 n N w, R/R: G PREFEE—THT 7 HE

T(x) =1

S ﬂﬂ%ﬁ-?’f, E)‘( Wy =T

o ME w1 =e

HKRBANI Schreier-Sim Algorithm



ORBIT

* % G= (m,y,z)
o xz=1(1,2)(3,5,9)
o y=(1,3,5)(7,8,10)
o z=(4,7,8)

° ’E‘:Ejlié% Ay = {1,2,37579}7A2 = {4)67778a 10}
e w =e,wo =(1,2)(3,5,9),ws = (1,5,3)(7, 10,8)

HRAREAIT Schreier-Sim Algorithm



¥ E M B

e MRFBHET G w, WMAFIBT—NEHR 0 ZBEE G H?
o EE 2 =0(1)

o MRAEE w. , Mo G
o BMEE ¢ = w0

e cceGad el

o o BIEFMER: o/(1) =1

o o MENX: BMRAFHE—NE®R o BEBEStab1 #, Ho'(1) =1
o FE o'(2)
o jBYFAbIE!

HKRBANI Schreier-Sim Algorithm



¥ E M B

L4 7 G <(17273u47576>7(276)(375)>

o WAHIET g = (1,4)(2,3)(5,6) BBE G &
Fﬁu/\ﬁ'ﬁ%‘#u%ﬁ w49 IEEE\?IE G EPEI]E.I-

o HXREHMTREETE Stab 1 FEIAT

o Stab 1=((2,6)(3,5))

wag = (276)(375) E G I:P

o gfEGH

¥ RUEEHMRKR THE HKRBANI
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w HEX

e MEAR: |G| =[G : Stab z]
o WNRHIE |Gx| F |Stab x| LFHIE |G| T

o |Gl BEX: BN w, HFE

e |Stab 1| & G W—1FH
o BEN—MERIMBUIREIILEL, Stab 1

o k. 3P w AN |Stab 1| FXF Stab 1 EIHERIHBIELEM
o ZERAABNMBIREMN |w| IR

HKRBANI Schreier-Sim Algorithm



w HYHERR

o ZEBIRM— o, BRNFEHERGS

1. BESEIMRLFA w.
2. Stab 1 &ML T =

o XFE—E#: BFS/DFS
o WFEZANEE, AT RRMAEERESS Stab 1 IBMRZANTTER, Fr
A= —NRMERITH
o BRRM—MRNERNES X, HE Stab Lnew = (X UStab 1o4)
o XN E—MEYIRY
o IfAlHEIM X ?

Schreier-Sim Algorithm

HKRBANI



SCHREIER’S LEMMA

Definition (Transversal)
4$ H<G, # RA H W— right transversal HEXY |R|=[G: H] A
{Hr:re R} ={Hg: g€ G},

BxF geG, GEANGFE— N rBRE g ' e H, HAXEBHENEX

gARN .

Theorem (Schreier's lemma)

SH<G=(S9), |9 <o, M HBHATEEERK:

Xy ={rs(m8)"':reR,s€8}

HRAREAIT Schreier-Sim Algorithm



SCHREIER’S LEMMA BYR FH

o #EIFHY w FRE Stab 1 BY— right transversal
o T EHRAVEFHRM: FTLURERE] g XN », Bl g
o REZEYH G NERES S
o FEXAMNEIREEHI P I — BB USRI AT
o MEBEFRRM—ITRE, R HTUM X MTK

o REYZL: Bl w M1k
o Xg BIZTL: M7 —1NnE

¥ RUEEHMRKR THE HKRBANI Schreier-Sim Algorithm



PSEUDOCODE

Algorithm 2 updX(o, G)

Algorithm 1 updR(o, G) Lz o(l)
1. if o € G then 2. if w, =0 then
2 return 3: Wy < O
3: end if 4 for 7 in current X do
4: insert o into X¢ 5 updX(o7, G)
5. for w, in current w do 6: end for
6:  updX(wgo, G) 7: else
7: end for 8: updR(w,o, Stab 1)
9: end if

o ZEERIAZE B Schreier-Sims algorithm
o ERAEEE LI RE

HKRBANI Schreier-Sim Algorithm



AT E R R

o AR A, NERES
{(1,2,3),(1,2,3), ... (1,2,n)}
o BBt S, NERES
{(1,2),(1,2,...,n)}

o B {1,2,....,n} PRETNEE, FTHFEE—NERoHBE or=9y B
xr,y EAEIEE

XI5 25

Ens) HKRBANI
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BASE AND STRONG GENERATING SET (BSGS)

o & G A—EHHH

e B=(B1,B2,...,5) BHRAR G BI—H base AN Vg G, g B
W (951,902, -, 9Bk) HE—THZE

e WF—A B, EX GO =G,GD ={ge G-V .gp, =4}, B GO
A GU=Y sl Stab B;

o S A—NEA, S EHFRA strong generating set & BN
Y0<i<k,GW =(SNGW)

e Schreier-Sims HASLFR_ ERKTE BSGS
o BE. FTEHMEAES, KM BSGS 24

HKRBANI

Randomized Schreier-Sims



PARITAL BASE AND STRONG GENERATING SET

* %G =(X)
o (B=(B1,P2-..,Bk),5) WA G B9—4A partial BSGS & H{X
o XCS

o SHEMEBEBETHMA: Vvaec S,z 'es
o FEHE—NMTExzcS, BB VS € B,z =5
o WHARIEE—2H partial BSGS
o MBS S = X\{e},B=10
oVeeS, %! HFMmENS
oVzeS, MR zsB=B, WEE— HE 28 # 8 4§ 5 HmiE B

HKRBANI

Randomized Schreier-Sims



RANDOMIZATION

Algorithm 3 Randomized version of Schreier-Sim Algorithm

1: (B, S) « a partial base and strong generating set
2: while needn’t stop do

3: g < random element in G

4. g < the residue of stripping g w.r.t (B, S)
5. if g # e then

6 addgand g ' to S

7: if B9 = B then

8 add a point not fixed by g to B

9 end if

10: end if

11: end while

HKRBANI

Randomized Schreier-Sims



STRIPPING

e stripping ?
o AE— partial BSGS UUREE—MEH g , AJLUIKRE g TEH— G®
o WN{ATREHLIERE G F—1 &R
o INRBEH BSGS , BATLUNEA transversal BEIEIFHENIEFE—NTTE,
BRER
o TR BSGS iFRAR L%k

o product-replacement algorithm

HKRBANI

Randomized Schreier-Sims



PRODUCT-REPLACEMENT ALGORITHM

Algorithm 4 product-replacement algorithm

[ay

D =1(g1,92,---,9m) is a global variable, g, € G
2: i,j + 2 different integers in {1,2,...,m}
3: if random() > 0.5 then
4 g < Ggigj
5: else

6: g 959
7. end if

8 gi =9

9: return g

HKRBANI

Randomized Schreier-Sims



PRODUCT-REPLACEMENT ALGORITHM

XNEEE A uniformly randomness RI4RIE

o Experimentation has shown them to be good.

m BRI : BAEY m = max(10,2n + 1)

D W#Ek: BIE n MR G HNERES X, BENA e
BEHLRGREY—AR AL : #FFAET K RBEHL

o BAEWM K > 60

HKRBANI
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A NEW FIELD

e Computational Group Theory ZEZFEH{R1]
o Schreier-Sims algorithm: >k BSGS
o Todd-Coxeter algorithm: ¥ ZEFFERRE
o product-replacement algorithm: K&t B E—BEHLTH

HKRBANI

Randomized Schreier-Sims
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o EXFE—NEE S LHWAMEE (+, x) #HE

o (S,+) #RK Abel B

o (S\{0}, x) ¥Rk Abel Bf

o FELE: Va,b,ce S, (a+b)xc=aXxc+bxcax(b+c)=axbt+axc
o MFR (S, +, x) ¥IpE— M

o (R,+,x) # (C,+, x)

o &Hp AR, M mod p WE—E

HKRBANI



YR

o B F HKNBR, W [F|=p~, Hb p ARY, & HEK
o WfTMIER/NG 9 HYE?
o IHHIYIK
o Ef—NME F BFERENBR TR ¢ 21BN
o EE f(x)=2™ - 17 F PRIRIKEB, Hbh m = |F|

o BEXH m MR
o VaeG,alCl =1= ELEH m MR

o MAFHRY F, HFEERLR « WHE ofl =a

XI5 25
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WILSON’S THEOREM

Theorem (Wilson's Theorem)

HZpREH, M (p—1)!=-1 mod p
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Theorem (Wilson's Theorem)

Hp AEH, M (p—1)!=-1 modp
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WILSON’S THEOREM

Theorem (Wilson's Theorem)

Hp AEH, M (p—1)!=-1 modp
Proof.
AI LA R %5 T R EER
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WILSON’S THEOREM

Theorem (Wilson's Theorem)

Hp AEH, M (p—1)!=-1 modp
Proof.

A AR TSR IERR

£ F, LEHAIR

HRAREAIT



WILSON’S THEOREM

Theorem (Wilson's Theorem)

Hp AEH, M (p—1)!=-1 modp
Proof.

A AR TSR IERR

£ F, LEHAIR
FiLEE

HRAREAIT



ENDING

o AR

HRAREAIT Ending
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