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Inverse
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Trivial group

Group of units

General linear

group

Symmetry group
on X

Abelian (or
commutative)

Abelian group

iy nman 0 (F* - 1) nx JFF = F\ {0} yaoy .nTv F o L1.15 At
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SPNYD) o0 NnY X NN N2 OX NP AN L(DTTAN DPOIMDIN NMIYyvN NN
X ={1,...,n} ox .Sx 0mom X 9 ™Mvod MR o U (XY o) nmand
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Distributive law
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0 JPOAN NMaN G99 02N A D20 o»pnn Mt ba = ab

.ab = ba DR DO a,b € G OIDN MYV MNY .Man G 0NN L1.25 DN
nrNY G NNIAN DY DD NN VT

Z(G)={g € G|Vh € G,gh = hg}
.G N 95 oy 09OoNNNY G-1 DIDNN DI OV qDIND I 10T

MXINY 091 0NN RN .Z(G) = G DX P ONX 1P9IN X0 G NNaN .1.26 DN
Man N0 Z(G) oy ix,G nMan ymnav

MYIVNN 93 NP YaR ,n > 1 Ny WHIR RO XN GL,(R) nmann .1.27 Hnnt
NV T NMIAN ONND .MNIOVN Y955 DN YR NN NN G L, (R)-2 nynoaorn
1 Z(GL,(R))-5

NM1ANN S MY s L Z(GL,(R)) = {al, | a € R*} »> oo .1.28 990
29NN NPIYPON M¥IoNn Nap N0 GL,(R)

DN ,ound 995 MO NAtya DY PTINY IYON PAMD NNAP NAY .1.29 WD
PN S = {aq,b}

xlal|b

alala
blb|b

DN N2 PR D PRI NPR NN TR LTNDP ADYAN 0D DTN NN (S, %) N
NINDD WPANN 22 bxa = b Y9aAN ,axb = a > 9N XD NNV 2D DY AT
2101 NN DAPNNY NN IPRY PRI DAPTPY 10 S May Y90 mMmd

NTY DY NN DIPRI NINIID TINDD NIIONI DNPA (I ¥ ON) 1.30 DD
NP 9N PRIV MITHINN NNYD .MWIT DV NIXR v nH9ON (F+,-,0,1)
nMan N0 (F,4,0) ox 07w 20 F oo mny JF* = F\ {0} oy .amx
o”pM a,b,c € F 999) n2an pn ovpy moax nan N0 (F*) - 1) ,mhan

da(b+c¢) = ab+ ac



Divides

Euclidean

division

Congruent

modulo n

Congruence class

Subgroup
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Trivial subgroup

Special linear

group
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9T DTV F ooy L2.14 D90
SL,(F)={AeGL,(F)|detA=1}

IMIRNID DNIND 1Y ONNP .NNannn N0 SL, (F) < GL, (F) > womn
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det A 1

AB™) = Adet B~ = =
det( ) = det Adet etB - 1

AB™t € SL, (F) o9

O GL, (F) 50 nman-nn »on SL, (F) ,0pnn p1vpn 28

NMANTNN NN MY DS L Z(G) < G aman Gonn L2.15 990

10



Order of a group

Order of an

element
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.a’ = e DoPM .a YV 09NN SV
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e — e = (a—la)n ; (a—1>nan — (a—l)ne — (a—l)n

(ab)™ # a™b™ »N) D5 a" 141 a-v 5 Sy DDIAN * I2YNN TIWND
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P W (Zg,+) DMaN2 D R 0N NN (Zy,, +) = (1) nMann .2.27 At
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n-th roots of

unity
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D98 o0 G OV 1MNMAN~NN D0 IR, 1O G ORY INOIN 3.1 WYV

,a' NN o0 G-1 oD 95 .G = (a) N Mannn H < G onn anow
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0(a)n OR PN OR @™ = e PPN .a € GO ,nNan G NN 3.3 WYV
avn n=k-o(a)-v 79 k € N o»p 199 .o(a)|n m3 dnow
k
a® = CLk-o(a) _ (ao(a)) — ekz —e

oy PI2PNN LAY 290 VawN 299 o(a) < |n| WX ,a" = e DN PV T8N 17T
avm .0 <r <o(a) oy n=q-o(a) +r ONIYY 7-) ¢ DHYP TPINY

. q
e=a" = ql o(a)+r _ (ao(a)) ca"=el-a =a"

M0D = 0 P9 @ = e-v 7O NP YOPN 7 YLD 190NN NN o(a) YN
O o(a)|n

N C Syn 1 ATDD DM WW NP L(DTD) 3.4 NNt

ork
Qn:{z€C|z”:1}:{cis% k:O,l,...,n—l}

21
NN Q, MmO ., = (w,) 93P w, = cis— o) ox .C* 5v pMan-nn n
n
Y Pand 2710 Qg Ny DX N ORTI w, 2T DY NI TPOPN NMNANTNN
PO MNP MMANN
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o0
Roots of unity AN s = U 2, DN VN NP NN YOO L(ODTD) 3.5 DN

n=1
(NN NN XY NN MMAN TINN) .99 25 nMan N0 O .1
090 70N NN Qo-2 TN DD 2 MWD) 0 (x) < 00,z € Qg 93D 2

JO8 NN Q.3

Torsion group DOV N3N DNNP N0 1TON NN TN 9D Nav 1D NNand

NN

725 990 .C* DY DMan~nn Y NONY Nt T DY NMan v o L1
NNANNN XIAPI) NNAN~NN NIN PYAN NNAN DY YN0 ITON OIDNN GOIN
970N DMNN DO NN PYTA NDDON NNV DN LD NITIN 2aY (0o
.N1M2n 195 ,C* mdann nMmann SV .o
g1, g2 € PV AP KO NN P9 L1 € Oy 0 M2 DTN 29D vNaN 19INA
I,k € Z may 2n2y .go € €, ,g1 € Q, DMWYV m,n DY 120

Nukiablap)al

2nk 27l

gl = CS——, 92 = cisS——

m n
Ay

2mk 2@l (2ﬂk QWZ)
g192 = cis— - cis— =cis | — + —
m n m n
27 (k l
mn

g e, COy DN ,g €, ONX NV ,NNI2 NN 229NY MIID
NV TINN NP 259 19N, MMNAN NIYIY DOV TIRY 727D )0t ¥ ON)
(.NMan NN ,MMan by

o) <n 3P0 .2 € Q1YY n ovp r € Qy 935 2

Qoo TN .DPND N Qe DY NPOPINN MMIAND™NN YD ,0TIPN Pyon a0 .3
AN DNRS MY NNV 1DN” KD 199, 1POIDPN

MMAN Y DY ND90N 3.2

oV MYAoN 5915 AN XINY  .NMNYP MMANHD MYTN MMIAN DY NN M2
PO DT DPPORNNN NN .MNAN (H, e)-1 (G, *) N»NN .MNIAN Mtn INY

GxH={(g9,h)|g€ G heH}
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MDD ,209-207 G X H Yy © nYIys 1) 3.6 WO

(91, 1) © (g2, ha) = (91 * g2, h1 ® hy)

(External) Direct VDN .H-1 G 5¥ GWIBND) WD 2729000 NNIPIN ,NMan N0 (G x H, ©) N
product (eg,em) M0 G x H-2 nron

Yan NN 007 .C* X Zg Yy 9onv) 3.7 nnnt

(—i,2) © (3,7) = (=i - 3,2+ 7) = (1,1)

(5+3i,1)® (2,2) = ((5+3i) - 2,14 2) = (10 4 6i,3)

[(1,0) x10 n nMana NN RN

22v1a - DX D) ,©-2 G X H S¥ nYyan DR 1900 O01pna ,»voyn (3.8 D
MNnn

2n > 2 May) MO Z,, X Ly DND 3.9 993910

QN i NP 930 NN (a, b) € Zy, X Zy, YR 93 DY ATONY NN IND NN
(a,b)" = (a,b) - (a,b)---(a,b) = (a+---+a,b+---+b) = (na,nb) = (0,0)

m < n n1ona L(a,b)™ = (0,0) 1MaYY m OYNN 90NN NN ATONY NP
NP OO0 N Zy, X Zip-2 AR DD DY 970N 00D

N L|Zy, X Zp| = 02 0TTI0 N 9PN APNR R ANIAND 2D P0) DY
1NN 31997 ,MD PR TN .n? TN DN N 00PN AN Z, X Z, NNMann
JPOPN NN

JPOPN NAONA NP NPOPPY MMNIAN DY DYDY N OTIPN 93NN .3.10 WD
JPOAN NIRYI NPDIN MMIAN OV NY9ON ,NINT NMYD

MHVPON HNAND Ny 3.3
Symmetric group NN 7 DNTO HINVDIDD IN3ND L3.11 NN
S, =Hc: {1,2,...,n} = {1,2,...,n}|o is bijective}

- MAINX YN ,mxyYo {1,2,...,n} NNAPIN S Y'NNN MPRYNN 95 GOIN Nt
NoYan AWNd NMan 0 S, {1,2,...,n} 079000 SV ATON MYV DI qOIN
NIPY S, DY DR DD MNN IONPNS NN DTN DN LNPSPNS NN NN
Permutation AONDN

oy X% mxmma o>ann nan prTa X0 S, NMann (I v ON) 3.12 YD
X =A{1,2,...,n} 9wrd ,n2570N N2y
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Cycle

Length of a cycle

0(2) =7 ,0(1) =17 nM¥Mm NN o € S3 1N .S3 IR IONTO NP2 .3.13 DN
MNYPA oI D Mo i, 5k € {1,2,3} IR 0 (3) = kA

12 3
i j ok

g =

:53-2 OYNN YD AN YNONIA N

1 2 3
id = Nl
1 2 3
2 3
T = 2
2 3
2 3
o= 3
2 1
9 1 2
O =000 = 4
3 2
1 3
OT =00T = 5
3 1
1 2 3
JO=TO0 = .6
1 2

TN S,=9 RI? 9P DY ROV .07 F 7O YD VIR TR S3-¥ 37 W) .3.14 MIPponN
V3N N7 RN D 1 > 3% IR

NN o (1) X N2 IMAVANRN 190N DR L[S, | = n! N AToN 315 WD
TY L, 0oVUN 15 n— 1 N0 o (2) IR NN NMIVANRD 90N T NN .0
991 702 1IN NOY PINND IR L1 NN 0 (n) IR NNID NMIVIRD 1900Y

ASul=n-(n—=1)---1=n!

S MAabNN Y TNN DIYN NINNN NN NN S,-2 (7 IN) RN .3.16 1N
LDNNYY DXNOVI DIQDNN INYY A > Ay —> A3 —> « -+ > Qg > A (DY D901
(a1 ag ... ag) MANN SV IWRD (a1 ag ... ag) NP R NN DX DAMD

kNon

20 wov (12 3) Mmnnn N0 313 NTA NIANDY o € S5 NINNN L3.17 T
MM NNNNA TN ROV
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1 23 45
. NN IR 8N (45 2) mnnn ,S5-2 .3.18 DNt
1435 2

Disjoint cycles DIRNY'I THNDD AWRD B DINRNY N3O DN TN DNWLR 72D .3.19 vavn
IOYPYD IR DHYD BV GNIYY 10D BR? PRY DINRND KD "o

Dy DX2IWN 199 ,(ZVTN) N DY Mt DAONNN O DINNNY 20 MY .3.20 WD
NNA0ND NNNNN DY DXWN IWYNND INY DOP DINYY P DINNN

1 234567
D .o = :S7-2 INAN DMNNN DY DOND) .3.21 AT
4 7315 26

IMNNN DY NAYD DNNM 1901 DNPIY DT DINNYD NYAOND NMIN NSO
DWNo 12 >nnnn
1l—4—1

DN ,Td W Nyd (1 4) Mnnn IR 1D P DMNN T DY NNOA TN
NN 190NN
2= T7T—~06— 2

,0N8YD DO9N DI9DNN INVY 10 DW) .NNOA (27 6) NN DX YaP) N
99,5 = 5,3 — 3 M
o= (14)(276)

NoWN o2 X9 71725 19010 95 Yy MaYd ;N7 TINN 295 N5 AN .02 NN 2WN)
22P) ,0A5NNN O DIMNNY NP [ DIN NN

o= ((14)(276)*=(14%(276)=(267)

WA YNIN 4

mponn 4.1

VT L9 € G 935 man-nn H < Gonm ,nman G onn 4.1 A0

Left coset gH ={gh|h € H} C G N0 H 3% g 9 MIRDVD dpnod e

Right coset Hg = {hg|h € H} 20 H 3% g% MDD dpnvn @

G/ H 203 nVONNDYN Mponnn qOIN NN

NMaNN~NN Yy Yonon ,G = S3 X NP2 .4.2 NNt

H=1((123))={id, (123),(132)}
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:G-21 H S5v nvdHxnwn mponnn
idH ={id,(123),(132)}

(12)H ={(12),(23),(13)}

(13)H={(13),(12),(23)} =(12)H
(23)H ={(23),(13),(12)} =(12)H
(123)H={(123),(132),id} =idH
(132)H={(132),id,(123)} =idH

Ay
Ss/H ={idH,(12)H}

:H = 57 5% nvornwn mponnn Sy 9onon ,G = (Z,+) DX Np») 4.3 DNt

0+H=H=1{..,-10,-5,0,5,10,...}
1+H=1{.,-9,-4,1,611,...}

24+ H=1{.. —8—&z7u.“}
3+H={. ~2,3,8,13,...}
4+H—{”w—,—Laamw”}
5+ H={..,-5051015. ..} =H
64+H=1+H

T+H=2+H

D) ,Z-2 57 DY NYORNY Mponn wnn v 050 702 LARDD 1D
7/)52={H,1+H,2+ H,3+ H,4+ H}

H =(2) ={0,2,4,6} 5y 9onon ,G = (Zg, +) DX NP2 (10T ¥ ON) 4.4 DNt
1N NPYORNYN MPONNN

0+H=H,1+H={1,3,5,7,2+H=H
2990 191N

H, if a=0 (mod 2)
a+ H =
1+ H, if a=1 (mod2)

G=HU((1+ H)-v 15 0w

(NPIPN IN) NPORNVYN MPINNND NNNIY MINDNTIN MIRID NIV 295 4.5 WD
ON 70 Oy qoN LG OV g maxy H < G nmantnn by

a~gb<— aH =bH
NNY 000) .G 5y MPPY ON N a,b € G DIDN Y DY MPONNN P2 1PNV SV

:N2D VAVYNN NNY2
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W ., b€ G Y IR H < GHan ,onsn G OYn L(NRNIND) 4.6 vavn
a€ HoxpnoxaH =H voa b lae Hoxpnoxad =bH .1
aHNbH =@ wWaH = bH o»pnn bH- aH mponn »nv Y55 .2

R TIRINY U gH = G :nmann 5o X0 MpoNnn 95 Sv TINrN .3
gHeG/H

PYNIN PYON NN P NPON .DTTA NPPONNNNA 99N NYYND N (NMRYIND) DN

DTN YN NAY VI .ah € bH b € H 999 7R aH = bH oR (<)
NI5N3 95 ,a = bhy € H-Y 15 hy € H 0”pv yan oM .a = ae € bH
bla = ho € H

.a = bhy 129 b~ la = ho-v 15 ,ho € H 07p #X b la € H-v 0 (=)

ON 9aN .aH C bH Y95 ,ah = bhoh € bH-v o»pnm h € H Y35 ,nny
0 .bH = aH n1dn23y9Y .bH C aH-v 19N MNA 93PN b = ah; ! 7X ,a = bhg

{gH | g € G} nyornvN MPSNNN P2 5Y) Y/NN DHRRNN NNPP L(NIRYIND) 4.7 WD
(Hg— g~ 'H)»a5 {Hg|g € G} nvmd

gH — (gH) ' = {(gh)_1 ‘ heH}={h'g" ’ heH} ={kg™' ‘ keH}=Hg'
DVINN MPONNN 190N MY NPONNPVYA MPINNN 190N 129

NIPY Nt 90N G H] yroa G-2 H S mphnnn 19010 NX 903 .4.8 09130
Index of a .G-2 H 5v ppmD

sub
subgroup APRIY MNONTD 29 DY 4.9 INT

Z:5Z] =5 1
[S5:((123)]=2 .2
[Zs:(2)] =2 .3

,2INY YOP DPTPNAY DI .ANANNNN DTN T NN [G 1 H] DTN .4.10 WD
G {e}] = |G [G: G] =1 on ppn »pn any AT H nmann~nn 1o

|G : H] = 0c0-v 75 ,H < G nMman-nm G nMan ¥ .4.11 90

H =7 nnan-—nm G = (Q,+) »nn W ino
WN DIDRY MPONN2 12NN L1 P25 0 pa 0 ag, as € Q D2v 1Y NP2
-v 52p) oY

{C(1+O,C¥1:|21,061:i:2,...}:OélH#OQH:{Oég—i-0,0ég:i:l,Oég:i:Z,...}

,1 925 0 2 Q-2 ©190nn mndd MmNad X0 G-2 H Sv mponnn 1901 )00
JPODPN NNV
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IR vavn 4.2

a € G99 |aH| = |H| o»pnn .nman-nn H < G nm nman Gonn .4.12 WHyo
VAVYNN NN D2APY TN X ,G DY DN’ SV MDY MpPoNn NN 10 MpoNnY »oan
.N2D 2NN

Lagrange’s |G| =[G H]-|H| ™ aW3nnn H < GHam ansn Goan L (1Y) 4.13 vown

theorem

DNIND Y ATOD IR PINY DN3NTNN 7Y ITOD VOV N3N W3y .4.14 MIpon

[€

— =[G : H|

|H
N o(a) = [(a)]-w »ov 7 ()] | |G| ™ {(a) < G-v oY a € G W3y 0103
aAlCl=epwpmm @ € G995 B 1P DNIPD 29 1TOD AR PIND N3N 1N 9 Y

NXAPNN 0N Zjp-1 DIDN DY DPIVIRD DITON | Zy| = 10 My .4.15 Hnnt
41,2,5,10}

0”p NI5N2 oXD |G| PR PO m € N 190nm 190 nMan G OX .4.16 990
m 970N 1N G-

Loy X Loy DNAND DR N TPTI DNNT NN XD INMNO
290N ITONY 725 I1PNXI 16 IR 8 79TON 12N N2 PN DAR 1610 NMann 1T
N N 16 ATON R OPP PN IDR Q0N 4 NN D935 NN NNED N7ana

> 1 My 0PN NN Z, X Z, 0NANNY 1NN DAR 1O

0(g) > 1199 e # g € GO onWNRI p 1ToNn NN GO .6.17 DN

N .G = (g)-v MNRY M ,0(g) = p NN PY o(g9)| |G| = p v TN
AVNRIPRY PIDRD TAR 95 0T DY N G-v o3 e £ g € G Y39 Ny
DTN

G-1 o7p DX PN ONX M 1ToN G 0 o o0 nan G onn .4.18 94N
.2 9790 1N

9T0 NN PONN TN DY ATON JHINTID VAYN 29D IN L2 ITON TN D”P DN INNO
2N NN2ANN AT 1O NNMNANN

INNYD OO NI - PTIN NINON 2 TON IDNROV 2D V) Pt 1Ton G ON
V9 NINYD NNV TDN GX PRY 10D 2 79701 (-2 TN G PRY 12DV N
MM DN DD AWUND ,NNND NNAND PN DD NN ATOD Y IR DTN IDNRD
DN DY IR ON 90N D2AP) DTN AN OY TN (NN NNYN) 1D DMNN TND
OnNY nnoa ,G-a

2 3T00 DM Y NN IR NODY WY B ATDY DN3N? .4.19 MIpon
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PN HNAN NN Y 0 4.3

Transposition PN NIPY Sp-2 2 TINRD NN .4.20 N910
DN2’N NYAOND DWW Y (ag, dg, ..., Gr) NN DI .4.21 WYV
(a1,as,...,a,) = (a1, az2) - (az,a3) ... (a,-1, ar)

25, nMana w 2 <7 < n TIRN DIMNN IND .(H0TD) 4.22 N

9N IPwan () v n NN ©I90N DM IPNOYIMP NONY | NNO
JIPYIVAN YT AN 1IA0 DIN NNV 0D7T rl-1 ©I900N 7 IR ITOD W nyd
NV DN DAMNN 7 W D

(a17"'7a7“):(a27"'7ar7a1):"': (ar‘aa’b"war‘fl)

WS- T TIND OINNNN I9DNY DAPY -2 991DN 190NN NN PYNY )00
() =1

Sign DAY TN DY OON RN L TINRD IMNMNN 0 O .4.23 DTN
sign (o) = (—1)*

T,0 € 5, 999V T2 PIPNON DX NN ,S5,-2 NN DI HY 10N NN VN 1T
o»p
sign (o7) = sign (o) sign (7)

OV YD VTIND MINK MNPY DXIT ¥ 120N AT MY NNDIN NOV 25 MY
LD9DNN 190N NN 28D Swnd NN

Even W DNDN OVA —1 N3OV NN IR WDON DVA 1 MOV NNINNY XIP)
permutation TN

Odd permutation
292520 NNP N DAN NN DY YD AVND NYTO WD Mt .4.24 DNT

2o N0 (35) (49) nnn et OR 7mn X0 (35) ponn L1
.(34158) YonH 1A NN XD ONTON TR MNNNI .2

JONT NN NN MDD NINnN L3

Alternating NNAN NNANN™NN NN A, (NPT MTNNN NNAN IR) POYDND N3N .4.25 NN
group Sy OV
A, ={o € S, |sign(c) =1}

JA,| = 2w A4, 5w 170N .4.26 YD

JON Az 1m0 Az = ((123)) 2025 oowsy LAz = {id, (123),(132)} .4.27 hnnt
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Group

homomorphism

Monomorphism

Epimorphism
Epimorphic
image
Isomorphism
Isomorphic
groups

Automorphism

MWIAN DN S

oMmraMIMIN 5.1

DOOWOYYY NP f: G — H npnyn .man (H,e) (G, %) nynn .5.1 A0
DYPNN ONX MMN3N Y

Ve,y € G, flzxy)=f(z)e fy)
:DNVANNMIN DY DNV DINDD INP DN PI)

H-2 135w G0 99N AW IN DHOWOHMD RIPI Y'NN NINY DDA .1
J: G — H y>»v o”p or

TVONDIOR TMDN NN H D 9INI DDONWDOR NIPY DY NINY OV9NMIMIN .2
J: G — H ovamran o»p ox G Hv

MWW -1 G20 NN DVONWODWIN NIPI DY) YNN NINY DDINMMIN .3
G=H mt o .f: G— H ovammvx 0»p ON

.G OV BOYOWOWOW NI f1 G — G ODINMMIDN .4

DPONMIPN ,DPONDAN ,DP9NMND ,DP9NNDIMNN TY MNWN NN I8P NPda .5
JNNNN TN AN ON 0 mInD DYANMIVIN

OPNYN NRYP ON PN OXR OVSMMION NN f: G — H Dvammmin 5.2 Yy
gof=idgon fog=idyg-vI09: H > G

YTD MDD LNINYA OVONIIN N NN g NPNYNINY  (NDI) MOIND IWaN
.g = f71 noan Apnyn N8N 2900 DPMMPN XN f OPINMIMINY NND
NTY) IPVNMIT0Y NPIVDD ,NPDOPODT NNON N NPONMDNY NINID 0) IWOIN
ANNAP DYDY M TON NIMTY NN MNAND NPONN 2D MPPY DN NO

,DNVOMOIMN JN ONN AP .MNIAN P MPNYN INd SY Aowa MmN 5.3 990
N0 NN 3D ON)

VI ONR NNP PN N OV NN x> e 29) NN ¢ R — R* 1
207207709 D9ONN

M ovaMaN N det: GL,(F) — F* & .nTv F o .2
det(AB) = det(A) det(B)
D09y DY NNVOON NNIVN DY HONOND IWAN DY NPNYNNY NOIND 1)

JooHNa (7,1, ..., 1)
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Kernel

Image

YAP) DX IDAN DD OVANMIMN NYR = — 2 290 MmN ¢: R — R* .3
p(0) =1

2)9N2 ONXRIN LOVNMON NN 1 +— —1,0 = 1299 NN ¢: Zo — Qs .4
JVONMIDN NYYND 30 2 ITON MMANN YOV na

N TIND MNDN NND NI DV NN XN f: G — H npnynv N1y
Jleg) =€y 1

Sl =flo)™" 2

2099 MIPN 0N ONMPN DYYoN .n € Z 939 f(g") = f(g)" .3

oM NN N NN Jker f = {g € G| f(g) =en} 100 ,f DV YWY 4
(“P517 DMan-nn” At DN 20y Tvnna) G O

H 50 nman-nn won im f = {f(g) | g € G} 195 ,f Sv tvmond .5
|G| =|H| W ,G= H o~ .6

DXTMOY N1 ,NIPNA KDY, MM OIVSNMIMIN DV IOND MNONN (D7) 5.4 NNy
AIRYD Npnyn LF DTV Dyn oMo oanmn VI vy aRyS 192X0K2
NI5N2 OND ,dim V' = dim W ey mman Sy ovaymmin oy xonT1:V — W

2009MMWN T

L0202 SV NNNN T DY TR 19N NYAPI TPIRYD IPNYNIY T .(00TD) 5.5 WD
S(S) oy mxn f: G — H ovanmmin namn X ,G = (S) ox ,1mT 191xa
PTIN (TR XY OV I1DANR) DN NP OV NNNN OV NY AP DO NOV 25 v
ovaNIMN NV PR ©([1]) = 1295 PV T1IMN ¢ Z,, — Z Hond .ovanmmin
TAN TN 20N NITIN NN

o(n) = (U] +--+ 1) = () + -+ (1) =n

,DIXPN P DOPPNNY DO YOV 170 v 950 19INa Lp([n]) = 0 v TIm
DPONMIMN ATIVY »TD ,DAXPN MNNN YY DY DNYPNN

DPPNN PND I1TON g € G 955 > N .oV f: G — H o 5.6 2N

o(f(g))lo(g)

92PN MNNWNN DY [ DR DY) g7 = eg NN 29D .= 0(g) ADI DN

f(9)" = f(g") = flea) = en

O 0(f(g))|n P03 3.3 Myv *a5 19N
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NPONMMION YN 4 ITON MNIAN PNV DD ONRN 5.7 9990

4 9700 YR W H-am0 25 ovwy L H =74 DX G = Zy X 7y AN INY 2N INO
N L1 € H wmo 4 97010 YK YV 9700 IR L, G — H Dvammvdn i DN
ND 9270 3129 ,2 W 1 9700 0NN 95 G NMaNa Mpnn YY ATON INR PONN
JPOMMIVR XD MMAND 199 o5
MYPYIN NPINMIPN MNANA 199 ,02IDNRN ITO DY MY DVINMIN 0N
Y30, MMANa OIDRND ITO DY

im f N, 9AN G ORY IO .ova MmN f: G — H o (102Y) 5.8 YWYV
JYaAN H oN 99 OX 19aN G N ,G = H orv 0N .0vaN

JON im f N YN G ORY DN o0 f: G — H o 5.9 9N

x € 1im f o v ww won (f(a)) Cim f 2 M2 .G = (a) M1 DN
POMPAN NN NN im f 2) f(g) = 2-v T2 g € G TR W 320 INYOD TN
99 .g = aF-v 10 k € Z o»p mops G-v »an (G v

O f(a) 5w npn N NN AN 9D MO,z € (f(a)) D NHM

JP9NMITN YN DN0N ATON NPOPPNN MMNANN DOV PPONY 1N ONPN 22X INNN
DY NYTO PANY Y TNN DD NN NOY ATON IX L, TPOPN NAN "2In9”2 NNYD ON
:DDONMIIVN YT TY

Z~9 W Zop =7 YR TIONORIR NI N3N 7D L5.10 vavn

(9N Man DX waavw oY) Upg = Qy = Zy- nZ = 7 .5.11 Dt
2. S5 — Zg DVONMIVN OPP ONN .5.12 99N

JVOPN Zig 1N (FPDAN KD IDONX ND) NPOPN KDY S305 | ND )W WINO
f: (QF,) = (Q,+) ovraMMmPN D»P DN .5.13 99N

935 f(a?) = f(a) + f(a) V192 ,DPONMMPR NI [ 5 NSOV M) KD NN
MPN W IR DY NN f-v a0 =5+ 50030 OV ¢ = f(3) woy .a € QF
J(x) = §mmx yon §-5

INNYNN NN NIOX 10D

f@?) = flx)+ f(z) = c= f(3)
A3 ¢ Qoo o v N .22 = 3 09p YhN NN f-v 290

tH = (5) <R* 2O f: H — Zs X Z3 DPOINMOAN D”P DN .5.14 9990
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NN im f 0y N, DOPN NN H-v an MmO f 07pw 1DOva M) R NN
NMIANN 2D NPNO N IR dm f = Zg X Z3 *D 93Py 199 0y N0 f DaAN ooy
OIS NN Zig X Zig

21 GLy(Q) — Q8 ovammmm 0»p DNA .5.15 9990

NI L[ GLy(Q) — im f 018082 112N .M f DPPY NYOWA ) XY NN
ADOD9NMMION NN fINLY'NN f-Y )90 DPONMAN INT 1D WATNY) DHINMIDN
DPN0 RY oA GLo(Q) Dy 95 .HaN im f 199 im f < QF v 1o

A3 HDIOD PIIR WO .MPON
2009MVIN NN i(g) = ¢! 295 PN i G — G NPNYNN NN .5.16 9N

NP N PITAY AIRYY DY YNRN NN DNNYD DNANK NN DPNYNNY NI NN
3 25 OV g, h € G VY (OVONIMIN NN YD) NDIYON DY NIV ¢ DN

i(gh) = (gh)~' = h g = i(h)i(g) = i(hg)

JPoaN G ON P OR OVANMMIVIN NN ¢ MDD .gh = hg DX P DX D»PN’ N
Anversion Y202 >TD N2 NPNYNN SV DV AN NIYND

WY YN 6
WP vavn 6.1
Cayley’s theorem G — S5 OW DYDY R .ON3IN G N L0097 vavn) 6.1 VavnN

noo oy T XX-2 M>onn nespNon N¥Iap NN Sy 22 950 L(ARIN3) DROW
oV YNN PNPNS OORM g € G930 X 9Y DMNOVLIDD IMNM3IN XIPN ,NADINN
D(g) = 1,099 O: G — Sg 8PN P Uy(a) = ga Snnwn 993090 [, € Sg

0»pPIM g, h € G Y20V DO DS .OPNIMN P-v NN NONN

lyoly =g
@ TN OY MO 0 a € G Y29 DX PN ON NIV NPNPNN
(g o 1n) (a) = I, (In(a)) = Ly(ha) = gha = I,y (a)
DPPIN N g = [, M) Y'NN KINY MNIND 27D 009N @ 1o,
g=g-ec=ls(eq) =llec) =h-ec=h

] Sa-1 nown G o9 g = h oo
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Greatest common

divisor

Coprime

MYV NNIANN DN IXR N0 .G — Sg Pow Man G = S3 N2 .6.2 It
{1=id,2=(123),3=(132),4=(12),5=(23),6=(13)}

NN - NNANN DN 9D NN NIV g-2 IRNPYND D90 XD IR g € G TN 92D
;g = (123) 5v Nmnn NN 2WN) Hund .Sg-1 g HY NHNNN NN N

dg(1) =239 ,1— 2955 ,(123)-id=(123)

1g(2) =319 2= 39m95,(123)(123)=(132)

L;(3) =135 3—1m55,(123)(132)=id

dg(4) =6199 4 — 6 m>> ,(123)(12)=(13)

dg(5) =439 5= 45> (123)(23)=(12)

1g(6) =51399 ,6 = 59> ,(123)(13) =(23)

> MININD VN ONN 3NV NADNN 295 g — (123)(465) Yon 7o
NOIX N POYP VYN MANAY 29 WY 2(14)(25)(36) o0 (12) nmn
155 < S5 W vV YTV

.Sp 79 DNINTANT HONDR 72 ATIDY G DD N3N D L6.3 MPONn

V DNINTHNT? VONDWR 72 VIOV G D N3N 7D .DTW Y L6.4 Mapon
GL,(F)

GL,(F) 5% nMan-nno manmivr S,-¥ IR :NNND 0
GL,_1(F)-2 S, "X 2v910) 0Mp .G — GL,_1(F) 0vammmm XY DN

oY |G = Zg WX, 10AN G ORYOINOIN .6 9TON Nan G onn (M) 6.5 990
G2 S3 N oA Ny G

D901 NMINY NN 6.2

OOV (1N”NN) M3IVD AMWDD PINDD 1, m DOV D900 IV TN .6.6 NITHIN
290NN NPNY TN

ged(n,m) = max{d € N : dln Ad|m}

(n,m) =1 0OR DN n,m * MN) .(6,10) = 2 Svnd .(n,m) P IO WYY
.0 0N 51 2 Swnd

b=y a SV ua + vh INRYD NP Y PHNN d NN ,d|b DN d|a DN 6.7 YD

(n,m) = (m,r) ' n=qgm+r DX .6.8 WYV

D91 NN .d|m BN d|n 2 ©YTY DN .d = (m, 1) 29" ,d = (n,m) IO .DNW
A < (myr) Mop oM Jdlr =n — gm I ,n,m OV OIRYY MPND T NIN PNND

SV INYY NPY NI 1D (myr)|n 9 ,(m,r)|m o3 (m,r)|r DTN 295 nyd

D WP YoN T (m, 1) < d R (m,r)n O (m,7)|m D WP DN am, T
O d=(m,r)
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Euclidean

algorithm

Extended
Euclidean

algorithm

HYV3 NN VIDW NP3 YYD IRSY? "D L(DTOPIN OMINON) 6.9 Vavn
(n,m) =n R m=00R .0 <m<n MY P DTIPIR DIMDBIR R 6.9
W3 (n,m) = (m,r) Y YN 0 < 7 < m WRD n = gm + 7 3D MINK

(ASYD? 3N DIMNIRD DY

OTOPIN OIPIMON NNYA 47-1 53 OV n”nnn DR 2vN) .6.10 DY

(53,47) = [53 = 1 - 47 + 6]
(47,6) = [AT =7-6+ 5]
(6,5)=1[6=1-5+1]

(5,1)=[5=5-1+0]

(1,0) =1

0T DRY O2I901ND MY NN ININT 1At v ON)

(224,63) = [224 = 3 - 63 + 35]
(63,35) = [63 = 1- 35 + 28]
(35,28) = [35 = 1-28 + 7]

[

(28,7) = [28 =4 -7+ 0]
(7,0) =

DXAPYY ©I9DN MNAY DIAPH’ DIPINVONIL NP2 170 ©2ADYN 190N 2N NIYND
AN DN NN IWRD log, n NN DIPIMORD DY MN8N NITOA

a, b # 0 DY BMODD 707 DOPNY . (IYHI SINYD NPXD N”NNN IPON) 6.11 VOV
»
(a,b) = min {ua + vb € N|u,v € Z}

3 YR WD) (a, b) = sa + th-w 3D s, ¢ € Z DYMY 0193
.ale " WAN albe o (a,b) = 1-v 75 OOV D901 a, b, ¢ VI .6.12 DN

c-1 2°92) .1 = sa + th-v T2 s,t DMNIOP PINYY PNPND NNNN PON 290 WINO
9D La| (sac + the) 135 .altbe ©Y 2NN 29D alsac 2D M2 ¢ = sac+ the DapN
.alc

ple W plb R plbe BN MYRY p DX .6.13 NIPON
ple oMPN 93300 299 ,(p,b) = 1 199 pt b ,NINK ID»D IR ,p|b DX NN

MWD PINYD NPND NNNN NN DYIANVYI S, ¢ DNDTPNN NN NINNDD >TD .6.14 NNNT
SHNVD DIVPIR DIMNIRD YNNI
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(234,61) = [234=3-61+51 = 51 = 234 — 3 - 61]
(61,51) = [1=151410 =10 =61 —1-51 =61 —1-(234—3-61) = —1-234+4-61]
(51,10) = [s1=510+1 = 1 =51 —5-10 =51 — 5+ (—1-234 + 4 - 61) = 6 - 234 — 23 - 61]
(10,1) = 1

(234,61) =1=06-234—23-61 o9

200N OV MNON .6.15 THYV
eld 7N eln on elm-v 75 e 0 d = (n,m) 0 .1
(an,am) = |a| (n,m) .2

SOHPW

MPY X O) PO NIN N eln, m-Y YW .d = sn +tm-v 0 s, t o»p .1
.d DR N sn + tm DNOY IRYD

n (.20 Y30 Pon) .2

Least common (0"D3) IMMODD NOTVHD DNNOON 1, m DOV OI9DN Y JMNA .6.16 N1
multiple NN NATHN OOV

lem(n,m) = min{d € N : n|d A m|d}
.[2,5] = 10-1 [6,10] = 30 Swnb .[n,m] P71 0O DY
1"N3 SV MNDON .6.17 THYV
[n,m]|a ™ ,n|a ©N m|a OX .1
[6,4](6,4) =12-2=24 =64 5vn> [n,m|(n,m) = |nm| .2
LN

n,mla > P .0 < 7 < [n,m] WRD a = g[n,m]+r-v 12 ¢,r v .1
SV NPOIPNY NPNO N #£ 0 OX ., mr 0D Yyan n,m| [n,m] N7 29
n,m]|a 995 ,a = q[n,m] 35 [n,m]

No9ON0 790N DY PMaN NNYa N’NOM N"HNn 2WND NOp TIT IR .2
NI PIPON 0D N2 LDYNVYNI O

k k
|n| :szl :p?1p§2p£k ’m| :Hp?l :p?lpgwpzék
i=1 =1
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D»NYNI OMNI YNNIV > T 0 ©NN) oy, 5; > 0-) O DPNIUNR p; TURD
D YIONWND PIAN NYD (AT IMND

k k

| I min(a;,B;) l | max (ay,5;)

=1 =1

W, + [ = min(a, f) + max(a, f) 07PN @, f 9901 W 935V »am
O n, m] (n,m) = |nm)|

Sv N"ann d 0N .DM9DN AN INYD NN PTHIND IWIN L(ODTD) 6.18 NYNRVY
$1n1 + DOYPNN S1, ..., S, DNYY DMIDN DNIPPY ININ N, ..., N, DI0NN
KOy mspIYN o -+ spng = d

IR YV 910 2N 6.3

Y0 d 9o5W o . € N 9701 92K a € G o ,nMan G onn .6.19 99N

N O(CL)
°() =G = o)

’D 2D V) (MDD PO N2PNN .DNDW

n

(a?) @D = (") @ = e

(

€ 7 >0 VPN wuyw mcnyan)

(d,n)
29 .n|dt 3.3 myv 2ad a® = e Y ,(ad)t = e N NPOYNN NN O NYD
( n d ) 1 2% T80 (2310 — DOV D900 DNNIY) n ’ dt o)
. T N T~ - B - | = < | <
(d> 77,) (d> 77,) ' n (d, n) (d, n)
Il APNIY WD ,—— |t DaAPY 6.12 973N 08D

(d,n)

(a) N (b) = {e} on ab = ba-v 75 a,b € G vy .AMan G NN .6.20 WYV
NN DT DY DANNN NNIANDTNM @ T DY NIXNN ANIANNTNN P2 TINN MD)

INL(FPONIPI0
0 (ab) = [o(a), o(b)]
:[n,m] PN PO o(ab)-v N .m = o(b)-) n = o(a) YOI DNOW
(ab)[”’m] = gPmlplnml — ¢ . ¢

o(ab)|[n, m] 352>p 3.3 MYV *3Y .[n, m] NN OPONN n, m-1 ab = ba *>
199 .af = b7, (ab)t = e DN NPOYN NN YT IV TN

a', b=t € {a) N (b) = {e}

O 0 (ab) = [o(a),o(b)] M5 .[n,m]|t Y991 ;m|t ©N n|t 5>
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v G-9 IR omin o n ATon Yy G = (a) NN ()t v DR) 6.21 TWHYV
M ATON NP YOPN NNIANTNN

K onn .ovp ww wom ,m Ton nmannn v H = (o) oy amw
K = H oy mmpmen nnonb LK = (5) P ,m 2700 NaoN OOy nMan nn
,6.19 99N 099 DY B = a’-vw 1o b < n ovp G SV I8P a-v INNN
_ n
o(8) = wh

D»P NN INON 295 .(n,b) = X 25 m = oy 2 M o(f) = m Yan

29 .(n,b) =sn+th-v 1> s,t €7
Oén/m — a(n,b) — Oéanrtb — (an>s(ab)t — 5. ﬁt cK

29 |H| = |K| nmnnva 9y 9an H C K o9 o™ € K-v 2920 9m9d
[ V1o JH=K

30-9 W NMINY MNAN~NN NND .6.22 9NN

NI MMANDTNN 901 ,7YN 12N A21TO INND ,NNTIPN MYON 295 NN
1 o700 |{1,2,3,5,6,10,15,30} = 8 :9m195 ,30 190100 Sv pOSNNN 1901
JYORNI0N MMIANN~NND ORNN 30-)

v (lem Y 'DOD KD 5,3 DR DIV 790D WD .(6.20 ML DV) 6.23 MIpon
IDOINRNVD DWNWR

A nn (1234) (56) Yv 27om 6 N (193) (56) v 770N .6.24 NNt

.S15-2 45 9701 NMANTNN INND .6.25 9N

92N AN LS15-2 45 9TON NN RYND) NN
o=(1,2,3,4,5,6,7,8,9) (10,11,12,13, 14)

0(0) =1[9,5] =455 15 own
NMANN"NNY PPOI XY T IDRY NNANDTNN ITOD MY TDRD ITOY PNPON Ny
TN Oy Ny (o)

7515-2 39 9T0N 1N D»”P DN .6.26 NINY

D DINNN NDAOND HAPNND 21> KO 39 ITON TDRY PYON NIRD .RID Z\WWNO
.515-3

AINRM 13 TINRD TARD DI DINNN NY9OND 39 IT0N NX D2APD N2 DINN
S15-2 waN onba it 109 13+ 3 = 16 Yan, 3 7NN

254 DR DPIVAND DITON ON NN (YT W DN) 6.27 929N

10N OPIVAND OITON S4-2 INND
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Chinese
remainder

theorem

DTN AR P - 1970 1
(12) (34) Svno ot 9PN MY SV NP X (i, ) NN - 2 9TD .2
.(243) SwnY ,3 7NN DM - 3 970 .3
.(2431) SwnY 4 79x0 oM - 4 770 4
LS4-1 DPIYVARND DTON 92 NN NN NVIV NN PO PNOKN DD NN
755 PIDND OPIVAND OTON ON NN (YAt ¥ ON) 6.28 939N
:0N OPIVOND DITON S5-2 NS
DTN AR P - 1970 1
DN AN NV HY 1Y X (7, ]) DNIN - 2 AT .2
3 TN 0NN - 3 770 .3
A TR0 o Mmnn - 4 770 4
D TNIND 0NN - 5 ITO L5
.(231) (54) Svn ,3 TN IMND PN SV 199N - 6 I1TD .6

M > 5 MY n-N NV AToN DADR W S,-av 20 v N

wraYw Ynan 7

0N NYINYA Vavn 7.1

T Oy a,b € Z MDY MR DN n,m DR LN NPIRYD VAVYN NDTD) 7.1 V9UnN
M 2 =0 (mod m) @ =a (mod n)-v I nm AN MPPY 1T Ty DM

13 .sn 4 tm = 1-v 2 5,1 € Z 00»p wR ,(n,m) = 1-¥ 290 AR R DN
0PN .bsn + atm-21 INAN VOYNI DD T OV DPP NINY

bsn+atm=atm=a-1=a (mod n)
bsn+atm=bsn=0b-1=b (mod m)
NNk € Z 93 2 = x4+ kmn D) 2D M2 2IVANR NIND XN & = bsn + atm 19N

PN PINS
] a0 9902 7NN nm YT OV TN DNOIN
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Multiplicative
group of integers

modulo n

DT .z =2 (mod 5) on x =1 (mod 3)-v 75 z € Z X1 .(09T9) 7.2 DNt
Ss=—Lt=2n=5m=3mnpna .—1-5+2-3=119,05,3)=1
OPPI PR .2 = 1-(=5)+2-6 =7 AKX 7INIY IWIX MDD NPINYD LIVYN 99
7 =2 (mod 5) on 7=1 (mod 3)

MNNYN) MOAN NIIYNID 1DV NI NN 299D INY NIN 2PDN NPIRYD VYN
00T M>pY SV

22 AVITD) NI DORD DYV DIODD MY {1, ..., M} KON L(OOTD) 7.3 vown
IIMRY 79 MWD D3P ORI .71-3 BA79IV AR 1P (N KD AFIP3 BMODY M
TOIWV? NNO NN 72 ANz NN IMRY My {a; (modm;) |1 < i < k}

HIRNWON

r=a; (mod my)

x=ar (mod my)

y=3ony =2 (mod 5) ,y=1 (mod 3)-v-v 75 y € Z R8N .(057TH) 7.4 NN+t
5¥ NADIN ¥TD TY NI NIN NRTIPN NONTH R y = 7 PINanw 29 0wy .(mod 7)
MXNWHN NY IR 3199 (15 = 0 (mod 5) om 15 = 0 (mod 3) »2) 3-5 = 15
Yy =7 (mod 15) AnX MxNwNA PONNS I y = 2 (mod 5) ,y = 1 (mod 3)
MY MDA PPON NPINYN LIVYNL WANYND AR 1991 (15,7) = 1 >0 25 oW

DN MNN ¥y = 52 2 I1PTA MINNIYN

A9NR nYan 7.2

,2ANNN NN D8N0 0T 1> 1 MY 0NN RO RN (Zy,, +) 29950 DRI 7.5 Hnnt
MNRIPI N .0 TN D950 Nws 220 U, = U(Z,) NP9 AR IMNM3R DR DT
.(Leonhard Euler) 22 7995 Sv mv Sy

:([0] 99512 Yy TNV [0]-n BYYNNI) Ze SV Y950 MY NN M)

11213415
1111231415
21214024
313(013]0|3
414120142
515141321

P PITA5 P290N 195 AN NOwaN) 1 OMAY YNV IONR DN D2D9NN OINN
Ny SV 09N NN [5] Mt npna WUs = {[1], [5]} 995 .(mmv P3N mTny

27T GMYNN PONNN DX PN OX [m] € U, IR .m € Z 1 (NIRY¥INA) 7.6 HYV
NN OIDVNRD 95 0N (Zy,, -) PRINI 9NN , 90 .1 NN m-1 n YW Inra
n-9
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DM9vNN YN ) Uyg = {1,3,7,9} myon 295 (U, -) 02N 1NN 7.7 DNt
:0(7) =4 >3 PN .0 oo 10-5 on

7 =49=9 (mod 10)
?=7-7"=7-9=63=3 (mod 10)
"=7-7"=7-3=21=1 (mod 10)

Up = Ziy ™ pNUNI 1900 XN p ON 7.8 WD
N0 W 10-5 A PN 5 NINK OV ,Zqp-2 099D 10N 5-D OVYP KD 7.9 T
6lzr =1 (mod 234)-v 70 0 < x € Z NN .7.10 9990

MO .61z + 234k = 1-v 75 k € Z Nxnd N7 (234,61) = 195 1R )0
oNTPNRN 0N k,x IMOD .234-) 61 SV (MY NIPNI 2O12N0) MINYD NN NN 1
1 =6-234—23-61 mTipN NONTN 295 YN0 MIRDD NN NNNN PN VIVIN
2 =211 9n23 *25¥ Nz 2D PPN *TH & = —23 (mod 234) 1Y

MNINKRD IRNWND 61 DT v [234] € U 1H20p 03 Mt 2wnn

1=6-234=6-51 (mod 61)

.[6] 2 Ugy nana [234] = [51] Hv »9nnvw 1Nom

A9NNR NNEPNS W 7.3

IN2N VNN VOVYNN DX PPOY U, NMHaNN M2y HINDD vavnn

Euler’s theorem ~ N3Y (1) = [Uy,] %97 MW @1 N — N AW IMSpNo (191X 0avn) 7.11 0avn
Euler’s totient .a‘P(") =1 (mod n) DYPNY a € Un 9

function
©(10) = nx Uyg = {1,3,7,9}-w anxn .3 € Upg 129 ,(3,10) = 1 .7.12 Hnnt
3700 = 34 = 81 = 1 (mod 10) :07pmm 1o |Uy| = 4
1333333 59 NNANRN NT90N NN INYD .7.13 999N

215 vy N (mod 10) 200 N 7901 S¥ ININKRD NI9DN ,7PNIVYN MO NN
199 .333 = 3 (mod 10) »»

3333 _ g4-83+1 _ (34)83 :3=81%.3=1%.3 (mod 10)
333%% =333 =3 (mod 10)

.3 NN NININND NIDNY NI

DN NN INYND 6.19 90N NRYD .0 ITON NOPN NNaAN G oNn 7,14 9N
.G nx oNy G-a
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Fermat’s little

theorem

AN .G = (a) 2 ) NN

G=(d") < o(d")=n <= =n < (k,n)=1

n
(k,n)
p(n) = |Uy,| M0 G R 08N 028N 190N )00

DIWRY D N3Y IR VOV W WO IPY ™ (MDD DY YOPN VOVYNN) 7.15 VIYN
a7t =1 (mod p) V931 0(a)| (p—1)-w DY a € U, 959 V7 .|U,| =p—1

5¢ MNINKN MIDN >NV DR 12WN .p(100) = 40 »> 19 190 NP .7.16 29N
90921 790N

2wnY o1 N ,909 = 9 (mod 100)-w 910 .M»pw N 19N mod n-Y 93t NS
‘9121

99100) = 940 — 1 (mod 100) 19N VAWM 29 Sy NN ,(9,100) = 1-v P>
912 = (910)3.9=13.9=9 (mod 100)-v NN

1NNV AN DN NNYY 2100-n YIN D9 TY DI9DNY p(n) IR DAVNN TR
DI VONN TIYZ NN OIVPN DIFDNN IIDN NN AYND DN PYAV IIDN NP
R))

MPIN NYAINY P9 JN2) OOV I9DN DD ,NPPONTIND DV YTIDN VAVYNN 29 DY
M%) L(PYPD ITD 2T TY) DPNYRI D900 DY

k1 ko k
n=ppy...po

,ND9D92 NYOD MNYUNI 1901 DV NPTN DY IDNIN NPNPNNA TI9)2 AN NYd
:AVND 5P DMINRY

R 1
p (") =" = =P p-1) = (1—];)

J(a,b) = 1 DR PAY ,NINXINA NNDIN RHY MYV X PPDN NPINYD VAYNI IO
92p) 0OV 190N MY 3190 .p(ab) = ¢(a)p(b) ™

e (n) = (Pi'p5 . ..pir) = (p1") ¢ (052) ... o (pir)

1 1 1
ot () () (1)
D1 D2 Pk
1 1 1
:n-(l——) (1——)...(1——)
P1 D2 Pk

em=n (1=5) (=5) - (3)
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1991 60 = 2% -3 -5 93 00 ,|Uge| NN 2WND 275 .7.17 At

cp(60):60-(1—%) (1—%) (1—%):16

89214671999 4+ 2019 Sw MNINKRN MDD NV NN 12WN .(X9TY) 7.18 99390

9ap» mod 100 Hy83 .(100) = 100 - (1 —3) (1 — £) =40 2awnY Yp Mo

892146719 + 2019 = 6719 + 19 = 67701 1 19 = (67°) . 677! + 19
= (677000 6771 419 = (1) 677" + 19 = 67" + 19

-2 Ry 199 100-5 9 67) Uygg NMaN2A 67 DV 290N NN NXINND AN Nyd
DRNYND PINS NNOND TNXD DTOPIN OV DNINONA WInv) 70 TN (Uigg
67x =1 (mod 100)

100k + 672 = 1-v 10 k € Z ©»p DX P OX IRNYND NINS W

67 5v IRYY NN ged (100,67) NN PN 2NN DTOPIN DIV NRY3
:100-

(100,67) = [100 = 1 - 67 + 33]
(67,33) = [67=2-33+ 1]
(33,1) =1
MO, =300 ,1 =67—2-33=—-2-100+4 3-67 :52p) NNNXD NANOIN

3 NN 67 5V 09NN
22 30 MNINNA MID0N NV MDD 671+ 19 =3+ 19 = 22 125

MNY YNN8

RSA moasn novyn 8.1

RSA cryptosystem ,O027 I OV DY) RSA  1398nn NOIyN X1 MMNMIaNN NN SWYN vinswd NnnT
NNON NDXDIY ,PIVPON NIBNNY NVVW NYNNNY ,(IITX TINND PNY Ty
ST INPoIN RSA  0m9moN YW N80 DNNT D) IR NN

P19 100 NYP p(n) 2N IR .1 = pg YIDN DNV OPNYNA p, g PP 8.1 THYV
LOPNYNRT DRIMO 1

2N W01 Lp(n) = (p—1)(g— 1) 2WN5 5P IN ;0 = pg PIPON T DX .DNDW
D»PNN 23 A0 .OWNT o(n)-1 1 ¥ M)

en)=pg—p—q+1l=n+1—(p+q)
p+qg=n+1—¢(n)
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P, q ON PYNMYY NN D9 Y OMTPNN VNI NYI NNINND NNNYNI
(z—p)x—q)=2"—(p+qr+pg=2"+(p(n) —n— 1Lz +n

aVN) DYV NNON NNYA D O (p(n)-1 n-v 291 ,Nyd

p7q:—(<P(n)—n—1)i\/Z(w(n)—n—l)Q—‘ln

] NN MY 1ON)

9NN 9IND NYTIN OIORD MOV P)NyN 22 :HYoNN

TINGD D1192) IRIPN I9IND p, ¢ DPNIYNT DXI90DN MY NN DIYN :MNNIND NN
pn) = (p—1)(¢—1) M) n = pg ©IDYNN IR NAVYNN NN (DT
SY192) MBXNY TIYNN RIPIY p(n)-2 NN e > 1 790N NIMa NN qona
50 d 993 M0 NN NN (NN JOP T 90N N 65537 = 216 + 1
7900 NNSM NN MDD A0V OTON NNONN DX MY Uy, NManad e
N .ANMMN OTOPIN DNPINON T DY Hwnd de = 1 (mod ¢(n)) 0»pnn

DDY MND TNY PRY 2OV

NNANN NN ,)O¥IN NIOND NI TN PN 19N NN DON 9992980 NNNH NN¥ON
NKYY DA NIMY NN d XTIDN NNONN NN (0D IX) 212D (n, e) M NN
D0V IMND TN PRY 2OV It D)

NN .0 < m < n OPPHRN m 90N NN OOND M nyhin NOY 212 :Mash
D 90N W PRI JOINA ¢ = m€ (mod n) MAXIN NYTINN DR NOW
DN TNRN 0NOY MANNM ,NIDYO 9120 21av MY My SV

YTION NNONN NNYA m NYTINN DX c-N NNAYN OON :HNY

Ad=m“=m (mod n)

p = 61 NN SUND DVN DOX TIND DIVP D900 DY NNNT NI 8.2 NPNY
VNN NN . = 539

n = pq = 3233 p(n) = (p—1)(g—1) = 3120
NI MYV OTION NNANN .p(n) = 3120-5 It 1RV e = 17 MOxN Ty ININ NN
d=e'=2753 (mod 3120)

YNVNN NNONN DN DDION NN DIPINONI ONIVYNRIN DADYN Y NN O»DY »T)
(n,e) now
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DYTINND DN AV NN JDONY m = 65 NYTINND DIN NMOYY NN 21 N
NIONINN
c=m'" =2790 (mod 3233)

2N ST HY NMIN NIVON DON NYD .DOND ¢ NN NOWVN
m = 2790°" = 65 (mod 3233)

M2y MY MYYNY 091 NPINTIN MPIN DY D»»aN aOva DWW NN

NOXY) DN NNY NPTN WD T DY IN PPON NPIRYD VAYNI MANYIN TIND

MNP DAY 29 W) M7 2WNY Swnd (NP IRy NINOYN D) NNIPIN
22N POANDI NYPINTIN MD9ON 17 — 1 = 16 ©Opna 195,17 = 10001,

'=m-1=65 (mod 3233)
2=(m)*> =992 (mod 3233)

)" =1232  (mod 3233)
97 = 1547 (mod 3233)
m'% = (m*)* =789 (mod 3233)
=m (m®)* = 2790 (mod 3233)

3
|

MPYTN NP0 DAPN Mt (NNINKI NNYRI NNY) m-2 NI IWYNIY 2D O'W)
VIV IOYY MPPA .NPDON 1901 52PN Mt W22 NOYN YR 1N ,100015-2
NVIVAN NINANA PDONPI

2
) n k
k
2

2
m <mL J) NN ON k
nNoYN Sv moe |log, k|-2 ponond on pnwss k may mF awny wno 7o
NYINTIN MY9oN k — 1 opna ,nradmm moadn [log, k-2 9nvn 995 w1012
2 NV naya 2790773 (mod 3233) NN 2wNY 133 10) LN NP3

NVPAINVIP NPPNNT YNNWND ONTI RO wNnv NyTo W L (INIMN) 8.3 WD
230 DINNA DN T DY NPTPITH NN NOD .02WN DDIND 72D DYDY
PNOY DOVIPN 22XD DX IWARY M2 MOPNN P TP MNON MMV Nna
SN2 DTN NOPNN DNV RO MNNIN NPY DMV KD OIVNIY NN D

LTIV T OTIN Y)Y NapNn

NNND P NI OX ML MMYNI RIPI p ONYNRI 19010 (It v DON) 8.4 990
DON RSA 0Oy 19810 9010 DOND MOYO N7 22 MNWUNRI ¢ DY WNRD p =2+ 1
NOY YN NNANN NN NNDIN ,p = 2¢ + 1 MO XNYUNRI NRYND

n = pqg = 60031, e = 4761
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NN ¢ = m® = 19033 (mod 60031) maxmn AyTInn IR 1Y NHY 112
p(n) DN NINNY HP NNY 1PN PN NSV AV m YN

DAY N DX PI9Y VAN D NIV NNPN ND DON DY DPNYNIN NN HNINO
1 NINVYNI INIAN TN AIRNYHRND NIND

n=pq=(2¢+1)qg =2¢* + ¢ = 60031

9900 NN ¢ = 173 onn Tnr pay —EE 200081 — ZLE693 3908 5w 15 ww
wn)=((p-—1)(¢—1) =59512 95 .p = 347-v XM pyav

DIPIMON NN YN .d NX 2YN) N2°NN ,NOY AV NYyTINN DX NINND 71D
2NN OTOPIN

(p(n),e) = (59512,4761) = [59512 = 12 - 4761 + 2380]
(4761,2380) = [4761 = 2 - 2380 + 1]
(2380,1) = 1

ONTPNRN DWNN

1=1-4761 —2-2380
=1-4761 —2- (59512 — 12 - 4761)
= —2-59512 4 25 - 4761

cd Aptnn NN 2AVN) NYTNN DN N9 T .d = et = 25 (mod 59512) 199
195 .25 = 110015 »> 950 .01 NYa

232P) NP2 O»NNHN OPINDNN NIANND

-1=c'"=19033 (mod 60031)

¢® = 19033% = 28035 (mod 60031)

¢® = 19033 - 28035 = 34627 (mod 60031)
2 = % = 34627° = 29966 (mod 60031)

c'? = 29966% = 17458 (mod 60031)

c®* = 17458% = 4377 (mod 60031)

¢®® =19033 - 4377 = 44444 (mod 60031)

m = ¢ = 44444 2on nyTinn 19
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Discrete
logarithm

problem (DLP)

Baby-step
giant-step

PIDN-29T DIINIINY T97AN DINDN Nya 8.2

VNN b= ¢* o g € GO .nMan Gonn (TN oo n»y1a) 8.5 ya
mMMINaY 1anon  log, ~-1 PINON NN OONDN A TN T IR NINND NN
VP PTY S TIND ) 191N NNAND NDYAN NN YNND N’ ONX 1PN, NIPNRNN

2 DR NINND (599N NN MNAY NOY NN 19T NPDIDO) TIND

TIOPNN NNANA P NYYND NPOW TTIN ONINON DYV 20 MY 8.6 TP
SV NI TIT  DVONMION N T IMND NPOPNN MMIAND YOV MY (g)
YIN NN TN OPINON NPYA YN PNIND OV OVIPN DX YApn NMann
MPNN ,NI9NN ,MNNSN NAYNN D ,MAT NPIIMVYIP NI YV DDA NYPN

J9MNVOIP 2120 NVNPN NPOVINT

DIINON NPYAD N2V NN RO NN Z, TPNDNND NNIAND NN NNNT 8.7 At
-1 =0 1HwI0 NN yan g = 1 orv 29 v Z, = (g) ) .TTIaN
DN TP PNIIDNY PYIO 190N NIN ORIV PN -1 0D 29 v .z (modn)
Ly, OV

DONXINY NN NN ,A0N OTNN 72 IDTIN NN DDV ,Z,, DV NP9’8IDN NNONN
Tg =-V IO NINND O DR A € Z, Y2 .g # 1 man vin panad
AVND Y IMRY g1 9995 090 O 199 L(g,n) = 1 3 WY T A (modn)
. = hg™! (modn) XN PINSN 125 M2 DTOPIN DNINON NIty

WY NININY TTIAN ONINON NMOYIA DY NOPNN PN L(PIY 1TYNY T 1 TYN) 8.8 YWYV
oV NN MINANN LTPDNRI IMD NOPNNN NAINNNN DT DIVNIS INAD
M9 PNV ¥ DPNINDTIT DISDNYY NN NOPNIN

= g" 7M1 Ton G = (g) OPY NN NN ,DTPN NI ,Yad vOPN
0<1i,7<mMmyz=1in+j»290wn,m=[y/n] P03 .0 <z <nNnovYMN
125 m D022 NN IMND YD .DNYID

h = g:c — gim+j — <gm)zgj

;TN YY) ¢ TN IR Pon 0 < § < m 939 Nav NYav nMa Dy NMm
DIPINON NRY ¢~ DX 2WN) 191 INRY (g7 295 232°) NY2VA JONNY INXTD SN2
a OND T 0 <@ < m DY DN . < h MNWYN SNNRN ,ANNNN OTHPIN
N9 ONY 7 = im + § NAWNN NN MM o = ¢7-v 75 j D”P) 10 ONX :1YavY POV
SINDIDA NRAN TPNIOIND (PIYD OTYN) a <— ag” ™ DY YN

AN NPIVO NN NNV 9N J{NRD XTD m NAY NNV TIY NN J20D N2
9200 MNay O(m) Y¥ DIPNn NPOIVD W NN DIIIROY YIP) 5 .0pPNIM
MN0 03 WON .0 < i < Dy 8T NaY NN May O(2) SV i neovo)
STIN TYN DY DN ,PIY TYN NN 1DV OIDNNND NIV DDA
g = T YRV O RN G = Uypp NNV pnwN 101 05 90 pnd .8.9 Nt
79 2 MY N8N = o(7) = |G| = p(101) = 100 2awn 5p 195 .N5VW I8P NN
.h=88=7" (mod 101)-v
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Diffie-Hellman
key exchange

0 <j<m My ¢ Mmpnn Y5 NN ANy .m = [\/100] = 10 o

jlo1r 2 3 4 5 6 7 8 9
P17 49 40 78 41 85 90 24 67

NNY2 N ,ANNMIN OTOPIN BMIOK 295 71 = 29 (mod 101) awn 15 md
g™ =7710=299=14 (mod 101) NN N¥N) DI DY WM
19202 NIVYN NNV XYM RO 2D 20 W) i = 0 My .a < 88 SNNN)
.ND3202 NMIVN NNV RNNI XD o PYOY D) .4 = 1 DY YN a < 14a = 20 2vn)
WM P00 VRNN 7 =4 MAY 1D 2D V) 4 = 2 Oy YN a <+ 1da = 78 2vn)
88 = 7% (mod 101) »> XY a3 9m x = 102 + 4 = 24 135 .nY303
h=D oNaD PRI NADN NNIN D30 VIV NNX DY NAVNY NDIVN

295 I, ATon G = (g) oY NN NN L(ON-29T NPIIA) 8.10 THYV
(PPN MO0 GINND INY) TIND T ONYNRI p MY U, X MNA5 51pn

NNaMY a € [2,n — 1] >yav 1901 XINY PTID Y09 NNAN ¥ NYIL YINWN Y35
29MYN MO 0P INDY ;1A DX ,DVNNYN MY PN .¢% (modn) NN

N N2 PO NI g% (modn) NOW P MBNN NNAND NN 2120 NN DOR .1
.g° (modn)
(g™)? (modn) NN awnn 212 .2

(g")" (modn) NN MavNN DYN .3

9% (modn) qmwnn TON DY MYTIN PA¥NS DN DITTYN DY Ny

Y9 RO INPTIDY 9TV XD 212 OON DY OMON NNann TYNNA L8.11 YWD
LTON2Y NIYON NNON DX MANNN NNONN AVND 1) MDD PIVNPD NIN DNPINDND
IN) 2120 N OONRD TIATA AINNNND 51D 9PNy NN NNX 1M NIPNN MNad v

O NAPNN NYIND DNIOMNN INY DPIVIINNA DVNNWYN D92 199 ,(0MIvD

p = 23> (TP MDTNI) DIVP DIADN DY DNINOND NN Y73 .8.12 NN
Uss = (5) 98y 9n23

b =15 970 212 5% = 8§ (mod23) N 2125 NSWN 1391 ,a = 6 N9HN DON
2121,19% = 2 (mod23) 2wnn ©ON ny> 5% = 19 (mod23) N DORS NSV 199
815 =2 (mod23) awr

WIUN YN 9

NYMIYRY NPYTAY P29-99910 OMIMIR 9.1

DIPIOND  .0”YA0 DI9DN DY NPNYNI NPXTAD YI19) DIPINNON PN M P92
DO MM 1980 M AN > Dy 1976 MV NMD) YODIPNIVT NIN 2 NPNRN
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Carmichael

number

Strong witness

Miller-Rabin

primality test

N .DPON NN NN PMIANDNN NODN .P27>T DY DIPINONRN OV NPMIIAN0N
TPNIVRD MNO2 NMONN ,NON) MIANDNA DAN ,MNTNA MNYNI 190N 9D NN
JNYNID P29 790N DY D) PION NN ONINONA (MIN)

MYNNYN THRN VYND ODT) DI9DN DY NPIYNI NPPTAD NN Owoaa
Baillie-Pomerance-Selfridge- 0171582 X ,)°29-990 OPIMON DY MNDDA
Mo 0y womn onoRD OpenSSL 11902 Swnd amin 90onn Wagstaft
SN RN DN IR DINND NNDND LD YDIPA ,MINND MDY

P ORY NVIN NN DY YOPN VIYNNIY NIN DIPINOND ©0I2 NMIPYIN TN
N-5 0 a 95 yayw N 219 7900 .a < p 999 a’~' = 1 (modp) W IWNA
P79 1900 MY NN NPY NITIN 390 oy Xy oVl = (modN) o»pn
™OMN DN YN 9PPIP 90N NOPN P .a” = a (mod N) o»pn a 935¢ N
AOND D901 D) MMD MONN PAI-1D DIPIMON Ty

DOWNIN OVNYN DIONON M AWRD N—1 = 25-M »8) 0nwRI N > 20 o))
ox L(Fy 2200 nTva 22 — 1 ow9on Sv oww) +1 p7 on N oTn 1 Sv
(N —1)/2 ox nys .41 20 a™N=D/2 oy syamn wwn i eV~ = 1 (mod N)
W aM = 1 (modN) D7pr> NION2 I 2T YNV DNPS PYnnd 5on
PNV D TN ON 995 N May anwds 0 < j < s My a?M = —1 (mod N)
AN ,P19 N 2y N DY NPNIYRID PN IY NN @ 900NV IR O’PNN IOND
N Sv oprin o7y on N — 1 7y 099010 19 Y27 NN 255V oD

YIPN £k 901m99) ,N > 9 01 OX 1901 NN VYPN (P2I-D0D DNINON) 9.1 THYO
ANANN PYT DX

MYNRT N 9m15I) YN IR NINKY P9 Mva N OX “pr19” XN Voo
P19 N0 47F 79yan nomin MmHanona N

I9IND @ € [2, N — 2] In2) NN NPXTAN DY DY k INDIDA NN DY DR
2 — a™ avnyn RPN

2oMm , N SV NOVRID PN Ty X0 a RN T —1-2 N 1-D 9pw & ON
LT DXTYN NRDID OV NRAN MPSIVINRD PYNnD

NN NPXTAN DY DMYs s — 1 0Rng ANDDA N ,NINN
X 4 22 avm
HP19” v99N NN PN,z = 1 (mod N) DN
.DTYN NROY HW NN PXIVNRY Nayy @ = —1 (mod N) oN ,nINN
—1-2 5w N a?M N 9" PNy AN, D970 IRDIDNN NNY NY ON
0< 7 <598
HNYUNRT NN PN D2Y0 NPNIVIND £ DD DX NIAYY NIPna pI

N-v Dyan 19901 2IWND NN PPN MDANDN NIV 1AND (MYAI) 9.2 9190
>3 N DV FPINYIAN MINNN NOA W D9INT DDIN 110D INND MDD .2-2 Ponnn
.S NN NINO
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https://eprint.iacr.org/2018/749
https://github.com/openssl/openssl/blob/master/crypto/bn/bn_prime.c

IN 220 NN PAYM DN NNYA NPINA INOYN DY NVXYA VNNV DN
5y Yt NPIDO NN 19w war .O(klog® N) non Dmanora Hv yatn npm1o
N SY NVYHIYNIN NN PITAD NNV NTYN NP DNIMNND DNNININL VIDIY >
POV YNIVTN NN N AKS 0mmdN Hwnd) log N-1 3519 XIiNY N 0l
LOPNYNT DNIND OI9DN P11 NNY PYA Y ARIN (PAI-ID0) DY

N PAI-IDN0 DIPANORD ODYNIVT NI ,NOOMNN I NIYYN NNN
NPNYRIY P01y NN [2, min(N — 1, [21n* N )] yopa sy20 1901 95 ox0 ;1725
P70 0N JOoP N May AN NN Oy ANy ONNINONR o LN Sv
DXTY OV YOP 2T 1901 595 7772

s=299 .N —1=220=2%2-55 nx »X) .k =29 N = 221 r) .9.3 annt
M =551
"D avN) .a = 174 € [2,219] IR (TPUIND TP 292) INIPN 19N N

aM = oM =174 = 47 (mod N)
717233195 211 o1 m £1 N 47 05 25 oW
a®M =174"° =220 (mod N)

Y TY NN 174-9 IR pNWURT NN 221-v IR DY 220 = —1 (mod221) on
avn) .a = 137 NN ORIPR I90N DY Nyd NON 221 SV NYIYRID

oM™ =137 =188 (mod N)
a®M =137"°=205 (mod N)

Moo 221 5v MpIon DY Tyn 137 1921 ,221 D)7 —1 NOP RO ©pnn YA
221 =13 - 17 o) 99" iy 0nINOND

NIPNA N2 OX N — 1 = 780 = 22 - 195 NN »8) N = 781 n») .9.4 nnnt
’3 02P) ,a = 5 NN (NPI2YN MWTPN *9D)

5% =1 (mod N)
’2 DAy ,a = 17 NN N2 ON NYD 781 DW NYHIYRID PN Ty NN 5 DD
17"% = —1 (mod N)

781 199 2780 = 243 #£ 41 50 1Y a = 2 NN 1T ON PN Ty NN 17 03 P9
81 =11-71 1PN MUNRI PN
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https://en.wikipedia.org/wiki/Miller%E2%80%93Rabin_primality_test#Example
https://he.wikipedia.org/wiki/%D7%90%D7%9C%D7%92%D7%95%D7%A8%D7%99%D7%AA%D7%9D_%D7%9E%D7%99%D7%9C%D7%A8-%D7%A8%D7%91%D7%99%D7%9F#.D7.93.D7.95.D7.92.D7.9E.D7.94

Normal

subgroup

NHYIN MMIAN-NN 9.2

DYPIM g € G 939 ON MW N3ININ XYY H < G nMan~nn .9.5 910
H <G yoy mt npna gH = Hg

DNPY BIRID DR LH < G DN3INTHIN DN L9.6 Vavn

H<aG A
gHg™ ' = Hovwnw ge G997 2
gHg ' CHovomw ge G99y 3

G R Y DINNDY) DIONDIDN W PYW R H .4

,23 PYD DX I 2 PYD 0D MIA .2 PYOY PV 1 QYo 0D MXID O IHPIN DHINOW
2 92p) g 1Hg C H on gHg™! C H oX > 25 0wy »wn 1110

H=gg 'Hgg ' CyHg ' CH
L1 .00 MMan NN TN WOV NP ,DINRD NN I 4 PYOV NOIND Op

DN >IN .NPHNIM 1N NOY MMIANNTNN 5O N ,YAN 1NN G ONX 9.7 DT
NY NPYNI DADND NN DI NS 190N g thg =h € Hw ,he H <G
'gh = hg-v 725 "Opv

M NTHNN 9Y NN MR War LSL,(F) < GL,(F) o»pnn .9.8 hnnt
o”pmm g € GL,(F) 999w A € SL,(F)

det(g ' Ag) = det(g™") det(A) det(g) = det(g) ™" - 1-det(g) =1

g tAg € SL,(F) o
ovaNMMINN YV Py NN N SL,(F) »D 25 ovh N0 INONY NN 11T
Ap <0Sn 00w i pon R .det: GL,(F) — F*

(23)((12) #((12))(23)»mommmnrn((12)) <S5, nMann-nn .9.9 Nt
H <G nr .2 op1yxn nmannn H < G onn .9.10 2)yv

MpPoNn >NY P W oD oyT DR LG 0 H| = |G/H| = 2 noww mH . omom

NI (TN DON) MPONNN 0 NNX DY MPONN N PN ,G N2 H Sv nOHRHpY

ONNYN NPONNN IR L H DY Mpdnnn DY T o0 G-v Ywon .H = eH = He
G\ H v19n0n N0 NINKRD 12300 Nponnm

aH =G\ H=Handnaw,a¢ HoNry,aH =H =Haw,u € H o

] H <G o9 ,aH = Ha ©9pnm a € G 939 995
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Dy (0)] = 2 =2 DR VOWY Y D (o) < D, BPRY .9.11 Mpon
[Sn  An] =2 MW (A, <S5, DD IRYY AR TIT DY |

ON oy XY T LK < H owmmawr K <G on K < H <G ON .9.12 2w
IKAQGEPmnmrow H1Gon K< H

O K (T) 219K VAN TP Myon 29Y (7) < (1,02) < Dy Swnd
.S4-2 MYT ND9N NINnY ) LDy-a

MMNIAN~NN SV NL95N VT .man-nn H, N < G viv .0man Gonn .9.13 990
nrnb
HN ={hn|he€ Hne N}

HN < Gwan H <G qomaox . HN <G 1w ,N <G or D )Hnom

HH = H 95 1590105 oy H -1 = H 9m55 591105 1IN0 NN AMaN NN
ww HN = NH 99 ,hN = Nh o»pmm h € H 5950 5apy N < G-v »an
T h € Honn € N ooopy ROX  Inh = hn NIONAY IMIN XY My 2D
.nh = h'n'-v

DIVRN OY (NPN) 120N PO e =e-e € HN v HN # @ >> 15 oow)
MMO M1 n; € N on h, € H my v ,nmwvwn nmva mMann~nn Sv
:HN 5v n5aom5

HNHN =HHNN = HN

hinihany = hihining = hang
22900 M,
(HN) ' =N"'H'=NH=HN
(hn1) ™" = n7 hit = nohy = hn),

HN < G o
Y9 g lHg = H o»pon g € G 999w ,H <1 G qona o

g 'HNg =g 'Hgg"'Ng= (¢"'Hyg) (9~'Ng) = HN
G-2 nvronI H XY N RO ox np m LHN < G o)
Center nnY G NMIAN DY DD DR 2 5)IN2 DI .9.14 HNY
Z(G)={g € G|Yh e G,gh = hg}

TRNY 20 Y .G IR DD 0y DAYNNNY G-1 DIDNN YD DY QOIND N 1INT
oM NN K < Z(G) nman-nn 95 nno wan van Z(G) o Z(G) < G
725 7YAN NI5NA NN YN NMANTNIN OXD .G-1 03 NOR ,Z(G)-2 P N

SLy(R) < GLa(R) May Hwnd NOW 19N
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Quotient group,

or factor group

"IVY DN 10

7 mman 10.1

H < G nannn v G/a = {gH | g € G} nrONnwn mponnn qoiNa 1nan
NI NN DX T QOIN DY PTIND IWON

(aH) (bH) := abH € G/u

DTN AR MDD NIpRa LH < G OX P OX (IRT) 200 DTN N N0
JH-5 o2 G O5v oD 3N NP G/r nnanm eH = H Nnow n7ana
.G/H yon oy 52910 "H ¥9)7m G7 NNt RIPY D1y

’D 25 DWW nZ < Z 0D N2 .DOAN V9 ,DOPN NMAN NN Z .10.1 ANt
Zhng ={a+nZlae€Z} ={nZ,1+nL2+nZ,... (n—1)+nZ}

owan 0 <k <n—179WKRd k+nZ nMN N 0N ® 1NN OIDRN DD
N
(a+nZ)+ (b+nZ)=(a+b) (modn)+nZ

Zlnz, v3 29 WV .k + nZ — k (mod n) npnynn *95 Z/nz = Z,, >3 MR IVON
SO0 ITON OIDN Z-2 PR D IN) DNV OIDND 2D DVND | Z OV NNANTNN NN
(DTN 22RY V9

JG:G] =105 12 .G {e} mMmannnn nx v G nMan 95Y .10.2 DNt
Gla = {e} ovromvn v 0191 .G/ = {G} nMana TNXR IR P W DD
[ G — G HOorowa0n DYaNMmIINN 2D YYND  1ONIN NMaN-nn N0 G o
ker f =G 0”pn g — e 295 7 TmMN

[ G/{er = ovammn nw g {e} = {g} N0 0 0N F/{e} NN DIDNN
MR HP N DY .DPOMION JIN Mt Y 0N ONRY XN .g{e} — g 295 G
ONM NMANNNA 1™ PN {e} M0 id: G — G MmN Npnyn YY pynnv
G v

nMana onn JH = R x {0} < G-2 yann ,G = R x R nn .10.3 nony
0N NN

G/ = {(a,b) + H | (a,b) € G} ={(0,b) + H|b e R} = {R x {b} |b € R}
-0 PND DY APNN DY 0N DX MDD

D orpnn H < G nman-nm G 90 nMan May .10.4 Dy

o/l =16 H] =
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JG  H] =n < 00-v 75 H < Gonm (a0 XpnT Ix9) nnan G onn .10.5 990
a" € H o 0”pmm a € G 9395 yom

000 0PN K 90 NMANIY XN TINDON NNPONN 2 NNN 2D PO WM
Y G/H| =n» 0w np .aH € G/H »x,ae G kMl =enkeK

a"H = (CLH)n = €G/H = H
.a™ € H nop oo
002N 0NN NN G/E 00 N 2 opTeNn nMan NN H < Gonn .10.6 990

JG/H| =[G H] =2 p md .H < GG H] = 2 DRY 125 1R ZOIND
JPOAN NN Zg NN, DVNMDN XTI TY ,0NWUNI NINY) 2 9T0N DTN 0NN
JP9AN NMan X0 G/E 19

ma 9Ina .G-2 90 7ToNn DIDRN GO T o ,nMan G onn L.10.7 990
Ao T < G ,van G ORY ONXIN

T <G W (9an G orowvnd) T'< G oN .1

290 TON TN NN DTN AR G/T nann n1ana ,qona 2

"D 0PN g € G 939 .o(a) =n M ,a € T 1> JWYRIN PYON DY 2NN NN

(97 'ag)" =g lagg lag...g lag =g ta"g = ¢

T <G Moy g7 'Tg C T o9

YN0 V1TON egyr # &1 € G/T AR D»P 2D NPOVWA NI PIVN Pyon May
92pn ,(2T)" =T opmm .o ¢ T 99 e r =T N NP0 AR o(2T) =n
MOV 2" = e 139 (™) = e-v T3 m DPP IN PN I1TON 2" OX 2" € T D
OvrYnonvw el »

WY ,G < GNy 20 [T = G R Lo nan G o T < G- mnonT
YDON NY 2211 1901 95 MWD T = Qy =, 2, 8 ,G =C* on .G/T = {e}
J2ODPN ITON NI 1-n NNYN VoM Ty DY

903 DY DMDOIMIPIND 0oV 10.2

DIVPNN DYDY DVIYN DN MMNIAND NI OV DNDINMDND Y0V NVIDY
D)2ND DT DVIVYN ¥ .NPONI) MNIANNM MY MNAN ,DNVINMIMN P2
P9 PI0YI DN LPYDIDNIN NIAION DY DINNA MOOON D910 ,DINN O»IION
DNVHNMIVND YDAV PN VWDV MIPYN NINY ,)YNIN DDONMMIDND VOVNAI
MYOIND NN IUROY VNPV 1D NN ,NVYND L (INNYa ONOm OINND NN)

)2 VNRNY RN VYN NINKR DNIAND NI NNIAN P2 DVINIIVN
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First N f G — H DHoOMmmN MO L(NIYNRIN DNDONMIIND VOVN) 10.8 Vavn

isomorphism
G/ker f = im
theorem / er f f

Clrere 2 H W .p: G — H DOHOWDOR WM 0193

N LH = {(z,y) €e RxR|y =3z} nm ,G = R x R nn .10.9 0
Gl =R

N2 3 VSV DY W NN H I0mINDD Mynwvnd 25 0Y) [ IPYND DN
OPMMN MY INT . f (z,y) =3z —y 099 f: RXx R — R
2w L f (£,0) = 200 ,Dpommor f nwynd

ker f = {(z,y) e RxR|f(z,y) =0} = {(z,y) e RxR[3z —y =0} = H
O WITN DR D2PY NIYRIN DPINMDND VYN 9
Rz =T oo weomn .oad nman w T = {z € C||z| = 1} 90 .10.10 990

D, 009NN L f (2) = ™ oY f: R — T 97 Dnow
f x4 y) = Fmiety) = grivtamiy _ 2miz 2wy — f (1) f (y)

awn) JNYoD 2 € R May e2™@-5 21159 1) z € T 95 20 ,0vamoN 0y NN f
PYVN NN

ker f = {xER‘e%”zl} =7
Il R/z 2T 92p) WUNRIN DOINMIDNRD VIV 19D
tker f nvnY 99 W L f 1 Zyy — Zog DVOMIMIMIN 21 .10.11 9990

K| € 29 |K|||Z14] = 14 2 K < Zy4-v Yo K = ker f 903 0o
Mpn Y5 My Ty {1,2,7,14}

Zuia/k = im f 52p3 PYNIN DPONMIORND LAVYHM Y'NN NN f X[ K] = 1 or
WN 14 5ar |im f| | |Zgo] = 20 29 im f < Zgg 00 WO T Zqy = im f 12D
JK| #1399 ,20 R ponn

92y DTIPN WNY IMTA N | K| = 2 DX

_ 12| _

fim f] = /| = 8 =7
K]

JK| #2952 903 20 DR PONN IR 7-v 910 W

H = 10Zy nMan-nn NP2 .0t ovammmin o»p 23 A K| = 7 ox
Ly — H < Zigg DVONMMON MAN ,Ziog DY (2 9T0HD DNN ANIAN~NN PV W)
TON NI PY DIV PO 10 MO .0-9 o ,10-5 nOw 07 NN DI9DNN
K= 7 N NVUNRY

DLAMIMNN NAY NYAPIN NN RN LK = Zyy 9apy N | K| = 14 ox
IONRNPION
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Inner

automorphism

Inner

automorphism

group

95 AR N (|G, |Ge|) = 1-w 75 oo man G-y G NN .10.12 9990
J1 Gy — Gy onvammmnn

VNN ODONMIDND VIYN 29D .OVNMIIN f: G1 — G300 3 W o

. G . .
G & im f = uleﬁlq — [63/kers] = [im f| = [im £ | |G|

J(|G1] 4 |Ge]) = 1 9ax Jim f] | |G| tawdo vavwn 295 399 Jim f < Gy )0 md
IONNPION DPANMIMNN NN f MDD - [im f| =1 19,

J0AN G R, ON NN G/z(@) DR NN .nan G onn .10.13 9990

NMIN )0 M G/zq) = (aZ (G)) yMayw a € G 7P 1991, ON G/z(G) DIMW

D DYITY
G=J92(@)

geG

PN L,9Z (G) € G/z@G) ,pyd (NNIN"NN SV MPONNN TINK NN 1NN O D)
1MIAYY i DY

92 (G) = (aZ (G)) = a'Z (G)

O”PNN )0 OX .(NYPOPINN *9D)

G=Jaz(G)

1€EZ
DM 1, € Z ©0”P 20 g, h € G viv 55aR G-v NN NYD
ged'Z(G),hedZ(G)
320 h=a’l'-y g =a'g’ ovayw ¢, 0 € Z (G) onrp o
gh=dgah' =adgh' =dadhg =dhag = hg
] JroaN G o9 ,gh = hg ©»pn g, h € G 920V HNOIN

G/z@@) ®R V7 .Z(G) = G DR PN DR W3R G D DY VMK .10.14 Mpon
G/z@) = G/a = {G} 93> DD MIPH3 M IR0 RN IR WPy

92 AN Y, G — G OVNMMVIND .a € G >0 ,nMan G >N .10.15 910
J2DI SHMO BHOWOWIR NIPY 7, (g) = aga™

Inn (G) = {7 a € G}

.G DY BHDMNOD TIVVONVIVIRD NN NNIPI D NN2AND
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NN 80 Inn (G) 29900 Ay, = Y41 99 740 = Yap 22 WM .10.16 993N
.N2290N N2s Dy

0P g € G 955 DHNOW
(Yoo ) (9) =7a (0 (9) = a (bgb™") a™" = (ab) g (ab) ™" = yas (9)
192 Y. = idg 22 25 DV JYRIN PONN DR NDNIN 1D

a a1l = Yaa—! — e:.d
%rlo’YaZfYa*la:'YezldG

,G 1Man 955 0 o .10.17 9N
G/z) = Inn (G)

23NN 295 ,ovIMMIN N .f (9) = v, 29 f: G — Inn(G) YT DMDOW
YN IR 2wy L(Inn (G) DTN 299) Yy NIV 120 DNNY

kerf={ge G|y =id¢}={g€ G|Vh e G:v,(h)=h}
={9€G|VheG:ghg ' =h} ={9€G|VheG:gh=hg}=7(G)

10.13 95900 MpoNd .G/z@¢) = Inn (G) 93Py ,NYKRIN DOINMIDRN LIVYND 295
H ORI NN N9 Inn(G) OX 0D o)

vy 1R Dnan 11

DYINYY DITIPY XA 11.1

N2 109 ROV RTNDY YN TN MYyTIN aYND 10 T IR TPPN NN
INDY IPND D) DINYYD) NINDYD NIPDD OXRNND ,MNIY

TNNI ©NOPY MDD [, ZE S DN Y MYTIn Paynd NN TN NOIN
ZE-2 (A0 ) MOP ORNND TIVN NN NON DYIN 935 N0 Kk SV »ap
n >k IWND 120 | ZE S AR ZE 5w AN 995 DR pHvw TTpnn

Code N2 NYPD TP ADY RIPI VY DN DD ZL OV NNIAPTNN NN WY L11.1 D910

Codeword

Linear Code WY Y R H € My, (Zo) n¥vn Sv ©PDIND AN NINY T .11.2 A0

C onx .Z5 5v nMman-nn NN C OX PN O IRYD N0 C C Z5 Tip 113 2y
LDAND MO RIN DTN TR MNY OV ONNN NIN DN DI IR PINYD TP NN
2NOPY AN NN Zy O¥ NNIANTNN DD PNYRI p NAY N
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2 NNYS 03 DIVINNDND DPINYD TP PTHND NN TIT DIPNI INYINA
MY VTN A € My 1 (Ze) N®I0N 935 .d X d 5T DTN NION [;-2 NI
DY MYILVN

G= i’; € M, (Zs) H= (A Ii) €My ya(Zo)
Standard NPT NS0V NNIPI H -1 TP DY INPH NS QI0D NRIPI 1D NN G IWRD
generator matrix  9W MPN M9 .Gz € ZF MOP = € ZE MOom T1py TP SY amvy mmw
Canonical n — k NoON2 x MO NN Gz MopInY 20 v O = {Gx \ T € Z’;} NI
pairty-check PN OX v € C OPpNN :N2MN MYPN IR 717N H 17010 .mn Sv nyao
matrix HG = 0-v amix it mpaon 2001 .He = 0 b

TIPN NINY NNAIVN NN .11.4 PNt

I
= k

DN P9 DN DON D2P) PN NI NPT D0 POINN NP NPT N NNIVN
NTTIA ANAY MMD MO RO NN TPV 29 1w MTNN DY N 1900 v Gr-2
N7 0 P POM NN DAN)

u P NOP W € ZE 10m 555 y'Nn NN 1Ov TPPRY 2on 115 D
,NPIPN DY PONA P MINOY WPRY DYTY AN OX 120 .(5) € C-v 5 Ty
,NONKRD NNR TIP N2 TI9ND M MINDY NN NN NYD JMN MM 501 Tnn

SN NN 1D 1IVINY RY MINDY 10D)

Hamming weight MDD PIVD 1AV MTAND 900 NIN v € Z5 MNOP) DV MDD 9wy .11.6 191D
Hamming NNIRY 291 .DNYI MNYN MNYN 1900 NXIN w, v € Z5 NP MY Y1 d(u, v)
distance A — v 9V YN Spwn 2WwN T DY d(u, v) IR AVND N Zy DTV DYn 01Ty

N0 (0111)-n (1100) 5S¢ 200 PRI .11.7 DNt
d((1100), (0111)) = 3
.(1100) — (0111) = (1011) S¥ NN Spwn PYTa NN
Distance Y TP MO 0NV P2 5NN PRIND NN TP DY dyin PO L11.8 N910

VWRY TP M2 DY 000NN DPYNS MY dyi, PNINND PIRYD Tipa 11,9 THYVD
.LDOND MOM

MO PO C' IR dpin > 2d+ 1 OX .dyin PPN OY IRYD Tp C' o L11.10 DHYVY
NV d 3PN MmN 2d
LD0ON NTMY H-1 PR DX P OX DNX DXV MNAD MM SN0n Tip 0192
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N2 PR DOIX NTMY H-2 PR OX PN OX dyyy > 3 1790 NNTIPN MYV NIPON

MMD N2 2D PPOY MYOVN 29D dyi = 3 1991 NONN ANNN PYTa At .MNE My
JNR ARDY CTY PN MRV ONY Ty

MDD v TP NN PYTA DNXR IRNDY DYPNY M) NIV OIPNN TND
NO1P v NN D2APY DIPN) ;2 DIPPRA PON NI NIDDPY NN NNV NNR NP
S5apn H-2 9953 v+ e; NN

NND PRIN 0 DV ¢ P20 NYPR IRIVIY N0 1D LH DY -0 NTmyn Y
1PN 951 XD 0) 199 ,NYTPR ANDYN 1PN NYTO 901 RO X H-2 mint mTny
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TIPN N2 DMN TTPY .z = 011 DYTINN IR MO NN

1 00 0
010 0 1
v=Gx=10 0 1 11=11
1 01 1 1
010 1

NIPN DIRYD TIP DY NN NPT NYIVNA 1T DY Ho = () 0
12 MDD .MINT MTINY SNV W DIAN DO NTMY H-2 PN D dyy, = 2 M
N2°NN N22PNN NNV NYPRY N2 MINDY JPND KD DIAN ,NNR INDY MO

» Ty W = 11111
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01001

[ o T e T S =Y
Il
N
o =
~—____
e
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~—___

H-2 (§) mmmy onw v oo nmN PND 991 RO IR ,NNDY NYPR 0D 20) 1O
Mo 951 XN Ho' = 0 ©92pn 1M 1010 ,(NY IR) MINDY INY WYY 1IN
SNV NYPR DYDY

Yy D2V SN 12

DIYMPN9 NP 12.1

DINN NNND YPN NIAN NP ,NYD

Ring :07PNN ION Man NN (R, +,-,0,1) »n .12.1 5910
2NN OV TPNDNN NNIAND INIPY PYAR NNan N (R, +,0) .1
oROm 0 (R, 1) .2

0PI a,b,c € R 935 955 (P20 HNnvN) N80 N 07pnn .3

(a+b)c = ac+ b, a(b+c¢) = ab+ ac

(R,4+,-,0,1) opna R 3 2312 , M2 Wwpnn IWRD
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(Two-sided)
Ideal

Quotient ring

Degree

Polynomial code

ONT X0 NTY N onT X C xR md (F,+,-,0,1) n7w Y5 .12.2 "t
D 0PN KO DN DI . TPADN NN NNA D900 NOWAY MDD 9DN IND
DYNY DY92N NN DIV DTV IPRORTNI NINY ,M¥I0N 595 MmN 0y My (Q)
DMIP9N NN N ,DD)7 D901 NN DY Z 1D (D290 DIDNN DI KD ’D) MTY

DM Yv a5 MmN oy R[] TN MInwna o»wnnn

PYNO DANNY D PYTI p: R — S 0N SV ODammmn PTIND VAN
MMIANTNNI 1TPONI NMTY ,0OTTINTIT) INTR OXMP DN OV ODINMIMN DV
ON ONTNX NN 1 C R D 99N ONTN PTHND DPY 79T .Mana NyronImn
YD) MO NIPPA i, ir € 1 0P @ € [ r € R 535 72N NnMan~nn NN
MYON My (r) = {arb|a,b € R} nMN¥N 0 XN DX PWRI XIPI ONTR [ < R
N NN PTHND OIWIND DOXRDN 7 € R

NNAPN NN 1-5 02 R OV oD N ORDR T < R o 12,3 A9
Blr={a+1|a € R}

(a+I)(b+1)=ab+I%>5M (a+1)+(b+ 1) = (a+b)+I MnN Mys oy
Ar + 1 20 npron 22N Og + 1 = 1 N0 DIOND YN

NI N2 f(z) YR DD Zo[z] ©mIran DN Nty TP NOW DRI DY
ARINARTA
f(x) = ana™ + -+ + a2® + a1z + ag

NMAY x OV M 0N n NPNN NN L deg f NIMoNn L, f OV YYD .a; € Zy MY
Ay #0

W f(2),9(x) € Flz] v 01w Fom (0m1919Y mPOopIR Npon) 12.4 twyv
opnm degr(z) < degg(x)-v 12 q(x),r(z) € Flz] opr omyhs onrp
J(x) = q(a)g(x) + r(z)

LDOTOPIN DNINON DY 013919 DY nN"NNn 21N TITN NINP O NN

ON PRTPNY ;0 INPA 939 NN NOYRY DS T Yy »8y ZiTa mop 9
NN 2t 4 2% + 1 0whan oy A% 011001 NN YWY AT 295 MOPIN 22009
PN OV S DOINOD RIPIN m MY g(x) € Za[x] N2 YOWNS Y

Z™-2 MR 9190) N L f(2) DIPDIAY RNV MVPIN NN MOV NNV 1PN
q(z),r(r) € MY PP OV .g(x)-2 f(x) - 2™ Sv IAIRY DY PPN Yy¥aN
DPPINY T Zsx]

f(@)-a™ = q(x)g(x) + r(z)

f(x) - 2™ —-5 RNV MOPIN N NHVIV Tipn N2 degr(x) < deg g(x) on
()
v € (g(x)) OX PN OX g(x)|v DX PN O TP NN NN v € Zo[z] N9 MDD
Lg(x) »T Sy 3N HNTRD NOY)
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TP (TINDN INY PO MVIND IYIRY) PINYD TIP NXIN MMIPNS TP .12.5 WD
Y0 NOK YYD f(x) DIPDID DN KD S92 MY HY NPDO m Pom
DM k1Y 0w ndynin NN

DORNN M NOPIN 1101 MOPIN IR TNPN g(z) = 23 + 2% + 2 N .12.6 NINT
92PN DMWY NN ¥ L f(z) = 23 + 22 + 1 D9

flx) - 2® =28+ 2° + 2% = (2° + 2)g(z) + 22
SV DNTPNN NOPY NN NSV 7(x) = 22 NN MIRYA 9D
f(z) - 2® —r(x) = 2® + 2° + 2° + 2?

TP NP1 NN P9 N2 0aY Lg(x)-2 PONIN NTIA Nt 0D 1101100 Nnv
Sopin”

NI Y ONNND ODI9N 7P NN NN OND 1001110 mopin Sapnim N

TP NN PPN W P9 2% + 2 N g(x)-219% nponn e 28 4+ 23 + 2% + o

fopin
Cyclic code NVYNN 03 (aq,as,...,a,) € Z5 TP NP1 935 DN PSS RIPI TP .12.7 H9130
P oM NN (g, ar, ag, ..., Gy_1) NIV TIYNN

IPN NINY NPIVN OY NN TIPN ONRN .12.8 999N

= = O O =
_ = O O = O

_ o O = O O

DOPN NN

MININ PN MPNY VTP Z5-2 MyTinn \Ino
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2ON NO TIpn 1991 8D (110011) Sax ,mpd 77w (100111) »5 25 0w

g(x) DP9 O PN OX YN NN g(z)-N DAPNNN MY TP .12.9 WHYV
(Zs[x]/ (™ — 1) »N2 ONTNR NN TPN OX PN ON) 2" — 1 NN PONn
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W DYDY SV NNAN 199519 Pronn o8 — 1 € Zsy[z] owhan .12.10 nnunT
DP9

2P —1=(r+ 1)@ +r+ D)@' +z+ D" +2° + D) (2" +2° + 2 + 2+ 1)
D190 NN N
g@) =@ +r+ D)+ P+ +a+ 1) =28+ 2"+ 25+ 20 + 1

DWDI9N SV DNTPNN MO .5 91 PR oy C C Z1° Py Tip a8» XM
:M € Mys7(Zy) N20N DI oW NrHiyn moon a9 .(111010001) nn g(x)
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NYIVN NINNY WaN MT 5w 0Ny NPT Ntya .CTIPN SV NINY NYIVN NNY
Ho13mpn neann nprTa navn X 1N G Dpn nasy

Y AVIDY Jnan 13

ATN8AN Dy 13.1

Conjugates 1MV a € G D”P DR DTS A-) g DIDRY DIMIN .NNAN G oNn L13.1 D910
NNRIPI AN 95 S MYpwn Nponn v G Sy mYpy o pTn M A = aga !
Conjugacy class 2OV TYDOYD NPINYD

h-1 g >3 NP3 ;MO Nt DTNNN DY DR MY PR G TOIN 1NN .13.2 DT
MY a € G O”P 10D DTN

1 1

h=aga " =gaa™ " =g

g Y¥ MTNYN NPONN ON PN OR g € Z (G) 7R NvY5 nMan G or Y95 19183
{g} ron

AN .0 MO TON g € GO ,nNan G onn L13.3 9990

0(h)=n"N,g-9TmM8 he€Gor .1

56



.g € Z(G) nx ,n 3700 G-2 DIVN TY PN DN .2
DMWY

525 oW b =aga" ! yMayw a € G 07p 199 , 0T h-1 g .1

h" = (aga_l)n =agataga™'.. . aga™' =ag"a ' =aa = e

J/

V
T times

N0 (h) =m DR W T8 0 (h) < n-v oM M
g" = (a"'ha)" =a"h"a =e
0(h)=m=mn 9510792 .0(g9) =n < m 9N

VNN NI g-v M Yar .o (hght) = n 2NN yon 0eb b€ G o 2
Jhg = gh-v 92pn yom h-1 9193 hgh™! = g 199 ,G-2 n ATON TN
H .9 € Z(G) 991 ,hg = gh ©7pmm h € G 955% 1NN

OV . Zy DR NNPD VAN OWUND D) IPX PYD 533 TIoNN PON .13.4 WD
W 0NN TAN Y591 19102 0PIV 30 1D ;TN KXY 00 Yar o (1) =0 (3) = 4
AT MND NN DN

ADRY TN 0 YDNND ,D3 1NN L13.5 NNt

ot ! =107 = 0?

.D3-21 3 797010 DN TIY PN D ,DNY DTINY DAIDN TIY PN
DN L(ag,ag,. .., ag) € S, MNP M 0 € .S, NN .13.6 9N
-1
0—<a1aa2a"'7ak)0- :(O—(al)ﬂa(a2)7"'70_(ak))

MNNN NOVO decorate-sort-undecorate NVXVWO AWPN NN MNID DI DN
AL1,2,..0,n} 5y 19 MK MOVIA MMNNNIY AN .NYP 0-¥ 1TON 295 Pin
NN NOVN P PN DN L1 <@ < EnveR My mo= o (a;) 2D N3, TIYUR)

ONNY PN NNP TN DONO) o (a;11)-9 m

(U (ala az, . .. ,akz) 0_1) (m) =0 ((al’ az,. .. 7ak) (0_1 (U (al)»)
=0 ((ay,as,...,a;)(a;)) = o (ais1)

DN PN M D D DY o (a1), ..., 0 (ar) 9Y 12T IMNX MOMD MNHNN 199
ONAY PN D XYY IMN NOWN P> PR 1NN 1P 1 <@ <k aNd o (ay)
1991 ,i 935 o1 (m) # a; > 25 DW)

(o (ar,a2,...,ax) 0~ ") (m) =0 ((a1,a2,...,ax) (0" (m))) =0 (¢7" (m)) =m

] MY MWYITR MMNNN PNYY RN
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Cycle type

T =0 = (1,3)(4,5,6) ,a = (1,5,3,6) mmnn Sg-2 MNM .13.7 239N
DN 2N .(2,4,5)

,13.6 99010 DNONN 290 NINO

cac™t = (3,6,1,4)
rat ™t = (1,2,3,6)

S, =1{((1,2),(1,2,...,n)) .(mad) 13.8 mpon

o = DN DIMNN DY ND9ONY NMNX PI9Y .NMN o € S, NN .13.9 9910
MID NN VT .y > 19 > - > 1 001, RN 0 OV TR D N L0103 ... 0y
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2907 DTN TH3D K N7 ¥ DR PN DR S,,-3 TS WV WON MW 13,11 Mpon
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129 ;00 OIMNN OV NDAOND T OV MO 0 = 0103 ... 0%
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5555 PYTAY YP )0 0 ;MNN NN ToE T L AN NN 9 ,0TPN 900 295
NOP 3P0 (MY M OON 01,09,...,0% D) MO M 0N IVNRD DNV DINNND NIV
TIND AMNND NN IORD OINNNDIN TAX 91,03 DINNN DV NYAOND 7 OV 719
LDMNN MAN IMN 7-2) 0-D¥ Y21 NN .0-1 DINNNN DV

0 = 0109...0% DI .DIMNND M WMIN OY 0,7 € S, "IN (=)
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NN P LD OIMNND ON Ty, ..., T ON O OIMNND DN 01,09,...,0k
3 20 V) .ONNYY DNOWI DIDNN INY 901 7 (a, ) = b, j To 7

—1 -1
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O Sp=2 MTINK 741 0-Y RN
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Partition

Centralizer

n >3 Z(S,) = {id} » wow .13.12 Mmpon

Y NN a # b € S, NN .a # id »D n2HVIA P a € Z(S,) 2NN DN
NNAYY o € .5, INMP NNV 9NN 299 .a DY D DINNN MIAN IMN DY a-n
91p) 9 a € Z (S,) YR .cac = b

b=cac t=acol=ua
O Z (Sy) = {id} m95 ,a = id 15N 395 b Yv NPNAY NPNoa
ng > .-+ > DPYAV DM9DN Y N0 KXY NITO NN 1 OV AN L13.13 091N

£ (n) ©MON 1 SV MPIBNN 1900 AR . =ng + - + NgK-¥ TI 1y > 0
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