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on X
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NN 2, MmO .Q, = (w,) YIP) w, = cis— PO ox .C* 5v nMan-nNn n
n
Y Pand 210 Qg Ny DX N ORTD w, T DY NI OPN NMNMNANTNN
JYOPN MINAIPY MMaNN

[e.o]

AN s = U 2, DN VN NP NN YO0 L(ODTD) 3.5 DN

n=1
(NN NION2 XD NN MMAN TIR) .99 »2)0 NN NN O .1
L0910 91701 NN Q-2 AR DD M) 0 () < 00 ,x € Qo 99 2

TN NN O .3
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Torsion group

(External) Direct

product

J7MN0D N3N OONRNP PN AITON NIN TN 9D NAY 1D NNaND

25 990 .C* 5w NMan~NN NNV ONY MR T DY MAan NN o L1

NMANTNN XIPN) NNIANTNN NN TPHAN 1NN OV HIND ITON DIDVND GOIN
970N DIDVND DO NN PYTI NPON NNV DN L NITIN A0 (o

120 195 ,C* mdoann nMmann Sv '.o
g1, g2 € VIV NP> RO NN PN |1 € Q2D MO :NATHN 29D YNan 19N
I,k € Z may 1m0 .gs € Q, ,g1 € Q,, DNAYY M, n DNI”P PO Ny

OMININ
. 27k C2ml
g1 =cas——-, g2 — CIs——
m n
AP
2rk 2wl (27rk m)
g1g2 = cis—— - cis— =cis| — + —
m n m n
27 (k l
s (M) ca. ca.
mn

g e, COy DIIN,g €, OX NV NN NN 229NY MIID
NV TINMR ,INY 255 191N, MNAN NIYIY DOV TIRY 727D )0t ¥ ON)
(.NMan N, MmMan by

o) <n 3o .z e QM n ovp z e Qy, 935 .

Qe TN N0 N Qg DY NPOPINN MMIAND~NN YD ,0TIPN Pyon a0 .

AN NNXD INY NNV 12N KD 1997, TPD1N

MYAN YV N NYaan

IMINS

3.2

SY MDaon Y515 ,1an DNAND .MNYP MMANN MYTN MNAN DY NN M2
MDA DT NPPORNNN 1 NN (H, @)1 (G, %) NYNN .MM 0 INY

GxH={(g,h)|geG heH}

MDD ,209-207 G X H Yy © nYIye 1) 3.6 2WYV

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

AN CHA G OY (MR WD D79300 INIPIN NN N0 (G X H, ©) N
(eg,em) M0 G x H-2 nron
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0waN NN 0T .C* X Zg Yy Yonv) 3.7 Nt

(—i,2) ® (4,7)
(54 3i,1) ®(2,2)

(—i-4,247)=(1,1)
(54 3i)-2,14+2) = (10 + 64, 3)

.(1,0) NN 197030 NN

22v1a - DX DY ,©-2 G X H S¥ nYyan DX 1905 O01pna ,»voyn (3.8 D
NN

2(n > 2 MAY) OIS Z,, X Ly DR 3.9 99390

JON i ANY 939 NN (a, b) € Zy, X Zp, AR 92 9Y ATONY MO IND NN
(a,b)" = (a,b) - (a,b)---(a,b) = (a+---+a,b+---+b) = (na,nb) = (0,0)

m < n n1dna ,(a,b)™ = (0,0) yAYY m OYNN 90NN NN ITONY NP
NP OO0 NN Zy, X Zip-2 DR DD DY 9TON N0

N |Z, X Zy| = 0% 070 N ON AN RN AMNAND D PPOY Ny
7NN 991 ,MD PR TN .n? TN DN N RO AN Z, X Z, NNMann
JDOON NN

JPOPN NAONA NP NPOPPY MMNIAN DY DDAV IDIN OTIPN 99NN .3.10 WD
JPDAN NINYI NPOAN MMNIAN DY ND9ON NN NMYD

MHVPON HNAND N 3.3

Symmetric group N 7 DNTO IMVDIDD IN3ND L3.11 NN
Sn={o: {1,2,...,n} = {1,2,...,n}| o is bijective}

- MINX YN ,mxyo {1,2,...,n} NNHAPIN S Y'NNN MPRYNN 95 GOIN Nt
N2Yan AWNd ,NMan 0 S, {1,2,...,n} 079000 SV ATON MPY DI qOIN
NIPY S, DY AN DD MMN IONPNS NIN DTN DR LNPEPNS NN NN
Permutation AONDN

oy XX Nmna o900 nMan prTa Non S, NMaANN (0 v ON) 3.12 YD
X ={1,2,...,n} 99N> ,n2590N NNy

0(2) =7 ,0(1) =i NN NN o € S5 TN S5 NN IONTI NP*3 .3.13 NN
MNYPA IO D Mo i, 5,k € {1,2,3} AN 0 (3) = kA

123
i j ok

g =

:93-21 DINN YD AN YNHNIA N
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Cycle

Length of a cycle

Disjoint cycles

id = 1
1 3
2 3
T = 2
2 3
2 3
o= 3
2 1
9 1 2
O =0go00 = 4
3 2
3
OT =00T = .5
3 1
1 2
TO=TO0C0 = .6
1 3 2

TR S,-9 MIRY? 99 DY \ROD .07 # 70 D VIR IR S3-¥ 37 DWW .3.14 WP
V3R N7 RN D 1 > 3 9% I

N0 o (1) N N IMAVARD 190N 1PN .|S,| = n! NN ATEN 315 2w
TY L, 0VON 15 0 — 1 N0 o (2) IR NN DMIVARD 190N T NN .1
;290 702 39N ROV PINKRD ADRD 1 NN 0 (n) AR NMNAD NMIVIRD 19010V

ASul=n-(n—1)---1=n!

SY MAabNN DY TNN DIYN NINNN NN NIN S,-2 (WY IN) INNY .3.16 DTN
LDNNYY DXNOYI DM9DNN INYY @1 > Ao H> Ag > -+ - > A —> a1 DY D900
(a1 ag ... ag) MANN SV WD (a1 ag ... ap) NP RN NN IR ©AMD

Kk Non

25 wovw (12 3) Mmnnn N0 3.13 NTA NIANOY o € S3 NINNN L3.17 NNt
MM NNNA 1T NOV

1 2 3 4

DMNN DR P80 (45 2) mnnn ,S5-2 .3.18 DNt
1435 2

DINAHV'I THNDD IWKRD DN DINRNY NIDWD DMND7 TN DNWDN 7D .3.19 vovU»
IOIPY AR DHYY TOY GIIYY 19DV BD? PRY BINRND RO "oy

DY O2IWN 192 ,(2WTN) Nt DY T OAONNN O DINNNY 20 MY .3.20 TIYD
NNIOVND NMINN DY DNWN IWNRND INY DOP DY P DINNN
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1 234567
D .o = :S7-2 INAN MDD DY DOND) L3.21 AT
4 7315 26

IMNND DY NIAYD DNNMY ,I9010 DNPIY D0 DINNN NYAOND NMNX IND
DWVNd Ja Nnnn
l—4—1

DN ,Td 2w Nyd (1 4) MNnn IR 1D P DMNN T DY NNOI TN
PINN 790100
2762

,0NNYY OO DIDNN INYY 10 DWY .NNOA (27 6) MNP DX YIP) N
P9 55,3 300
=(14)(276)

NoWN o2 N9 71729 19010 95 Yy Mayd ,N7THNN 299 N9 AN .02 NN 2WN)
22P) ,0295NNN O DIMNNY NP [ DIN HNIN

o2 =((14)(276))>=(14)°(276)°=(267)

WA YN 4

mponn 4.1
VI L9 € G 930 .nman~nn H < G onm ,nan G onn 4.1 DN
Left coset gH ={gh|h € H} C G »n H 33 g 99 MIRDVD dpnon e
Right coset Hg={hg|h € H} 20 H 337 g 79 MDD dpInvn @
G /H y0) nrHNnvn mponnn qoiN Nx
NMNaNN~ NN Yy YonoN ,G = S3 NN NP2 4.2 NPT
H=1{(123))={id, (123),(132)}
:G-1 H 5v nvd xnwn mponnn

idH = {id, (123),(132)}

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

(13)H={(13),(12),23)}=012)H
(23)H=A{(23),(13),(12)}=012H
(123)H ={(123),(132),id} =idH
(132)H={(132),id,(123)} =idH

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

18



:H = 5Z 5w nvORnvn mphnnn Yy 9onon G = (Z,+) DN NP2 4.3 nnnt

0+H=H=1{..,-10,-5,0,510,...}
1+H={.6-9-41611,...}

24+ H={.,6-8-32712,...}

3+ H={. 6 -7,-23813,..}

A+ H={.,—6,-14,914,. ..}
5+H={.,-50,510,15,...} =H
6+H=1+H

T+H=2+H

DV ,Z-2 BZ 5% NYONNY MPoNN wnn ¥ 00N T2 .ARDD 1)
7/572 ={H,1+ H,2+ H 3+ H, 4+ H}

H = (2) ={0,2,4,6} 9y 9onon ,G = (Zsg, +) DR NP2 (2t v ON) 4.4 D0NT
1N NYORNYN MPONNN

0+H=H, 1+H=1{1,357,2+H=H

2995 191N

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

.G=HU(1+ H)-v 25 0w

(NVPIPN IN) NVPORNYA MPONHNN NNSIY MNXDNTIN MNXRID JNNIY 29D 4.5 DIYD
oM L,T0 Oy QO LG OV gy vy H < G nmanTnn by

a~gb<— aH =bH

NNt 0503 .G Oy MDPY 0NN a, b € G OIDN Y DV MPONNN P2 1PNV DY
(N2 VOYNN NAYA

W .a, b€ G YW MYININ H < GHon DN GO L(NIRNIN) 4.6 VOV
a € He aH = H v19a b 'a€ H :oN pW OX aH = bH .1
g HNgH =9 W g H = gH 0»pmm ,goH- gt H mMponn »nv 535 .2

O TINNON U gH = G :ann Yo N0 Mponnn 90 Sv TinNn .3
gHeG/H
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Index of a

subgroup

PYNIND PYON DR P NON .DTTA NPPONNNNA DN NYYND Nt (NMRYINA) DN

DTN AN NAY V191 .ah € bH b € H 999 nR aH = bH or :(«)
NI5N2 Y ,a = bhy € H-v 75 hg € H 0”pv yan XM .a = ae € bH
bla = ho € H

.a = bhy 39 .b7ta = hy-v 75 ,hy € H 0»p nx b~ ta € H-v non (=)

ON DA .aH C bH Y95 ,ah = bhoh € bH-v o»prmm h € H 935 ,nny
00 .bH = aH non23y9Y .bH C aH-v 19N IMNA 9apn b = ah; ! 7X ,a = bhg

{gH | g € G} nvORnYN MPSNNN P2 53 Y/NN INRNN NNYP L(MRYINI) 4.7 DIYD
(Hgw— g~ 'H) »a5 {Hg|g € G} nvmd

gH — (gH) ' ={(gh)" |he H} ={h g7 |he H} ={k¢' |k € H} = Hg™"
DY MPONNN 901N MY NPONNPVYD MPINNN 190N 125

NIPY M 19un G H]| yoa G-2 H Sv mphnnn 1900 NN 100) .4.8 191N
.G-2 H 5% DpIORd

PRIV MNONTN 29 DY 4.9 IINT
Z:52] =5 .1
[S3:((123))] =2 .2
[Zs: (2)] =2 .3

,2INY JOP DPTIRIY 933 .ANANN~NN 5T T NN [G : H| OPTYRD .4.10 DD
[G :A{e}] = |G [G: G] =1 on ppn »pn any 9T H nMmann~nn 7o

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

H =7 nman-nm G = (Q,+) »nn .o
YN DIDNY MPYHNA a1 a5 0 pa o o, ay € Q 012w Nv NP
-v Dap) oY

{1+ 0,00 £ 1,1 +£2,...} =1 H #aoH ={as+0,as + 1,00 +2,...}

,1 925 0 2 Q-2 ©1901n0 mnod mnad X0 G-2 H 5v mpbnnn 1901 )09
JPDYN NIV
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IR vavn 4.2

a € GY39 jaH| = |H| o7pnn .nman-nn H < G onm nan G onn .4.12 twyv
VAVYNN NR D2APY TN IR ,G DY DN’ SV MDPY MpPoNN NN 10 MPYNNY »oan
N2 2NN

Lagrange’s

theorem |G| =[G H]-|[H| ™ . 2Wannn H < Gam ansn GOon L(1r1D) 4.13 oo
N3N Y ATOD DR PIND ININHN 2V ATOD  TNOD N3N N3Y .4.14 WHPOY

[€

— =[G : H|

|H
o0 o(a) = [(a)]-w »ov 7 ()] | |G| ™ {(a) < G-v oY a € G W3y 0103
alCl=epwpmm @ € G995 B 1P DAN3HD 29 1TOD AR PIND N3N 1N 9 Y

NXAPNN 0N Zip-1 DIDN DY DPIVIRD OITON | Zy| = 10 My .4.15 Hnnt
{1,2,5,10}

0”p NI5N2 oXD |G| PR PO m € N 190mm 190 nMan G OX .4.16 99N
m 970N 1N G-

Loy X Ly DNAND DR N TPTI DNONT NN XD INNO
290N ITONY 721X .16 IR 8 79700 12N N2 PN DAR 1610 NMann 1T
N N 16 ATON R OPP PN IDR Q0N 4 INYD D35 NN NNED N7ana

o> 1 My OIS YN Z, X Z, 0NANNY 1NN DAR O

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

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

G-1 o7p DX PN ONX M 1ToN G 0 o LoD nNan G onn .4.18 904N
.2 9790 1N

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

INNYD OO NI - NPTIN NNON 2 TON IDNROY 2D W) Ot TN G ON
V9 NINYD NNV TDN GX PRY MDD 2 79701 (-2 TDNX G PRY 12DV 1)
MM DN DD AWUND ,NNND NNAND PN DD NN ATOD Y IR DTN IDNRD
DN DY NN ON 90N D2AP) DTN AN OY TN (NN NNYN) 1D DMNN TND
NnNY nnoa ,G-a

2 3TDY TMIZIN TV NN IR NODY WY HN ITDY DIN3NT .4.19 HPOY

21



PN HNAM NN Y 0 4.3

Transposition PN NIPY Sp-2 2 TINRD NN .4.20 D910
DAN2N NYAOND DWW Y (ag, ds, ..., Gr) NN DI .4.21 WYV
(a1,as,...,a,) = (a1, az2) - (az,a3) ... (a,-1, ar)

25, NMana w 2 <7 < n TIRND DIMNN NIND .(O0TD) 4.22 N

9N Pwan () v n IO D900  ©IMI IPNOYIMP NONY | NNO
JIPYIVAN YT ANV 1IA0 DIN NNV 0D7T rl-1 ©I900N 7 IR ITOD W nyd
NG DN DIMNN 7 W 0D

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

WS- T TIND ONNNN I9DNY DAPY -2 991ON 190NN NN PYNY )00
() =)

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

T,0 €5, 999V T2 PIPNON NN NN ,S5,-2 NN DD SV 10N NN AWND 1T
o»p
sign (o7) = sign (o) sign (7)

OV YD DTIND MINK MNPY DXIT ¥ 1200 AT MY NNDIN NIV 25 MY
LD9DNN 190N NN 28D Swnd NN

Even W DNDN OVA —1 N3N0V NINND IR HWDON OVA 1 MOV NNINNY XIP)
permutation TN

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

2o N0 (35) (49) nann et OrR Amn X0 (35) ponn L1
.(34158) HonH 1A NN XD ONTON TINRD MNNND .2

JONT AN NN MND NINn L3

Alternating NNAN NNANN™NN NN A, (NPT MTINNN 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)) 025 vy LAz = {id, (123),(132)} .4.27 hnnt
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Group

homomorphism

Monomorphism

Epimorphism
Epimorphic
image
Isomorphism
Isomorphic
groups

Automorphism

MWINRN DN S

oMmvaMIMIN 5.1

DOOWOYYY NP f: G — H npnyn .man (H,e) (G, %) nynn .5.1 910
DYPNN ONX MMN3N Y

Ve,y € G, flzxy)=f(z)e fy)
:DNVANIMIN DY DNV DNDD NP DN PI)

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

TVONOION. TMDN NN H D 9INI DDOWDOR NIPY DY NINY OV9NMIMIN .2
J: G — H ovoamran o»p o G YV

TVONDONIR -1 G0 N DUOSWONR NIPY DY) y'NN XINY 009NN .3
G = H o . f: G— H ovommvdN 0P DN

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

DOONMIVN ,DPONPAN ,DPONMND ,DP9NNDIMNN TY MNWN NN I8P NPda .5
JNNN IO AN ON N mIND DYaNMIVIN

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

YTD MDD LNNYA OVONIIN N NN g NPNYNINY  (1NDI) MOIND IWON
.g = f71 noan Apnyn N8N 2900 DPMMPN XN f OPaNMIMINY NOND
NTY) TPVNMIT0T NPIVDD [, NPDOPODT NNON N NPINMPNRY NINID 0) IWON
ANNAP DYDY M TON NMTY NN MNANND NPONN 2D MPPY DN XD

,DNVONMOIMNN I ONN AP .MNIAN P MPNYN INd SY Nvwa Mn 5.3 9990
N0 NN 3D ON)

NWIN OR NNP PN N OV NN x> e 29) NATHmN ¢ R — R* 1
200207709 D9ONN

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

JoovNa (7,1, ..., 1)
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Kernel

Image

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

2)7N2 ONXRIN .OVAMION NN 1 +— —1,0 = 1295 NN ¢: Zo — Qs .4
JP9MMIDR AVYNY )0 2 9TON MMaNN Yov 2

TN TIND MNON NND NI OV NMN NN f: G — H npnyny nTayn
Sleg) =ey 1

Sflg)=flg)" 2

2099 NIPNR ON ONTIPN DYYON .n € Z 935 f(g") = f(g)" .3

o0 NNan-nn NN Jker f = {g € G| f(g) = exy} MY ,f S0 yyw 4
"5 DMaN-NN” At nn 2oy Twnna) G OV

H 5w paan-nn »on im f = {f(g) | g € G} 95 ,f 5v onond .5
|G| = |H| ™ ,G = H ox .6

DOV N1 ,NIPNA XD MO DXRDINNIMIN DY IOND MNONN .(HDTD) 5.4 Nt
ARYD Npnyn LF DTY Oyn oMo oanmn VW vy aRyd 112)0N2
N5n2 orN ,dim V = dim W noyy .mman Sv ovapmin (@) on1: V — W

009N T

D202 OV NNNN T DY TN J9IND NYAPI TIRYD APNYNIY T .(05TD) 5.5 WD
S(S) oy mv f: G — H ovonmmin namn i G = (S) ox ,1mT 19Xa
PTHIN (TN XY DY I1DAN) DI NNIAP OV NNNN DY NY AP 95 NOVW 2D Y
DUNMIN NPT NPN p([1]) = 1295 NV TN @ Z,, — Z 5vn5 .DvaNmnin
TAN TN L2070 NITHIN NN
”

o)) = (1 4+ 1) L o([1]) + - + p([1]) =

,DIXPN P2 DNIYPNNY DOMN YOV 71TA0 v Y55 19N p([n]) = 0 v T
OVOMNIIN ITIPY 2T, DINPN MNNN DY DY D»PPNN

NYTO PAXY YTNN 9D XN MOV ATON IR L,TPOPN 1NN "2IN972 1NN ONX
OVONMIVN T TY DY

29 W Zip =3 W TDOMORIR VI DN3N D L5.6 VoY
(9N nMan X waavw YD) Uy = Oy = Zy-y nZ = 7 5.7 Dnnt

DPPNN PND VTN g € G 930 >3 N .OvWIMN f: G — H 1 5.8 9090

o(f(g))lo(g)

24



92PN MRNWNN DY [ IR DY) g7 = eg NN 9D .= 0(g) AT DN

f9)" = f(g") = flec) = en
O 0(f(g))|n P03 3.3 Myv a5 199
ZNPONMIPN YN 4 ATON MMIAN PNV D0 ORN 5.9 9990

4 97on YR Y H-am0 a5 o) JH =74 "N G = Zy X Zg N2 IND NINO
0,1 € H wmo 4 97010 YK YV 9T00 IR L, G — H ovammvN in 1IN
NY 9270 199 ,2 WX 1 9701 0NN YO G NMana Mpnn DY 9ToN DX POnn
JIPONMMIPN KD MNIAND 1PN 1o

MNOYIN NPSNMMIPR MNIAN 199 ,D2I2DRN ITO DY IV DVINMPN Q0N
Y30, MMANa ©I2RND ITO DY

im f N 9N G ORY VO o0 f: G — H o (1025) 510 Ty
JoAN H OR P OR 799aN G N ,G = H OxY 0N .1PDAN

JON im f N 0PN G ORY NN LOVWIN f: G — H o 5,11 99N

x € 1im f o v ww won (f(a)) Cim f 2 M2 .G = (a) M1 DN
TPOMPAN NN NN im f 2) f(g) = 2-v T2 g € G TR W 20 INYOD TN
199 .g = ak-v 0 k € Z 0»p mops G-v »an (G v

95w P on Lf(a) YY NpTn NN NNNA AR DD MYd Lz € (f(a)) 2D noMm
O V9PN N DNON ITON NPOPINN MMIANND

21 S5 = Zg DVONMIVN OPP ONN .5.12 999N
JVOPN Zg 1N (FPOAN KD IDONX ND) NPON NY S300 | ND WO
1 (QF,) = (Q,4) DraNMON D”P DN .5.13 929N

935 f(a?) = f(a) + f(a) ©I192) ,DPINMPR NI [ 3 NSOV MDY KD NN
NPR W IR OY NN f-w e .= 4§00 20 own ¢ = f(3) o .a € QF
J(x) = 5w on §-5

INNYND DR NION 0P

f(@®) = f(z) + f(z) = c= f(3)
A3 ¢ Q> nPNo 1w IN 22 =3 192 ,y'NNn NN f-v n)om

tH = (5) <R* 2O f: H — Zs X Z3 DPOIMON D»’P DN .5.14 990
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N im f 03 N DOPN NN H-v an MmO f 07pY 1DOva o)) R NN
NMIANN 2D NPNO N IR dm f = Zg X Z3 *D 92p) 199 0y N0 f DAN ooy
OIS NPN Zig X Zig

1f: GLy(Q) — QF ovammmm 0»p ONA .5.15 990

NI L[ GLy(Q) — im f 018082 112N .M f DPPY NYOWA 1) KXY N
ADODONMION NN fINLY'NN - )90 DPONMAN INT 1D WXTNY) DHINMIDN
DPN0 RY ,9aN GLo(Q) Dy M5 .HaN im f 199 im f < QF v 1o

A3 TDION PIIN WO .HPOY
2009MVIN NN i(g) = ¢! 295 PN i G — G NPNYNN NN .5.16 99N

NP N PITAY AIRYY DY) YNN NN DNNYD DNANK NN APNYNNY NI WO
5 25 OV g, h € G Vi (OVONIMIN NN YD) NDIWYON DY NIV ¢ DN

i(gh) = (gh) " = h™'g~" = i(h)i(g) = i(hyg)
JPoaN G ON P DR OVAMMIVIN NN ¢ MDD .gh = hg DX P DX D»PN° NN

Anversion 202 »T> N2 NPNYNN SV OV 2R NIYND

NP VOVN 5.2

Cayley’s theorem
.G — Sg v 0»pY IO .0Man G NN L0D»P VoY) 5.17 9N

;129900 N9ws oy T XX -1 M>onn nvspnon n¥ap XN Sy qQOIND RO
XO9Y DMUDDD MMBN XIPN

g(a) = ga Snnwn 99395 [, € Si o) Y'NN WSPND NITHIM g € G 95 MW
Y5 .ovaNMMN $-v NN NNN . P(g) =1, 290 O G — Sg PN VTN
0PI g, h € G 9359 NPOIND TN

lyoly =g
@ TN OY MO 0 a € G Y29 DX PN ON NIV NP
(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=ly(eq) =llec) =h-ec=h

] Sg-2 nown G g = h oo
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PMPIY NNANND DN IR D) .G — Sg PV Man G = S3 N2 .5.18 NNt
{1=id,2=(123),3=(132),4=(12),5=1(23),6=(13)}

NN - NNIAND IR 9D NN NIV g-2 ONNYN Y9 XD IRV g € G TN DY
:g = (123) 5v Nmnn IR awN) ,5wnd .Sg-1 g SV NNNNN NN N

dy(1) =2y ,1—2m55,(123)-id=(123)

1;(2) =339 2—3 M50 ,(123)(123)=(132)

L;(3) =139 33— 155 ,(123)(132)=id

1g(4) =6399 41— 6 Mm>> (132)(12)=(13)

dg(5) =435 5= 450 (132)(23)=(12)

1g(6) =513199 ,6 = 5 Mo ,(132)(13)=(23)

YD MININD 192N DR .DINAY NN 290 g — (12 3)(465) 950 TJon
NOIN N POMP VYN MY 29 WY 2(14)(25)(36) o0 (12) nmn
155 < S5 NV WY YTV

2Sp Y DN3NTANT? MONONIR 72 IDY G IO N3N 7D .5.19 WHPOY

Y DNINTHIN? HOWOWR 72 VIDY G HHOYD N3N D .TY F v L6.20 D IYA#)
GL,(F)

GL,(F) 5% nMan-nnd mammmr S,-¥ NI :INND 139
GL,—1(F)-2 .S, "R 29210 0Mp .G — GL,_1(F) ovammmm INYD DN

G = Zg R, 9N G ORY IO .6 9ToNn nan G onn (M) 5.21 90490
G = 53 N ,70aR XY G ORWY

WY YN 6

D901 NMINY NN 6.1

Greatest common DNV (1D”101) 330D GMVWDN PINDD 1, m DNOY DI90N Y 1NN L6.1 NN
divisor 290NN NYNY TN

ged(n,m) = max{d € N : dln Ad|m}

Coprime n,m) =1 OR DN n,m * MN .(6,10) = 2 Svnd .(n,m) P IV WYY
.0 0N 5-) 2 Swnd

b= @ SV INYY PN D5 PoNn d X Ld|b DN d]a DX 6.2 YWD

(n,m) = (m,r) W n = qgm+r DN .6.3 WYV

27



Euclidean

algorithm

D9 NN .d|m BN d|n 2 ©YTY DN .d = (m, 1) 29" ,d = (n,m) IO .DNW
A < (myr) 2o2p o Jdlr =n — gm I 0, m OV OIRDY MPXD r NIN PNND
SW IRYY NPY NN 1 2D (m,7)|n 9 (M, r)|m on (m,r)|r DTN 295 nyd
D MOPP YoN To (M, 1) < d R (m,r)n O (m,7)|m D WP DN am, T
O A= (m,r)

MYV AN VIDW MY Y'Y AIRSHT "WYY (OTOPIN DNINION) 6.4 VOUD
(n,m) =na m=00BR .0<m<n 7 Immn DDIPIR DIMNR KN 6.3
W3 .(n,m) = (m,r) Y PYON 0 < 7 < m IR 1= gm + 7 33N NINN

(ASYD? 3MN DIMDIRD D7

DTOPIN OPPINON NNYA 47-) 53 DY nnnn NN 2vN) .6.5 NNNT

(53,47) = [53 = 1 - 47 + 6]
(47,6) = [47_ 7 6+5]
(6,5)=1[6=1-5+1]
(5,1) = [ = 1+0]
(1,0) =

O OPRY OI901D MAY NIDN ANNT )23 v ONX)

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

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

(7,

DXIAPY DMADN MAY YIAPIY OIPIVINA INPA 19N DDV 90N N NIYND
AMN DN NN IWRD log, n NN DIPININRD SV MWD '8N NITOA

a,b # 0 DWW DMODY 737 DOPNRD LY MINYD GO 10NNN PON) 6.6 VOV
»
(a,b) = min {au + bv € N|u,v € Z}

3 YR WA (a, b) = sa + th-w 3D st € Z DYMY 0193
.ale 2 WAn albe o0 (a,b) = 1-v 75 OOV ©190N1 a, b, ¢ PV 6.7 999D

c-2 9°92) .1 = sa + th-v T2 s,t DMIOP PINYY NN NNINN PON 295 WINO
M3 ,al (sac + the) 135 .altbe ©Y 2NN 29D alsac 2D M2 ¢ = sac+ the HApN
.alc

ple W plb R plbe BN MYRY p DR .6.8 MHPOY

28



ple oMPN 93300 299 ,(p,b) = 1 199 p+ b ,NINK ID»D IR ,p|lb DX NN

MWD IIND NPND N'NNN NN OWIANYI 5,1 DNTPNPN DX NINDD 1T 6.9 ININT

Extended SRNDD DTIPIR BIMNIRI WNNY)
Euclidean
algorithm (234,61) = [234=3-61+51 = 51 = 234 — 3 - 61]
(61,51) = [e1=151410 = 10 =61 —1-51 =61 —1-(234 —3-61) = —1-234+ 4 - 61]
(51,10) = [si=s.1041 =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

10" 5V MNON .6.10 WYV
eld 7N eln o0 ejm-v 5 e M d = (n,m) 0 .1
(an,am) = |a| (n,m) .2

SN

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

] (.72 Y900 Pon) .2

Least common (1”03) MO NOMVYHLD DNOON 7, M DOV DI90N Y JMNA .6.11 NN
multiple nPYRS NATIHIN OOV

lem(n,m) = min{d € N : n|d A m|d}
.[2,5] =101 [6, 10] = 30 Swnb .[n,m| P71 0O DY
0”00 5V MNON .6.12 THYV
[n,m]|a ™ ,n|a O m|a OX .1
16,4](6,4) =12-2=24 =64 5vn> [n,m|(n,m) = |nm| .2
DMWY

n,m|a >3 pm .0 < r < [n,m] WRd a = q[n,m] +r-v I3 ¢, 7 Vi .1
SV NPOIPNY NPNO N #£ 0 OX .1, mlr 0D Yyan n,m| [n,m] N7 290
n,m]|a M55 ,a = q[n,m] 35 [n,m]
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No9515 790N DY PMaN NNYa N’NOM N"HNn 2N NOp TIT IR .2
NI PIPON 0D N2 LDYNVYNT O

n| = [ =pi'ps*.. 00 Iml= Hp“:pi”p%”mpi‘k

D”IWNRI DNMNI YONVIY 21D 0 ©NN) ;, 5; > 0-1 DNY DPNYRT p; TUND
D VIONVND TIN NYD L(ATO IMNRD

k

k
— sznln(auﬁz) H Il’ldX 0517/87,
=1

W, + [ = min(a, f) + max(a, f) 07PN @, f 9901 YW 935 19
O n,m] (n,m) = |nm)|

Sv n"Mnn d o .DM90N M INYY NN PTIND IWIN L(DTD) 6.13 NYNRVY
$1M1 + OMYPNN S1, ..., S DNOY DMI9DN DNIPPY ININ N, ..., N DI0NN
KDY oSN o e spn = d

N YV 910 2N 6.2
d < mn 95%vIivon n € N 3700 228 a € G oo ,nMan G onn .6.14 90
V320
d n o(a)
o(a”) = =

(dn)  (do(a))

D A5 DOWI NNOMN NN NDINN DN

( € Z > NN Ipvyy mnyan)

(d,n)
399 .n|dt 3.3 Mayv 295 .a® = e Mo ,(ad)t = e NI NYPIYNN NN N*DN NYd
n d =1 2 T (27N - DOV DI9DN DY) ‘ dt =)
\(dn) (dn)) " ) 1 (d,n)
n
[l JPNIY D ,—‘t 527y 6.7 DN 2ad

(d,n)

(a) N (b) = e o ab = ba-v T2 a,b € G v .nMan G NN .6.15 WHYV
NN b T DY NINNN NNANDTRM a >T> DY NIXNN NNANN™NN P2 TINNN IMDD)

INL(TPONPIO
o (ab) = [o(a),o(b)]
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:[n, m] PN PO o(ab)-v MR .m = o(b)-) n = o(a) DI DN
(ab)mm) = glrmlplnml — ¢ ¢

o(ab)|[n, m] 152>p 3.3 Nyv *3Y .[n, m] NN OPONN n, m-1 ab = ba 3
199 .af = 07!, (ab)t = e DX YOI NN YT IV TN

al, bt e{a)yn(b) =e
O .0 (ab) = [o(a),o(b)] M5 .[n,m]|t 991 ,n|t N n|t M9

v G-9 WX umln o0 n ATon oy G = (@) NN (ar v ON) 6.16 TWHYV
M ATON DT PO NMIANTIN

K >nn .0vp wv IROM ,m IT0Nn nManTnn v H = <a"/m> I DNOW
K= H nxd momn nnond LK = (F) mn ,m 9701 navn mHpN nNan-nn
,6.14 99N 299 DY B = a’-v 10 b < n ovp G SV I8P a-v INND

0(B) = oy

D0RYP 1NN NNON 295 .(n,b) = L Y m = s 0 M o(f) = m YN

YO (n,b) =sn+th-vI>s,tEL
an/m — a(n,b) — aanrtb — (an)s(ab)t =1 ﬁt cK

129 L|H| = |K| nmnn 2o Sy 9an H C K 199 0™ € K-v 1292p 1m95
] VT H=K

1730~ ¥ NNV MNAN-NN NND .6.17 99N

NI MMANDTNN 901 ,7YP8 12N A21TO INND ,NNTIPN MYON 290 NN
1 o700 |{1,2,3,5,6,10,15,30} = 8 :91m195 ,30 190100 Sv pSNNN 1901
JPONOMIVN MNANN~NND 0NN 30-)

v (lem) YMPOD R S,~3 DN DINND M9V NIV .(6.15 MYV DY) 6.18 MHPOY
JDOIRNDD DWW

A N (1234) (56) 5w 27om 6 N0 (193) (56) v TON .6.19 NNt

.S15-2 45 970N NMNANTNN INND .6.20 YN

9N 1NN .S15-2 45 TON NN KXY NNO
oc=1(1,2,3,4,5,6,7,8,9) (10,11, 12,13, 14)

0(0) =19,5] =455 25 own
NMNIANN~NNY PPDI XY N IDRY NNIANNTNN ATOY NV VRN ITOY NPON Ny
TN DY Y (o)
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2515-2 39 970N 72N D”P DN .6.21 NYNY

0N OIMNN NO9OND 52APNNY 91> KD 39 TN IVRY PPOIN NIND KD INNO
.S15-2

NN 13 TIND TAXRD 0 DIMNN NO9OND 39 71TON NN DIAPY N2 DINN
S15-20waNR onoa i )09 13+ 3 =16 DA, 3 TINN

254 MIDRD OPIVAND DITON ON NN (1D ¥ ON) 6.22 99590
0N OPIYARD DATON S4-2 INND
DTN AR P - 197D 1
(12) (34) Svno ot 09N NY YV NYIN N (7, ]) DNPN - 2 ITD .2
.(243) YonY 3 78D oM - 3 7T .3
.(2431) Suny 4 78D oM - 4 9T 4
25472 DPIVAND DITON 55 NN INM NVIVA NIIND 1PND NNOND MDD Hit
255 MIDND DPIVIANRN DATON ON NN (10T ¥ DON) 6.23 99N
10N OYIVOND DITON S5-2 INNO
DTN IR P - 197D 1
.0 DN NV OV 1Y N (i, ]) DNN - 2 ITD .2
B OTNIND 0NN - 3 770 .3
4 TR0 oM - 4 970 4
D TIND MM - 5 I7T0 5
.(231) (54) 5wno ,3 7NN IMNM NN SV 1Y - 6 170 .6

0> 5 MAY n-n DTV A1TON DN W S,-av 2D Y (i

0N NPINYH VaVN 6.3

Chinese
remainder T O a,b € Z 9% R BN 1, m BR L0OPON NPIRYD VAVYN I0TD) 6.24 VOUD
theorem ) 2 =0 (mod m) @ =a (mod n)-v I nm ANV MPPY 1T Ty DM
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13 s+ tm = 1-v 2 5,1 € Z 00»p wR (n,m) = 1-¥ 290 AR K7 NN
07PN .bsn + atm-2 INAN) VIVYNI WD x DV OVP NOIND

bsn+atm=atm=a-1=a (mod n)
bsn+atm=bsn=0-1=b (mod m)

NNk € Z 93 2 = x+ kmn D) 2D M2 2IVANR NIND XN & = bsn + atm 19N
PN PINS
] AN 99N NN nm I £ DY MTNN DNOMN

WP .2z =2 (mod 5) oz =1 (mod 3)-v 75 x € Z N80 .(00TD) 6.25 Nt
Ss=—1Lt=2yn=5m=3mnpnra .—1-5+2-3=1319,5,3) =1
OPPI PR .2 = 1-(=5)4+2-6 =7 NX 7INIAY TWIX 2PDN NPINYD LIVYN 199
7 =2 (mod 5) on7=1 (mod 3)

MNNVYN) MOAN NIIYN DY NDN MN 29D INY NIN 20N NPINYA VIVN
00T M>pY OV

AVITD) VNI DIND DYV BMOOY MY {mg, ..., My} KON L(00TD) 6.26 VOV
9 MWD DY YNNI M-3 BRIV IR HD) (N RID DHIIP3 TMODY I D
WINO NN 7 AN Z DN WIWRY Yy {a; (modm;) |1 < i <k} nmRe
DIKNYOD NDWYD?

r=a; (modmy)

r=a, (mod my)

oy =2 (mod5) ,y =1 (mod 3)-v-v 70 y € Z N8 .(09TY) 6.27 DNt
YT TY 1103 NI DNTIPN DNTN R y = 7 PINanw 19 owy .y = 3 (mod 7)
MY NN 399 (15 =0 (mod 5) on 15 = 0 (mod 3) »d) 3-5 = 15 Yv naon
y = 7 DAXR ANNWNAL 9PONnD i) y = 2 (mod 5) ,y = 1 (mod 3) mnnwnn
PN NPINYN VIVYNL WNRNWND AR 1991 (15,7) = 195 29 owy .(mod 15)

DINS MM Y = 5255 I1PTa MNNIWYN IO NOMA

"waY Ynan 7

9NN nMvan 7.1

,2ANNN NN DNN9 2T > 1 MY 0NN RO XN (Zy,, +) 29950 TRINNDN 7.1 DNt
Multiplicative MNIPI N .0 TN D950 Nwe 220 U, = U(Z,,) Do AR IMNM3R DR DT
group of integers .(Leonhard Euler) 7?’12‘( TINNRD DY MY Oy

modulo n
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:([0] 99912 Yy PNV [0]-n BOYNNI) Zg SW 9950 MO DX 132

WO W | W|w
N[ O N[ | =~
RN W[ &t Ot

Al |ol kx| o]

Gl | W N =
QU | W N~ =

P PITA0 P290N 195 AN NOwaN) 1 OMAY YOV IR DN DXD9NN OINN
Ny Hv 09NN NN [5] Mt napna Us = {[1], [5]} 995 .(mMv P x mTny

VTN GMYNN PONNN OX PN OKR [m] € U, N .m € Z > (INYINI) 7.2 HYV
NN OIVNRD 95 0N (Zy, -) TRINNI D2aNN , 190 1 NN m-1 n YW I3
n-2

099NN YN ) Uyg = {1,3,7,9} myon 295 (Uyg, -) 02N NN 7.3 DNt
:0(7) =45 nx (o 0 10-5 on

77=49=9 (mod 10)
=7-7=7-9=63=3 (mod 10)
"=7-7"=7-3=21=1 (mod 10)

Up = Z; ™ pNUNI 1900 XN p ON 7.4 WD
PN W 10-2 3 PN 5 NINK DY ,Zqp-2 209D 209N 5-D O”P KD 7.5 DT
6lz =1 (mod 234)-v 75 0 < x € Z WN¥1 .7.6 99990

Y5 6lr + 234k = 1-w 10 k € Z Nisnd nx7) .(234,61) = 15 1987 )00
oM TPNN 0N k,xz 00 .234-) 61 SV (Nt NIPNIA DDN) MINYD NPN NN 1
1 =6-234—23-61 nTpn NNXTN 2a5 DAY MIRYD PPN NNHNN PPN VAVNN
2 =211 9n23 95 1R z »d VaNY T & = —23 (mod 234) 139

MNINKRD INNWND 61 D7 vy [234] € Uy mH20p 03 Mt 2wnn

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

.[6] M Ugy nana [234] = [51] 5w »H9nnw 1Nom
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Euler’s theorem
Euler’s totient

function

Fermat's little

theorem

ADNNR NNNPNS DWN 7.2
INAD VNN VIVYNN NN PPO) Un 172NN MY TINMD VIVYHN

WY p(n) = |U,] %99 MW ¢: N — N AP ImMSpno (19N 0avn) 7.7 00wy
.a?™ =1 (mod n) ©pnw a € U, 9

©(10) = nx Uyp = {1,3,7,9}-v annn .3 € Uy 199 ,(3,10) = 1 .7.8 nony
3910 = 3% =81 =1 (mod 10) :07pnn X .|Uy| = 4

1333333 59 NNAINNN NT90N NN INYD 7.9 9990

215 0w N (mod 10) N0 N 129010 YW NNINKD NID0N ,TPNIVYN DOV WM
199 .333 = 3 (mod 10) »»

3933 = 34831 — (3% .3 2 81%.3=1%.3 (mod 10)
333%% = 3% =3 (mod 10)

.3 NN NNINNRD NI90NY INOM

DN 0D INND 6.14 939N NRYA .0 IToN 0N nan G onn L7.10 990
.G NN oy G2

AN .G = (a) 2 ) NN

G=(d") < o(d")=n <= W:n — (k,n)=1

p(n) = |Uy,| M0 G R 080 028N 1900 )00

VKT P N3Y IR VOWD 29 WO TPY T (1079 SV JOPN LAYNN) 7.11 VOUY
aP~t =1 (mod p) v¥931 0(g)| (p — 1)-w O a € U, 999 V% .|U,| =p—1

5S¢ MNINNN MIIDN *NY N 12WN .(100) = 40 >0 1Y 12 P23 .7.12 99N
90921 79000

2wnY 551 8,909 = 9 (mod 100)-v »91n .M»pY oM 190 mod n-¥ 13t )N
’9121

9#100) = 940 — 1 (mod 100) 19N VAWM 29 Sy #X ,(9,100) = 1-v P>

I =(910)3.9=13.9=9 (mod 100)-v N

YNV AN ANDY ANBY 2100-1 YIN DT ©11901Y (n) NN DAVHN PN
DI VIMN T2 NN DIOPN DXIVOHN IVON NN AWNY 9N PYAV 190N MNP
o

MPIN NY9INY P9 JN2) OOV I901N DD ,NPPONTIND DV YTIDN VAVYNN 29 DY
M23) (YYD AT 2T TY) DPNVYRI D00 HY

_ kl k‘2 k'm
n=p; Py --Pn
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,N129902 1NYDD MYRD 190N DY NPIN DY IDIN N”EPNND TI92 1NN NYd
:avnb Yp oNMNY

R 1
p () =p" =P =P p 1) = (1—]—9)

J(a,b) =1 DR PAY ,NINXINA NNDIN RHY MYV X PPDN NPINYD VIYNI IO
92p) OOW 190N N1AY 139 .p(ab) = p(a)p(b) X

e (n) = (Pip5 . ..oir) =0 (p1") ¢ (052) ... o (pi)

:p’flp’iz‘--liﬁwm (1%) (1]%)1(1]%)
(0D
g0(71):71.(1_20%) (1—1)%)...(1—]%)

1991 60 = 22 - 3 -5 20 5% ,|Ug| NN 2WN5 27D .7.13 NnnT

@(60):60-(1—%) (1—%) (1—%):16

89214671999 4+ 2019 YW MNINKN MADN PNV DX 12WN .(9T9) 7.14 999N

92pn mod100 2ya3 .¢(100) =100 (1 — 1) (1 — 1) =40 29N> 5p o

DO

8921467'%% 4 2019 = 6719 4 19 = 67701 4 19 = (67°°)™ . 67! + 19
= (677090 6771 419 = (1) 677" + 19 = 67" + 19

-2 N8 199 100-2 2 67) Uigg NN 67 D 20900 NN NINND M) Nyd
DNNYND PING NNOND TNXD DTOPIN OV DNINVONA WRnv) 70 TNY0  (Uigg
672 =1 (mod 100)

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

67 5v INYY NN ged (100,67) NN PN 2NN DTOPIN OIININ NRY3
:100

(100,67) = [100 = 1 - 67 + 33]
(67,33) = [67=2-33+ 1]
(33,1) =1
MO =3P ,1 =67—2-33=—2-100+ 367 :52p) NMNNXD NANOIDN

.3 NN 67 Ov 0
22 30 MNINNA MI20N NV 9D 671+ 19 =3+ 19 = 22 125
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RSA
cryptosystem

MY YNN8

RSA m9s8n novyn 8.1

MaxnY NYY NYNNKN ,RSA Naxn NoIyN NN MNIAND NNNL VWO NN
DIPINON DY NXIND NNNT IR INDIN NNNN YT DY NDDINN NPIVON
ST NNPYIN (PADTR TIAINNRD PNV >TY VDI P OV DY) RSA

JAXIN J9IND NYTIN DIORD MOVYO YN 112 10NN

TIND DY192) INIPN J9IND p, ¢ DPNYNRI DD 1Y NINIA DN :MNNINHD NN
pn) =(p—1)(g—1) My n = pg ©IBONRN NN NIAVYNN NN .(DNTH
SY192) MBXNY TIAYNN RIPIVY p(n)-2 NN e > 1 790N NIM1 NN qona
5S¢ d r995 0N NN NN (NN JOP T 90N N 65537 = 216 + 1
7900 NN NN MDD A9V ONON NNAnN IR MY Uy, NMana e
T ANTNN OTOPIR DIPINON T DY YWY de = 1 (mod p(n)) 0»pnn

DY MM TNN PRY 2DV

NNANN NN JOXIN NIDNA XY TR L, PHN J9IND NN DION 9912980 NN NYN
NRYY TIDA NIV NN d TIDN NNONN DX (09D IN) 12D (n, €) X MNN
DY MND TNN PRY 2OV It D)

NN .0 < m < n 0”PNRN m 90N NN OOND M NyTin NOY 212 :Mash
MO 90N W PN 19INA ¢ = m (mod 1) NMANINN DYTINN NN NOW
MDY D10 25w MY MYNHiN Hv

me = m >MON NNANN NNYA m NYTINN NN R/AYN DON MYy
.(mod n)

3
Il
Il

p = 61 NN S5vND 27N DON TIND DIVP DI90N DY INNT 1N) 8.1 NHPNT
VNN NN . = 539

n = pq = 3233 pn)=((p—-1)(¢g—1)=3120
NI MYV OTION NNANN .p(n) = 3120-5 It 1RV e = 17 MaxN Iy ININ NN
d=e ' =2753 (mod 3120)
YNNN NNANN NN DDIAN NN DIPINONI DNMYNIN DADVN 7Y NN DYDY » T
(n,e) nHv
DYTIND IN 2V NN JDOND m = 65 NyTnn DX NDYY N 212 N

ARha 3yl
c=m'" =2790 (mod 3233)
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2N ST DY NN NIVON DION NYD .DOND ¢ NN NOWVN
m = 2790°" = 65 (mod 3233)

M2y MYWa MYYNo O NPINTIN MPN SV 0»»aN >25v1 02NN
NOWY) W NANYA NPIN 2N T DY IR PIDN NPIRYD VIYNI MNYIN TIND
MNP DAY 29 W) mlT 2WNY Swnd (NPT IRy NIROYN D) NNIPIN
22N POANDI NI TN MY9ON 17 — 1 = 16 ©pna 195,17 = 10001,
'=m-1=65 (mod 3233)
2= (m)* =992 (mod 3233)
(m2)2 = 1232 (mod 3233)
S = (m*)? = 1547 (mod 3233)
(m*)* =789 (mod 3233)
T =m (m®)® = 2790 (mod 3233)

MPIYTN NP0 22PN N (NNINNY NNIYNXI NNY) m-2 NV IYNIY 2D DY)
VIDOY 1YY MNP .NPDON 190100 DaApn Nt 112272 1Oy IWND 1N ,100015-2
NOVIVAN NINANA YDONPI

- (mL§J>2 ok
" m(ngJ)Q AN ON k

nNoYN Sv moe |log, k|-2 panond on pnwss k may mF awm wno 1o
NPIATIN MY9dN £ — 1 opna ,nrantn moadn [log, k-2 anvn 9591 yiaa
2 NVY Nya 27902753 Sw 21wnY WATH A3 PN N

NYAINVIP NPEPNN WNNYND ORTI XD wnny NYTO W L (INIMKN) 8.2 WD
230 DINNA DN T DY NPTPITH NN NOD .0WN DDIND T2 DYDY
VROV DOVIN 22)XD DX IYARY MY MApNN PV ,TIiPN MNdN MNPV NNJ
;TN OTN NOPNN DNV RO MNNIN NPY DMV KD OIVNID NN D

LTIV T OTIN Y)Y NapNn

NN DON RSA DY 198110 9010 DORD MOYO X7 22 (10 v ON) 8.3 99N
NDIO NN INWUNRD ¢ D) TR p = 2¢ + 1 NN MNYRT D5 ,p MO MNYUNI
NN NNON NN

n = pqg = 60031, e = 4761

NYTIND IROINSD . = m°® = 19033 (mod 60031) Maxmn NYTINN AR NHY 11
p(n) IR NINNY O INY 120N PINS NV 1AV M
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NNYA n DX PO VAN 2D N0 NINYN KD DOX DY DPYNYNIN NN INNO
g MINYNI NINAN TOWIN AIRNIYIN PNIND

n=rpq=(2¢+1)qg =2¢* + ¢ = 60031

9900 NN ¢ = 173 0NN Tnr pay —EEEE20008L — ZLE693 3908 5w 15 ww
pn)=((p-=1)(¢g—1)=59512 95 .p = 347-v NI pyav

DIPIMON NN YN .d DX 2VN) N2°NN N5V aY NYyTINN DX NINND 71D
aNMN 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 PPN IR YN NYTINN NN NS 10 .d = el = 25 (mod 59512) 199
195 .25 = 110015 > 95t .07 NIyl

= P = () = (P = (B = el((e (0P
bJPJ N1 09290 O”INDNND NANTD

c-1=c"=19033 (mod 60031)
)2 =¢* = 19033% = 28035 (mod 60031)

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

)2 = ¢1? = 29966* = 17458 (mod 60031)
)
)

2 = ? = 17458% = 4377 (mod 60031)
22 = ¥ = 19033 - 4377 = 44444 (mod 60031)

m = ¢ = 44444 o0 nyTinn 199

PIN-29T DIININY TIT1AN DMINDN NYya 8.2

Discrete

logarithm mwnn . € N-v g € G aman G onn (7720 0madn n»yl) 8.4 wya
problem (DLP) T MANAV 12N0N log, ~-1 NINON NN DINON A = ¢* 1M £ NN NIXNI NN
YR PTY ,TIND D) J9IND NNAND NDIYON NN WNND 1N’ ONX 1PN, NIPNNN

T NN NINDD (FPDIYN"NN MNAD NNY NYT 110 NPIDD) TIND

39



TIOPNN NNIANA PO NWYND NPOIY TTIN DIIMON NPYIY 25 MY 8.5 YYD
SV MININ TIT  NVINMION N T IMND NPOPND MMIAND YOv MY (g)
PYIN NN TTIAN DIPINON NPYA YN PINS OV OVIPN DX Yapn NMann
NMPNN ,MANN ,MNNSN NASNN 1D ,MIT NPIMNMVOIP N’ DY DI NVYPN

JIV9IMNVYIP 2122 NPPNN NPOVIPT

DN N»YAD NIV NN KD NN Z,, PNDNN NNAND 11D DNINT .8.6 NNxT
x -1 =090 1OmI0 NN Pyan g = 1 orv 20 v Z, = (g) M3 TN
DN T PR PNIIPNY PYIO 190N NIN ONRNY PN -0 0D 29 v .z (modn)
Ly, OV

DOONINY NN NN ,A0N OITNN 17 IDTIN NN DDV |7, OV NP9NIDN NNONN
Tg =-V IO NINND N DR A € Z, Y2 g # 1 i vnn panad
VN M) IMRY gL 1995 DN P 19 L(g,n) = 15 W9 T A (modn)
. = hg™! (modn) XN PINSN 125 M2 DTOPIN DNIONR NIty

Diffie-Hellman
230 N i AToNn G = (g) OPPY NN NN (1YN-29T NIPIvIA) 8.7 THYV

(NPIND MIDD GONND INY) TIND T ONWNRI p Ny U, NN MNAY 52pn
NNaMY a € [2,n — 1] >yav 7901 XINY PTID Y09 NNAN ¥ NYIL YNNWN 955
79MYN TID OPY2 DR, DOXR ,DVHNYN YW PR .¢% (modn) NN

key exchange

N N9 N9 NI g% (modn) NOYW MDD NNND NN 212D NNOWY DOX .1
.g° (modn)

(g")" (modn) NN 2wnn 11 .2

(g)" (modn) nx mavnn PON .3

9% (modn) amwnn MON DY MYTIN PAYNS DN DITTN DY NYd

O RO INPTION TV KD 212) DION DV OTIDN NNANN TONNA 8.8 WY
STONDY NMIYAN NNAN DX NIANNN NNV AYND 1N’ IV IV XN DIPINOND
IN) 2120 N DONRD TIATA INNNND 51D GPINY NN DNX NN NIPNN MNSd v

2 N9PNN NYINO DNOMNN INY DNPIVINN DVYNNYN DY19a 197 ,(DNIYD

p = 23>0 (PT9PN MDTNI) DIVP DIADN DY DIIMINRN NN V) 8.9 NN
Uss = (5) 98 902

b =15 970 212 5% = 8 (mod23) Nx 2125 NSWN 1O ,a = 6 NN DON
2121,19% = 2 (mod23) 2wnn ©ON ny> 5% = 19 (mod23) N DORS NSV 199
815 =2 (mod23) avr
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Carmichael

number

Strong witness

Miller-Rabin

primality test

WIVN DN 9

NYMIYNRY NPYTAY 1P29-9990 OMHIMIR - 9.1

DIPIVONN  .OPYIV DI9DN HY NPIVYNI NPXTID Y193 DNINON PN T PI92
N0 MM 1980 MV LA > DY 1976 MV NMY YODPNIVT NI Y NPNN
N LTPON? NN NN PMAIANDNN NN P27 2T DY DIPINORN DY 1PMIAN0N
TPNIND NN NMONN ,NDNI MIANDNA AN ,MNTNA MNYRI 190D DD Nitn
DNYNID 2279 9901 DY DY PIDN NN DNINONA (NINN)

MYNNYN TN VYND DT DIDN DY NPNVYNI NPPTIY NN OM9a
Baillie-Pomerance-Selfridge- 0m o821 1N ,129-920 OINMONR DY MND2
> oy vomn on oD OpenSSL n»1a0a Swnd  amn 90onn Wagstaff
RN MNND DX INT DIRRD NNOIND D YIPA ,MPNND DNV

P DRY NPVIN NNIS DY JOPN VIYNNY NXIN DIPINOND ©’DIA NIPYIN THNX
N-5 9N a 95 v ayw N 19 99010 .a < p 999 a’~! = 1 (modp) WX VN
P79 1900 MY NN NPV NITIN 390 o Xy oVl = (mod N) o»pn
O 0N YAN 9PPRIP 900 NOPX 7P .a” = a (mod N) o»pn a 935v N
JOND OI90N D) MM NONN PAI-IN DIPIMONX 01Ty

OOV VNV INOR M AWRD N—1 = 2°-M »8) oNWRI N > 255 nod)
ox L(Fy 2200 nTva 22 — 1 ow9on Sv oww) +1 p7 on N oTmn 1 5v
(N —1)/2 ox nys 41 xn a2 99 g0 wavn v eV~ = 1 (mod N)
W aM = 1(modN) 0”pr NIONa WX 2T YW nNPo PYnn> 5o N
PNV N TR ONX 995 N May anwds 0 < j < s My aM = —1 (mod N)
AN ,P19 N 2y N DY NPNIYRID PN IY NIN @ 19000V IR O”PNN IOND
N Sv opin o7y on N — 1 Ty 090100 19 Y37 INPN 200w N0

YOIPN k£ 90nI) ,N > 3 oyav 19010 XN VOPN .(PAI-100 DIPINON) 9.1 WYV
ANaNN PYT NN

MYNI N 901D3) MIWUNT IRTID” NINNY L2219 Mva N ON 7p19” XD voan
Ap>19 NN 47F 7ayan nomin mHanona N

a € ONIPN 190N N INAN NPXTAN DY ONYS £ INDNDA INN) DY RO
a=aM awvnn [2, N — 2]

2o N SV NrNWNID PN TY NN a X ,N DT —1-5 N 1-5 9pv x OX
ST DXTYN NRDIVA DY NNAN MPSIVIND YN

INAN NPPTAN DY ONYs s — 1 ARSI NN ,NINK
o = 2% 2wn
Jpga” Vo9 NN VMY oz = 1 (mod V) BN
.DXTYN NRDY HY NN PXIORY Nayy & = —1 (mod N) oN ,nINN

—1-2 9 NO a?M N0 J'P279”7 N IR, TMDI9N NNDIDNN DR N ON
0< 7 <s9nd
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https://eprint.iacr.org/2018/749
https://github.com/openssl/openssl/blob/master/crypto/bn/bn_prime.c

DINYNRT NN PN D2Y0 NPNIVIND £ 9D NN NIAYY NIPna pa

N-v D0yan 19010 2IWND NPNN MNP MDANON NIV I1AND (MYI) 9.2 990
15 N DV FPAINYIAN MINNN NDA ¥ DI9INT DXDIAN 110D INND DD .2-2 POonnn
.S DN NINnD

IN 227 ONNTIN PAYM DY NNYA NPINA NRDYN DY NVOWA vNnv) ONX
5y Y9t NYIDO NN 19w e .O(klog® N) non Dmamorn Sv yatn N1
N 5V NYPNHYRIN NN 71720 YNV DTYN INY DNIMNHD DNMINOND VIPY O
POVOYNIVTN NOVN N AKS 0mn9mox Sund) log V-2 50 Ninv 1Y ol
LOPNYNRI DN OI9DN P11 NNY Py Y IRIN (PAI-1D) OV

N PAI-ID OIPINORD PODINIVT DD ,NOOOMN 12 NIYYN NNN
NPNYRIY 70 Ty NN [2,min(N — 1, [21n? N )] yopa sya0 1900 55 oxn ;17125
?1T25 20N JOoP N May NN NVND oY Ny ONNINOR o N Sv
DTY DY YOP T 19010 595 7172

5=2095 .N —1=220=22-55 NN »¥) .k =21 N = 221 rno .9.3 mnnt
M = 559
D AWM .a = 174 € [2,219] IR (MPONINRN TP 299) NIPR J9IND IN)

aM = a®M =174 = 47 (mod N)
71723395 211 o1 £1 R 47 00 20 oW
a®M = 174" =220 (mod N)

NI 174-w N PNURD NN 221-w INY NN 100 220 = —1 (mod221) 1N
avN) .a = 137 INN ORIPN 190N OY Nyd NON 221 SV NYIYRID "py Ty’

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

NO2aY 221 5v MpIon Dy Tyn 137 1921 ,221 D)7 —1 NOP RO OIpnn YA
221 =13 - 17 o) ["p39” iy DR INORD

NIPNA N2 OX N — 1 = 780 = 22 - 195 NN »8) LN = 781 n») .9.4 nmunt
’D 92P) ,a = 5 DX (NPIaYN MTPN 19))

5% =1 (mod N)
’2 DAy ,a = 17 NN N2 ON NYD 781 SW NYHIYNID PN Ty NI 5 DD
17'% = —1 (mod N)

781 1991 ,2789 = 243 £ 41 5 19 @ = 2 NN P17 DX PN TY NN 17 D3 199
J81 =11-71 P8 21UNI N
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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

"IVY DN 10

nYYNY MMan-nn  10.1

D”YPIN g € G 995 O MW YNNI NIXRIPY H < G nMan-nn .10.1 N0
H <G yoy m npna .gH = Hyg

DNPY DIRID DO LH < G ONINTAIN DN L10.2 VOUY
H<aG A
gHg ' =Hovwmm g G997 2
gHg ' C Hovpmw ge G997 3
LG KDY TINHDVY) DWW 2w YW R H .4

,3 PYD NN M 2 PYD D MI .2 PYOD J1PY 1 QY0 0D NMINAD OP ORI DN
0 92p) g 1Hg C H on gHg ! € H oX >0 25 Dw) »wn 1110

H=gg 'Hgg' Cg'HgC H
O .oy myman namna TNN YW VYN PNPODY ,OXINND DN I 4 PYoVY oMY bP

DN N .NPONIN N NOY MNANH™NN DD N ,TOAN NNan G OX .10.3 NNt
NY NPYNI DADND NN D XY 190N g thg =h € Hw ,he H <G
tgh = hg-v 720 Nopv

M NTRNN 090 IR N WaN SL,(F) < GL,(F) o»pnn .10.6 D0t
ovpmn g € GL,(F) 929w~ ,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 o0 SL,(F) D 25 ovh N0 InONY NN 11T
Ap <0Sn 00w i pon R .det: GL,(F) — F*

(23)((12)) #((12))(23)»mommnrx ((12)) <S5, nMann-nn .10.5 M7
H <G nn 2 op1yxn nan-nn H < G onn .10.6 Yy

MPoNNn PNV PN ,G N2 H SV NYONRDY MPoNn dNY P W o0 YT DX .ONDW
NINND TPONNDYN NPONNN N ,a € H AR OX .H NN Mponnn 19 DNN .Dr
MPoNNN SV TINX RN G-v 2Won . Ha 00 NINKRD 73000 Aponnm ,ald NN
paip))

HuaeH =G =HUHa

[l aH = Ha 52p) 9t NN QN D22 TINNNIY 2390)
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Dy (0)] = 22 = 2 DR VOwY 9% D (o) < D, DIYPNY .10.7 MHPOY
[Sn  An] =2 MW (A, <S5, DD IRYY AINK TIT DY |

ON Dy 8O 7900 K < H o owmmaww K <G on K < H <G oKX .10.8 W
IKAGE P row H1Gon K< H

™ORN RO (T) 2 NI YAN ITPN Myon 295 (1) < (1,02) < Dy Swnd
Dy-2

MNAN~NN OV 12951 1) man-nn H, N < G vy .nan G onn .10.9 990
nrno
HN = {hn|h € Hyn € N}

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

HH = H 95 199509 Ny, H 1 = H 9mYs 2905 0o N0 nMan wWono
v HN = NH 25 ,hN = Nh o»pnn h € H 9353 9apy N < G-v »oan
O h € Honn € N onrpw RON  Inh = hn NI1DNAY IMIN RO My 2D
nh = h'n'-v

DIVRN OY (NPN) 920N PO e =e-e € HN v HN # & >> 15 oow)
MM M7 0, € N o0 by € H mox av ,nmvn 17wva mmann~nn Sv
:HN 5v 099510

HNHN =HHNN = HN

hlnlhgng = hlhén/lng = h3n3
I9ND MDY

(HN) ' =N"'H'=NH=HN

(hlnl)_l = nl_lhl_l = nghg = hgn;

HN < G o
P9 g Hg = H ovprn g € G 999w ,H <1 G qona ox

g '"HNg=yg 'Hgg 'Ng= (¢ 'Hg) (¢9'Ng) = HN
7G-2 nYonm H ROY N RY o np i LHN < G o9
Center NY G NNIAN DY DD NN 1A 59N NITHN .10.10 DY
Z(G)={g € G|Vh € G,gh = hg}

THNY 22 MY .G DR DD 0y DaONNNY (-1 OIDNRN DD DY GOIND N DINT
925 27P0AN NIONA NN TPYNM NNANTNN OND YaN Z(G) o Z(G) < G
SLy(R) < GLa(R) May Hvnd NOW 19N
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Quotient group,

or factor group

7 MmMan 10.2

H < G nmannn Yv 6/a = {gH | g € G} nroNnwn mponnn qoira 192m
INAN DOWHN NN AT QOIN DY PTHIND IWIN

(aH) (bH) == abH € G/u

DTN AN MO NIPpRa LH < G DX P DX (DIXRTY) 200 DITIN 1 N0
JH-5 oroa G Y9 oD nWan IR G/E nmanm eH = H N0 w nMana
G/H yron o3 92pn H o1m G” NNt RIP) D10y

5 25 OV nZ <1 Z >d NI DPOAN VI YN NNAN NN Z .10.11 DT
Lz ={a+nZ|a €L} ={nZ,1+nZ,2+nZ,...,(n—1)+nZ}

owan .0 <k <n—199X k+ nZ nMN P 0N 1 1MIAN2 OIDNRD MDD
N
(a+nZ)+ (b+nZ)=(a+b) (modn)+nZ

Llnz ¥3 29 WV .k + nZ — k (mod n) npnynn 295 Z/nz = Z, 7> MINIY IWON
PN ITON DIV Z-2 PR D IR) DNV DIDNRN 0D DVND | Z SV NNANTNN NN
DTN 2RY VIS

JG:G] =150 M1 .G~ {e} mmannnn nx v G nMan Y55 .10.12 DNt
Gla = {e} ovommr v 0191 .G/¢ = {G} NMAN2 TAN TR PI W DD
[ G — G HOoron70n oraMmMND D SYnd 1oN 7 NMANTNIN NN G o
ker f = G 07pn g — e 295 TN

[ G/{er = ovammr nw g {e} = {g} N0y 0N G/{e} NN DIDNN
TN HP N DY .DVONMION N Mt NY 0N ONRY RN g {e} — g 295 G
Y%7 NNANNNA T PN L{e} NN id: G — G MM Npnyn YY pynny
G v

nana onn JH = R x {0} < G-2 yann ,G = R x R»nn .10.13 Hony
N NN

¢/n ={(a,b) + H|(a,b) € G} = {R x {b} },
L= NS ODAPNN OV DN DN DD

> 0PN H < G nMan nm G 90 0an May .10.14 Iy

o/l =16 H] = o

[G: Hl=n<-v 10 H <G nm (Mmoo XpnTIxd) nnan G >nn .10.15 990
.a" € H oo orpnm a € G 9355 100N .00
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200 0PN K 90 NMANAY XN TINDON NNPONN 2 NNN 2D PO WIS
Y G/H|=n om0 np .aH € G/H »x,ae G kMl =enkeK

a"H = (CLH)” = €Gg/H = H
.a™ € H nop oo
92N 1NN NN G/E D N .2 op TR NMan N H < Gonn .10.16 990

|G/H| =[G H] =2 ypmd .H <G LG: H) = 2 DRY 720 1R N
JPOAN NNV Zp NN ,DVOMMPN 2T TY ,0IWUNT NINY) 2 ITON AR 0NN
JP9AN NN o0 G/E 19

™2 59N .G-1 090 TN OADRD GO T o ,nman G onn .10.17 990
Ao T < G N ,van G ORY ONXRIN

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

290 TON TN NI AT AN G/T 73N NMNaNa ,qoN1 .2

D OYpM g € G 939 o(a) =n NI ,a € T > NYRIN PYON DY 2NN NNO

(97'ag)" =g 'aggtag...g lag =g "a"g = ¢

T <G Mo g7 'Tg C T o9

N0 VTON ey # 21 € G/T AR D»P 2D NPOVA NI VN Pyon May
92pn ,(2T)" =T opmm .z ¢ T 99 e r =T N NP0 2R o(2T) =n
MOV 2" = e Y (™) = e-v 7O m DPP I PNV I1TON 2" OX " € T D
Ovnonww el

W) ,G <G wRY YT =GN, o0 nan G or T < G- minonT
YDON ND 2211 1901 90 MWD T = Oy =, 2, 8 ,G =C* on .G/T = {e}
JODPN ITON NI 1-1 NNYN VoM TIY DY

Wy THXR Jnan 11

9N YY DNVONMIMND Vavn  11.1

DIVYPNN DPTID> DVIYN DN MMNIAND AN DY DNVANMIPND PVIVN NYVIDY
D21nY DT DVAYN ¥ .NPINI MNIANTNM NN MNAN ,DNVANMMIN P2
P9 PI0YI YNNI LPYDIDNIN NI2ION DY DINNA MOOON 991D ,DINN O»IION
DNIVHNMPND YDAV AN VDY MIPYN NINY ,)IYNIN DDOMMIDND VOVNAI
MYOIND NN AUNIOY VDY DD NID L, AVYND LNy OO OINND NN)

)2 VNNV THRN vYNd NINK NNAND 1IN NNIAN P OVINDIVN
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First R L0 G = H BHoWmmm MY (NDYRIN ODINMIDND VIYN) 11.1 VOV

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

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

Do H = {(z,y) e RxR|y =3z} nm ,G = R x R nn .11.2 0
Gl =R

N2 3 VSV Oy W NN H I0MmINDD Mynwnd 25 DY [ TPYNT DN
PN 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|3x —y=0} =H
O TN NN DAPY NIYRIN DVONMMIMND VIVN 199
Rz =Toowom o9 nman n T = {z € C||z| = 1} y90v3 .11.3 Y90
D, 009NN L f (2) = 2™ oab f: R — T 97 Dnow

flx+y) = e2milaty) = 2miztamiy _ 2miz  2miy _ £ (1) f (y)

awn) JaNYoD 2 € R May e2™@-5 21159 1) z € T 95 0 ,0va N ) NN f
PYVN NN

ker f = {xER‘e%”zl} =7
Il R/z 2T 92p) ,YUNRIN DONMIDNRD VIV 19
tker f nvND 99 W L f: Zyy — ZLog DVONMINN > .11.4 DN

K| € 29 |K|||Z14] = 14 2 K < Zy4-v Yo K = ker f 903 0o
MIpn Y5 My g1y {1,2,7,14}

Zuia/k = im f 52p3 PYNIN DPONIONRND LAVYHM Y'NN NN f X[ K] = 1 or
WR 14 9ar fim f| ] |Zoo| = 20 Y991 im f < Zgp 00 WO WP Zyy = im f 19D
JK| #1999 ,20 D ponn

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

_ 12| _

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

JK| #2952 903 20 DR PONN IR 7-v 290 W)

H = 10Zyy nMan-nn NP2 .0t ovammmin o»p 23 A1 K| = 7 ox
Ly — H < Zigg DVOMMON MIAN ,Ziog DY (2 970N DNN ANAN~NN PV W)
TN NI PY DY PO )0 MO .0-9 oranm ,10-5 nOw 07 NN DI9DNN
K= 7 N NVUNRY

oOAMIMINN NAY NYAPIN NN RN LK = Zyy 9apy N | K| = 14 o
IONRNPION
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Inner

automorphism

Inner

automorphism

group

95 IRORSD (|GY], |Ga]) = 1-v 75 oo mMan Go-y Gy 1NN L11.5 9990
J1 Gy — Gy onvammmnn

JIVRIN ODONMIDNRD VIYN 29D .OVNMIIN f: G1 — G320 3 W no

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

J(|G1] 4 1Ge]) = 1 9ax .Jim f] | |G| /tamdo vawn 295 3991 Jim f < Gy )0 md
JONNPION DPANMMNN NN f MDD - [im f| = 1 19,

J0AN G N, ON NN G/z(6) DR AN .nan G onn 11,6 9990

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

D DYVITY
G=J92(@)

geG

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

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
] Jroar G o9 ,gh = hg ©»pn g, h € G 920V HNOIN

Glz@) oR 2 . Z(G) = G BR PV DR IR G D DY DN .11.7 WpOY
G/zG) = G/a = {G} 3P DD MPH3 D IR0 ROD WX IPS

92 AIMN V,: G — G DYSIMMOVIND .a € GO ,nMan G 0NN L11.8 YN
J2DY SHMO BHOWDWIR NIPY 7, (g) = aga™

Inn (G) = {7 a € G}

.G DY BHDMNON TIVVONVIVIRD NN NNIPI W NN2ANND
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nMan 200 Inn (G) 2100 4, = Y41 99 7409 = Yap 22 VN L11.9 93N
.Na2590N Ny oy

o»pm g € G995 DHMOW
(a0 W) (9) = Ya (1 (9) = a (bgb™") a™" = (ab) g (ab) ™" = Yap (9)
P2 Y. = idg 22 25 DV JPYRIN PONN DR NN 1D

a a1l = Yaa—! = e:.d
Y00Vt =t =Y =ida _ 4
’Ya—lof)/a:ﬁ)/a—la:’ye:idG

,G NMan 955 0 o 11,10 N
G/z@) = Inn (G)

¥ 295 ,ovIMMIN N .f (9) = v, 29 f: G — Inn(G) P DMDOW
YN IR 2wy L(Inn (G) DTN 299) Yy NINY J2m0 . DNNY

ker f ={g€ G|y =ide} ={g9 € G|Vh € G :7y(h) =h}
:{g€G|‘v’h€G:ghg_1:h}:{gEG|‘v’h€G:gh:hg}:Z(G)

11.6 93 Mpond .G/z@¢) = Inn (G) Yap) ,NYKRIN DVINMIONRD VIVN 29
O ORIV NN IR, YN Inn(G) DR D o)

DYIRYY DPTIPY XA 11.2

112 199) ROY RTNDY YT TN MYTIN 2YND 112 T AININD TITPN DN
INDY IPND D) DXNYYD) NIRDYD NIPDD ORNND ,MNIVY

TN ©DNOPY MDD [, ZE S DADN Y MYTIN Paynd NN TN NN
ZE-2 (A0 ) MOP DRNND TIVN NN NON YN 935 N0 Kk SV »ap
>k WND 20 | ZE S AR ZE 5w AN 935 DR pHY TTpnn

Code NYPI WP APV NXIPI VY DN DD ZL OV NNIAPTRN NN WY L1111 91D
Codeword .Nom
Linear Code WY W NI H € My, (Zy) N®20N DY DDARD 2NN NINY 1Y .11.12 A0

C on .Z5 5v nman~nn X0 C OXR P OXR INYD N0 C C Z5 Tip .11.13 2y
LDAND MO XIN DTN DN INNY DY 2NN NIN IDNR DI IR PINYD TP NN
2NOPY AN NN Zy O¥ NNIANTNN DD PNYNRI p NAY N
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2 NN 03 DIVINNDD DPINYD DTIP PTHND NN TIT DIPNI INYINA
MY VTN A € My 1 (Ze) N®I0N 935 .d X d 5T DTN NIV [;-2 NI
DY MYILVN

G= i’; € M, (Zs) H=(A Ii) € Myya(Zo)
Standard NPOI3 AWV NXIPI H -1 TIPN DY NP MY MO NIRIPI 1D NNsn G IWND
generator matrix ~ 9W PN M .G € Z NOM x € Z5 MOP TP .TIPN DY MDD Mmw
Canonical n —k nooma z o1 nnn Gz nomnw 29 wv .C = {Gz |z € ZE} nn
pairty-check PN ON v € C O7PNN :N2MN MYPN NN 71Tan H N¥90nn .mn Yv npao
matrix HG = 0-v 9mix it maon 2001 .Ho = 0 o

PN NINY NNIVNI NN .11.14 HINT

I
- k

DN P ON DAX D2P) PN NN NP PO PO TP NPTHIN N NYIVN
NTTIA NNDY MY MO XY MN TPV 29 v .MTAR YW anr 79010 v Gr-2
ADNTT2 D20 P POM NIN DAN)

u MY NOPY W € Z5 M0op) 935 3NN XN DOV TIPPRY 290 L1115 D
NPT OV PONA P MINAY IWPRY DYTY DNIX OX DY () € C-v 75 T
,INND DNR TP N9 TIOND MDD MINAIY NN IR NYD JMNX MM D51 nn

SR NN 1D 1TIVANY KD MINY 110D

Yy DY YN 12

Hamming weight 3N P 12Y MTNND 1900 NN v € Z5 NOP) OV »HD 79wy .12.1 DD
Hamming NNIRY 2910 .0NYI MNVA MTINYN 190N NN w, v € Z5 NP v 2 d(u, v)
distance A — v 9V AYNN Spwn 2WN T DY d(u, v) IR AVND N Zg DTV DYn DXTAY

N0 (0111)-n (1100) Y@ 20N pnan .12.2 DN
d((1100), (0111)) = 3
.(1100) — (0111) = (1011) S¥ NN Spwn PYTa NN
Distance Y NI MM NV PO YNN PRINND NN TP DY dyin YD L12.3 D910

VPORY TP MDD DV OD»Nn DPYND MY dy, PNINRN IRYD TP .12.4 YHYV
LDAND MO
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MO MO C I dpin > 2d+ 1 OX .dyin PN OY RO Tip CHoip 12,5 2HYO
NV d TY PN MR 2d TY
LDDON NTMY H-2 PR OX P OX NNN INDY NINAD MM 5101 Tip 0792

NNVN NN L12.6 9NN

S8

I
—_ = =
— O
o O =
S = O
_= o O

MO 1N MNIY NN 1 PA0M ,H SV DYOINRN 2NN NINY TP OV dyi DN I12VN
APNY 312 N

70D W 0D .0 5aP) YA N2IVN [, NNYNRIN MTINYN DX DIOD) OX . \WINO

D»pNN v
1
1 11 0 0\ |1 0
Hv=|(1 0 0 1 0 0=10
1 100 1/ |1 0
0

MIYOO MPON DIPRI NRNIND .3 NI TPY TPV v OV Spwnin 2D dyi, < 3 120
T MTMY N2 PN D0 NTIMY H-2 PX OX PN ONX dyiy > 3 099 nnnpn
MNIY NV TY MIMD N2 2D PO MIYON 299 .dyin = 3 1991 NONN ANNN PrTa M

JNN DNDY TY 1PN

MVD . TIP NN PYTI NNX NONIY DYPRY N) 2NDY DIPNN TN
102D v NN YAPO DIPNAY i OIPNI NP2DN NI ,NIYDPY NDMI NNY NPN PO
5apn H-2 9953 v+ e; NN

NN PRIN v DV ¢ NP0 NYPN DRIV 1O 10 LH DY -0 NNy NoNY
1PN2 901 XD D) 199 ,NYPR ANV 1PN NYTO DO KO N, H-21 mint mTny
(v +e) +e; = v PNY M2 NN MY PNPINN DMIN

195 LA = (§93) n®avnn nx N3 12,7 Hnd

1 00
o0 1 0110
G=10 01 =
01001
1 01
010
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TIPN N2 NMN TTP) .z = 011 DYyTINN IR MO NN

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

NIPN 2IRYD TIP DY NN NPT NYIVNA 1N NV Ho = () 0 M
12 MDD .MINT MTINY SNV W DIAN DO NTMY H-2 PN D dyy, = 2 M
N2NN N22PNN NNV NYPRY N2 .NMINDY 1PN KD DIAN ,NNNR INRDY MO

D Ty W = 11111

1 0
0 0

@\
Il
[ o T e T e S Y
Il
N

H-a (4) mmmy onw v oo amx Jpno 951 RO IR INDY DYPR 0D P20 199
Mo 551 XN Ho' = 0 09apn 1M 1210 ,(NY IN) MINDIY INY WYY 19N
SNV NYPR D503V

DHYMPNY P 12.1

:DINN NNND YPN NIAND N8P DY

Ring :0”PNN ION Man NN (R, +,-,0,1) »n .12.8 1910
NN SV PNDNN NNIND IRIPI .PYAN NN NN (R, +,0) .1
SoNom N0 (R, -, 1) 2
0PI a,b,c € R 935 955 .(P2m SNNvN) N80 N 0PN .3

(a+b)c = ac+ be, a(b+c¢) = ab+ ac

(R, +,-,0,1) opna R p3 21053 ,792 Wpnn IURD

ONT N DTV N T N0 C W R md (F,+,-,0,1) nTv 93 .12.9 Hnnt
D 0PN KO DNN DI TPDN NN NN 990N NOWAY MDD 9N IND
DYNY DPN2N NN DIV DTV IPNONTNA NINY ,M¥I0n a5 2N oy M (Q)
02132191 N X ,D9)7 D951 NN OY Z 1D ,(D2290 DIDNRN DD RY ) MTY

DMYNa Hv 93 NN oy R[E] TAN Minwna o»wnnn

52



(Two-sided) Ideal

Quotient ring

Degree

Polynomial code

PYND .DANNY DD PYTA p: R — S NN Y Ovammmin PTND IVaN
MNAN~NN ITPONA NMITY ,OTTINTIT) IRTR OORNIP DN DY OV DY
ON ONTNX NN [ C R >0 MmN ONTR PTHND D9V 71T .MNHana nrdonaImn
DY MO NIPpNA i, er € 1 0pm @ € 1-) r € R 992 oM2n NMan~nn XN
MYOR MY (r) = {arb|a,b € R} N8N 19 XN OX PWRI RIPI ONTR [ < R
N NN PTHND DIVIND DINDN r € R

NNAPN NN 1-5 02 R 5Y DHDD N ORTRN [ < R o0 12,10 D910
Ei={a+1|a € R}

la+1)(b+1)=ab+1%>5m (a+ 1)+ (b+I) = (a+ b)+1 Mn2nn Mmdys oy
Ag 4+ 1 20 nren 22N 0 + 1 = 1 N0 DONRD 12N

NN N2 f(z) TR 9D Zs[z] ©mI»080 DN NNYA TITP NOW DRI NYD
ARINaIRYA)
f(x) = apa™ + -+ + ae® + a12 + ag

NMAY z SV NM12) *oN n PN NN deg [ MIMDNN L f DY YN La; € Zo NaY
Ay # 0
WL f(2),g(x) € Flz] v 01w F o (00my219) moTOPIN Npon) 12.11 twyo
o»pnm degr(x) < degg(x)-v 15 q(x),r(z) € Flx] opn omyhs omn»p
S(x) = q(x)g(x) + r(z)

LDOTOPIN DNINONR OY D19 DY NN 2N TITN NINP D) 1NN

DN PRTPRY N NP 939 NN INSYNY D198 T Sy »Ny Z5T L3 qwom 95
NN 2t 4 2% + 1 owhan oy a8 011001 NN Swnd AT 295 NOPIN 22009
SIPN DY S DOINOD RIPIN m NV g(x) € Zolx] N2 YoWN 1Y

Z™-2 MR 9190) N L f(2) DIPDIAY DRNNY MVPIN NN MDY NNV 1Y)
q(z),r(r) € MYy DP»P POY .g(x)-1 f(x) - 2™ SV IAIRY DY PPN Y¥aN
DPPINY T Zs|x]

f(x)-a™ = q(x)g(x) + r(z)

S(x) - x™ —r(x) o0 ndvv Tipn N degr(z) < deg g(x) on
v € (g(x)) OX PN OX g(x)|v DX PN OX TP NN NN v € Zo[z] NDD MDD
g(x) > Dy 8NN ORTND NO»Y)

TIP (NN INY PO MOIAND IWARY) MINYD TIP NIN MMIPNS TP .12.12 WD
YN ROK Y95 f(x) DD DNNY KD S92 MY YV NYDD m Pom Mt
DMk TY 0w ndynn NX

MmN Mopn 1101 mopin IR 7PN g(z) = 2% + 2% + 2 N2 .12.13 DN
92PN MY RPN YN Lf(z) = 22 + 2% + 1 D195 NN

flx) 2% =2%+2° + 2% = (2* + 2)g(z) + 22
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Sv DNTPRN NOPY IR NSV (1) = 22 NN PIRYD M9
f(z) - 2® —r(x) = 2%+ 2° + 2° + 2?

TP NN NN Y99 N2 090 g(x)-2 PHNNN ORTIA Nt owMs 1101100 0w
Sopin”

NI Y ONNNN OD90 TP N NN OxD 1001110 TMopin Sapnim N

TP N0 PN N PN 2?2 + 2 NN g(z)-2 9w npvnn e 28 + 2% + 22 + o

HLopin”
Cyclic code NVONN 03 (a1, as, ..., a,) € ZY Tip N9 Y5 DN MIPS NIPY TP .12.14 N1
P nOmM NN (ag, a, as, ..., a,_1) NIV TIYNN

PPN NINY NPIOVN DY NAN NP OND .12.15 999N

0 0

e ===

— = O O =
_ O O = O

DOPIN NN

MNIN NPN MO TN Z3-2 MyTnn N

(000) — (000000) (001) — (001001)
(100) — (100111) (101) — (101110)
(010) — (010011) (011) — (011010)
(110) — (110100) (111) — (111101)

29PN RO TIPN 31991 N9 (110011) Yax ,mp> 77w (100111) »5 25 oow

22PNNN MMPNAN PN OX PN ON 2" — 1 IR PoNN g(x) DDA .12.16 WV
2OPN NN

W DYDY SV NNAN 199015 Prann z'® — 1 € Zs[x] owdon .12.17 nnnd
DP9

P 1=+ D)@ +r+ )+ + D'+ 22+ D)@+ 22+ 22 2+ 1)
D12190 NN N

g) =@+ + D@+ + 2P+ + ) =2+ 2" + 20+t + 1
NI NPIONN NN RSO .5 900 pnan oy C C ZP S mip Ay xm

A0V TP NYIRD NPT NYIVHN NN MIPNN
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WY AVIYY San 13

N8N nhys  13.1

Conjugates 1MV a € G DD DR DTS A-) g DIDRY DIOIN .NNaN G oNn 13,1 NN
NNIPY TDN 9D SY MPpYn Nponn 1av G Sy mYpy on vTn M b = agat
Conjugacy class 2OV THYDOYD PIND

h-=Y g *2 MY ;MO N OTINNN DNV DIDN MDY PR ,G PYAN 1NN .13.2 NPT
MYV a € G O7p )P0 DTNy

1 1

h=aga " =gaa " =g

g YY MTNXD NPONN DX PN OR g € Z (G) 7R NwH nan G oN 955 19183
{g} ron
AN N MO TN g € G oo ,nMan G onn L13.3 99N

0(h) =nnx,g-9 Tm8 h € G dX .1

.9 € Z(G) nx ,n 7700 G-2 ©DIDN TY PN ON .2
BN

D 29 WY Lh = aga”! 1MaYY a € G 0”P P9 DTN h-r g .1

-1 -1

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

J/

Vo
7 times

N L0 (h) =m DX W T80 0 (h) < n-v oM M
g" = (a_lha)m =a'hma=e
0(h)=m=mn 9510792 .0(g9) =n < m PN

AN NN g-v P AN .o (hghT!) = n 2NN Pyon 2ab b€ G o .2
hg = gh-v 9apn o h-1 9192 .hgh™! = g 199 ,G-2 n TON TN
O g € Z(G) 99 ,hg = gh o»pmn h € G 935 NN

OV . Zy DR DNPO VAN OWUND D) IR PYD D901 TIoNN PON .13.4 WD
v 0NN TAN Y991 159102 0PIV 30 1D ;TN KXY 00 Yar o (1) = o (3) = 4
DTOOIMND NN DN
DN TNN 0 IDRN ,D3 1NN L13.5 INxT

ror ! =107 = 0?

.D3-1 3 9700 DR MY PR 2D ,0NY DTN DIDN Ty PN
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DN L(ag,ag,. .., ag) € S, MNP M 0 € S, NN .13.6 9N

-1

o(ay,as,...,ap)0 = (o(a1),0(as),...,o(ax))

MmN NOWD  decorate-sort-undecorate NVXYWY IWPN NN MXIY 1D DN
AL,2,.00,n} 5y 19 IMNI MO MMNNNIY IR .NYNP 0-Y 1TON 299 YINN
X NOWN P> PR NN L1 < i < Envor Ny mo= o (a;) 2 123, 1PUND

ONNY PN NNP DN YOND) o (a;11)-9 m

(a (ay,as,...,ax) a’l) (m)=o0 ((al, as, ..., a) (a’l (o (az))))
=0 ((ay,a9,...,a;)(a;)) = o (ais1)

NS IPN M D D NYD .o (a1),...,0 (ar) 9Y 12T INMNX MOMD MNNOND 199
ONAY PN XD XYY IMN NOWN P> PR NN 19,1 <@ <k aNY o (a;)
1991 ,i 999 071 (m) # a; *3 159 DWW

(U (ala ag, . .. 7ak) 0_1) (m) =0 ((ab ag, ..., ak) (0_1 (m))) =0 (0_1 (m)) =m
O MY MIVINTA MMMNNN XYY INON

T =10 = (1,3)(4,5,6) ,a = (1,5,3,6) mmnn Sg-2 Mnn .13.7 99590
N 2VN (2,4,5)

,13.6 973900 NNONN 295 ANND

cac™t = (3,6,1,4)
Tat ™t = (1,2,3,6)

Sp=1((1,2),(1,2,...,n)) (n2) 13.8 MHPOY

o = DN DIMNN DY ND9ONY NMNX PI9  .NMMN o € S, NN .13.9 NY10
IV NN VTN .y > Tg > -+ 21 ), NI 0 OY TINRN D M) .0103...0}
Cycle type (11,79, oy TE) DMTON D-E-N NPNO 0 DY DINRNDD

Sv NN Man ;(3,2) X0 (1,2,3) (5,6) Sv oatnnn Man .13.10 T
[(4,2,2)xn (1,2,3,4) (5,6) (7,8) v oannn man ;(3,2) mn o (1,5) (4,2, 3)

2907 DTN TH3D K D7 ¥ DR PN DR S,,-3 WIS WO W 13,11 HROY
DWON? MDY N7 WD 3R ,S5-3 (4,2,3) (1,5)-7 1wy (1,2,3) (5,6) DWond
Sg-3 (1,2,3,4) (5,6) (7,8)
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Partition

(72N 923900 PON N NPT YW ONX) DN
M ) T =mor ! 1IN0 .S,-3 MTNY MDD NV 0,7 € S, MNN (<)
125 ;00 OIMNNN DY NYAIND ¢ DY MV 0 = 0103 ...0%

r=nmor = TO109 . .. O'kﬂ'_l = (7r017r_1) (71'0'271'_1) o (7T0'k7T_l)

5555 PYTAY YP )0 D ;MNN NN ToE T L AN NN 9 ,0TPN 900 295
NVOVP OY (MDD I O 01,09, ...,0% D) D NI DR DRI DNV DINNN DY
TIND IMND NINIORD DINNNNIN TAX DI ,07 DINNN DV NYAOND 7 OV 719
LDMNN MAN NN 7-21 0-D¥ Y21 NN .0-2 DINNNN DY

0 = 0102...0% DI .DIMND M N OY 0,7 € S, NN (=)
TP = (bi717 b@g, e bi,mi)'1 o; = (CLiJ, a2, ... 7ai7mi) AWND 7T = T1To... Tk
NMN P DN DIMNN 0N Ty, ..., T ON DR DINNND ON 01,09,...,0%
D 20 DV .DN¥YY DNDHVI DN IRY 99 7 (a;;) = b, T ™

-1 -1

o =T (A1, Qigy - oy Qi) T

(bi,h bi,27 cey bi,mi) =T

= (m(a;1),m(ai2), ..., 7 (@im,)) =

=F)

wom b = TO109 . .. O'kﬂ'_l = (7‘(‘0‘177'_1) (7T0'2’7T_1) c (7rcr,€7r_1) =TTy...Tp =T
[ Sp=2 MTMY 7-) 0-Y NN
n>39% Z(S,) = {id} » W .13.12 wpoy

MY NN a # b € S, NN .a # id » n2YVIA P a € Z(S,) 2NN DN
NMIAYY 0 €5, NNPP NINAY DHXINN 29D .a DY NI DINNN 1IN IMN DY a-N
91p) 99 ,a € Z (S,) 9N .ocac™! =b

1 1

b=ocac™ " =aco " =a
O Z (Sy) = {id} 95 ,a = id P52 395 b Yv NPNAY NPNoa

ng > .-+ > DPYAV DM9DN Y N0 KO NITO NN 1YY AN L13.13 091N
. (n) ©MON 1 SV MPIBNN 1900 AR . =ng + - + NgK-¥ TI 1y > 0

L (1) R 5,=3 TWDDID MPINY 10D .13.14 POV

255-2 ¥ MTNN MPONN NNd .13.15 990
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Centralizer

:0”Y20 OI9010 SV DMODD 5 NN 21NN ,NANINND MIPONI R JZ\INO

5=5
o=4+1
0=3+2
5=3+1+1
0=2+2+1

S0=24+1+1+1
O=1+1+1+1+1

p(5) =7 1P%

T-1 0 OND .DINNND MIAN N 7-9) 0-9% NI 0,7 € A, Y .13.16 9N
?2A4,,-2 MTns

N 199 ,3 DTN NN NN Az 0D DYTY DR . = 3 NP ,OWNY IND NN
Asz-21 92N 920 Hap)y ONINN NYNN2 NIV NNNTH 2AY LIPYAN VT2 DN
DTINY 0N VAN Az-2 TN ovx (1,2,3), (1, 3,2) € A3 0792 n8yd P TNy

LDMNMNN MAN N ONY v D S3-a

OV KD NX PT a € G AR NAY .0NaN G oNN (AN vD2)INn) 13.17 DTN
nnd a

Ca(a) ={g € G|ga = ag}
0= (1,2,5) My Cg, (0) NX NN .13.18 5990

NASNNN 7 NN .o BY MASNNNN MNNND NN RINAD PIN ,MINK 203 )NNO
MINN IO N8N TS )00 707 L =0 OX PN ON 70 = 07 DX PN DN 0 DY
NYND MMNN SV DOND NIV W )N DITNNNIYI DIPHNA 0 NN MPRYND

(3,4) 2om D NN P W - -5 MY MmN .1
(1,5,2) (1,2,5) ,id - Swyna o O MUY MmN .2
NNDNN NPYIN 1927 ,0 BY NASNNN ¢ BOY MASNNNN MMNN D¥ NDIdN 53 )2

ND
{id, (3,4),(1,2,5),(1,2,5) (3,4), (1,5,2),(1,5,2) (3,4)}
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Subgroup
generated by S
Finitely

SRS ©

VY AYAIN Yvan 14

ANAPTHN M DY NISNN HMANHN  14.1

29 ) G-21 DIDN NP XY NXap-nn S C G onm nnan G onn L14.1 9910
(G 5Y nMan~nn NaoNa NN S-v
NN S NN NYONN OPNN NNANN~NN NN S T Y MBHD DN3ND NN
,G = (S)-v 75 a0 S nu»p or LSO HY MY G-v NI N G = (S) ox (S)
AT1, .o, TE) NP 2N ,DIDVN OV AV NXIAP NAY AL MSH G 0D NN
N ON TPOPN NN NNAN LDOPN NMNAN DY DTN NOYIN NN DTN
JP9ID NN IO NNAN DO D) LTAR TN T DY NIND

PNPITT NYON Nya o LH = (2,3) Ny {2,3} C Z npx .14.2 Dont
H = 7Z-v

Wom (—2) € Hoynr 2 € H-w yw> H CZ vion Z Sv nnan-nn H
25 LH-2 90m \Z 5% A%y XY 0T AR MY (—2)+3 =1 € H-v
H=7Z-vvwvp ZCH»M,Z=(1)CH

{4,6) ={dn+6m|m,n € Z} Sapyx {4,6} CZ np>) OX .14.3 DN

P N2onN DNHYN YV NNIN-NN M) (4,6) = ged (4,6) - Z = 27Z-v \y0)
LSOV T 9IN T DY MO L(D7NRN DMI9DNN NN

(4,6) C 2Z 991 2|4m + 6n-v M1 :(C)

27 C (4,6) 0»pnn 03125 .2k = 4 (—k)+6k € (4,6) nN .2k € 2Z > (D)

NN IRND AN OP ,1POIAN NNANNY NIPNIA ,NININKRD DNNTO IMT .14.4 DT
a,b € G ©IXY MY NP DX HYNY .OIDN NXIAP T DY NININ NMIANNNN
Aa,by ={a't’ | 1,5 € Z} Saps

oWnd TN ©-b-N 921 TR D-a-N YD NR ATOY ) NYMDNN MO

abaaab~'bbba"'a = a*b?
:0”PNN TPOIAN NMANA PO0D 19N
(ay,...,a,) = {a’fl...afi" }Vl <i<nk €L}

255 1Y YOm0’ n¥ap NN (A) MR DY VNS YY NN 145 YD
AUND AU AT nvnd 15v masbnn NN VTN LA N3P NYMIND MYSNNI
T € A MY ,MAORN W NN YV N0 NTo Nt AT = {a "t a € A}
G-2 NN AR AN MISN £ NN NNV ar ! = a7 e = € oopnn
NP NPLAN MMan  14.2

NN DY OPNYNRI NOADN PP . .. Pr ITON NPOANR NNAN G ONN .14.6 YHYV

G =Ly, X Ly X -+ X Ly,
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Primary

decomposition

Exponent of a

group

ON PN ONX (n,m) = 1-¥ (MR¥INI DIPRIY) MYLN NIRYL PIPITIPRI NN
G = 7o X Ly X Zqq ¥R ,154 9700 109N G OR 5V0D Zyy X Ly = Ly,

DI90N DIYP NN .p" INYNI DY NPT ATON 1YAN NMan G 0NN 147 YV

G = Ly X Lz X -+ X OPAM My + - - +my, = n-Y T2 My, ..., My DYV
Ly

INAN NN NNRD ONMOR G N 27 = 32 9701 9ax G DX Hwnd

Zg X Zg X Zg, Zg X Zg, Z27

.(OWVND DIDN SV DT 292) NIV NNX NPONMIVN XD IV MINID OpY

(72yvY SNINN NMON) .14.8 YD
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