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090 97O1 NN 25e-2 AN DI D) 0 (z) < 00 ,x € Qo 939 2
JOPN NN O .3
Torsion group IOV N3N DOXRNP P90 ITON NI DN DD DAY 1D NNMand

NN
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725 990 .C* DY DMan~nn Y NONY Nt T DY NMan v o L1
Nt NIPN2Y) IMIANTNN NI TPYANR NNAN DY YMD ITON DIDND GOIN
95 NN PYTA NYON NNV DX QD NN 29D (D90 NNANTNN NI
120 199 ,CF n5aNN NMNANN DY YN0 TON DN
g1, g2 € PV 0P RO NN P9 L1 € Qg 20 M2 NN 299 vNaN 19N
I,k € Z may 2n23 .gs € €, ,g1 € Q, DMWYV m,n DY 120

OMININ

. 27k 2wl

g1 = cas——, go = cis—

m n
=P

 2mk 2@l <27rk 27rl)
g1ge = cis—— - cis— =cis | — + —
m n m n
27 (k [
mn

g teQ, COy DIIN,g €, OX NV ,NN2 NN 229NY MPID
NV IR ,INY 2005 191X ,MNIAN NIVIY DV TINRY 72T It ¥ ON)
(.NMan NN ,mMan dv

0()<n 3P0 2 €Q,Myv n ovp r € Qy 939 2

Qoo TR N0 N Qg OV NPOPIXN MMIAND™NN DD ,0TPN Pyon 9D .3
A0 NNND ANV NNV 12N KD 1997, IPNDI1N

MMAN YV Naw Nbaan 3.2

SY MDaon Y515 ,1an DHaNd .,Mn»P MMANN MYTN MNAN DY NN M2
MDA DT NPPORNNN 1IN NN (H, @)1 (G, %) NYNN .MNAN 0 NP

GxH={(g,h)|geG heH}
YD ,157-2097 G X H Dy © N2y P13 .3.16 2Hyv
(91, h1) © (g2, h2) = (g1 * g2, 1 @ Do)

(External) Direct DN .H-1 G 5% GVMHISNHD) WD 2Wo00D NIRIPIN NN NN (G X H, ©) R
product .(GG, GH) N G x H-2 0o

VAN NN 00T Ug X Z3 9y 5on0) .3.17 nnnt

(3,2) ® (5,2)
(5,1) ®(7,2)

(3-5,2+2)
(5-7,1+2)

(15,4) = (7,1)
(35,3) = (3,0)

(1,0) NN 19030 YR

15



2ava - NN DY ,O-1 G X H Y nYyan DR 1902 01pNna ,»woyn .3.18 vy
MNNn

2(n > 2 MNAY) NOPN 7, X Ly, DRN 3.19 99390

JIN i ANY 939 NN (a, b) € Zy, X Zy, AR 9D DY ATONY MO IND NN
(a,0)" = (a,b) - (a,b)---(a,b) =(a+---+a,b+---+b) = (na,nb) = (0,0)

m < n ndna (e, )™ = (0,0) yYMayw m Oynn 190NN NI ITONY NYd
NP OO0 NN Zy, X Zip-2 DN DD DY 9TON 0D

N |Z, X Zy| = 0% 070 N ON AN RN AMNAND D PPOY ,NYD
7NN 399 ,MD PR TN .02 TN DN N 0L, OPN AN Z, X Z, NMann
JDOON NN

JPOPIN NAONA NN NPOPN MMAN DY NDIONY TN OTIPN D200 .3.20 WD
JPOAN NINRYI NPYYAN MNIAN OV NYAON ,NNT NMYD

WA YN 4

NYVNON NNMNANY Nan 4.1

Symmetric group N 72 DNTO HIMVDIDD N3ND .4.1 NN
Sn={o: {1,2,...,n} — {1,2,...,n} | obijective is }

- MAINX @Y ,mxyo {1,2,...,n} NNHAPIN S Y'NNN MPRYNN 95 GOIN Nt
NoYaN AWNd NMan 0 S, {1,2,...,n} 019000 SV ATON MYV D1 qOIN
NIPY S, DY DR DO MM IONPNS NN DTN DN LNPSPNS NN NN
Permutation AONDN

oy X NN 0900 NN PrTa N S, NNIAND (P W ON) 4.2 YD
X ={1,2,...,n} 9wrd ,n2570N N2y

0(2) =7 ,0(1) =i nN8M NN 0 € S3 IR .S3 IN MONTO NP2 4.3 INNT
MNP YOI A M o i, 5k € {1,2,3} IWNd 0 (3) = k-

123
i j ok

g =

:S5-1 DIDNN YD NN YNNI 2IND)

1 2 3
1 2 3

id =

16



Cycle

Length of a cycle

Disjoint cycles

T = 2
2 3
2 3
o= 3
2 1
2
oc’?=0o00 = 49
3 2
3
0T =00T = .5
3 1
1 2
TO =TO0C0 = 6
1 2

TR S,-9 TWRI? 99 BY WOV .07 # 7o D MR IR S3-¥ 39 DY) 4.4 WHROY
JOIR K7 RN D 1 > 3 90% P

NN o (1) IR NS NMAYAND 190N JON L[S, = n! Nn 3TN 4.5 WD
TY VNN 15 .0 — 1 N o (2) IR NN DMIVARD 90N LT NN .0
2910 702 1IN ROV PINNRD IR L1 NN 0 (n) IR INAD NMMIVORD 1900V

JSul=n-(n—1)---1=nl

S MASNN YV TAN Diyn NISNN NN NN S,-2 (DY IN) WMNY 4.6 N1
.DNNYY DINOWI DIDNN INYY A > Qg —> A3 > -+ > A > a1 (DY D900
(a1 ag ... ag) MANN SV IIRD (a1 ag ... ag) NPPA RN NN DX DAMD

kNon

NOW 20 v (1 2 3) NN XN 4.3 1NTA NIANDY 0 € S5 NN .4.7 DPINT
IMMN NNNNA 1T

1 2 3 4

L 43 s NN DX P80 (45 2) MmPnn ,S5-1 .4.8 Nt

DINAHV'I THNDD AWRD BN DINRAY N3O DIMNDT? THIN DWON 7D .4.9 VOU»
IOIPY AR DHYY DOV GIIIYY 19DV BD? PRY BINRND RO "o

Dy O2wWN ]351 ,ZWTN) MY DY M DADNNN DN DINNNY 2D Y .4.10 TIYD
SXIVND NNMNINN DY D2IVN TYUNRD INY OOP DYDY DINNN
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1 23 45 6 7
D o = ) :S7-2 INaN NMNNN DY YOND) .4.11 PNt

4 73 15 2 6
IMNND DY NIAYD DNNMY ,I9010 DNPIY D0 DINNN NYAOND NMNX IND
DWVNd Ja Nnnn
l—4—1

DN ,Td ©wNIN Nyd (1 4) Mmnnn IR 1D P DNNN T DY NNOA TN
INN 190NN
2= T7T—~06— 2

,0N8YD OO0 DIADNN INVY 10 DWY  .NNO2 (27 6) NN DX YaP) N
Y9 ,5 = 5,3 3 Mmd>
oc=(14)(276)

nNoWN o2 N9 P17a9 1901 95 Sy MNayd ,NTINN 299 N9 WaN .o NN avN)
023 ,A5NNN DI DINNNY NPD DAN NN

o?=((14)(276)=14%276)"=(267)

mponn 4.2
T ,g € G920 .nman-nn H < G onm ,nman G onn .4.12 1910

Left coset gH ={gh|h € H} CG 20 H 337 g 79 HMMIRDYD dpInon e

Right coset Hg={hg|h € H} 20 H 3% g% »MHDD dpmvn @
G /H D) nrHNnvn mponnn qoiN nNx
NMANN-NN Yy YonoNn ,G = S3 X NP2 .4.13 NNt

H={(123))=1{id,(123),(132)}

:G-2 H 5v nyOoNnpwn miponnn

id H = {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}

18



:H = 57 5w nvoxnwn mphnnn Yy 9onon G = (Z,+) DX NP2 .4.14 Nt

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}

mpomn H = (2) = {0,2,4,6} Sy Yonon ,G = (Zs,+) DX NP2 .4.15 DNT
N NYONNYN

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

(NP IN) NPORNYN MPONNN NINNNIY MIRDNTIN MNXRID NIV 29D .4.16 YD
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 a0 € G Y MBI H < GHon 0N GOon L(NRYIND) 4.17 vOvY
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

19



Index of a

subgroup

PYNIN PYON IR P NN AT NPPONRNNN 209N NYYNY T (1°29) DHNOW
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} ORI MPoNNN P2 Y VNN INRNN INPP .(MRYIND) 4.18 YD
(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 1900 LG H] yoa G-1 H Sv mponnn 1900 NX NI .4.19 191N
.G-2 H 5% DpIORd

DPNRIY MNONTN 29 DY .4.20 HINT
Z:52] =5 .1
[S3:((123))] =2 .2
[Zs: (2)] =2 .3

,2INY YOP DPTPRAY 935 .0NANN™NN HTNO T NN [G 1 H] OpTYRN .4.21 YD
[G :A{e}] = |G [G: G] =1 on ppn »pn any 9T H nMmann~nn 7o

|G H] = 0c0-v 75 ,H < G nMan~nm G 1Nan RSN .4.22 990

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

20



MWINRN DN S

09901 NINY N1an 5.1

Greatest common ~ DNDYW (10D2) 33NN ANV PNV 1, m DOV OI901N 7Y 1N 5.1 N1
divisor 290NN NPNY TN

ged(n,m) = max {d € N : dln Ad|m}

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

b=y a DY OIRYY PPN 9 Ponn d N Ld|b B d|a DX 5.2 YD

(n,m) = (m,r) W n = qgm+r ON .5.3 HYO

D9 DX d|m 0N d|n 22 ©YTY IR .d = (m,r) 29" ,d = (n,m) YOI DN
A< (myr) M2 1M dlr =n — gm 3991 1, m OV OINYD NV 7 AR PN

OV IRPD NN NN 1 D (m,r)|n 199 ,(m,r)|m on (m,r)|r DTN 29 nyd
D MOP YON T (m, 1) < d R (m,r)n o (m,T)|m D WP DN um, T

O A= (m,r)
Euclidean HYV3 NN VIDW ANY3 Y"DY AROSY? "D (OTOPIN DNPINON) 5.4 VOUY
algorithm (n,m) =na m=00% .0<m<n 7 M DTIPIN DTINHIR XD 53

W3N .(n,m) = (m,r) Y PYON 0 < 7 < m WWRD 1= gm + 1 33N NN
(ABYD? 3PN BIMWIIRD D2

DTOPIN OIPIMON NRYA 47-1 53 DV n”nnin IR 2vN) 5.5 T

(53,47) = [53 = 1 - 47 + 6]
(47,6) = [AT =76+ 5]
(6,5)=[6=1-5+1]
(5,1) =1
0 DYNY O2I99010 MY NN NINT
(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’ DIPINVIONIL NP2 170 ©2ADYN 190N 2N NIYND
AN DN NN IWRD log, n NN DIPIMORD DY MN8N NITOA
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a,b # 0 DWWV DMODY 207 DIPRD .(IPTN 2INDD NMPND NNNN IPON) 5.6 VOV
»
(a,b) = min {au + bv € N|u,v € Z}

Aa,b) = sa +th-v 3 s, € Z DYHMY 0103
.ale 22 WD Lalbe o0 (a,b) = 1-v 75 0OV ©I9UN a, b, ¢ YV 5.7 3N

c-1 292) .1 = sa + th-v T2 5,1 NP PIRYD NP N"NNN PN 29D WNINO
93 La| (sac + the) 139 .altbe ©Y 2NN 29 alsac 2D M2 ¢ = sac+ the HApN
.ale

ple W plb R plbe BN MYRY p BR 5.8 MHPOY
ple ©MPN 9300 299 ,(p,b) = 1 199 p 1 b ,NINK ID»D IR ,p|lb DX NN

PPN MINDD NPYD N’NHNN NN DWIANYD 5,1 DNTPNN DR NINND T .5.9 Nt

Extended SRNDD DTIPIR BIMNIRI WNRNY)
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=51041 = 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
Congruent nla—b DR N AN DNYPY DN a,b € Z >3 N 2Ya0 1900 1 7Y .5.10 N1
modulo n a” ANt NIPN a = b (mod n) Mt O YOI .a = b+ kn-v 15 k € Z 0»p M5

Jn oymn b-5 Hipv

IO POPYHT) MDPY DN NN 1IN MDPY (HAD DNOIN) 5.11 HYV
,a =b,c =d (mod n) DX MDD 2N DITIN 1 INTIN NN DD (VIO
a+c=b+d (mod n) on ac = bd (mod n) N

6lr =1 (mod 234)-w 75 0 < 2 € Z W0 .5.12 9990

MO .61z + 234k = 1-v 75 k € Z Nxnd N7 .(234,61) = 1 99 1R )00
oNTPNN 0N k,z M50 .234-) 61 SV (Nt NIPNA HNDN) MIRYD PPN NN 1
1 =6-234—23-61 mTpN NONTN 295 YN0 MIRDD NN NNNN PPN VIVIN
2 =211 9n23 *25¥ N z 2D PPN *TH & = —23 (mod 234) 1Y

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

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

.[6] M Ugy nana [234] = [51] 5w »9nnv 1Nom
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.333333 S NNINNN NT90N NN INYD .5.13 999N

215 vy N (mod 10) o0 N 2901 S¥ ANINKRD NI9DN ,7PNIVYN MW NN
105 .333333 = 3333 111333 »5

111=1 (mod 10) = 111**¥* =1%* =1 (mod 10)
33 = 383+ = (39 .3 =81%.3=1%.3 (mod 10)
333333 = 3333 . 1113 =3 (mod 10)

.3 NN NININND NIDNY JINOD)
DN SV MNON .5.14 THYV

ld 7N jeln on e|m-v 73 e d = (n,m) v .1
(an,am) = |a| (n,m) .2

PO NI N eln, m-Y W3 .d = sn+tm-v T3 s,t 0P .1 JDDHD DN
.d DN N sn 4 tm DNOY INYD MY NN D)

(.1an 9nann pon) .2
H

Least common (0"D3) IMPMOBD NOMMVWHD NN N, m DNOY D901 NV JMNA .5.15 N1
multiple nYAD NATHIN OOV

lem(n,m) = min{d € N : n|d A m|d}
.[2,5] = 10-1 [6,10] = 30 Swn5 .[n,m]| P71 O DY
"0 DW MNdN .5.16 TWHYV
[n,m]|a W ;nja O3 m|a oK .1
[6,4](6,4) =12-2=24=6-4 505 .[n,m] (n,m) = |nm| .2

0 < r < [nm]WRda=q[nml+r-v I qrvv.l DD DN
wor # 0 oN .mym|r o3 yan n,m|[n,m| DITHN 299 n,mla *d PRINN
[n,m] la 95 a = g [n,m] 39 .[n,m] v nrHPNIS NPND

N29515 790N DY MON NNYA NNOM N"HNN WND DOP TIT IR .2
NI YA 0D N2 LOPNYNT DN

k k
|n| :szl :p?1p§2p£k ’m| :Hp?l :p?lpgwpzék
i=1 =1
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Chinese
remainder

theorem

D»NVYNI DMNI YNNIV > T 0 ©1NN) oy, 5; > 0-) O OPNIUNR p; TURD
D YIONWND PIAN NYD (AT IMND

k k

(n7 m) _ Hp;nin(aiﬁi) [n7 m] _ Hp;nax(aiﬁi)

i=1 =1
W, + [ = min(a, f) + max(a, f) 07PN «, 5 D901 W 935V »am

n,m] (n,m) = |nm|

]

Sv n"Mann d 0N .DM90N AN INYD NN PTHIND IVIN L(aY) 5.17 AYNRY
$1M1 + DMPPNN Sq, ..., S, DMOY D900 DIYPY ININ N, ..., N, DIONN
KDY INpITIN a0 4 spng = d

YN T BOY a,b € Z 97 MR DR 1, m DR L(PON NPINYND VIVYN) 5.18 VOVY
L3 2 =0 (mod m) @ = a (mod n)-v IO nm AN MPPY YD

13 .sn+tm = 1-v 12 5,1 € Z 0»p wX ,(n,m) = 1-¥ 2910 AR K7 DN
0PN .bsn + atm-2 INAN) VOVYNI WD T OV DVP NOIND

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

NN k€ Z 935 &' = x4+ kmn D3> NI SIWON NINS NN = = bsn + atm 190
PN PN
O] AN 59N NN nm TN T OV MTHN HNOIN

DT =2 (mod5) on z =1 (mod 3)-v 75 z € Z N¥0) .5.19 NNt
S=—Lt=2n=5m=3mnmpma .—1-5+2-3=1399,5,3) =1
07PN PR .z = 1-(=5) 4+ 26 =7 NX 7IN2O IWAN *PDN NPIRYN LIV 299
7 =2 (mod 5) on7=1 (mod 3)

MNNYN) MBAN NIIYNID DY 1D NN Y9I INY NIN 2PDN NPIRYD VYN
00T M>pY SV

NN DIND DHYI0 DMODY D3Y {mg, ..., Mg} RO ()2t v DN) 5.20 VOV
QU MWD D3P VD3 L1723 BRZOID IR 1PDY (N KID DHIP3 DNODY M 2D I0D)
WINO DNV 7 AN = DN IMRY Wy {a; (modm;) |1 <7 < k} m™Rw
TIRNYOD NYDY

r=a; (mod my)

x=ar (mod my)
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y=3omy =2 (modb5) ,y =1 (mod 3)-v-v 70 y € Z N0 .5.21 "N
5 N9DIN T TY NI NI NNTIPN NONTN IR ¥y = 7 PINANY 25 ow) .(mod 7)
MNXNWNN SNY NN DY (15 = 0 (mod 5) o»n 15 = 0 (mod 3) »2) 3-5 = 15
Y =7 (mod 15) nnX MxNwNa PONNY ) y = 2 (mod 5) ,y = 1 (mod 3)
MY NDNA PPON NPIRYN LIVYNI WHNWND IWaN 199 (15,7) = 1 >0 25 ow

N9 NN Yy = 52 20 I1PTI MINNIVYN

d <n 95V Iivomn .n € N 7o 9N a € G o ,nMan G nn .5.22 990
V320
O(Gd) __n o(a)
(d,n)  (d,o(a))

’3 25 DXVI (IO’ DN

A € 7Z > 1PN WYY moyan)

(d,n)
O 09 .nldt 3.4 yo 095 a®t = e o> ,(ad)t = e M) DYIN
n d =1 2w T80 (3TN - DOV DI9DN DNIVY) n dt
\(dn) (dn)) " " (d,n) 1 (d,n)
n
O 2PN D ,m’t NYUNIN DNIN2 DAY DN *9D
,n

DN NN INYD DTIPN 90NN NRYA .0 AToNR OPN NMan G onn .5.23 9990
G NN oy G-a

N .G = (a) "> M) MO
G:<ak><:>0(ak):n@%:n@(k‘,n)zl
,N

JUR| M0 G NR D8P0 DIDRD 1900 )0

WY YN 6

IR vavn 6.1

.a € G930 |aH| = |H| o»pmm .nan-nn H < G onm nman Gonn .6.1 2oyv
VOVYNN NN D2APY TN X ,G DY DN SV MDY MPONN NN 10 MPYNNY »oan
N2 2NN

Lagrange’s |G =[G H]-|H| ™ . owWannn H < GHam anan GOon (1NDD) 6.2 0ovy

theorem
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DN3ND 7Y ITOD DR PIND ININTNHN 7V ITOD 0D N3N N3Y .6.3 WHPOY

G

— =[G : H|

|H
o0 o(a) = [(a)[-w »ov 7 ()] | |G| ™ {(a) < G-v Y a € G W3y 0103
Gl =P @ € G995 B 1PT DN3PD 7Y 1TOD AR PIND N3N AN 9 Y

NP 0N Zip-1 DIVN DY DPIVAND DTON ,|Z1p| = 10 M2y .6.4 DNt
{1,2,5,10}

IR 0”P NI10N2 G MDD NNANN ITO NXR PONNN m 190N DI DN .6.5 999N
m ToN

Loy X Loy DNAND DR N TPTI DONT NN XD INNO
LMD AN 0”P PN IR 16 9TON 1R 0»p KD YA 16 w0 nMann 1To
.no> 1 My 0PN YN Z, X Z, 0NANNY 1NN DAR IO 1MAN 1’ RN

0(g) > 199 .e #£ g € Gorr 299URY p 1ToN NN G NN .6.6 NPNT

N .G = (g)-v MRY M ,0(g) = p NN PY o(g9)| |G| = p v TN
TN IPRY PIDRD TAR 9D T DY NI G-V o) e # g € G 939 ) NN
KRRtk

OPN NNANTNN W G-Y WX amn o0 n AToN O G = (@) NN 6.7 WYV
M TON AP

K >nn .0ovp wv IROM ,m IT0Nn nManTnn v H = <a"/*"> I DNOW
K = H ey mmren nnonb LK = (6) P, m 2701 NN 0O nManTnn
522 99M 099 199 B = ab-w 1o b < n ovp G SV I8P a-v INND
o(B) = o5
D»p nopn INoN 28 L(n,b) = X P50 m = ORI o(f) = m 93N
Yo (n,b) =sn+th-vI>s,tEL

an/m — a(n,b) — aanrtb _ (an)s(ab)t -1. ﬁt ceK

5 | H| = |K| nmann oo Sy 9an H C K 19 /™ € K-v 1952p )
O V1o JH=K

?730-2 ¥ DMV MNAN~NN N1ND .6.8 9NN

NID TMNANNTNN 90N 7YY NNANA AT INNRD ,NNTIPN MYON 299 NN
1 ov7on |{1,2,3,5,6,10,15,30}| = 8 :9m155 ,30 190100 Hv ©p5Nnn 1901
PONMI0N MNANN~NNY RN 30-)

IR G-2 07 OR PN OXR N TN G 25 DN .m0 nNan G NN .6.9 99N
2 79791
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Subgroup
generated by S

S generates G/
Finitely

generated

T0 NN PONN TN DY ATON JTINTI0 VAYN 29D IN L2 ITON TN O”P DN INNO
20 NN2ANN AT 1O NNNANN

INNYD 25NN NI - NPTIN NNON 2 TON IDNROV 2D W) Pt 1Ton G ON
DI9 NINYD NNV TDN GX PRY 10D |2 9701 (-2 TN G PRY 12DV N
MM DN DD AWUND ,NNND NNAND PN DD NN ATOD Y IR DTN IDNRD
DN DV MR ON 901 HAPY DTN AN DY TN (130N NNYN) 1D 2IMNN TND
NnNY nnoa ,G-a

2 3TDD DMIZMINR 7Y M MR HODY YWY R ITOY DN3NT? .6.10 MHDPOY

ANAPTHN 2T HY NASNN NNANHN 6.2

25 W) G-1 OYDN NP RO NXAp-NN S C G onm nan G onn L6.11 AN
G v nMan NN NI5Na YN S-v
MNON S NN NN TPOPNN NNAND™NN NN S T Y MBHD NN NN
,G = (5)-v 75 a0 S nurp or LSO HY MY G-v MmN N G = (5) ox (S)
AZ1, .0, TE) NP DN ,DIDVN OV AV NXIAP NAY ND SN G 0D NN
N DR TPOPN NN NN POPN 1NN DY NATIND 199N NN N DTN
JPAD NN TPAD NNAN DD D) TR AR T DY NN

PNPITT NYON Nya ndn LH = (2,3) Ny {2,3} € Z np2 .6.12 Dond
H =7Z-v

Wom (—2) € Hoynr 2 € H-v yw> \H CZ vion Z Sy nnan-nn H
95 LH-299m \Z YW I8y NIinw TN AR M (—2) +3 =1 € H-v
H=7Z-vwvp ZCH»M,Z=(1)CH

{4,6) ={dn+6m|m,n € Z} 9aprx ,{4,6} C Z np>3 OX .6.13 DONT

P NYONN DNdYN YV NNINNN WMD) (4,6) = ged (4,6) - Z = 27Z-v 1yo)
LSNPV VT AN T DY oD L(DPNN DI9DNN NN

(4,6) C 2Z 99 2|4m + 6n-v M2 (C)

27, C (4,6) o»pmm 03 Y .2k = 4 (—k)+6k € (4,6) N8 .2k € 2Z 1 (D)

NN INND INY 5P ,OAN AMIANNY NIPN ,NININKRD DNNTO NMTL .6.14 NPNY
a,b € G ©I%Y NY NP DX HYND DN NNAP T DY NIXNN NNIAND~NN
Aa,b) = {a'V |i,j € Z} 92p>
oVNo LT ©-b-N 9D TN D-a-N YD NN ITOY 1N NP/ NN MOt
abaaab tbbbata = a*b?

:0”PNN FPOIN NNIANA 55D 19N

(al,...,an>:{alf1...afl" v1§i§n,ki€Z}
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255 1Y "o n¥ap NN (A) IR DY 1WWND YD NN L6.15 YD
AWND AU A nvnd 1mbv masbnn NN 01T LA N¥apa NYMND mysnxa
T € A N2 ,MA3ONN 0 NPMN SV a0 N1 N nom A = {a|a € A}

G-1 NN AR IR SN £ NN Nomnwd zx !t = 27 lr = € oopon

VNN HNANA DN DY 910 6.3

(a) N (b) = e on ab = ba-v 15 a,b € G v .nNaIn G NN .6.16 WHYV
N D T DY NININN NNANHTRM @ >T> DY NIXNN NNIAND™NN P2 TINHN D)
N L(TONYIY

o (ab) = [o(a), o(b)]
:[n, m] IR PO o(ab)-v MR .m = o(b)-) n = o(a) DI DN
(ab)msm) = gmlpinml — ¢ ¢

o(ab)|[n, m] 152>p 3.14 Myv 295 [n, m| NX ©PSNN n, m-1 ab = ba 3
199 .af = b7 L, (ab)t = e DX YOI OIND YT IV TN

a, bt e{a)yn(b) =e
O .0 (ab) = [o(a),o(b)] M5 .[n,m]|t 991 ,n|t N n|t M9
DOMWMNVD DMK YW ([em) P'EID KD S),-3 B BOIRNY M9V WID .6.17 HROY
A Nn (1234) (56) 5w 971om 6 20 (193) (56) Yv 170N .6.18 NN
.S15-2 45 9701 NMNANTNN INND .6.19 YN

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

0(0) =19,5] =455 25 own
NMNIANN"NNY PO ,IXY M IDRY NNANNNN ITOD MY TDRD ITOY NP0 Ny
TN DY Y (o)

7515-2 39 970N 12N D”P OND .6.20 NYNY

DI OINNN NYAIND 52APNNY 51> RO 39 ITON IDNRY NPON NND RO INNO
.515-3

ANRM 13 TINRND TARD 0 IMNN NY9OND 39 A1T0N NX D2APO N2 DINN
JS15-20vaN N2 Mt )09 134+ 3 = 16 Yax, 3 7NN

Transposition NN XIAPY S,-2 2 TIND INNN L6.21 AYTIN
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DMYN NY9IND DIWID Y (aq, ag, ..., a;) INNND 93 .(09TD) 6.22 WHYV

(ar,a,...,a,) = (a1,az) - (az,a3) ... (a,-1,a,)

1ON
Sn={(,5) |1 <4,j <n})

25, NMana w 2 < r < n TINN DIMNN 1D .(O9TD) 6.23 9N

9N rwar (7) v n N D900  0IMI IPNOYIMP NONY | NNO
TIPYIVAN YT ANV 1IAD DIN NNV 0D7T rl-1 ©I900N 7 IR ITOD W nyd
NG DN DAMNN 7 W 0D

(a1,...,a,) = (ag,...,ar,a1) = = (ar,a1,...,a,_1)
W S,-a T TIND DINNNND 90NV DAPY -2 H91DN 90NN IR PYNY 199
NERGE]
254 VRO DPIVANN DITON ON NN .6.24 DN
0N OPIVARD DITON S4-2 IWNND
DTN AR P - 197D
(12) (34) Svnd ot 09N MW YV NYAN N (i, ]) DNPN - 2 ITD .2
.(243) YonY 3 7NN oMN - 3 7TV .3
.(2431) Sony 4 780 oM - 4 9T 4
2S4-2 DPIVORN OITON D NN DM DOV NN 1200 NNOYN MDD Hit
255 MIDRD OPIVANN DITON ON NN .6.25 N
0N OPIYARD DTON S5-2 WNND
DTN IR P - 197D 1
D DN NV DY 1Y N (i, ]) DN - 2 ATD .2
3 TN 0PN - 3 170 .3
A TR0 oM - 4 970 4
DTN I - 5 IT0 5
.(231) (54) 5wno ,3 TN IMNM NN HY 1Y - 6 170 .6

> 5 Ay n-n DTV A1TON DN W S,-av 2D Y i
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Group

homomorphism

Monomorphism

Epimorphism
Epimorphic
image
Isomorphism
Isomorphic
groups

Automorphism

WAV SN 7

oMmraNNMMMIN 7.1

DWW XN f: G — H npnyn .mMan (H,e) (G, %) n»ynn .7.1 7910
DYPNN ONX MMN3N Y

Ve,y € G, flxxy) = f(x)e f(y)
DNTONMININ DY DY DINDYD NP 115’)3 3]

H-2 15wn G5 99K W IX BONWOMY XIPI YN0 XNV ovanmmin .1
J: G —= H y>v o»p o

TVONOION THDN NN H D 9INI DVOWDOR NIP) DY NINY OV9NMIMIN .2
J: G — H ovomran o»p o G OV

PVONWOWIR -1 G0 9nN) . BHOWOWR XIP) O Y'NN NINY Ov91mmin .3
G = H ey . f: G— H ovommvr 0”p DN

.G OV DOOWOYOW NI f: G — G OVOIMIDN .4

DYOMMIPN ,DVONNPAN ,DP97NMN ,DP9NNMININ DV MNYN NN I8P NIPda .5
JNNNNA 0N PN AN N JmInd ovaImvINg

g: H — npnyn nn»p DX PN OXR OVIMIOR NN f: G — H Npnyn .7.2 DY)
gof=idgon fog=idyg-v 10 G

YTD MDD LNNNYA OVANMIMIN NN NN g NPNYNINY  (1NDI) MOIND VAN
.g = f71 nman npnyn NSNS Pa0n DPMMBPN XN f DPANIMIMINY NNY
ND) TP2VII0YT NPIVDD [, TPDOPYIT NNON NN NPSNMMIPRY NMINIY D) IVIN
ANAP DN M TON NTY NN MNAND NPONN 2D MPPY DN NO

,DNHANMIMN N ONN WAP .MNAN P2 MPNYN NN SY v MmN .7.3 9390
AND N 19 ON)

NI ONR NNP PN NN OV NN x> e 290 NATHMN ¢ R — R* 1
20°20770Y DOONN

M ovaMmaN N0 det: GL, (F) — F* i) .nTv F o 2
det(AB) = det(A) det(B)

D09y DY TPNDION NNIVN DY YONDNY IWAR DY NPNYNNY NOIND »T1I)
JoooNa (z,1,...,1)

2295 DYANMIMIN NN T — 2 290 NN ¢: R — R* .3
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Kernel

Image

2)7N2 ONXRIN LOVNMON NN 1 +— —1,0 = 1299 Ny Tamn ¢: Zo — Qs .4
JDVONMIPN NYYND 30 2 ITON MMANN YOV na

N TIND MNIN NN NI OPANMIN XN f: G — H npnynv nTayn
Jleg) =ey 1

neZ 90 f(g") = flg)" 2

DTPN Pyon Sv v Mpnd L f(g7) = f(g) ' .3

oM NN N NN Jker f = {g € G| f(g) =en} M0 ,f DV YWY 4
70517 DManTRn” Mt nn a0y Tvnna) G OV

H 5w nman-nn xon im f = {f(g) | g € G} 93, f Sv tmonn 5
|G| = |H| ™ ,G = H ox .6

DTNV NN ,NIPNA NI, MO DNVANMIMIN DV 1IN NNONN 7.4 T
AIRYD Npnyn LF DTV Dyn oMo oanmn VW vy aRyS N102X0N2
N5n2 OND ,dim V' = dim W neyy mman Sy ovaammin oy onT:V — W

2009MMWN T

JOIND D202 SY NNNN T DY TN 19N NYIAPI TPINYD APNYIY T 7.5 WD
J(S) oy maxn f: G — H ovanmmin namn i ,G = (S) ox ,nmT

PN (TANR XY DY I1DAR) DN NP DY NN DY NY P DO ROV 20 oY
DUONMIN NPT PPN p([1]) = 1299 NV TIN ¢: Z, — Z 5vn5 .DvaNmmn
TAN TNN 200 NITHIN NN

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

,D2INPN P2 DNYPNNY DOMN YOV 71Ta0 W P05 19N .p([n]) = 0 v T
ODANMIMIN ATIPY 1T ,DXINPN MNNN DY D) DNYPNN

DPPNN PND TN g € G 959 >0 N .oV f: G — H > 7.6 N

o(f(g))lo(g)

92PN MNNWNN DY [ DR DY) g7 = eg NN 29D .= 0(g) ADI DN
f(g") = f(9)" = en = flec)

= o(f(g))In 122

2NPANMIVPN YN 4 ITON MNIAN PNV DD ONN 7.7 999D
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4 9700 YR W H-am0 235 ovwy L H =74 DX G = Zy X 7y AN IND NINO
N L1 € H wmo 4 97010 YK YV 9700 IR L, G — H Dvammvn in DN
ND 9270 199 ,2 W 1 7700 0NN 95 G NMNAN NPHRn YY ATON IXR PONN
JPOMMIVN XD MMANND 199 o5
MYPYIN NPSNMIPN MNANA 1991 ,02IDNRN ITO DY MY DDINMIN Q0N
MY )0, MMNMANA DIDNRN ITO DY

im f N oA G ORY IO Lovamin f: G — H o (502d) 7.8 Yoy
JPoaN H OR P ON 9aN G N ,G = H orY 0N .1POaN

JPON im f N 1O G ORY NN OV fi G — H o 7.9 9990

W 339 aNWod YN x € im f o Lim f = (f(a)) 2 o3 .G = (a) ) DN
G-v »on (G 5Y momar MmN X0 im f ) f(g) = 2-v 70 g € G AN
129 .g =a"-v 10 k € Z ovp nopy

95w 1 on .f(a) YY Nptn NN NNNA AR 9D MDDz € (f(a)) 2D nom
O DIPONMMIPR )N DIDN ATON NPYOPIND MNIAND

111 S3 = Zg DVONMIVN DY DN .7.10 9990
JPODIS Zig 120N (FPOAN NI DN NoD) IPON KD S3 00 ) ND O
1 (QF, ) — (Q,+) ovoNmPR DYP DN .7.11 9390

o) .f(a?) = f(a)+ f(a) 195 .OP9MIIN IR XN f 20 1D5WA N2 KO N
NN DON 5D NP W IR OY NN f-w a0 .= § + 50020 own ¢ = f(3)

J(@) =3

INNYNN DN NIONR NP
f(@®) = f(x) + f(x) = c = f(3)
A3 ¢ Q » NPNo 1IN 2% = 3 1O1P Y'NN N f-v a0
tH = (5) <R* O f: H — Zs X Z3 DPOINPAN DD DNN .7.12 9990

N im f O) IN L, TOPN NN H-v an D f 0”pY nDOva ) LN WO
NMANN D NPND R IR Am f = Zg X Zgz D 92p) 199 oy N f DaN ooy
JPOP8 NN Zig X Ly

2 GLy(Q) — Q' ovranmimmn o»p orD .7.13 990

NNV L GLy(Q) — im f D18nya any .M f 07pw N9OWA o) .NY NN
ADPANMION NN f N LY'NN f-Y )90 DDAIMAN N 1D WNTNY) DVINMIDN
DPND NY ,9AN GLy(Q) Dy M9 .wHaN im f 199 ,im f < Q10 0 w5y
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A%I3 TDION PIIN VI POV
2009MMOIN NN i(g) = ¢! 295 PATMN i G — G NpNYNn TN .7.14 9990

NIV P1TA0 INYI NYD OW VNN RO DNNYD DNIANKD RN DPNYNINY NI ANNO
’3 20 OWN g, h € G P (OPOMMIMIN IMDD) NOWAN DY NIV

i(gh) = (gh)™' = h'g™t = i(h)i(g) = i(hg)

JPoAN G ON P OR OPSNMMIVIN NN 4 MDD .gh = hg DX P DX D»PN N
Ainversion 205 »T2 N2 NPNYNN DY DYN 2R NIYND

WP vavn 7.2

Cayley’s theorem .G <> Sg DVOMMMNN OPPY NN .AMan G NN .0D»p vVavn) 7.15 9N
NIPY N259N NOws By T XX -1 mMann nespnon v Sy qUINA NN
XO9Y DMYDDD HM3N

dg(a) = ga Snnwn 59395 [, € S 5y Y'NN PN NITHIM g € G 935 W
05 .ovaNMMMN $-v NN NNN . P(g) =1, 290 : G — Sg PN VTN
0PN g, h € G 9200 NONY PN

lyoly =l
@ TNN SY MO N a € G Y30 DX PN OX NNV NPXPNN
(lyolp) (a) =1, (ln(a)) = ly(ha) = gha = lg(a)

DPPIN N g = [ 7 YN0 NINY MININD 27D .009mmin ¢ 1o,

g=g-ec=l,(eq) =llec) =h-ec=h
[ Sa-2 nown G PN g = h 199
PMPIY NNANND DN IR MDY .G — Sg P Man G = S3 1N .7.16 DNt

{1=id,2=1(123),3=(132),4=(12),5=(23),6=(13)}

NN - NNIAND PR 9D NN NNV g-2 ONNYN Y9 IND IRV g € G TN DY
:9 = (12 3) Yv Mmnn NX 2N YN .Se-1 g YV NIMNNN NN

dy(1) =219 ,1— 2995 ,(123)-id=(123)

1g(2)=3P" 23 m50,(123)(123)=(132)

1;3) =1y ,3— 1m0 ,(123)(132)=id
dg(4) =699 4= 6 Mm9>0 ,(132)(12)=(13)
dg(5) =499 54 ,(132)(23)=(12)
1g(6) =51399 ,6 — 595 (13 2)(13)=(23)

VAVYNI NNTATAY 20 WY . NINAY NV 230 g — (1 2 3) (4 6 5) Yon To
153 < S5 11DV WY DYTY DNIN N PO
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Euler’s theorem
Euler’s totient

function

Fermat’s little

theorem

Sy 99 DN3NTRNTY MONOWR 12 WO G YD N3N D .7.17 HPOY

SV DNINTHNT HHOWOWR 72 TPV G HOYD N3N D .DTY F O L7.18 HDPOY
.GL,(F)

GL,(F) 5% nMan-nnd mammn S,-¥ NN IO 109
GL,_1(F)-2 S, "X 29910 0Mp .G — GL,_1(F) o0ammmm XY DN

G = Zg W ,09AR G ORY IO .6 29TON DMan G onn (M) 7.19 990
G = S5 N ,109aN RO G ORWY

9N NPNPNS W 7.3

:NAD 2WWNN VAYNN DX PO U, NMaNN My 1IN Vavnn

pn) = U] 9% Py ¢: N = N AR mypno - (19N 0awn) 7.20 vovy
.a?™ =1 (mod n) o™pnw a € U, 95 W3y

©(10) = nx Uyg = {1,3,7,9}-w anxn .3 € Uy 129 ,(3,10) = 1 .7.21 Hnnt
3700 = 3% = 81 = 1 (mod 10) :07pmm ON |Uy| = 4

MMYRY D N3Y IR VOWUD W MO TP T .(NNT9 DY YOPN VIYNN) 7.22 VOYY
aP~t =1 (mod p) v¥931 ,0(g)| (p — 1)-w DY a € U, 959 V% .|U,| =p—1

909121 9901n1 YV MNINNN MIADN PNV NN AVN .7.23 99290

2wnY o1 N ,909 = 9 (mod 100)-w 91N .M pw N w0 mod n-Y I3t WO
.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

190N JNINA MDD L (n) 2N AN NNDN NN AN 2XINN PIND TNKY
A0 N VYN TIYA VOV DNIVPN DIDNN 190N NN AVND DN YYD DOV
MPIN NY9ONY PI9D JN2) OOV 901N DO, NPPONTIND DV YTIDN VAVYNN 29 DY
M3 (YYD ITO 2T TY) DPNVYRI D00 HY
ki, k km
n=pi'py ... D
,7129092 1NWID PNYNRI 19010 DV NPN DY IDNIN NPXPNND TI9) AN NYD
:aAVNY P ONMINY

1

(@) =p"—p=p"(p-1)=p" (1 - 5)
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DANVOD 0DV 1901 MAY ,1ON

p(n) =0 (PVps .. o) = ¢ (07") © (052) - - (D)

1 1 1
:p’flp§2...pfnm (1——) (1——)...(1——)
p1 D2 Pk

D1DYOMN

o () () (1)

:p (60) NN 2WN) .7.24 DPINT

@(60):60-(1—%) (1—%) (1—%)216

807327671999 4 2019 YW MNINND MIODN PNV NN 1AVN .7.25 99390

92p) mod 100 2y9) WO

8073276719 4 2019 = 679 4 19 = 67701 419 = (67*)™ . 67! + 19
— (67°09N ™. 67 119 = (1) 6771 +19 = 677 + 19

-2 8823 95 100-2 1 67) Upgg NN 67 DV 20900 NN NINND IM) Nyd
DNXNYND PINS NNOND TNND DTOPIN DY OMIMONI WNInNvI 70 TNY  (Uigo
672 =1 (mod 100)

J00k + 672 = 1-v 70 k € Z D»p OX PN OXR NRNVYND NINS W

67 5v IRYY NPxD ged (100, 67) NN PXI 2NN DTOPIN DIINON NY3

:100-1
(100, 67) = [100 = 1 - 67 + 33]
(67,33) = [67 =233+ 1]
(33,1) =1

MO, =310 ,1 =67—2-33=—-2-100+4 3 -67 :52p) NNNXO NANOIN
3 NN 67 5V 09NN
22 30 MNINNA MDD NV MDD 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

NN p = 61 NN SYNS INAN DON TIND DNVP DI90N OY NNNT 1N L8.1 NPNT
VNN NN .g = H3

n = pq = 3233 pn)=(p—-1)(¢g—1)=3120
NI MYV OTMON NN .p(n) = 3120-5 9 PORY e = 17 MaNN PIYN NN 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
MONININ
c=m'" =2790 (mod 3233)
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Presentation

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

M2y MYWA MYYNY 091 NPINTID MPIN DY D»»aN aOva DXWNND

NOW) DY NIRYD NPTN 2N T HY IN PPDN NPIRYD VIYNI MNYIN TIND

MNP DAY 29 W) mlT 2WNY Swnd (NPT IRy NIROYN D) NNIPIN
VN2 PONDI NYNOTIN MY9ON 17 — 1 = 16 ©pna 195,17 = 10001,

'=m-1=65 (mod 3233)

2= (m)>=992 (mod 3233)
(m?)* = 1232 (mod 3233)

S= (m*)? = 1547 (mod 3233)

%= (m®)® =789 (mod 3233)

T =m (m®)* = 2790 (mod 3233)

2

3 3 3 3
11—l

MPDTN NP2OY 22PN N (NNINKY NIYNXI NNVY) m-2 1NV IYNRIY 1D DY)
MNP (1 MND) NPDN T90ND D2apn M W22 NOYN IYNRD DN ,100015-2

. 2
3 (mL%D Ik
m = i 2
m (mL5J> NN ON k
nNOYN Sv Mmya |log, k-3 panonY 951 nwds k May mF awny 9o o

YoM MYeoN k — 1 opna ,nradmm moadn |log, k-2 9nvn 9559 w0132
2 NoW Navya 279073 S 21wn5 WwATH M3 am-a

NVPHIMOVYIP NVPIPNND YNNVYND INTI RO WNNY NYTO W L (INIMN) 8.2 WD
230 DINNA ONOM T DY NPTPITHN NN NXOO .O2IWN DIINY 710 DNVIINY
PNOY DOVNDN 22)D DX IWARY M MOPNN P TP MNON MMV NnI
,€THN2 DTN NAPNN ,MOVI XY MNNN NPY NV KD DIVNIS NPNI ND

LTI T TN Y NapNN

DO NN MMan 8.2

MY NN "D2ONN DN T DY NY” NIRIPIV MMNIAN SV NNID TIT IR
G =(X|R)

05 MMY5 LR DON NP 0y 0NN SV X NNapn T Oy NN G-v NN
L0129 OINP2 M0 NI (DTN XPNT IND) NN 1) G NN YN
DTN DR MIYY N XN OON 1D TRX Do)
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Finitely

presented

Dihedral group

Isometry

Symmetry

NI 1 ATON OPN NNAN DY N 8.3 NNt
Zn = (z|2")

PONND AWOR " NNNTNN IR OXNIT AWUNIWYY .z INPN OV PN NN 2N 9D
2" = e HYYNnd NMPY DY 2NON DONN NXAP DO TITA MM .ATNa NN
NYD NN’ TPNOIRN TPOPNN NNAND ,MMNT 19N

7= (x| o)

1P NN DN DONN NP NN DONRYN 99 717
NPNMIPN NN MNANN P2 HTANN NN OPAN DINY INT

Zx 7= {x,y|rvy = yz), Fy = (z,y|2)

P90 NN NMAN NRIPI A0 DXINY NXIAP ND WY NNIANY IPNXI .8.4 NYTHN
MNI ,TPND DOMNN NP ON YN0 DINPN NNAP 0) 12V DY ¥ 1NAND ON
IO XYY NMIANNY

LDDINNND DINPN 0N NN PR ,PND NN NN TPOPN 1NN DD 8.5 NNt
PMD NIXN NNAN NINND D) OOV KD Nt TP NMINIM NN 1PN 1NN DO
.OP 75 95 NO NT) MDD M NIYRY

MOYTTH Dann 8.3

YNIND DPPNYNN ONPPYY DD DY D, NXIAPN ,n 2Y20 19010 N1AY 8.6 NITIN
OV NWaN OY TN 1 DNTD THITONTID DNIND NN )INSY DY MYON 1 P2 595wn
DPSPNS NN

DYN DX MDD NN YT DYDY ,MND YNV NN "NITN->T"7 OV vIs ,mrn
.D,,-2 o»nNan nMan

P90 N N NYOD MPIVYYD PN 2D NPV NI T-) 27’7-:1 20 NN 0 DN
N D, SV 52PN

>=id, o = 7'0'71>

Dn:<a,7‘a":7'

IM93) PRI NI O3 YN NIV o R? — R? 1p8pno (1 v ON) 8.7 D
S¥ N2WaN DY NPIVDMIPND G0N DNMOOWNR NP (d(z,y) = d(a(x), a(y))
DPPIN @ MIVMIPN MNAYY 10 NP L C R? NN .nMan N0 Dvspne nasoan
NN L Ov npyavomon Qo L 9% MDD DNy o it npna .a(L) = L
YOI DV NPIVION QOIN PYTA NN D, NMNIAND DPIVMDND OV NNIANTNN
YON n a2 Yoown
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T2, 7 v o Oy 120° v o 2200 T Oy NN Ds nMann .8.8 HnxY

MY 10T = ol 0% = 72 = id 28PN P2 ONAN DO DNPPNNY

D5 M2y 9”351 AN 53 nvy Nn wown oy oY) Ds = {id, o, 0%, 7, 70, T0%}
OV ,INKR OV NNN OI2RD NPV Wam NN 207 € D3 RN 22D N

ToT =0""

or =7to =10°
JP9AN NPN D3 00 MNIN 03 T .07 = 702 125
on D,, MIN .8.9 DD
{id,a, o’ ... 0" o ro, o, . ,7‘0”_1}

INTY) .70 # o7 0D WYIANR NPN NNAND 1 > 2 Mayw |D,,| = 2n »> Hap) vI9a
(DYOMMIVN PR 5,5 D, mMann n > 3 MNay Yan D3 = S35 02N DNNY

WIVN YN 9

PONN NAM NN Y P 9.1

Sign PN TN WY OON RN LA TINRD IMNNND 0 O 9.1 AN
sign (0) = (=1)""

T,0 € 5, 995V T2 P¥PNON NX >N ,S,-2 NINN 9D DY 10N NN VN 2T
o»pn
sign (o7) = sign (o) sign (1)

OV 1D PTIND MINK MNPY OIT W 1200 ITNN MY NNDIN XOV 20 v

0N
Even W ONWDN OVA —1 MOV AMNNY IR WO 0V 1 Mnow 1NN X
permutation BAMALY
Odd permutation (N925an TIND NN NTIPI) 9.2 PNt

T8 OR NN XN (35) N
JP DI NN NN NINNN .2

SN NN NI M ON TIND MNND L3

Alternating NNAN NMANN~NN NN A, (NI MHNNN NNAN IN) PO IMN3N .9.3 NN
group Sy, OV
A, ={o € S, |sign(c) =1}

JA,] =% wn A4, 50 170N 9.4 2 WwR

Az ={id, (123), (132)} .9.5 n971an
JON Az s Az = ((123)) 05 25 oW
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Normal

subgroup

NHYIN MMIAN-NN 9.2

O»PNN g € G 935 BN MW IV IR H < G nan~nn .9.6 1910
H <G yoy mt npna gH = Hg

DNPY DIRID BN LA < G DNINTHN DN L9.7 VOUD

H<aG A

g 1Hg=Hownw gc G 97 2

g THgC Hovonw g€ G 9% 3

LG XD Y DINNOY) DOWHIDD W YW R H .4

,3 PY0 NN TN 2 QYD 0D NI .2 PYDO DPY 1 Pyo 0D MIRID OP PN NN
D 9apy gHg ' € H on g 'Hg C H oKX » 25 Dwi »Hwn 150D

H=ygg 'Hgg' Cg 'HgC H
O .oy myman namna TNN Y 2IVN PNPDDY ,OXINND DN I 4 PYoVY NN bP

DN 30 .NYYNI YN NYY MNMANN-NN YO X ,YAN nan G ON .9.8 e
NY NPYNI DIDND NN DI XY 19NN g thg =h € Hw ,he H <G
'gh = hg-v 795 N)pvw

M DTHNN 09D AN MR WIAN LSL,(F) < GL,(F) o»pnm .9.9 nont
ovpmn 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) o9
ovaNMMINN YV Py NN N SL,(F) D 25 ovh N0 InoNY NN 11T
Ap <0Sp 00w i pon R .det: GL,(F) — F*

0 (1) £ (1) 023 O IR (1) < D, nMIANDNN ,n > 3 N1AY .9.10 HNNT
H <G nn .2 op1yNn nmannn H < G onn .9.11 t)yv

MPoNR O NY PN ,G N2 H 5V NpONNDY MpPoNN sNY P9 ¥ 00 DYTY DX DR
NINNRD TPONNYN NPONNN N ,a ¢ H AR OX .H NN Mponnn 19 DNN Ny
MPoNNN SV TINR RN G-Y 2Won . Ha 00 DINKRD 13000 Aponnm ,aHd NN
palp)!

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, DIPNY .9.12 HPOY

ON .0 NO 700 K < Honmmaw K G on K < H <G 0N .9.13 Yy
MyoLN 95 (1) < (1,02) < Dy Swno 1K <G n1dnanow H<aGon K < H
D=2 750 KXY (T) 22 1R DIN I TIPN

MNAN~NN OV N9 1) Mman-nn H, N < G vy .nman Gonn .9.14 990
nrno
HN ={hn|h € Hn e N}

HN <G H <G qomaor . HN <G ,N <G or D )Hnom

HH = H 395 1959005 oy JH -1 = H 9m95 591105 1900 NN ANaN RO
wYw .HN = NH 95 ,hN = Nh o»pmn h € H 5353 52apy N < G-v »9an
O € Honn € N onorpw RON  Inh = hn NIDNAY IMIN RY MY 2D
nh = h'n"-v

OV DIDNRN OY (MNPN) 120N PO e =e-e € HN > HN # @ >3 25 0w
N29510 M0 M7 .n; € N O hy € H mnHav ,mmivn 172 mMann~nn
:HN Sv

HNHN =HHNN = HN

h1n1h2n2 = hlhén/lng = h3n3
9N MDY

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

(hlnl)_l = nl_lhl_l = Tlghg = h;né

HN < G x>
P9 g 'Hg = H o»pmn g € G 9359 N ,H <1 G qona DX

g 'HNg =g 'Hgg'Ng= (¢"'Hyg) (9~'Ng) = HN
G-2 nvronI H XY N RO ox np i LHN < G o)
Center nPNo G NN HY DIV NN N2 5N NITHIN .9.15 DT
Z(G)={g € G|Yh € G,gh = hg}

THRNY 20 Y .G IR DD 0y DAYNNNY G-1 DIDNN YD DY QOIND I 1INT
725 7PYAN NIONA NN TPYNM NNANTNN OND YN Z(G) ) Z(G) < G
SLy(R) < GLa(R) May Hvnd ,NOW 1N
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Quotient group,

or factor group

7 MMan 9.3

H < G nmannn Yv 6/a = {gH | g € G} nroNnwn mponnn qoira 192m
DAPNNY O NINAN NN NN M QOIX DY PTHND WaN H < G (DX 1) DN
:NM2N

(aH)(bH) =aHHb=aHb = abH

TN L(HINTY) 200 NITHN N N2V .NPININI NYNNYN DXTTII NMPYI TUND
oA G OV WYY M3IN NIRIPY G/F nann .eH = H xn % nMana nmnn
G/H yon o3 Y2pn "H ¥o)1mm G” NNt Xy oy H-5

D 25 OV nZ << Z 0D N2 OAN VI 0PN NMAN NN Z .9.16 Pt
Lz ={a+nZ|a €Ly ={nZ,1+nZ,2+nZ,...,(n—1)+nZ}

owan .0 <k <n—199Rd k4 nZ nN8N 19 0N * 1NN DIDNRD IO
NN
(a+nZ)+ (b+nZ)=(a+b) (modn)+nZ

Zlnz, v3 29 WV .k + nZ — k (mod n) npnynn *92 Z/nz = Z,, >3 MR IVON
P90 ITON OIDN Z-2 PR D IN) DNV OIDRD 2D DVND L Z OV NNANTNN NN
NN 2RO VI

Do Y ,GA) {e} IroNrIL MNaNTNN NV v G NNMaN 935 .9.17 nnt
DVANNINN 292 NN NRE NI NINK 7T .G/c = {e} 199 ,[G : G] = 1212
ker f =G>5 .g— e 290 N [ G — G OOoNwIon

id: G — G mmn npnyn .g {e} = {g} NN M ON DIVNRD 2G/fe} 2200 N
[ G/tey = G DVOMIPR NN DX WWOKR .{e} NIN DY PY NNV ,DPINMIPN NN
LDVONMPN PN N NN 02N DNRY IRT g {e} — g 29

nMana oNn JH = R x {0} < G-2 yann G = R x Ronn .9.18 oy
on NN
G/n={(a,b) + H[(a,b) € G} = {R x {b} },c

2= NS ODAPNN DAY DN PN DD

D orpnn H < G nman~nm G 190 1Man May .9.19 W

ol =G H =

JG: Hl =n < o00-v 10 H < G nm (190 XpnTINo) nan Gonn .9.20 90
a € H oo ovpmm a € G 939 20 nomn
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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=(aH)" =equ=H
.a™ € H nop oo
02N 0NN NN G/E D NN .2 OPTYRN NMANNN H < Gonn .9.21 9990

JG/H| =[G H] =2y md .H < GG : H) = 2 DRY 725 1R )N
JPOAN NNV Zg NN ,DVINMIPN T TY ,0NWURI NINY) 2 ITON NN NNann
JP9IN NMan XN G/a 19

ma 23n2 .G-1 090 TON ODRD GO T o0 ,nMan G onn .9.22 9N
Ao T < G N ,van G DORY ONXIN

T <G W (m9an G orowvno) T'< G ox .1
29D TN TN NN DTN AR G/T nmn nMana ,qona .2
D 0PN g € G930 o(a) =n M ,a € T 0> JYRIN PYON 0Y 22NN NN

(97'ag)" =g taggtag...g lag =g 'a"g=e

T <G Moy g 'Tg CT o9

YN0 V1TON ey # &1 € G/T AR D7 2D NPV NI VN Pyon ay
92pn ,(2T)" =T oopmm .o ¢ T 99 e r =T N NP0 2R o(2T) =n
MOV 2" = e 129 (™) = e-v T2 m DPP IN PN I1TON 2" OX 2" € T 0D
DPYNoO wv x €15

W ,G < GNy 20 [T = G R Lo nan G or T < G- mNonT
YDON NY 2211 1901 95 MWD T = Q =, 2, W8 ,G =C* ox .G/T = {e}
20PN ATON NIN 1-n NNVN VONID TIY DY

"IYY Jnan 10

N3 YY DP9MIMIMNRD oavn  10.1

First WL G = H DDOWDIMIN M L(HIYRID BDONWORIRD 0V5WD) 10.1 VOUD

isomorphism

theorem G/ ker f = im f
Clrerp 2 H W .1 G — H DOOSNWDON MY 0193
Do H = {(z,y) e RxR|y =3z} nm ,G = R x R >»Nn .10.2 0
G/ =R
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N 3 Y 0y W RN H I0mnn Mynvnd 25 XYY ,IPYUNT DN
OOMMMN MY IRT L f (2,y) =3z —y 290 f: RXxR— R v
2w Lf (£,0) =z > ,DpoMman f

ker f ={(z,y) e RXR|f(z,y) =0} ={(z,y) ERxR[3z —y =0} =H
O NITN DR D2P)  IYURIN DOONMIDNRD VYN 29D
Rz =T oowom o nman n T = {z € C||z| = 1} 1201 .10.3 990

D, 0PN L f (2) = 2™ oab f: R — T 9T Dnow
f (.77 + y) _ e27ri(:c+y) _ 627ri:c+27riy _ 627rix . eQTriy — f ($) f (y)

avny aNYYs z € R May e2™@-5 2n09 3y 2z € T 95 0 , 0097 m0aN 0y NN f
YN NN

ker f = {xER‘eQWzmzl}:Z
52y NMYNRIN DVANMPNA VIV 199

R/z =T

tker f nvRY 9 T L f: Ziy — Dig DD9NMMIMIN 7 .10.4 909N

K| € 29 |K|||Z14] = 14 2 K < Z14-v Yo K = ker f 903 o
MIpn 95 May g1y {1,2,7,14}

L/ = im f 92p3 PYNIN DPANMIPND LIV Y'NN XN f IR, K| = 1 oX
WR 14 5ax Jim f|||Dio] = 20 99 im f < Dyg 02 W9 WP Zyy = im f 19D
JK| #1999 ,20 DR ponn

92 OTPN WNY IMTA N LK | = 2 DX

_ 2]

= =7
K]

[im f| = [#14/k]

JK| #2952 903 20 DR PONN IR T-v 2910 W)

H = {id, 7} nman-nn np» .ntd ovammmin o»p » A | K| = 7 or
Ly — H < Dip ovammran man ,Dig d¥ (DRDN 2 9701 DMan~-nn Yo)
NI PYNVIY P LID 1D TN ADNRD 07N ,T-D INOY DM OND DI1900N
K= 7 N PNVRD VTON

OVAMMIMINN NAY NOAPNN NNt RN K = Zyy 93Py w8 | |K| = 14 or
IONRNPIVN

95 RN L(|GY], |Ga]) = 1-v 75 nrayo man Ge-y G NN .10.5 9990
f1 G1 = Gy ©mv9mmminn
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SJYUNRIN DOONMIDNRD VAVN 29D .OVONDININ f: G1 — G0 ) o

|G
ker f]

Gl/kerf = 1mf = = ‘Gl/kerf| = ’Hn f| = |1m f‘ | ’G1’
(|Gl |Ge|) = 1 9ar Jim f] | |Ga| /x5 vavn 29 3199 im [ < Gy )9 1D
JONMIPIVN OPINIMINN NN f MDD - [im f| = 1 199

>TD TY) Dy DV NPINMMAND MNNNN D3 NN INND (Y2t v OR) 10.6 9990
(DVOMMMIMN

ONMMION Dy DY OIMPON INNN D1 NYNRIN OVSNMIVND VIVN 297 )ZINO
SV NPONINN MMNIANN™NN 93 YN NYTO Paon 1Y .H < Dy My Pi/a nimd
Dy

xR Y oY {id}, Dy < Dy DYOROIMIOA MMNMIANNTNN NN 10 v 95 0P
Da/p, = {id}-1 Pa/(iay = Dy nV9MOORD MNNN

Wy D/ (2) dpn pand non .Z (Dy) = (0%) < Dy 0> DYTY DX NYD
2oV 71720 WAN )0 1D 4 ATON NNIAN N D IR 29D ,DOYTY DNIX WIND
NNE TOND YT YN Zg X Zg WY WAN 199 22 = e o¥pn x € D4/<a2> 9N
59 .f (TP07) = (i,5) 295 f: Dy — Zy X Zy TN (VDD OPAMMDN NINY 293
JIYNAN DHANMIPRA LOYN 295 1091 ,(02) PYI) DY DPOINPON MY 71715

D4/<02> = ZQ X ZQ

55% DYTY D) VAN .2 OPTPND NNINNN 1 2D (o) < Dy > 15 oW
1991 19 R NPMMIPN 2 1TON MMIANN

Dafto) = Zy
21 ,pm N (0%, 7), (0%, 7o) < Dy D)
D4/<0'27T> = D4/<O’2,TO’> = Zg

DNNNND N2N 92)9N2Y 70N .NYDNIM MMAN~NN Ty ¥ OND 7Tad TN

95 NN NANOY MNID Op ,0MONY v 0ad LDy DY mMannTnn Yo NN

NNIN YN NIN KRS TYY MR MNINANN .{0?) NN 4 9ToN MNINN~NN
DYPNNY AN, AN N 1 (1ot) = {id, 7o'}

H>rTt (TO'i) Tl =o't = 70"
N DAN 2= 2 NIONa Y

o(ro®)ot=(or)o=10"'o=7¢H

95 P9 Dy SY NYONINN MNIANOTNN 9D IR NIANOY WO H 4 Dy o
Lid}- Zy [Zo X Zg ,Dy Y0 Dy 59 NPONMIAND MNNNN
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Inner

automorphism

Inner

automorphism

group

J0AN G R, OPN NN G/z(6) DR 9N .nan G onn 10,7 9990
NAIX 32 M G/zG) = (aZ (G)) vy a € G ©»P 1991 Y8 G/z(G) DN

D DYVITY
G¢=J92z()

geG

P9 ,9Z (G) € G/z@ ,pyd .(NMIAN"NN SY MPoNNN MR XD 1aN 95 D)
1NV ¢ OVP

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

DPPNN )0 OX .(NVPOPINN 29))
G=Jaz(G)

DMV 1, € Z ©00”P 20 .g,h € G viv .5OaR G-v NN NYD
ge€d'Z(G),hedZ(G)
329 h=a’l-y g =a'g’ oAy ¢, 0 € Z(G) onrp o
gh =a'¢d'd’h = d'd’¢'h = d’a'h' ¢ ='W a'g = hg
[ JroaN G o9 ,gh = hg ©»pn g, h € G 920V HNOIN

D G/z6) = {e}-v WO ,Z (G) = G DYDY IR MR G DX .10.8 WpDY
INIRNMMV RN R P G/z(G) DX

92 AN Y,: G — G OVOMOVIND .a € G ,NMan G NN .10.9 DN
J2D) SHMO BHOWDWIR NIPY 7, (g) = aga™!

Inn (G) ={v.]a € G}
.G OY DHDHOD DIDVIONDIVIRD HN3N DNXIAPI WN NMANND

NN 80 Inn (G) 29900 A, = Y41 29 740 = Yap 22 WM .10.10 930
.N2290N N2s DYy

D”pM g € G 930 DNOW

(Ya 1) (9) = Ya (76 (9)) = a (bgb™") ™" = (ab) g (ab) ™" = 7as (9)

P e = idg 2 25 DWI PYNRIN PONN DX NN 19D

a© Va1 = Yaa—1 = Ve = id _
R A e e
Ya=1© VYa = Ya—la = Ve = ldG
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Conjugates

Conjugacy class

,G N1Man 955 »0 o .10.11 9N
G/z@) = Inn (G)

2¥IN0 295 ,ovaIMMIN N .f (9) = v, 290 f: G — Inn(G) P DMOW
YN NN AvNy L(Inn (G) NN 29Y) Dy NINY 121 DNV

ker f={ge G|y =id¢} ={g€ G|Vhe G:v,(h)=h}
={9€G|VheG:ghg ' =h} ={g9€G|VheG:gh=hg}=7(G)

O G/z@) = Inn (G) 93p) NWYRIN DVONMIDNRD VIV 19

vy 1R Dnan 11

DRS8N Yy 11.1

MYV a € G O”P OR ,DTVY A-1 g DIDRY DIN .0NaN G onn 111 9910
NRIPIY AN 95 S MPpwn Nponn v G Sy MY py o pTn M b = aga”!
JOU TWTIDYD APINYD

h-y g 25 NP3 ;MY N DTN DY DIADR DY PR ,G WOIN NNaNA .11.2 NNt
MY a € G O”P )00 DTN

1 1

h=aga " =gaa " =g

g 9% MTNXN NPYNN OX PN ON g € Z (G) nNXONvYS nan G DN 595 19N
{g} wn

AN .1 XND ITON g € GO ,nMan G onn L11.3 990
0(h)=n"N,g-9TmM8 h e G or .1
.g € Z(G) nx ,n 1701 G-1 DIVR MY PN DX .2
DN

D 25 W b= aga”! vMayw a € G ©»p P9 0TS h-r g .1

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

WV
T times

N L0 (h) =m DR P T80 0 (h) < n-v oM M
g" = (ailha)m =a'hma =e
0(h)=m=n 9M792 .0(9) =n <m PN
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AN NN g-v P Yan .o (hghT!) = n WWNAN pyon 28b b€ G o .2
Jhg = gh-v 92pn yom h-1 995 .hgh™! = g 199 ,G-2 n ATON TN
.9 € Z(G) 991 ,hg = gh o7pmm h € G 9559 1NN

]

oV Zy DR DNPO VAN OWUND D) 1PN PYD D52 TIoNN PYON 114 WD
W 0NN TAN Y991 139102 0PIV 30 1D ;TN KXY 00 Yar o (1) = o (3) = 4
ATOOIMND NN DN

IDND TINY 0 IDNRND D3 NMANA L11.5 DNt
ot ! =107 = 0?

.D3-21 3 7700 IR MY PR D ,0N0 DTINY DIDNR TY PN

DN (ag,ag, ..., a;) €S, MO 0 € S, NN .11.6 N
o (ay,az,...,ap) 0~ = (0 (a1),0(az) ..., 0 (ax))

IMNNN NOWD decorate-sort-undecorate NVXWY WP NN MINID DI DPOW
AL,2,..0,n} 5y 12N IMNA MO MMNNNIY IR .NYNP 0-Y ATON 29D NN
NN MOV P PN nnnn L1 <@ < EnveR My mo= o (a;) 2D n23 VR

ONNY PN NNP N DN .0 (ai1)-2 m

(U (a’h az, . .. Jak) 0_1) (m) =0 ((ala ag, ... ,(lk;) (0_1 (U (CLJ)))
=0 ((a1,az,...,a;) (a;)) = o (ai1)
NS IPR M D D NYD o (a1),...,0 (ar) 9Y 12T INMN MOMD MNNHNN 199

ONAY PN XD XYY IMN NOWN P> PR NN 19,1 <@ <k aNd o (a;)
1991 ,i 999 071 (m) # a; 23 159 DWW

(0 (ar,a2,...,ax) 0~ ") (m) =0 ((a1,a2,...,ax) (67" (m))) =0 (c7" (m)) =m
[ MY MIVITTA MMMNNN XYY INON

T =10 = (1,3)(4,5,6) ,a = (1,5,3,6) mMmnn Sg-2 Mmnn .11.7 99590
N 2VN (2,4,5)

,11.6 9700 NNDMN 290 WD

cac™ 't = (3,6,1,4)
rat™t = (1,2,3,6)
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Cycle type

Sp=1((1,2),(1,2,...,n)) (29 11.8 PO

o = N DIMNN DY NYAONY NMIN P19 NN o € S, NN .11.9 D910
IV NN VT 1y > 19 > - e > 1 00, NI 0y 9Y TINRND D MY 0103 ... 0y
(r1, 79, .. TE) DNTON -k-N NP 0 DY BNV

5w oMmnnn Man ;(3,2) X0 (1,2,3) (5,6) Sv oMnnn Man 11,10 ANt
[(4,2,2)xn (1,2,3,4) (5,6) (7,8) v oannn man ;(3,2) mn o (1,5) (4,2, 3)

VDY DMINRNY TH3D MR D7 Y BR PN DR S,-3 TWTIDY NN MW 11,11 HPOY
DWON? MDY K2 W 3R ,Ss-3 (4,2,3) (1,5)-2 dnws (1,2,3) (5,6) D wonn
Sg-3 (1,2,3,4) (5,6) (7,8)

(12N 923900 PON N NPT ¥ ONX) DN
M ) T =mor !t N0 LS,-2 MTNY MAMN NY 0,7 € S, NN (<)
120 ;00 OINNN DY NYAIND ¢ DY MV 0 = 0103 ...0%

T=mor = TO109 . .. O'kﬂ'_l = (7r017r_1) (71'0'271'_1) - (7T0'k7T_l)

5555 PYTAY YP )0 D ;MNN NN ToE T L AN NN 9 ,0TPN 900 295
NVOVP OY (MDD I OO 01,09, ...,0% D) D M DR DRI DNV OINNN DY
TNND IMND NIN IDND DIRNNNIN TN 91,0098 INNND DY NYAOND 7 DY 9
DN MIAN IMNX 7-91 -5V YN INON .o-2 DINNNN DY
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Carmichael

number
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Discrete
logarithm
problem (DLP)
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Diffie-Hellman

key exchange
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DN TP QPN DN Y0 190N NIN ONNY PRI -1 0D 20 MY .z (modn)
Ly, OV

DONNY NN NN 2070 DITNN 7 INTIV NN DOV |7, DV NPNIDN NNONN
T-g =-V IO x NINDD O DR A € Z, Y2 .g # 1 My pin panad
VN M) IMRY gL 995 90 0P 1P (g, n) = 15 WO T A (modn)
= hg~ ! (modn) NN PINSN 1P MY DTHPIN DNINON NNYI

WD n ATon G = (g) OPN 1NN NN (19N T H1PIv1N9) 13.23 WYV
ANPINYI MIB0 GONND INY) TIND 1T ONYNI p NAY U, NN N5 52 pn D30
MY NN a € [2,n — 1] 7y20 1901 PTID YDI9 NNIN ¥ NYIA YHNWN Y35
WVIT PPV NIANN NNON NP2 NN 21 DN ,DVNNYN Y PN .¢g% (modn)
7010 P9

g% (modn) N5V »M¥N NNANN NN 212D NNOWY DON .1

Pnan 1 ,(g%)? (modn) DNYY qmwnn MAsNN NNon NN 2WNND 113 .2
(g™) " (modn) mayan

N (¢°)* (modn) NN NAVAN DN 1Y TIDNN NP AMP THIN IMN .3
(¢*) ™" (modn)

9% (modn) oy MyTiN Pasnd o9 OTT8N DY Ny .4

9 RO INPTION ATV KD 2121 OON OV OTION NNaNN TONNA .13.24 WD
LTONDY NIYSN NNON NN NIANNN NNNYD AYND 1) DD IV KN DIPINOND
IN) 212D IN DONRD AT ANNNND D12 9PNy NN DAX NN NIPNN MNad v
NAPNN NYINO INY ONOMNND INY DNPIVINND DVNNYN HY91 107 ,(DNIvD

2N

p =0 (TP MTRI) DIVP ITDN DY DNININD NN Y1) .13.25 NNNT
Usz = (5) 98v 9Ny .23

b =15 9m2 212 .55 = 8 (mod23) Nx 2125 NSWN 199 ,a = 6 NN OON
2121,19% = 2 (mod23) 2wnn ©ON ny> 5% = 19 (mod23) Nx ©ORY NHW 199
8% =2 (mod23) avrn

VY NYaAIR SN 14

MPoNHN HNNYN  14.1

DOV DYDY I MPONNN IRNYND DX DXV 29D
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Center 8PN NN G NMAN SV 0N .14.1 DTN
Z(G)={r e G|ry =yx,Vy € G}
G 5% 1onM nMan NN Z (G)-v 1R 30 1)

Centralizer NXAPN NN x OV MWD [,z € G 935 .nan G onn L14.2 DTN
Co () ={y € Glay =y}
.G 99 nan-nn Cq (2)-v 1R )5 1m0

Conjugacy class ~ DPND 2 W INDOIDN RPNV DX P .2 € G o0 .nMan G onn .14.3 Y10
NN2PN

conj (z) = {gxg’l |g € G}

0P x € G 999 .14.4 YYD

(G2 G (2)] = |conj (2))]

95 Moo 5 = (12) (34) oy maonnnn S,-2 MINNNN 190N NXR NN .14.5 5990
Ly =6 nmrpnn v € .5, MMnnn

|S | ' RARRD
C = s E—- o =8(n—4)!

AOND MmN 8 v 541 Dwnd

MY NPoNn D RN LG Z (G)] = n-v 72 oo nMman G onn .14.6 9N
DN n ANYN 930 NYon G-a

120 .Z(G) < Cq (x) opm x € G 999 2Mno

n=[G:2(G)) > (G : Cg () = |conj (x)

Class equation NR.MND N3N G DN LAMPONNN NNNYN) 14.7 VOVY
. G
Gl= % ki@l =1Z@)]+ ¥ o
T rep. *¢Z(G) rep.

NPINY 700 M) VNI YT 7Y THITVED PN 70 771 IR TIVDID DYDY 130N
ASD KDWY TTDOED IPINY 770 3N MDY

Lig-y S3 M2y Mponnn NNNYN NN DWW L14.8 990
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p-group

MPNEN NPONN 199 TPOAR N NNIAN . Zg OV MPINHNN NIRNYNN 2NN . \INO
6 = NYN Zg SV MPONNN NIRNYN 305 L7251 TN TN NOND IR 9D DV
dA+1+1+1+1+1

2o NADM S,-2 MTNY NPYNN 1S3 DY MPONNN IXNYNN DX PN NYD
2NN VIP .6 =34 2+ 1 D5ap) I9MHD NNt IARNN NN MDY MNINNN

lconj (id)| =1 e
Jconj (——)] =3 *
Jeonj(— — —)| =2 »

NN N2 YDNX DD DY ATON OX ,p-DN3N XIPN G DNIAN INUNI p oy 14,9 A9 1N
MYOR MY |G| = p” OX PN ON p-NNIN G IR, 790 G ORY IR .p DY NPN
n €N

20NV PR P-NNIAN OV 1INV INOIN .14.10 729N

OPPNN MPONNN NIRNYN 29 DY .p-NNIAN G NN INNO

n " _on P" _ on ner,
1Z(G)| =p —Zm—p - p”—p —ZP

TON DX PONN P ORNY PN 1997 p-2 PONNN NIRNYNN DY P> PRY 25 O'W)
29NNV NN 91 KO Z (G)-v yan won .Z (G) dv

JPOAR NYND MIAYN YV IRINY MO DY p2 70N MNIAND NX N .14.11 D390

|Z (G)]| € MY 295 19D PONMPIV ND 1INV YT DX DTIPN 25NN 299 ZWIN9
MY M L7 (G) = G-v 20 AN P nvse moan nmany oY {p, p?}
JZ (G)| = p? Prvnav s 1wby 135 0915 NMaNn DY TI9NN NMINN
191 MWK ITON X NNANNN MDD .| Z (G)| = p-v MDD .NOW 12OV N
MWam nyd b € G\ Z(G) M |Z(G)| = (a) a8y 1 Sy NNy DY hprN
JOINDO 090 1991, [(a, b)| > p 23 M1 .b-ia ©IDRN T DY NINNN NNIANNTNNA
.G 95 2o {a, b) 95 .[{a,b)| = p?
NN LIPOAN NN DR DINY DY T DY NANND NNIANY MNIND NI DY
.ab = ba YD ,0a5NNN NYY DINPNIVY
WIN NI TI72) .G = Z (G) NP2 390 .a € Z (G)-v Ton yan it 1R
(79aR G 9 oy N G/z(G) 0o
Lip2=2 N TPONMIIN P? TON NNMAN YOV HAPI NPYIAN MNIAN PR LAYN 199
Ly X Liy=2 W
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Commutator

Commutator
subgroup (or
derived

subgroup)

Simple group

Perfect

Abelinization

MOVIMIPHD HMIANHN  14.2

APNRD NN @b € G DADR M Y WOMPD  .nMan G RN .14.12 DTN
Ja,b] = aba=b~!

.ab = [a,b] ba 995 19N .[a,b] = e DX PN DX DAONIN a, b .14.13 WD

PN (NN NNANTNN D) NRIPI) WOVIDYPD IMNINNN .14.14 D970
G'=[G.G] = ({lg.h]|g,h € G})
.G 9V DMNLLIMPN DD T DY NANNN NNAND~NN MDD

.G' = {e} oX pM OX MYAN G .14.15 WD

JPoaR G Mann and Ty "NTTN” MOVINPN NNIANTNN ,NVYND
Ja, b7 = (aba o) = babta ™ = [b,a] .14.16 WA
H' <G 1w H <G DR L.14.17 WD

gla,b] g7t = [gag™', gbg™']-w Mt 285 Swnd .G’ <1 G .14.18 WD
955 .NYORIMIN NP N2 PN NN DYYND NDYPN NOVIMPN NNANTNN
orpmm f: G — H ovammmin

f(la, 0]) = [f(a), f(b)]

229 OPONMIVIN Y30 OPPNN M ONRINY MIXIND 2900 G YV NYONIIN NNOIND
.G YV

ND NPHNIM MNIANNN PR G-D OX W0WO N3N XIPN G 1NN .14.19 NN
JYORPIL

(PO RPNT IND) TPOAN NNAN .AVWS n > 5 May A, NMann .14.20 NPT
INYNI p MY Zp-b ONMMITN N ON NVIVS NI

G = G ox o RIPY G AN 14,21 0910
JDIVID RO IR TR KT D0WO N3N G BR .14.22 TWROY

MMIAN-NN NY PR ,NOVVY G-Y o0 .NnTMpn NIynn 29 G < G 0»pnn . DnW
G # {e} ;AN KO G-v Yo {e}-1 G nrONrIvN MMaNn VYN NPONIN
O .G' =G n1ona oo

N9 NOWS NN YwnY Zs Yan A = A, ooprn n > 5 ay .16.23 oot
JPOAN NN D NNoVIN

ANNI DANTHD TTIRD THVD KD, G 79 ISONIIRD IRIPY G/ THYD .14.24 VOV
D LG W
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JoaN G/ nmn G nMan 955 1

G/N mod) G < N or pM ON YaN G/nv-v ovpm N < G 999 .2
AG/ar 90 NmY MANMIIN

Aler = A, oaN A DN .18.25 DNT

de, 0%} = Z (D) < G-w w81 Dy = (0, 7) 'NN .14.26 ONT

(p? NIN NSV ATONY NPON) TOAN ® NMIANNN .|P4/2(Dy)| = 4 NN )5 md
14,11 2371 a5

NY Dy nmann Dy < Z (Dy) ,ipsvyoann Yv nyonopnn NNon e 330
D), = Z (Dy) 99 .Dj # {e} 199 moan

n>5 72y S, R RYD 18,27 99N
195 .sign(a) = sign(a™!) »> 25 oW [a,b] = aba"'b7 € S, > N9
sign([a, b]) = sign(a) sign(b) sign(a~") sign(b™!) = sign(a)?sign(b)* = 1

LSO NN NN DNOVIMP DY NN DD DY LT NN NIN NOVIMP IS
SH< A, P9

WNY W Tyn AL < ST omp msnw nayn 0a oy 0Y LA, <5, 00 9om
Snfa, & Ty MANR 772 .S, = A, 12092 9 A = A, O7pnn n > 5 Nayw
SH= A, 9ap) [ psvYLIRD NYOOPN 295 105 HIANR NN MY
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MM MMIaN Navy N

MOV DINN NNAPY PMPDN NN 2INID AN “NNDNN” 22901 N NN IUND
AONOY MM MMNIAN NNOD NNNNY KD Y N .N2WN NN N0 »Dan
£ Y201 DTN IR ONYYD NYs oy v NNan (G k) N (G, ) @
.0 Y2191 DTN DR 9N NN DY DNHYN 090NN (Z, +) @
0 Y01 DTN AN DN NN DY n € Z OV MNadn ,(nZ, +

VN .7 INTIN NN DY -2 NPINYIA PN SV MY pv mpdnn [(Z,,,+) ®
0] w0 ymon NN

1] W 1 y2en AN AR 2 TN 95 oy AN nan (U, -)
1 ymon NN AR 909 995 0y 1 ATon DTN WNY nNan (£, ) @
YIDN DTN DR DTV NND BY F nTv Sv nann nnann ,(F +)
.0
1 ymon NN AR .NTWA Y950 0y FnTv YY mYaon nann (F* ) e

TN MION NN OY F DTV Oy 1o X n 9T mon (M, (F),+) e
.0, W0 Y200 DTN

0N 995 Oy 1 AT F Syn mooon maryon nann (GL,(F),:) e
YNON DTN DR F DTV DY X n TR MDD MPI0N 0N DIDND
d, W T

0N D95 oy n M F Syn nTnvnn arydHn nnann (SL,(F),) e
TN LF TV Syn 1 nvIynavT 0y noxX n 9T MYPIvN 0N DIDRD
g, W T ymon nTren

Ad Y200 DTN TR LNPSPNS NADIN DY NIVYYON NNMANND ,(Sn, ) .

DIPEPNG NN DY (MYIMRA MIDNA NNIN IN) PN 1Nan (A, ) @
id ymon nTrn 1N

Aid Y2100 DTN AR APEPNS NASIN OY OUITTN DA (D, ) ®
1 ymon nren AN .0»IoNPn NMan L(Qs, <) @

2WAN PO IR ONYI 027 DIPNIA D90 1D - MINMDN NS OXY 2D WY
D12 O SYNY IX e DIPNI e DIV DTN DN TOV D WITID T DINIYD
Lo 5v nomacnn nana nrnen YN May 0
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