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O o(a)|n
o

Roots of unity a0 ) = U Q2 DVMD WY NP NN JDOI 3,15 DN
n=1

(1NN NION2 XD NN MMAN TIR) .99 >335 NN NN O .1
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

14



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
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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

NSV 29 1w (12 3) MmNnn XN 4.3 NHNTA NANOY 0 € S3 NN 4.7 IPNT
IMMN NINNA TN

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
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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} 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

DOOWOYYY NP f: G — H npnyn .man (H,e) (G, %) n»ynn .7.1 A0
DYPNN ONX MMN3N Y

Ve,y € G, flxxy) = f(x)e f(y)
DNVINMINN DY DNY DN ISP NI Po)

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

DVONMIDN ,DVONNDAN ,DVONNDIND ,DPANDININ DY MNYN NN INPINNPOL .5
JNNNNA 0N PN AN N JmInd ovaImvINg

NPNYN NRYP ON PN OXR OVAMION NN f: G — H Dvammmin 7.2 YD
gof=idgon fog=idyg-v109: H > G

PTD MDD .INNYA OVSNMIMIN NN NN g DPNYINY  (1NDI) ROIND IVAN
.g = [71 N0 NpNyn N8N 90N OPSMMIPN NIN f DVANMIMNY MONY
NT) TPDOVRII0) NPIVDD ,NPDOPIST NNIN NN NPANMIVRY MNID D) IVIN
NP 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 MINDN N NI OPNIMIN NN 2 G — H npnyny nT1ayn
Jleg) =ey 1

S =flg)™" 2

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

oM NN N NN Jker f = {g € G| f(g) =en} 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

935 f(a?) = f(a) + f(a) V19 ,PPANMPNR NN f 23 NPV NI NI NN
NPD W IR DY NN f-w nan .=+ 0020 own ¢ = f(3) Wy .a € QF
J(x) = §mmx ypon §-5

NN NN NION 10D

f(@?®) = f(z) + f(z) = 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

f: GLy(Q) — Q° ovammmn o»p ONN .7.13 99390

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
DPN0 RY ,YIN GLy(Q) D3 M9 .HaN im f 199 im f < Q8 o »
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A3 IO PIIR VON .HPOY
2009MVIN NN i(g) = ¢! 295 PN i G — G NpnYNN NN .7.14 9N

NP NN PITAD INYY DY YNN NN DNSYD NN NN DPNYRNY N2 NN
5 25 OV g, h € G Vi (DVONIMIN NN YD) NDIYON DY NIV ¢ DN

i(gh) = (gh) ™' = gt = i(h)i(g) = i(hg)

JPOAN G OR PN ONR OVONMMIVIN NN ¢ MDD .gh = hg OX P OX DPPR> NN
Ainversion 20> >75 N2 NPNYNN YV OWVN 2R NIYND

WP vavn 7.2

Cayley’s theorem .G <> Sg DVAMMMNN OPPY NN .AMan G NN .0D»p vVavn) 7.15 9N
NIP) NADINN NYYe oy T X X2 moaann nrspnan v Sy qOINA MOt
XO9Y DMYDDD HM3N

dg(a) = ga Snnwn 59395 [, € S 5y Y'NN PN NITHIM g € G 935 W
Y5 .ovaNMMN C-v NN NNN . P(g) =1, 290 O G — Sg PN VTN
0PN g, h € G 9200 NoNY PN

lg O lh == lgh
@ TN OY MO 0 a € G Y35 DX PN OX NIV NPNPNN

(g o 1n) (a) = I, (In(a)) = Ly(ha) = gha = I,y(a)
DPPIN N Ly = [ 7 YN0 NINY MININD 27D .0v9mmin ¢ oM
g=g-ec=ls(eq) =lylec) =h-ec=h
O Sg-2 nown G p5 g = h 2o
MY NNANND DN NN N0 .G — Sg 2w Man G = S3 N2 .7.16 DT
{1=id,2=1(123),3=(132),4=(12),5=(23),6=(13)}

NNN - NNANN DN 9D NN NIV g-2 IRNPYN Y90 XD IR g € G TN 92D
;g = (123) 5v Nmnn NN 2WN)Y HuNd .Sg-1 g YV NHNNN NN N

dg(1) =239 ,1— 2955 ,(123)-id=(123)

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

L;(3) =139 3— 150 ,(123)(132)=id

dg(4) =6199 4 — 6 m>> ,(132)(12)=(13)

dg(5) =435 5= 45> (132)(23)=(12)

1g(6) =51399 ,6 = 5 m9> (132)(13)=(23)

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

33



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 DNINTHINT HOWOWR 72 IDY G VYD N3N D .TY F oy 7,18 D PIvAY)»)
GL,(F)

GL,(F) 5% nMan-nnd mamn S,-¥ NI N0 109
GL,_1(F)-2 .S, "R 2v210) 0Mp .G — GL,_1(F) ovammmm INYD DN

G = Zg W ,9AR G ORY IO .6 2TON DMan G onn (M) 7.19 990
G = S5 N ,109aN RO G ORWY

MNY JNINn 8

49N NNNPNS Iwn 8.1

:NAD WNN VAYNN DX Py Uy, NMaNN My 1INDD vavnn

WY .p(n) = |Uy| 7 7w ¢ N — N AP mSpno (191X 0avn) 8.1 vovn
.a?™ =1 (mod n) o™y a € U,

©(10) = nx Uyg = {1,3,7,9}-v annn .3 € Uy 199 ,(3,10) = 1 .8.2 non+
3700 = 3% = 81 =1 (mod 10) :07pmm 1N |Uy| = 4

MIURY P NIY AR VOWD T9 WO TPY N .(NN3 YW YoPN LawNN) 8.3 VoUn
aP~t =1 (mod p) V3 0(g)| (p— 1)-w DY a € U, 99 V7 .|U,| =p—1

909121 990101 S MNINKN MIDN PNV NN 2VN 8.4 999N

2wnY 551 8,909 = 9 (mod 100)-v »91n .M2»pY oM 190 mod n-¥ 13t NN
9121
9#100) — 940 — 1 (mod 100) 19N VAWM 29 Sy NN ,(9,100) = 1-v P>
I =(910)3.9=13.9=9 (mod 100)-v N
790N JNINA MDD L (n) 2N AN NNDN NN AN 2XINN PINS TNKY
A2 DN VON TIYA NIV OHLVPN OIFDNN DDV NN AVND DO NNYDD OOV
MPN N2921ND P N2 DOV T9DN DI ,NPPONTPIND DV TIDN VAVYNN *9 DY
N3 (YD) AT 2D TY) DPNYNI OI90N SV

_ k1 k2 k
n =Dp; P2 pmm

,N1D9072 NYWOD PNYNI 19010 DV NPN DY IDNIN NPNPNNA TI9)2 AN NYd
:AVND 5P DMINY

) B 1
o) =p"—p"=p""p-1) =) (1—]—9>
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J(a,b) = 1 DN 9D ,NINXINA NNDIN ROW MIYVLA IX 2PDN NPIRYN VIVNA 1IN
92p) 0OV 190N MY 3190 .p(ab) = ¢(a)p(b) ™

e (n) = (Pi'5 . ..pir) = (p1') ¢ (052) ... o (pir)

1 1 L
et () () (1)
D1 D2 Pk
1 1 1
:n-(l——) (1——)...(1——)
D1 D2 Pk

o () () (1)

:p (60) NN 2wN) .8.5 NNNT

@(60):60-(1—%) (1—%) (1—%)216

89214671999 1 2019 Sv MNINKRN MIODN PNV NN 1AYN .8.6 929N

D1DYOMN

2273 mod 100 293 WO

8921467'%% 4 2019 = 679 4 19 = 677001 419 = (67°°)™ . 67! + 19
= (677090 6771 419 = (1) 677" + 19 = 67" + 19

-2 N8 99 100-2 2 67) Uigg NN 67 DV 20900 NN NINND M) Nyd
DNNYND PING NNOND TNXD DTOPIN OV DIINVONA WRnv) 70 TNYD  (Uigo
67z =1 (mod 100)

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

67 99 INYY NP ged (100, 67) NN 1N ANINN DTOPIN DIPIVION NINYA

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

MY, =319 ,1 =67—2-33=—-2-100+4 367 :52p) NNNXO NANOIM
3 NN 67 OV 0N
22 30 MNINNA MIDDN NV MDD 671 +19 =3+ 19 =22 135
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RSA

cryptosystem

RSA m98n noyyn 8.2

N98NY NVY NwHNNINN L RSA N3980 NOIYN NN MNANND NN WVIYO INNT
DIPINVON DY NNIND DNNT AR 2NDND NNND YT DY NODINN NPIVDON
SPTOPIN NNPOIN (DTN TN PNV »TY ,002 P OV YY) RSA

AN J9IND NYTIN OIORD MOV PNy 22 :HYoNN

TIND 93192) INIPN J9IND p, ¢ DPNIVYRI DIADN 7Y NIN DION :MNNINN NP
pn) = (p—=1)(g—1) M n = pg VOV IR NIAYNN NN (DT
oY192) MAXNY TIYNN NIPIWY p(n)-2 NN e > 1 790N NIM1A NN qoNa
50 d ’995 D90 NN NN (NN JOP T 90N N 65537 = 216 + 1
790N NNHN NN MDD .Y OTION NNANN AN Y Uy, NNana e
N .ANMMN OTOPIN DIPIONR T DY Hwnd de = 1 (mod ¢(n)) 0»pnn

DY MND TNY PRY 2OV

NNANN NN ,JA¥I NIOND XY TN L PHN JOINI NNOW DON NND NNND NNON
NYYY TIDA NIV NN d O TIDN NN DX .(02YY IN) 12D (n, €) Y MNN
DY MND TNN PRY 2OV Nt D)

NN .0 < m < n OPPRN M I901N NN OONRD M NyTIin NOY 213 19NN
YMD 90N W PRI 9INA . = m (mod 1) NMANND NYTINN NN NOW
MOVS D1 212 MY My SY

m = ¢ = m* = m >non nnann NNY2 m NYTIND DX NNYN DION MY
.(mod n)

p = 61 NN SVND DN DOX TIND DIVP DIV0N DY NNNT 1N) 8.7 NHNT
VNN NN g = 53-)

n = pq = 3233 on)=(p—1)(¢g—1)=23120
NIN N9V OTION NNann .o(n) = 3120-9 9t YRV e = 17 M9sN PIYN NN NN
d=e'=2753 (mod 3120)

NN NNANN NN DDIAN NN DIVINONI DNMYNIN DAOVN Y NN DPDD » T
(n,e) nHv
DYTIND DIN 2V NN JDONRD m = 65 nyTnn DX NDYY DX 212 N0
NIDNINN
c=m'" =2790 (mod 3233)

2N ST HY NMIN NIVON DION NYD .DOND ¢ NN NOWYN

m = 27903 = 65 (mod 3233)
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Discrete
logarithm

problem (DLP)

M2y MOYWA MYYND O NPINTIN MPN DY 0»»aN *25v2 02NN

DY) DY NIYD NPTN 2N 2T DY IN PYDN NPIRYD VIYNI MNYIN TINND

MNP DAY 29 W) M7 2WNY Swnd (NPT IRy NIROYN D) NXIPIN
22N POANDI NYPIANTIN MDAON 17 — 1 = 16 ©Opna 195,17 = 10001,

'=m-1=65 (mod 3233)

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

8 (m4)2 = 1547 (mod 3233)

m'% = (m®)* =789 (mod 3233)

=m (m®)* = 2790 (mod 3233)

3 3 3 3
11 |

H
5
|

MPIDTN NP2OD 22PN N (NNINNY NNIYNXI NNVY) m-2 NV IYNRIY 2D DY)
VID'W IPYY NP .NPDON 900D D2APN N ,WN2I2 10N IWRI DN ,100015-2
NOVIVON NINANA PO NPI

: 2
mls] NN k
2
m (mL§J> AN ON k
Noyn Sv Mmoe [log, k|-2 panond on pnwss k may mP awny wno 7o

NPIATN MY95N £ — 1 0pna ,nrantn moadn [log, k-2 anvn 9391 yia1a
Ot DOV NAtYa 279027°3 S 21wNY WATN A3 PRI DDA

mk:

NVPAINVIP NPXPNND WNNWND XTI KD WNNY NYTO v (INIMNK) 8.8 DWW
’2)0 DINNA ONMIN T DY NPTPITN NYNA RO .DWN DOIND TaD DNVNY
VNOY DOV 220D DXID AWANY MIAT MOPNN PV, TIiPn MNDN MR NNI
,(TNN2 OTX NOPNN DMV XD MNNSN NPY ,O0MOYA KD DIVNIS NN MO

LI T TN Y NaPNN

WIVN DN 9
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S5¥ NYHNINN MNINN~NN 93 JPN NYTY Pavn DY H < Dy May Pi/ nmd
.D4

xR MO oY {id}, Dy < Dy DYOROIMIvN MMNMIANNTNN DX 10 v 95 0P
Da/p, = {id}-1 D4/{iay = Dy NYOINPORD MNNDNN

Wy Da/(o2) i yanb noxn .Z (Dy) = (0%) <9 Dy 02 ©yTy DX Ny
2oV 71720 AWAN )0 1D .4 TON NNAN N D IR 29D ,DOYTY DNIN WIND
NNE TOND YT YN Zg X Zg WY WNAN 199 22 = e o¥pn x € D4/(02> 92N
59 f(Ti07) = (i,7) 295 f: Dy — Zg X Zg TN (V0D DHONMIDN NI 292
JIURAN ODSNMIPNA VOYN 299 1991 ,(02) PYI) OY DPOINPON MY 71715

D4/<02> = ZQ X ZQ

55% DYTY D) VAN .2 OPTPND NNINNN 1 D (o) < Dy D 15 Dw)
1991 19 N NPSNMIPN 2 1TON MMIANN

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

DNNRYD 12N 2)INAY N .NYYNIN MNIANTNN TY ¥ OND 1T TIN
95 NN NANOY MNID Op ,0MONY v 0ad LDy DY mMannTnn Yo NN
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Inner

automorphism

Inner

automorphism

group

NTIXAN 0 DIN KO TP MDA MNANDNN .(o?) NN 4 7ToN MMINN~Nn
DPPNNY TN, 9N AN NN 2T (7o) = {id, 7o'}

H>rTt (TO'i) =o't = 70"
N DAN =2 NI5N2a )20

o(ro®)o ' =(or)o=10"'co=7¢ H

95 99 , Dy YV NYHNINN MMIANOTNN DO IR NANOY WO H 4 Dy 1o,
Lid}- Zy [Zo X Zs ,Dy Y0 Dy 59 NPOMMIAND MNNNN

J0AN G N, OPN NN G/z(G) DR anon .nan G onn L11.7 9990

NAIX 32 M G/zG) = (aZ (G)) vy a € G ©»P 1991 Y8 G/z(G) DN

D DYITY
¢=J92(@)

geG

P ,9Z (G) € G/z@) ,nyd .(MMAN~NN H¥ MPYNNN TR NN NN D D)
1NV ¢ OVP

9Z(G) = (aZ(G))' =a'Z (G)

O”PNN )0 OX .(NYPDOPINN *9D)

G=Jaz(G)

€L
DMV 1, € Z ©00»P 20 g, h € G viv .55aN G-v NN NYD
ged'Z(G),hedZ(G)
39 h=a’h'-y g =a'g’ oMy ¢ b € Z (G) onrp ms
gh =dad'¢da’h = d'd’¢'h =d’a'h' ¢ = a’Wa'g = hg
O JoaN G o9 ,gh = hg 0P g, h € G 995W NNOIN

OV .G/z@) = {e}-v Wom ,Z (G) = G opn X W3R G DX L11.8 ROV
INIRMMO ROD R WP G/z(G) DR

92 AN Y0 G — G OYIMMOVIND .a € G > ,nMan G onn L11.9 YN
YO0 DONO BHOWDWOW XA 7, (9) = aga™!

Inn (G) = {7 |a € G}

.G DY BHDMNON TIVDONVIVIRD NN NNIPI WA NN2ANND
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nMan 20 Inn (G) 29900 71 = 441 2 7,09 = Yap 22 VI 11,10 930
.N2290N N2s DYy

o»pm g € G995 DHMOW

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

P2 Y. = idg 22 25 DV JPYRIN PONN DR NN 1D

a a1l = Yaa—! = Ve = id
{7 AR e
Ya=1©Ya = Ya—la = Ve = ldG
,G NMan 955 5 o 11,11 9N
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)

O G/z@ = Inn (G) 93p) NYRIN DOONMPNRD VIV 19D

Wy 09V Yan 12

NTRNHN Nys  12.1

Conjugates 1MV a € G DYP OR DTS A-) g DIDRY DN 0NN G onn L12.1 D10
NNRIPIY VDN 95 S MYpwn Nponn 1w G Sy mYpy o pTn M A = aga !
Conjugacy class 2OV THYDOYD IPINYD

h-y g 22 NP3 ;MY N DTN DY DIDN Y PR LG TPOIN 1NN .12.2 INNT
MY a € G 0”P )00 DTN

h=aga ' =gaa™t =g

g YY MTNXN NPONN ON PN OR g € Z (G) 7R ONvYD nMan G OX pHY5 19182
{g} ron

AN 1 MO TN g € G oo ,nnan G onn L12.3 99N
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0(h) =nnx,g-9 7MY h € G O .1

.9 € Z(G) nx ,n 97010 G-2 DIDN TY PN ON .2
RN

225 WY b = aga”t vMayw a € G 0»p 19,0y h-y g .1

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

J/

Vo
7 times

NN ,0(h) =m DR W T80 0 (h) < n-v oM M
g" = (a’lha)m =a'hma =e
0(h)=m=mn 910792 .0(g9) =n < m PN

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

]

OV Zy DX NNPO IWAN DWUND D) IPNX PYD 901 TIONN PON L12.4 WD
v 0NN TAN Y991 19102 0PIV 30 1D ;DTN KXY 00 Yar o (1) = o (3) = 4
ATOOIMND NN DN

FND TN o NN LD Nana L12.5 e

ot ! =107 = 0?

.D3-2 3 9700 YK MY PR D ,0N0 DXTINY DN TY PN

DN (ag,ag, ..., ax) € S, MO O 0 € S, NN .12.6 3N

o(ay,as,...,a1)0 " = (0 (a1),0(ag),...,0(az))

MmN WNOWD  decorate-sort-undecorate NVXWYWHY IWPN NN MIXIY 1D DN
AL,2).00,n} 5y 19N IMNI MO MMNNNIY IR .NYNP 0-Y ITON 299 YN
X NOWN P> PR NN L1 <0 < Enver Ny mo= o (a;) 2 N2, 1PUND

ONAY PN NNP DN DOND) o (a;11)-9 m

(a (ay,aq,...,ax) 0'_1) (m)=o0 ((a1,a2, Coyay) (0_1 (o (%))))

=0 ((ay,aq,...,a;)(a;)) = o (ais1)
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Cycle type

DN PN M D D DY o (a1), ..., 0 (ar) 9Y 12T INMNX MO MNHNN 199
ONAY PN D XYY IMN NOVN P> PR DNN 1P 1 <@ <k aNd o (a;)
1991 i 999 071 (m) # a; *3 25 D)

(U (ala Az, ... ,(lk;) 0-_1) (m) =0 ((a’h az, ..., ak) (0_1 (m)>) =0 (J_l (m)) =m
[l MY MIVITTA MMMNN XYY INON

T =10 = (1,3)(4,5,6) ,a = (1,5,3,6) mMmmnn Sg-2 MNM .12.7 99590
N 2VN (2,4,5)

,12.6 99110 NNONN 295 INND

(3,6,1,4)
(1,2,3,6)

cao !
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(11,79, .., TE) DMTON W-k-N NPNO 0 DY DINRNDY
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VD7 DNIRNY THID MR D7 ¥ DR PN DR 5,-3 HITIDS TWNDR W 12,11 WP
DWONT? MDY K7 W 3R ,Ss-3 (4,2,3) (1,5)-2 dnws (1,2,3) (5,6) Dwonn
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(12N 223900 PON N )N ¥ OX) DN
MDY T =7mor ! N2 LS,-2 MTNY MDY 0,7 € S, NN (<)
129 ;00 OIMNN OV NDAOND 0 OV MO 0 = 0103 ... 0%

T =mom zzﬂoiag...okﬂ‘i ZI(WUlﬂil)(WOQWAJ)...(WUkﬂil)
5555 PYTAY 5P )0 10 ;MNN NN ToE T L AN NINN 95 ,0TPN 9)9nn 295
NOVP OY (MO M O 01, 09,...,0% D) MD N DR DX ONY DINNND DY
TIND IMND NN IORD DINNNIN TAX DI ,07 DINNN DV NYAOND 7 OV o
DMNN MIAN IMN 7-21 0-DV¥ Y21 NN .0-2 DINNNN DY
0 = 0109...0F YADI .DINNN MIAN MR OY 0,7 € S, "N (=)
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Partition

NNN P LD OIMNND DN Ty, ..., T DN O OMNND DN 0q,09,...,0k
5 29 W) .DNNYY DNOWI DIDNN INY 99V 7 (a, ;) =b;j :Td 7

ot =T (i1, Gigy s Qi) T = (T (ai0) T (@) s T (i) =

= (bi1,bigs - bim,) =T

oM
mom = TO109 . .. Jkﬂ'*l = (71'0171'*1) (7?02#*1) ce (ﬂakwfl) =TTy... Tk =T
O JSp=2 MTINN 74 0-Y NN

n>39% Z(5,) = {id} » wmon .12.12 WHpov

Y NN a # b €S, NN .a # id » nYHvA P ya € Z(S,) NN DN
NMAYY o € .S, NP NNV DINN 29D .a DY 1D DINRNNI NN IMN DY a-19
92y 9 ,a € Z(S,) YaN .ocac Tt =b

1 1

=o0a0 T =a00 " =a
O Z(Sn) = {id} M5 ,a = id n75n2 195 b YW NPNaY NPNDA

ny > -+ > DPYAV DMIDN DY DY XD NITO NN 1 DY AR L12.13 0910
£ (n) ©MON 1 SV MPIYNN 1900 IR N =Ny + -+ + NK-Y To 1y > 0

L (1) RN S,-3 TSN MPIND 1ODY .12.14 HPOY
255-1 W MY MPoNn Nnd .12.15 990

:0”Y320 OI90N OV DMDDD 5 NN 2INDN ,ANINKD MIPONI R J\INO
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S=4+1
5=3+2
0=3+1+1
5=2+2+1

5=2+1+1+1
o=1+1+1+1+1

p(5) =710

T-) 0 DN .DIMNND MIAN IMNX 7-9) 0-9% NN 0,7 € A, ViV .12.16 N
7A,-2 MTny
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N 99,3 DTN NN NN Az 0D DYTY DAIXR 1 = 3 NP2 OWNY IND NN
A3-2 92X D590 DaPy YNINN NYNNA NIV DNNTH 29D POAN VI DN
DTN 0N VAR .A3-2 TN 0N (1,2,3),(1,3,2) € Az ,0792 908YY P TNy

LDOMNN N3N N ONY W 0D | S3-2

Centralizer SV N NN PT a € G YN MY .0Nan Gonn (102N 15)INn) 12.17 DTN
mnd a
Cc(a) = {g € G|ga = ag}

0= (1,2,5) My Cg, (0) NX IN¥N .12.18 5990

NAdNNN 7 NN .o OY MADNNNN MNNNN NN NINND TN, MINN 0202 ZINO
MINN IDON NINNY TS )09 707 =0 OX PN ON 70 = 07 DX PN DN 0 DY
NAIND MMNN DY DD IV YW )N DITHYNYI DIPNI 0 NN MIPNYN

(3,4) M D DNN P W - g-5 MY MNn .1
(1,5,2)-1 (1,2,5) ,id - 9ayna o NN MY MNnn .2

NNONN NNPYIN 1921 ,0 DY NADNNN o DY MASNNNN MMNNN DY ND9d1 DO )2Nd
N
{id, (3,4),(1,2,5),(1,2,5) (3,4),(1,5,2),(1,5,2) (3,4)}

Y AVIDY Snan 13

NPOID NPOAN Man  13.1
NN DY OPNUNRD NOADN PP . .. Pr ITON NPOANR 1NN G oNN .13.1 THYV
G = Ly, X Lipy X -+ X Ly,
ON PN ONX (n,m) = 1-¥ (MR¥INI DIPRIVY) MYLN NIRYL PIPITIPRI NN

G = 7oy X Ly X Z11 ¥ ,154 9700 10aN G O YWD Z,, X Ly = Lim

DI90N NHYP NN PT ONYNI DY NPN ITON YN NN G NN .13.2 WYY

G = ZLymi X Ligmz X - -+ X OPADY My + -+ - + My, = n-Y Td My, ..., My DPYIV
Ly

NI MNANIN INRD oMIONR G 7N 27 = 32 79701 mYax G DX Swnd

Zg X Zg X Zg,Zg X ZQ,Z27

.(OWVND DIN SV DT 292) NIV NNX NPONMIVN XD VY MINID OpY

A(72YY HNINN NN L13.3 WD
D»YaV DM9DN YV N,MY XY NITD D N .n € N o
p(n)-2 n 5w MPONN 190N NN PO Y T s, =n DR N

r

M AN NN (i),
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A4=34+1=242=24+14+1=14+1+1+1=4>5p(4) = 55N> .13.4 "M¥1n

L(n) NN Pt ATON ,DVSNMIPN T TY ,NPYIARD MNIAND 1901 .13.5 THYV
MNP NNY W G N0 FOIAN NMAN 93D .13.6 YWYV

G = Zg, X Lgy, X -+ X Ly,

A<i<r—155 di|di+1 navy

mMMaN SY ND95N5 NPONMPN D) p’fl .pEr ATon YAN NMaN Y 13.7 WYV

Primary MNOMO YYD RIAPI D P19 .pfi 970N NN A; WRD Ay X ..U A, DrYaN
decomposition  Zg X Z5=9 TANMON G N |G| = 45 = 3%-5-v 75 m9aN nMan G ON ,5vnd

g X Lz X Zis-9 W

kn
n

WD PR NToD BOOTmIR YD Ty INIIRD MMIRD 10DY .13.8 MHPOY

(k) - plhy)
P23)p(2) =3-2 =06 R 200 = 23 - 52 APV INIIRD MMN3ND 10OY WY
I IR RIBHT DD BHR DRI

Liogg X Liog = Zingg X Zigg ¥ VN .13.9 9N

NINNNY MIXIDY, NP NN MINND MNIAND NN N2AND NN NNN MIVON . \INO
Lo = Ly X Ly, R (0, m) = 1 DRY MYV TYNY NN NINK MIVAN . 0
Ay

Do X Liggy = Zigs X Lig X L5 X Loy = Ligs X Ly X Lg X Lis = Liygo X L

Exponent of a exp(G) DNIND 2V (TIWHD IR VINODPRY NN DT .AMIAN G NN .13.10 NN
group D”P ND ON .g" = e O”Pp g € G 955V 15 n NP2 JOPN PYIVN 90NN NPND
exp(G) = oo MmN ,M>

70 YV (Iem) 1ayn namwnin 191950 XN G DY VINSDPRAY MNID Hp
OV OIRN

exp(G) = |G| nMay G Moy XY N7aND XNNT 1N .13.11 99N

SN AR) 1 9700 AR N2 WY YTy DMIR .G = S35 IR N2 WO
199 (3 TN DMNN) 3 ITON DIDN) (D2NDNN) 2 I1TON DIDN

eXp(S?)) = [1a273] =6= |S3|
exp(Sy) =[1,2,...,n] » w0 ot v oN

JO8 G R ,exp(G) = |G|-v 75 91D Yax NN G ORY NN .13.12 990
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Quaternion

group

Field

G NN P99 D91 NRIX exp(G) = pit . pkr = |G| e pwn o e
DIDN DY ATON NN DYTY MM | A4;| = pfi NI LA X - XA 9 PYad
pfi DN 192 L,(D°2372 OITON DY TPAYININ NAMYNN N21950) NIY NY9d51a
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oNoD” [ 19-N NNNN 12 PPRD ORPPONNIND (DDPTIONPN NNAN DY) 13.14 TIWYD
D0 NIPY DPOOND YIT .OIPIIONPN (NNAN) MO DY ORINKD NN, )NOIMNIN
Jonnn ovYTN Hv VPN

77920, TN POIT MAINILINYN DY D»0N 1Ty 1843 12I0VPIND 16 PINNA
i? = j2 = k? = ijk = —1 nNnwnn NN 1IN NYII NANNA ,NNIAND NI NI
.OPN TY DY R8N DNNYNN DY VOV .02 W) DY

DINPN NYAIN T DY DNAND DX IRND NN LIPOITITR NNAND NMTa
:0NY2 DO

QS = <_1727j7k|(_1)2 - 17 iz :jQ = k2 = Z]k = —]_>

YTN ©2ADINN NTY DX 2POOND 11012 2PN PR O2IADNINN DI9DND PNTH
YAIN ANIND - Q0N TN MOYD POY MY NODMIN AN TN NON 2NN XTI
NI ONOY Y19) VIDOY L(1PPVDA YAIN WP NIONP) OV MPR DY Mt TN
AND 920V 29D ANINI DD NN

7252 DINY VW O DY ANV INDOOM NPV NN O”P
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:MINAD
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Field order

Field

isomorphism

Characteristic

Subfield

Field extension

JPOAN NN NMaN X0 (F 4+, 0p) Mann 1
JPOAN 1085 nMan N (£ - 1) mann 2

a,b,c € F 959 (2NN Syn 5950 NPLPDIVDT) NN PN O»pnn L3
.a (b+c¢) = ab+ ac o7pon

TV OINRD 900 1300 DIV NTIL L14.2 DTN

DY NIMVYY MTY 2V P2 OY VNN IPNYN NN Y Y BOOWOWNR .14.3 N1
2wan onv

72Y L1 M ONVYNRI T90N OV NPN NN XN 0PND MTY DY 170N .14.4 WD
T ATON MTY OV DVONMMIDNR T TY TN 0D NTY OYP MUK DV NPtn 9D
JON TMYL PO KO
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NMPN NI P ITON INN 2NV NTY YOV MNIND DD DNN DR .p ITON
F,-5
‘=D

:07PNN POPNIN 19000 N char (F) mow [ F nTY DY YORDY L14.6 D913
NNaN2) NTYN DY DPNNN NNANA 1 DV A T0N M0 dp+1p+---+1p = 0p
NN 2R I YYD

MDD PNYNRD T90N DY NPTN TN RN DTV 1TO ,Fq Y00 NTY MY .14.7 WD
.p NN NN NN NTYN DOV PARNN INWYID MNYNRI p MY ¢ = p" O”PNN

mTvn Ynd .char (F) = 0 0PN p90»N XN 1p YV 1700 OX .14.8 WD
230 NN APN PPAND DY NIONA NN MO ATV D5 .0ax anmn on Q,R,C
2790

.q— 13700 oy o0 Fy = Fy \ {0} ,0T9N 5 5950 nMann .14.9 2Hyv
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moyab ona NTY Nonv L E C E (N ND) N¥ap-nn .0NTv E o 14,11 9510
NN DT NIV N3N NN E/F 0 90N D) 7t NIPN DTV INIPI MV
F 5yn mop annd E Sv 1o nvnd E/F 59 2Nt

M MTY NanIn X0 R/Q o 2 mam mTv nanan xon C/R .14.12 hnnt
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ro= 5 .JE| = |F|" w0790 mTv nann 0 E/F Ox .14.13 Y0
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2179 N0 ,Q Sy 9 wN T'(z) = 2% + 1 01w9env Tiyavw 25 mrw .14.17 Ty
29D NTY 9D Hyn
ANR Prannn oo mTva T(z) = (z +1)*-v 25 0wy 2 paxon mTva
NN DV KD IV OV 129010 O D NN —1,2, —2 DIDNRIN TAR MNad
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