AVNNN YYTND DMIAION DN
89-214 DNP DNIN 1DIYN

1.11 N©9) ,2018 92NN

V"YYnN 'R 10VONO 1PPN-72 NVXOIDNN



10
11

12
12
15

16
16
18

20
20

25
25
27
28

29
29
31

32
32
33
34

D3%IYN 19N
Nan

PYRY YN 1

....................... D»DDa OYION DNan 1.1
............................ nYoaN mMan 1.2
NY YN 2
.............................. m7an-nn 2.1
............................. AONN NMaAN 2.2
................................. Y70 2.3

WYY DN 3
............................ nYoYY MmMan 3.1
....................... mMaN Sv Nav NYoon 3.2

w9 YN 4
....................... IVNYON NNAND NN 4.1
................................ mponn 4.2

WMN JNIN 5
........................ DI9000 NIND N1An- 5.1

WY HNIN 6

............................. RINVY Vv 6.1
........................ AN INPNS VN 6.2
................ NNAPTNN T DY NINNN IMANNN 6.3

wraY SN 7
................. IVYON NNIANA OIPN YV I1TO 7.1
......................... RSA myoaxn noyn 7.2

MWNY YNN8

......................... MY MM MmMan 8.1
......................... OYTYIN NMNann 8.2
............................ DNVSMMMN 8.3

NWIHVN SN 9

.................. PODNN NNAM NN DY 10 9.1
......................... nYONIM MMIANNN - 9.2
.............................. 7 MmMan 9.3



42
42

46
46

50
50
52

54
54
57

59
59
61

63

"MYY YN

..................... NI DY OVOMMIIND PVavn  10.1

........................

VY THX YN

. . . DTONDN NDYS 111

VY D2V YN

............... NPNVYNI NPT PAI-10°0 DIPINON 12.1

.......................

........................

NYYOD NYYIAN MMan  12.2

vy DYDY NN

..... 0”90 MTY 131

............ ION-9>T DIPINON) TTAN DNINON Ny 13.2

........................

........................

VY NYAIR TN

.. MPONNN INNvn 141

OVIMIPN DNAN~NN  14.2

M99 MMIN N

10

11

12

13

14



NN
:0NMPN NNNY NPIDVL MIAYN IO
www.math-wiki.com 9NN2 N2 ONPN qT @
0PN DY NN NNYYN T2 DINYD YOMIN STINDN 0IND Y2 NIORY @

DNTIP 9NN 1291 SY 1PV DDIAM ,MNPN NN GONI Nt Y1IPa INn @
DPPONNNY NOYAN NIAONY AWNNN PYTHD DPIDIN DN DONPI

This font JYRIN OY9 Y9N DIWN DIVINT MITHINYI TRD 1OW3 N3O 5TNY) @
IPRY QDN N DVINNYI INYD WYY [ TPONINI OVN DX O) TN 90N
Jpaaya

N TRON DY NAYN D00 Nnw) @
WD N ININD N L )PON AR Ywn ©TON NIva 03NN

NYOY TYONR) DIDIN INY ,ININD 90N Yywn 0TON mva 02NN
1P NNO TYON ININD TN 0 Yywn OTON NIva 02NN


www.math-wiki.com

PUNRY DN 1

0”002 DMH2ON DNAN 1.1

DOUNAY 2I2DON MIAN NIN NTY .0»I2ION 02210 NND I NYD ,0NPN OVO ONNNA
NN DNAY DWNNYD "D00IWS” ANy 02210 DN PTI NXLIPINYD NI2)ONA 72D
:07901 DY MM MNP NN DI .MNIAN 1PN TDINI ONPN A3 .AMNIAN

ovyaon oMo N = {1,2,3,...} e

.(Zahlen :m;m7n) omdwn ovonn Z = {0,+1,+2,4+3,...} e

0”938 OM9onn Q = {§

peZqez\{0}} o
.0»vNnn 090NN R e
.020mN 190N C e

NcCcZcQcRcC orpmm

Binary operation .k : .9 X .S — .S IMIPNTIT 1PXPNS NS NNAP DY IR DNYO 1.1 AN
WO 2N .a *x b YDA wnnw) x(a,b) DIV 0PN THN VYD a,b € S Ny
JS=9 No»Y NN a * b PNPNN NN INDD ,DOND NN NDIVONY 2D

Semigroup N¥2PN N3N (S, *) MIIOR NIIYN NN (NNNND NN IN) DIVX 1.2 N9730
Associative OYNYN (NPDVIIDR IN) IWNSY .S DY NP IR ADyam S NP KO
Associativity {axb)xc=ax(bxc)o”pmm a,b,c € S 935V

DTHN NN 90N NNN DY 0»Yav 011901 YV (N, +) Noaynn 1.3 NNt

SVNY TPIDP NPN NDNN NAWAY 19 DTN NPN (Z, —) NIIYNN 1.6 DNNT

)
(B—2)—1#£5—(2-1)

NN YNNI IO 00N NTOR NN S 0D NN NP OIYD (15 DWW MY
,ab W@ - b WPNT D90 M YMDN NOWHN DAY DIPNI .NPIIONRND NN
.a DWW a DNIYI N OV aa...a NY95N DIVID DIPNI

Identity element ~ DPPIN @ € S 939 DN DM IR XIPI € € § ADNR DTN (S, %) 0N 1.6 D910
axe=exa=a

Monoid AUND e DT AN NOYa ATONR NN (M, %, e) (NPT IN) DRMD 1.7 9970
SPONIM NN M 20 0N DIVA |, IWPNN N DN DTN DN DY

DTN AN 2D ININ e NTH AN Oy PRI (M, *, e) 77 .(MNYIND) 1.8 YD
e=cx* f=fOPNIN DY DN ON e, f € M OX N TR NN



Left invertible
Left inverse
Right invertible
Right inverse

Invertible

Inverse

Group

DN DYP ON IRDVYY POV KA a € M AR PRM (M, *,e) o1 1.9 N7
L@ OV YIRDY DN RIPP b Mt NP ba =e-v T be M

.ab=e-v 70 b € M 72X D”P OX YO ON NI a € M 22X ,0MT 19N2
.4 9% MHDY DD NI b Mt NIPN2

MO NP b Mt NP Lba = ab = e-v 1o b € M 72N 0»p ON TOD NIP? TN
.a v

NIN DY 0NN TON a-VW ININ P ORDYN TN IR a € M o1 1,10 990
i plal

DM ¢ NN LONDYN TON @ 2D D DYP) a DV INVOD ONNY 2O b N WIS
L@ DY 09N NIN T IDNRY PPON b = ¢ D N L(NMT NPTSN) a DY invod
;0NN 0M2YNN I TAR 9D PXTINND OYTY ONN 2D INT

c=exc=(bxa)xc=bx(a*xc)=bxe=0>

D) INON LMD N DMV @ DY DPONRNYN D»I9NN D) 0PN D»INN DD )ID
a1 ymon ,re N D9NNY

DN INY 1D YOV 1OIV N INNDYN NI P TN P NIN TN ORY 2D 100Y
(D00 TN 9)D) TNR N

AN NN AN D3 12w PRIM NN (G %, €) N3N 111 A0
INAND TAY NNAN NN PIION NOIWNRY NOIND NI DY Dwd naTINN 2ab
SN Mo .1
IYON NNV 2
DT AN DY L3
SO0 NI AN DD 4
DTOR <= PR <= 0NN :0”PNN 1D D

MM N2 .0 NN N DTN DDRY AMIAN NN (Z, +) NIIYnN L1.12 At
210 AN DY TIOONN N 2PN .—a DA a KV 209NN IDNRN NN DY D2Ipn
M2ND O T 190N DY

5w NNN Nows oy (F,+,0) nx (C W R ,Q Sund) nTv F oo 1,13 nnnt
n X m 972 MI0NN GOIN) (M, (F),+) D) DT I9NR2 0NN NN NTYVN
LDAND NYIVN XN DTN IR .ANIAN NN MIVN NN NNV oY (F' Syn

TR NN DTV OV 9900 N oy (£, -) noaynn .nTv F o .1.14 hnnt
1 X0 TN Q2N (27790 ND 1) NAN IPRY



Trivial group

Group of units

General linear

group

Symmetry group
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Abelian (or
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(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
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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 =
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Cycle

Length of a cycle

Disjoint cycles

T = 2
2 3
2 3
o= 3
2 1
2
0l=0o00 = 4
3 2
1 3
0T =00T = .5
3 1
1 2
JO=TO00 = .6
1 3 2

TR S,-9 TWRI? 99 BY ROV .07 # 70 D MR IR S3-¥ 37 DWW 4.4 WHROY
V3R N7 RN D 1 > 3% I

NI o (1) IR NN AIMAYERD 190N PR L[S,| = n! XD 3TN 4.5 DD
TY ,2W0N 70 n— 1 N o (2) IR INAD IMIYARD 1901 D NN .0
;290 702 .90 ROV PINKRD ADND 1 NN 0 (n) AR INAD NMIVIRD 19010V

ASul=n-(n—1)---1=n!

oV MAadNN SV TAN Doyn NIVNNN NN XN S,-2 (Y IN) IWNY 4.6 N9T1IN
.(DNNYY DNOSYI DIQDNN INVY) @ > Ay = A3 —> - > Qi — a1 DIV DI90N
(a1 ag ... ag) MONN OV WD (a1 ag ... ap) NP RN NN IR ©AMD

kNN

1 2 3 4

L 43 s 7NN DX P80 (45 2) mnnn ,S5-1 .4.7 DN

DIRND'I THIDD AWRD DN DIRNY N3O DA3MNDT7 THHIN INWON 2D 4.8 VoY
AP AR BHYY DAY GNIYY 19D D7 PRY BIRHD RN 'oyw

Dy DX2WN 1O L,(2WNTN) N DY M DAONNN O OINNNY 20 MY .4.9 DWW
N¥I0ND NMNNN BY DIWN TYURND INY DOP DIYD PP DINNN

1 2345 67
T 0 = :S7-2 INAN NMNNN DY 9ON0) .4.10 NPT
4 73 15 2 6

IMNNN DY MNAYD ONNM 1901 DNPIY DT DINNYD NYAOND NMIN INDD
DWNo 12 >nnnn
1l—4—1
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DN |7 ©wNIN Nyd (1 4) Mmnnn IR 1D P DNNN T DY NNOA N
INN 190NN
2= T—06— 2

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

NOWN 02 INY P17 790N 95 Sy MAYY ,NITHINN 299 NOYY AN .02 NN AVN)
|
53173 ,D’Sbl\ﬂ)ﬁ O OIMNNNY ND ,bJN JIN

o= ((14)(276)*=(14%(276)°=(267)
mponn 4.2
P ,g € G920 .nman-nn H < G onm ,nman Gonn .4.11 0910

Left coset gH ={gh|h € H} CG »n H 33 g 9 MIRDVD dpinon e
Right coset Hg={hg|h € H} 20 H 3% g% mMHDD dpmvn @
G/ H 293 nVONNYN Mponnn qoN NN
NMNANN~ NN Yy Y9onoNn ,G = S3 NN NP2 .4.12 NNt
H={((123))={id,(123),(132)}

:G-21 H 5v nvdHxnwn mponnn

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

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

Ay
Ss/H ={idH,(12)H}
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:H = 57 Yv nvoNnwn mponnn Sy 9onon G = (Z,+) IR Np») .4.13 Dnnd

0+H=H={...,—-10,-5,0,5,10,...}

1+ H={.,-9-41,611,...}

2+ H={. -8 -32712,. ..}
3+H={.,-7,-2,3813,...}

44 H={ . -6,-1,4,914,...}
5+H={..,-500510,15...} =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} Yy 5onon ,G = (Zg, +) DX NP2 .4.14 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) NPORNYA MPONNN NNNY MNDNTAN MIXID NIV 295 .4.15 YD
YT DY MANNN MPONNN P2 PNYN 0N 70 Oy 90N .G OV gy MmNy H Sv
Dpw o N G-1 DIDN Y

NN aH = bH mponn ya yynw JH < G nMan-nm a,b € G My mvd
IN2N VOVYNN NINYA NN DIDY (DPY b-) a 1av) H Dy md>pvw on

W a, b€ G 3NN H < GHsom ,onan GO .4.16 VoUD
a € He= aH =H v9a b~ tac H :oN p1 ON aH = bH .1
g HNgH =9 W g H = goH 07pnm ,goH-1 g1 H mponn »nvw D35 .2
a,b e G Y30 |aH| = |bH| = |H| o»pnn .3

S TIR AN, U gH = G :mann 5o N0 Mpdnnn 9o DY MINRN .4
gHeG/H
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Index of a

subgroup

Greatest common

divisor

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

o {gH | g € G} nYORnYN MPoNNN P2 9 Y/NN DRRNN INPP .4.17 DI
(Hg— g~ H) 05 {Hg|g € G}

gH — (gH) ' ={(gh)" |he H} ={h "¢ |he H} ={k¢' |k € H} = Hg™"
N MPONNN 99010 MY NPONNYN MPINNN 190N 120

NP M 1900 LG H| yoa G-2 H Sv mponnn 1901 NN N0 .4.18 A9Tn
.G-2 H 5% DpIdRd

APRIYV MINONTN 29 DY .4.19 T

Z:5Z] =5 1
1Sy ((123)] =2 2
Zs:(2)] =2 3

|G : Hl = 0c0-v 712 ,H < G nMman-nm G nNan XYM .4.20 290

H =7 nnan-nm G = (Q,+) »nn W no
WN DIDRY MPONN 12N ,1 P25 0 pa 0 ag, as € Q ©72v 1Y NP2
-¥ Yap) OONY

{C(1+O,C¥1:|21,061:i:2,...}:OélH#OQH:{062+07062:i:1,052:i:2,...}

, 1 925 0 2 Q-2 ©190nn mndd MNad X0 G-2 H Sv mponnn 1901 )00
JPDPN NN

WINN IV S

09901 HINY N1an 5.1

DNOY (N"NN) Y3IDD AV PNV 1, m OIOY DXI9DN NV NN L5.1 NN
901N NYNY ATHIM

ged(n,m) = max{d € N : dln Ad|m}
(n,m) =1 0OR DN n,m * MN) .(6,10) = 2 Svnd .(n,m) P IV WYY
.0 0N 5-) 2 Swnd
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Euclidean

algorithm

Extended

Euclidean

algorithm

b= a DY OIRYY PN 9 PO d N Ld|b B d|a DX 5.2 YD

(n,m) = (m,r) W ,n=qgm+r DR .53 YV

D9 NN .d|m BN d|n 2 ©YTY DN .d = (m, ) 229" ,d = (n,m) D) .DNW
A < (myr) 9op oM dlr =n — gm 399 0, m OV IRYD MPND T NN P8I
SV INYY NPY NI 1D (m,r)|n P9 (m,r)|m o3 (m,r)|r NATN 295 nyd
D MOVP YO0 TO (M, 1) < d R (m,r)n O (m,7)|m D WP DN am, T
O A= (m,r)

HYOV3 NN VIVDW ANY3 Y"DY AROSY? YOO (OTOPIN DNPINON) 5.4 VOUY
(n,m) =na m=00% .0<m<n 7 M DTIPIR TINHIR XD 53
W3 .(n,m) = (m,r) Y PYON 0 < 7 < m YWRD 1= gm + 1 3D NN

(YYD 3MN BIMHIND D2

OTOPIN OIIMON NY2 47-1 53 DV n”nnin IR 2vN) 5.5 T

(53,47) = [53 = 1 - 47 + 6]
(47,6) = [47_7 6+5]
(6,5)=[6=1-5+1]
(5,1) =1
0T DYNY OI9901N 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) =

NITO2 0P 190N NAY YAPN’ DNINIONI INP2 290 ©2AOVN 1901 ,2IN NIYND
RO} mbla)

a,b # 0 DWWV DMODY 207 DIPRD .(0IPTND SINDD MPND NNNN IPN) 5.6 VOV
»
(a,b) = min {au + bv € N|u,v € Z}

Aa,b) = sa +th-w 3> 5,1 € Z ©OMY 0903

2730 ARYD MPND NNNN NN OWIANYI S, T DNTPNN NN NINDD T 5.7 NNt
SHNOD DTIPIR BIMNIRD WNNY)
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(234,61) = [234=3-61+51 = 51 = 234 — 3 - 61]
(61,51) = [1=151410 =10 =61 —1-51 =61 —1-(234—3-61) = —1-234+4-61]
(51,10) = [s1=510+1 = 1 =51 —5-10 =51 — 5+ (—1-234 + 4 - 61) = 6 - 234 — 23 - 61]
(10,1) = 1

(234,61) =1=6-234 —23-61 197
.alc 22 WIN Lalbe o (a,b) = 1-v 75 0OV DMAYN a, b, ¢ PV 5.8 999N

c-1 9°92) .1 = sa + th-v T2 s,t DMNIOP PINYY NN NNDNN PON 290 WINO
M3 Lal (sac + the) 135 .altbe ©Y 2NN 29D alsac ¥ M2 ¢ = sac+ the DapN
.alc

0NN 5V MNON 5.9 HYO
ld 7N jeln on elm-v 75 e d = (n,m) v .1
(an,am) = |a| (n,m) .2
p|b W pla nN plab ON MNMWUNI p DN .3

PO NN IR eln, m-Y I .d = sn+tm-v 1o s, t Onrp 1 JNDHD HNDD
.d NN RN sn A+ tm DNOY IRYD PN NN O

(.72 Y90 Pon) .2

NN 993 .sa +tp = 1-v T3 s,t ©O”P 199 .(p,a) = 1 WX p{a OX .3

NNV PN NN PONN p 0D NI sab + tpb = b 52PN b-2 PINKRND MPYN
p|b M0 P PN DR PO p 1991 ,(p|ab )

O

Least common (0"D3) IMPMODD RO NN 1, m OOV DIADN MY 1NN .5.10 N1
multiple nrno NITIN DNOY

lem(n,m) =min{d € N : n|d A m|d}
.[2,5] = 10-1 [6,10] = 30 Swnb .[n,m] P71 0O DY
20”02 5Y MNON 511 HYV
[n,m]|a W nja O3 m|a oK .1

[6,4](6,4) =12-2=24 =64 501> [n,m|(n,m) = |nm| .2
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Congruent

modulo n

0 < r < [n,m]WRda=qn,m|+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 = q[n,m] 199 .[n,m] v nrHIPNIS NPND

NOaoND 790N DY PMAN NRYA N"NOMm n"Hnn WND 0P TIT N .2
NID P19 0D NN LOPNVYUNT DD

o0 o
nl =TTo =o' P .. m| =[] o = pipseps
=1 =1

TN NS L(POD 19NN D VAN TN LYND OM) o, B > 0 IWND
"D VIDNVUND

o0 o0

<n7 m) _ Hp?lin(@iﬁz‘) [n’ m] _ pzﬂax(%‘ﬂi)
=1 =1

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

Sv n"nn d O L0901 IMN INYY NHN PTHIND AWAN L(1aY) 5.12 AYNRY
$1M1 + DMYPNN S1,. .., S DNYY DMI9DN DNIPPY ININ N, ..., N, DI0NN
KDY mosSpIYN o -+ spng = d

nla—b OR N AN DNPY 0N a,b € Z D NI Y2V 190N 1 0 L5.13 N1
a” Nt RIpN a = b (mod n) Nt O YOI .a = b+ kn-v 70 k € Z 0»p m>
Jn oymn b-5 Hipv

VPO PDOPLST) MPPY DN NN 1 INTID MPPY (12D DNOIN) 5.14 HYV
,a =b,c=d (mod n) OX MY 20N OITHINI 7 INTIV NVM YA (VIO
a+c=b+d (mod n) on ac = bd (mod n) N

.333233 S NNINNND NT90N DX INYD L5.15 999N

215 vy N (mod 10) o0 N 9901 S¥ ANINKRD NI9DN ,1PNIVYN MO NN
105 .333333 = 3333 111333 »5

111=1 (mod 10) = 111** =1%* =1 (mod 10)
3333 = 31831 = (31)™.3=81%.3=1%.3 (mod 10)
33333 = 3% . 111 =3 (mod 10)

3 NN NININKRND NI9DNY NI

6l =1 (mod 234)-v 75 0 < x € Z N8 ()3t v DN) 5.16 9990
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Chinese
remainder

theorem

INYD NN NN 1 N 6le + 234k = 1-v 0 k€ Z 0»p NN 2% NS
195 .(234,61) = 1 25 13520 NN PN 29> 23441 61 SV (Nt NIPNA HIYN)
29N 295 OIYM PINYD NN NNNN PN DY VAVNN Y ONTPPN ON ko
YOV PN 0D MVANY *TN o = —23 (mod 234) 135 .1 = 6-234—23-61 oMp

=211 92

IV N VYYD a,b € Z 9% MR DR 1, m BR L0OPON NPIRYD VIVN) 5.17 VOUD
3 2 =0 (mod m) & = a (mod n)-v IO nm AN MPPY YD

15 sn+tm = 1-v 73 5,1 € Z 0P AR ,(n,m) = 1-v 790 ARID K7 DR
0PN .bsn + atm-2 INAN) VOVYNI WD T OV DYP NOIND

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

N k€ Z 935 &' = x4+ kmn D3> M2 SIWON NINS NN = = bsn + atm 19
PN PN
] AN 5N NN nm TN T OV MTHN HNOIN

DT =2 (mod 5) on z = 1 (mod 3)-v 0 z € Z NNNI .5.18 NNt
S=—Lt=2n=5m=3mnmpma .—1-5+2-3=1399,5,3) =1
07PN PR .z = 1-(=5)+2-6 =7 NX 7IN2O IWAN *PDN NPIRYN LIV 299
7 =2 (mod 5) on7=1 (mod 3)

MNNVYN) MOAN NIIYND DY DD MIN OO0 INY NIN 210N NPIRYD VIV
00T M>pY SV

NN DIND DHYIO DIODY DIY {my, ..., M} KON ()3t v DN) 5.19 0OUD
29 MWD DY VTHD3 72-3 BNRTOID TN 1D (N KD DHIPI TIODY IR 7D MW7)
WINO NN 7 AN = DN WIRY Y {a; (modm;) |1 < i <k} nmire
TIRNWOD DYDY

r=a; (mod my)

r=aqa, (mod myg)

y=3ony =2 (modb),y =1 (mod 3)-v-v 10 y € Z N¥1) .5.20 N7t
SV NADIN YD TY NI NIN NATIPN NINTN N ¥y = 7 PINANVY 19 0wl .(mod 7)
MXNWNN SNY NN DY (15 = 0 (mod 5) o 15 = 0 (mod 3) »2) 3-5 = 15
Y =7 (mod 15) AnX MxNwNA PHNNY ) y = 2 (mod 5) ,y = 1 (mod 3)
MY NDNA PPON NPIRYN LIAVYNI WHNYND IWAN 1P (15,7) = 1 >0 25 oW

JON9 MNN Y = H2 D IPTI MINNYN
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NN .o(a) =n < oo M .a € GO ,nNan G NN ()t v DN) 5.21 9990
20 d < n Y25V

N O(G)
°() = @m = @o()

" 25 DY NIODD DN

d
(—— € Z > ,nrpin wvyy moyan)

(d,n)

0y )29 .n|dt 314 yv 299 a¥ = e oo ,(ad)t = e Y IYYYYN

( n d ) 1 2 T80 .(2TNn - ONOY DI90N DY) n dt

. . B - ]

(d,n)’ (d,n) ' (d,n)l(d,n)

n

O JPNIY D ,m‘t LIYNIN DNIN2 NDNOINY DN 085
,n

DN NN INND DTIPN DINN NRYA .0 ToN oY NMan G onn L6.22 990
G nx oNy G-a

N .G = (a) "3 M3 NS

n

(k,n)

G=(d") <= o0(d") =n<= =n<=(k,n)=1

U] M0 G NN £8P0 ©2RD 1900 )00

WY NN 6

TINNY vavn 6.1

Lagrange’s |G =[G H]-|H| v . owWn nn H < GHamy ,omsn GOon L(INDD) 6.1 0ovy

theorem

N3N 7Y ATON DR PINY DN3NTHN 79 ITOD IO DNIN N3Y 6.2 HPOY

Gl _ e
7 =16

o0 o(a) = [(a)]-w »o 7 ()] | |G| ™ {(a) < G-v oY a € G W3y 0103
Gl = e PPy @ € G 997 B 1P DNIND 29 1TOD IR PIND DNIN AN 9 Yv

AP 0N Zip-1 DADN DY 07IWONND OTON | Zig| = 10 May .6.3 nnunT
{1,2,5,10}
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Euler’s theorem

Euler’s totient

function

Fermat's little

theorem

DN 07 N5 G NPAIDN NNANN ITO NR PONNN m 1901 Y30 ONN 6.4 929N
2m TON

Loy X Loy DNAND DR N TPTI DONT NN XD ANNO
LMD AN 0”P PN IR .16 9TON 1R 0»p KD YA 16 w0 NMann 1To
o> 1 My 0PN YN Z, X Z, DNANNY NN DAR IO 1MAN 1’ RN

WY .p(n) = |U,] 9% MW @ N — N AR ISpno (A9 0avn) 6.5 vown
a?™ =1 (mod n) o™ynw a € U, 9

©(10) = nx Uy = {1,3,7,9}-v annn .3 € Uyp 199 ,(3,10) = 1 .6.6 nont
3700 = 3% = 81 =1 (mod 10) :07pmm N |Uy| = 4

OOVRY D NW3Y IR VoYY 7Y 0O MIPY TR (NN DV YOPN VAYNN) 6.7 VOVY
aP~t =1 (mod p) V93 0(g)| (p — 1)-w DY a € U, 99 VW .|U,| =p—1

909121 990101 YV MNINND MIODN PNV NN 2VN 6.8 929N

2wnY 551 8,909 = 9 (mod 100)-v »91n .MP»pY 0N 190 mod n-¥ 13t NN
.9121
99100 = 940 = 1 (mod 100) 19N VawN 9 Sy #X ,(9,100) = 1-¥ >
I =(910)3.9=13.9=9 (mod 100)-v N

0(g) > 199 .e # g € GO 299URY p 1ToN NN G NN .6.9 NN

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

oY NMANTNN W G-5 IR m|n o n ATon MOy G = (a) NN .6.10 Ty
m ATON AT

NN NN K >nn .ovp nomn ,m A3Ton nmanTn w LH = (o) 1oy andw
K = H nxn mmnon nnond LK = () mon ,m 9701 navn mhpey

521 99N 099 199 B = ab-w 1o b < n ovp G SV I8P a-v INNN
o(B) = o5

DRYp NN NNON 95 (n,b) = X 00 m = e o(f) = m 9an
9 .(n,b) =sn+th-v 1> s, €Z

an/m — a(n,b) _ Cst-‘,—tb _ (an)s(ab)t —1. Bt ceK

29 |H| = |K| nmnnva 9y 9an H C K o9 o™ € K-v 2920 99>
[ V1o H=K

TEORNPIV ND)  2Z30-2 ¥ DYOXOI0 XD MNAN-NN NND .(ODTY) 6.11 DN
(Zzo 7y {0} DN 9915 RO W Po

790N NN MMNANNTNN T9010 7O 1NN INT INNRD D) INN 29 DY
J{1,2,3,5,6,10,15,30}| = 8 995,30 19010 Sv DPoNNN

YY 0y 1IN L NYONNI0N MMIANNTNND O 30-) 1 0MTOM INKRND
ORIV RO MNIANTNN
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9NN NNNEPNS DWN 6.2

190N 1MN2 MDD L (1) 2N AN DNDN NN9Y XN 2NN PINS TN
A2 DN VONN TIYA NIV OHLPN OIFDNN 9DV NN AVND DO NNYDD OOV

MPN N9 P N2 DOV I9DN DI ,NPPONTPIND DV TIDN VAVYNN *9 DY
M3 (YYD ITO 2T TY) DPNYRI D00 HY

— kl k2 k'm
n=p; P --Pn

,71290192 NWID PNYUNRI 19010 DV NPN DY IDNN NPXPNNA TI9)2 AN NYd
:aAvnb Hp ONMNY

B - 1
e(P")=p"=p" T =p""p-1)=)p" (1—5>

DNVOD 0DV 1901 MAY ,1ON

o (n) = (pPp5?...pkm) = (0F) 0 (p52) ... o (pfr)

1 1 1
:plflplgﬁ...plfnm (1——) (1——)...(1——)
p1 D2 Pk
D1 D2 Dk

o 1-2)(-2)- (-3)

:p (60) MR 2WN) .6.12 NN

@(60)—60-(1—%) (1—%) (1—%)_16

80732767199 4+ 2016 Sv MNINKND MI9DN PNV NN 1AYN .6.13 9990

DO,

93P mod100 22¥9) WMo
80732767 + 2016 = 679 4 16 = 6770401 416 = (67%°) - 67" + 16
= (67709 6771 416 = (1)™°- 677 + 16 = 67" + 16

-2 Ry 199 100-5 2 67) Uygg NMaN2 67 DV 20900 NN NXINND AN Nyd
DNNYND PINS NNOND TNXD DTOPIN OV DNINONA WInv) 70 TN (Uigg
67 =1 (mod 100)

100k + 672 = 1-v 70 k € Z ©»p DX PN OX INNWYND NINS W

27



Subgroup
generated by S

S generates G
Finitely

generated

67 SV NP NN ged (100,67) SW M0 KRNI DTHPIN DIPINON NRY3

:100-
(100,67) = [100 = 1 - 67 + 33]
(67,33) = [67 =2-33+ 1]
(33,1) =1

MY,z =3P ,1 =67—2-33=—-2-100+4 3-67 :52p) NNNXD NI
.3 NN 67 5V 0.nn
19 01 MNINKN MI90N NV MDD .67 L+ 16 =3+ 16 = 19 o5

& 0N TN G OWRL,TM0 NNAN G RON NN MYLN DR NN .6.14 29N
2 9700 2R G-2 ovp

970 199 NNIANND ITO DX PHNN AVR DY TN IR VaYN 19 Y (=)
2 NMaNN

OGN PRY N2DYA NP1 INNYD 2D NI - TPTINY INION 2 ATON TDNY (<)
DTN IDNRD VI NNYY DNNY TDN GN PRY MDD 2 I1T0N G-1 TN

NN AR NN TN I JYUNRD NN NNAND IV DI NN ITOD 110 IN
MIND NPNDA G-1 IR DY NN ONX 90N DAPI DTN TN BY THa D

2 3T0Y DMZIN Y NN IR NODY YWY HR ATDY N3N .6.15 WHPOY

AWIAP-NN M DY NINNN HNMANTHN 6.3

20 MY) G-21 OADN NP RO NAp NN S C G onm nan Gonn L6.16 AN
G 9% nMan NN NI5Na PN S-v
MNON S NN NDINN TPOPNN NNANDTNN NN S T Y MBHD NN NN
G = (5)-v 75 a0 S nurp or LSO HY MY G-v MmN N G = (5) or ()
Ax1, .., TE) NYPA 2N ,DIDN DY TPAID NP NAY ND MSH G 0D N
N ON ORI N NNAN LIPOPN NMNAN DY NITIND NY9ON ANnn Rk NN
JPAD NN TPAD NNAN DD D) TR AR T DY NN

PNPIT AYON Nya ndn LH = (2,3) iz {2,3} € Z npy .6.17 Dont
H = 7Z-v

Wom (—2) € Hoynr 2 € H-wyw> H CZ vien Z Sy nnan-nn H
25 LH-2 99m \Z 5V A%y XY ,NTRN AR MY (—2)+3 =1 € H-v
H=7Z-vwvp ZCH»™M,Z=(1)CH

{4,6) ={dn+6m|m,n € Z} Dapyx ,{4,6} C Z np) ON .6.18 N1

P NYonN DNdYN YV NNINNN M) (4,6) = ged (4,6) - Z = 27Z-v 1yo)
PNV T NDIN T DY MO (0PN DI9DNN NN

(4,6) C 2Z 991 2|4m + 6n-v 112 (C)

27, C (4,6) o»pmm 03 Y .2k = 4 (—k)+6k € (4,6) N .2k € 2Z > (D)
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NN IRND AN OP ,1OAN NNANNY NIPNIA ,NININKRD NNNTO IMT .6.19 NNNT
a,b € G DOINY NY NP OX HYND .DIDN NNIAP T DY NIXNN NNIANH™NN
{a,by ={a'V | 1,7 € Z} 5ap3

oVnNY TN ©-b-n YD) TR O2-a-N 9D NN TOY Y1), NY/OD NN Mota

abaaab *bbba ta = a*h?
:0”PNN POAN 1NN P05 19N
(ay,...,a,) = {a]fl...afln }Vl <i<nk; GZ}

255 NIV "onn” nap NN (A) IR Oy WND DIYY N .6.20 YD
wND AU AL nrnb 1nhw masdhnn NN 0 Tn LA NXapa NYMND MYSHNa
T € A N2 ,MA3ONN 0 RPN SV a0 N1 NN o A = {a7 |a € A}

G2 DTN AR IR ISP £ NPIN N9 zr ! = a7l = e oopn

"waY Ynan 7

VPN HNANA DN DY 410 7.1

(a)N(b) = oM ab = ba-v 75 a,b € G v .nMan G NN (12N 9)7N2) 7.1 HYV
b > Dy NANNN NNANNTNM @ >T> DY NINND NNANNNN P2 TINNN IMDI) e
IN L(TPONPIV NN

o (ab) = lem (o(a), o(b))

DOIMNDD DMK W (lom) 1'OD KD 5,3 DR TIRRD MDY IV 7.2 WHPOY
A Nn (1234) (56) Sv 27om 6 N0 (193) (56) Yv 9700 .7.3 DNt
.S15-2 45 9701 NNANTNN INND 7.4 99N

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

0(0) =1[9,5] = 45> 15 own
NMNIANN~NNY PPDI XY N IDRY NNINNTNN ITOY MY TDRN ITOY NN, NYd
TN oY Ny (o)

2515-2 39 970N TN O”P ONN 7.5 NYNY

D DINNN NDAOND 5APNND 21> KO 39 ATON TDVRY PYON NIRD .RID )\WWNO
.515-3

NN 13 TIND TAND D OINNN NO9OND 39 9T0N NN DIAPY N2 DINN
S15-2 0waNR onba it 109 13+ 3 = 16 Yan, 3 7NN
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Transposition MPN NXIAPY S,-2 2 9TON MNN 7.6 AN
D92’N NYAOND DWVIY Y (ag, as, ..., a:) MNNA 93 .(0TY) 7.7 WYV
(a1,as,...,a,) = (a1, a2) - (az,a3) ... (a,-1, ar)

1ON
Sn={9) 11 <4, <n})

25, NMana w 2 < 7 < n TIND OIMNN IO L.(O9TD) 7.8 9N

NOND IwaN () W n TINN 090N r DINA IPNOYIMP AINRY R NVNO
IPIIVAN TN AN 1DIV0 VAN NV 05T 7!-1 090NN 7 NN 1TOY W Nyd
IV D DIMAND 7 W 0D

(ay,...,a,) = (ag,...,ar,a1) = = (ar,a1,...,0_1)
WD S,-2 T TIND OMNMNNN I9DNY DAPY -2 991DN 190NN NN PONY )00
()= 1)
254 YDNY DPIYANN DITON DN NN 7.9 9N
:0N OYIVOND DITON S4-2 INOND
DTN AN PI- 1970 1
(12) (34) Svno ot AN NV SV 1AM N (i, j) NN - 2 9TD .2
.(243) SwnY ,3 7NN I - 3 970 .3
.(2431) SwnY 4 7N ©MPN - 4 770 4
LS4~ DPIYAND DITON YD NN NN NIV NN 10D DNOSN IO Hint
255 MND DPIVAND DITON DN NN .7.10 Y9N
:0N OYIVAND DITON S5-2 INND
DTN AN P - 1970 1
.0 DN NV DY NYION N (i, ]) DNN - 2 1T .2
3 TIND DMNN - 3 970 .3
A TR0 omnn - 4 770 4
D TND Dnn - 5 970 .5
.(231) (54) Swno ,3 TN IMNM NN SV 1Y - 6 170 .6

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

cryptosystem

RSA mas8h novyn 7.2

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 NNAMNN NRYA m DYTIND DR R/NYN DOXR ANV
.(mod n)

p = 61 NN 5YN5 INIAN OON .TIND DIVP DI90N DY NHONT 1N .7.11 HNNT
VNN NN .¢ = 53 NN

n = pq = 3233 on)=(p—1)(¢g—1)=23120
NIN N9V OTION NNann .p(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
DYTINN DIN 2V NN JDORD m = 65 nyTinn DX NDYY DX 212 N0
NIDNINN
c=m'" =2790 (mod 3233)

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

m = 27903 = 65 (mod 3233)
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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 NYPNOTIN MO9ON 17 — 1 = 16 ©Opna 1o ,17 = 10001,

m'=m-1=65 (mod 3233)

m? = (m)® =992 (mod 3233)

m' = (m?)* =1232  (mod 3233)
m® = (m*)* = 1547 (mod 3233)
m'® = (m® ? =789 (mod 3233)
m'T =m (m*)* = 2790 (mod 3233)

MPYTN NP0 5PN N (NNHINNY NNYNT NNY) m-2 VDD TYNIY 2D DV
MNP (1 MNY) NPON 190N 22PN N W22 NOYN IWRD 1N ,100015-2

2
. (m'-%J> N k
m = & 2
m (mLfJ) NN ON K
ANOYN SY s |log, k|-2 panond Y51 nwos k May mF awny awrd s

nYIOTIN MY90N k — 1 opna ,nranTm moaon |log, k-3 anvn Y59 yiaia
N NOW nya 27902758 Hv 21N WATH 23 am-a

NVAINVPIP NPYPNNT YANWYNY INTI NO wnnw NyTo v (INANIR) 7.12 YD
’2)0 DINNA ONMIN T DY NPTPITN NYNA ROY .DWN DOIIND T2 DNVINY
VNOY DOV 220D DXID AWANY MIT MOPNN PV, TIipn MNON MR NNH
,(THN2 DTN NOPNN ,MOLI XY MNNN NPY ML KD DIVNIS NPNI ND

LI T TN Y NapPNN

MNY JNINn 8

NOYD NN MMan 8.1
MY NN "DONN DN T DY NY” NIRIPIV MNIAN 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 7 TN PPYPN NNan Sv Y (8.1 ANt
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 NN NRIPI TPND OINY NNAP N WY NNIANY PRI .8.2 NITHIN
MNI ,TPND DOMNN NP ON YN0 DINPN NNAP 0) 12V DY ¥ 1NAND ON
IO XYY NMIANNY

LDDINNND DINPN 0N NN PR N0 NN NN TPOPN 1NN DD 8.3 NNt
PMD NIXN NNAN NINND D) OOV KD Nt TP NMINIM NN 1PN 1NN DO
.OP 75 95 NO NT) MDD M NIYRY

MOYTTN NYann 8.2

YN DPPNYNN DNPPYY D0 DY D, NXIAPN N 2Y20 1901 N1AY .8.4 NN
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'

IM92) PRIN NIMWY S VNN Y o : R?2 — R2 mp8png (10t v ON) 8.5 Iy
S¥ N2WaN DY NPIVDMIPND G0N DNMOOWNR NP (d(z,y) = d(a(x), a(y))
DYPRN o PIVMIPN NIAYY 10 N¥ap L C R2nn .aman XN nvspns nasan
NN L Ov npyavomon Qo L 9% MDD DNy o it npna .a(L) = L
Y2INN OV NPIVYON GOIR PYTA NN Dy, NMNAND NYIVMIPRD DY NN NN
YON n a2 Yoown
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Group

homomorphism

Monomorphism

Epimorphism
Epimorphic
image
Isomorphism
Isomorphic
groups

Automorphism

T2, 7 P 0T Oy 120° Hv o 1200 T DYy NN D3 NMaNn .8.6 NNxY
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

OT =T "0 ~ =170
JPOAN NPN D3 20 MNIN D) T .07 = 702 195

on D, M2N .8.7 DD

n

. 2 ~1 2 -1
{1d,a,0 o0 T, TO, T, L., TO" }

M) .To F oT 2D WHIAN NPR NNIAND n > 2 My |D,| = 2n >d Hap) vI9]
mMaNN n > 3 MY 9aR , D3 = S35 023210 DNINRY INT) DNVINMDN PIN I10V
(DY9IMMIIN X S, D,

0MVIMMIN 8.3

DOOWYOW XIWPN [ G — H npnyn .man (H,e) (G, %) nynn .8.8 9730
D»PNN ONX MMNIN Y

Vo,ye G, flrxy) = f(z)e f(y)
:DNVANMMIN OV DNV DINDY NP NI PI)

H-2 mown G0 90N )W IN DWW XIP) YN0 XIiNY DHaNImmInN .1
J: G —= H y>v o»p ox

TOWDOR TIDN NN H 2D IINI DDONWDIOR NIPI DY NINY DVINMMIN .2
1 G — H ovamman o7p or G Y

TVOWOWIR A -1 G20 A0NR) DDONWOWIR NIPI DY) Y’NN NINY DD9NImIMmIN .3
G =2 H o .f: G— H ovammvN D»p ON

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

DVONMIPN ,DPONNDAN ,DDONNDIND ,DPONDININ DY MNYN NN INPINN’OL .5
JNNNNA 0N PN PAN N JmInd ovaImvINg

g: H — npnyn nn»p OX P OX 009NN NN 1 G — H npnyn .8.9 Dy
gof=idg o0 fog=idg-v 70 G

YTD MDD LNNYA OVONMIMIN N NN g NPNYNINY  (1NDI) MOIND IWaN
.g = f71 noan Apnyn N8N 290N DPNMMPN XN f DPaNMIMINY NS
NT) TPDOVRIN0) NPIVDD ,NPDOPIST NNIN NN NPANMIVRY MNID D) IWIN
AN2P DN M TON NMTY NN MNANND NPONN 2D MPPY DN NO
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,DNHANMIMN YN ONM AP .MNIAN P2 MPRYN NN YW Nvwa Min .8.10 9390
N0 N D ON)

NON ON NNP 7PN NN OV NN = e 290 NATHMN ¢: R — R* 1
70°277° D9ONN

M ovaMaN N det: GL,(F) — F* iR .nTv F o .2
det(AB) = det(A) det(B)

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

D92 DVOMMIMIN NN = — 2 290 NN ¢: R — R* .3

2)7N2 ONXRIN .OVANMION NN 1 +— —1,0 = 1295 NN ¢: Zo — Qs .4
JP9MMIDN AVYNY 10 2 9TON MMaNn Yov na

HIMI TIND MNDON NND NIAMD OVANMMIN NN f: G—~H APNYNY NTIYN
Sleg) =ey 1
neZ9O f(g") = flg)" 2

OTPN PYON YY 018 mIpna L f(g7Y) = f(g)! 3

Kernel ONM NNANNN NN Jker f = {g € G| f(g) = exy} MY ,f Hv yyw .4
"5 DManTRN” M nn a0y Tvnna) G OV

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

DXTNIDY NN ,NIPNI RO ,MPIMD DNIHNMIMIN DY 1OND MNONN .8.11 NNxY
IRYS Npnyn LF DTv Syn oo op) oanm V. W vip oaryd nn200Ka
N5n2 orN L, dim V = dim W ndy .,mman Sv ovampmin (@) on 1.V — W

2009MMON T

JOIND D202 SV NNNN OT DY TR’ 19N NYIAPI TPINYD NPNYNIY T .8.12 WD
J(S) oy mvn f: G — H ovanmmin namn i ,G = (S) ox ,nmT

PN (TANR XY DY IDAR) DINY NP DY NN DY NY AP 95 ROV 20 oY
DUONMIN NPT NPN p([1]) = 1299 NV TIN ¢ Z, — Z 5vn5 .DvaNmmn
TAN TNN 200 NITHIN NN

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

,DIXPN P DOYPNNY DO DOV P70 W 595 19Na p([n]) = 0 v T8
LDVONMIMIN ATIPY 2T ,DXINPN MNNN DY DY DNPPNN
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DPPNN PN 1TON g € G 930 22 NN .oV f: G — H > .8.13 94N

o(f(g))lo(g)

92PN MNNWNN DY f IR DY) g7 = eg NN 9D .= 0(g) YIDI DN
f(g") = f(9)" = en = flec)

O o(f(g))In 1

NPHNMON )N 4 ITON MNIAN PNV DD ONN .8.14 N

4 97on YR Y H-a0mab oy JH =74 "X G = Zg X Zig N2 IND NINO
N L1 € H wmo 4 97010 YK YV 9T00 IR L, G — H ovammvdN i DN
ND 9270 190 ,2 WX 1 9701 0RN D5 G NMana Mpnn DY AToN DX PONn
JPOMMIVN XD MNMAND 199 o5
MYPYIN NPSNMIPN MNANA 1991 ,02IDNRN ITO DY MY DVINMIPN 0N
MY )0, MMNMANA DN ITO DY

im f N 9N G ORY VO OV f: G — H o (12a)) 8.15 Ty
JOoAN H OR P OR 799aN G N ,G = H OxY 0N .1PDAN

JOOpN im f N, 0PN G ORY NN .OvWIN f: G — H o1 .8.16 93N

W 329 anwWod YN x € im f o Lim f = (f(a)) 2 oy .G = (a) ) DN
G-v »an (G YSv mamar NN NN im f ) f(g) = x-v 7o g € G 1N
129 .g =a"-v 10 k € Z ovp nops

95w o .f(a) DY NPIN NN NN AN 9D MWD € (f(a)) D NHP
O DPINMIPN JN DIDN ITON NPYOPPSN MNAND

1S3 = Zg OVOMMIVN D”P ONN .8.17 99990
3D Zig 12N TPOAN ND S35 ,RD NN
f: (QF, ) = (Q,4) orommdN D»P DNN .8.18 Y90

10 .f(a?) = f(a)+ f(a) 195 .0P9MIN 1IN XN f 20 125w N2 K N
NN DON §-0 MNP W IN OY NN f-w a0 .= §+ 50220 own ¢ = f(3)

J(@) =3

NNNYNN DX NION 1IODP

fa?) = f(z) + f(z) = c = f(3)

A3 ¢ Q » NPNo 1IN 2% = 3 1O1P Y'NN N f-v N9
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tH = (5) <R*wnd f: H — Zs X Z3 DPONMAN D’ DN .8.19 9990

N im f O) IR, TOPN NN H-v 090 D f D7pY NDDvA ) ND NN
NMANN 2D NPNO N IR dm f = Zg X Zs D 92p) 199 0y N0 f YaAN oo
OIS NN Zig X i3

21 GLy(Q) — Q' orommmm 0»p orN .8.20 990

NIV L[ GLy(Q) — im f Dnsa am .o f 07pY N9Owa 3 XY MO
ADVOMMMIDN NN f N LYNN f-Y 910 OPOION INT 2D WIATND) DHONMIIN
DPN0 R, 9IR GLy(Q) Dy M9 .9an im f 199 ,im f < Q19 5 wd ym

A3 TDION PIIR VO . HPOY
2009MMMVIN NN i(g) = ¢! 295 MmN i G — G Npnynn NN .8.21 9N

NV P1TA0 ARYI NYD Oy VNN NN DNSYD DNANND 1D APNYNNY M NN
3 25 OWN g, h € G P (DPINIMN INDD) NDIYON DY NIV

. —1 1 — . . .
i(gh) = (gh) " =h~'g~" =i(h)i(g) = i(hg)

JPoaN G ON P OR OVAMMIVIN NN ¢ MDD .gh = hg DX P DX D»P’ NN

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

Cayley's theorem .G <= Sg DPONOMN DPPY N .AMan G 0N L0597 Lavn) 8.22 99N
NIPY 129700 N9 0y TR X X2 mann nrspnan v Sy qOINA nMOtn
X9 MODDD MR

g(a) = ga SnnwN 99595 [, € S O Y'NN SPND NITHIM g € G Y5 /MW
MO .ovaMMMIN P-v IR NN . D(g) =1, 290 ©: G — S PN VTN
0P g, h € G 920v NONY PN

lg e} lh == lgh
@ TNN OY MO 0 a € G Y30 DX PN OX NIV NPXPNN
(lg o In) (@) = I, (in(a)) = I,(ha) = gha = I (a)
DPPIN N g = [ ) Y'NN NINY MININD 27D .0v9mmin ¢ 1o,
g=9g-ec=ls(eq) =llec) =h-eq="h
O Sa-2 ndwn G P ,g = h 95
JSp 9% DN3INTANT? MONDNIR 72 VIDY G INOD N3N 7D .8.23 HPOY

2% DNINTHIN? HOWOWR 72 IDY G HMOYD DN D .oTY F Oy .8.24 D P IvAY )
GL,(F)

GL,(F) 5% nMan-nno manmivr S,-¥ IR :NNMND
GL, 1(F)-2 S, "X 2v910) 0Mp .G — GL,_1(F) 0vammmm Xy DN

G = Zg N ,70AN G ORY WO .6 ITON NNan G onn J(mya) 8.25 DN
G = S5 N ,109aN 8O G ORW
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WIVN DN 9

POYIND NNAM AMNN YV o 9.1
Sign PN TN WY DD RN L TINRD IMNNN 0 O 9.1 AN
sign (o) = (—1)""
PN 7,0 €5, MIMN Ny
sign (o1) = sign (o) sign (7)

MINK MNPY OOIT W .Sy-2 1mn Yo Yy 20N NN aYND NIVANKD 1 NNON
7NN SV 0 PTHIND

Even W DNWON OV —1 NINYOY NINND MR TWHN 0V 1 NNOY NINNND XIP)
permutation RARALY

Odd permutation
(N22521n TN N2IVN NTIPI) 9.2 NPT

JOM R NN NN (35) ponn Ll
JO NN NN PPN NN .2

ST NN NI M ON TINRD MO L3

Alternating NNAN NMANN~NN NN A, (NPIRD MIHNNN NNIN IN) PO IMN3N .9.3 N9
group S, OV
A, ={o€S,|sign(c) =1}

JA, = % wn A, Sv 1ToN 9.4 WD
Az ={id, (123),(132)} .9.5 1910
JON Az s Az = ((123)) 05 25 oW

DTN MMIAN-NN 9.2

Normal P g € G 995 BN MOW DMV I NXIPY H < G 0nMan~nn .9.6 1910
subgroup H <G yoy mt npna .gH = Hyg

DPY DIRID DROMD L H < G DWINTAN DD 9.7 VOvY
H<aG A
g 'Hg=H o g G 2

g tHgC Hovonw g€ G 9% 3
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LG R Y TINADY) BN 2w Y R0 H .4

,23 PYD DX I 2 PYD 0D MO .2 PYOY PV 1 QYo 0D MR OP IHPIN NN
093Py gHg ' C H on g ' Hg C H 0N > 25 ©w) »wn oD

H=gg 'Hgg ' Cg'HgCH
.0 MMNIAN NITIN TN W WD PP ,0NNRD IR 1) 4 PYow b Sp

DN 0 .DPYNM )N OV MNIANNTNN DO X ,OAN NN G ONX 9.8 NNt
NY DPYNI DADRD NI DI RO To0n g thg =h e Hw ,he H <G
'gh = hg-v 720 N9pv

M DTHNN 09D AN MR WIN LSL,(F) < GL,(F) o»pnm .9.9 nont
o”pmn g € GL,(F) 999w~ ,A € SL,(F)
det(g ' Ag) = det(g~ ") det(A) det(g) = det(g) ™" - 1-det(g) =1

g tAg € SL,(F) o
ovaNMMINN YV Py NN N SL,(F) »D 25 ovh N0 InoNY NN 11T
Ap <0Sp 00w I pon unN Jdet: GL,(F) — F*

o (1Y # (1) 022 oM AR (1) < D, nMIANNNN ,n > 3 Ny .9.10 Nt
H <G ane 2 op1yxn nan-nn H < G onn .9.11 tyv

MpoNn N PN L,G N2 H SV nyONnYy Mpdnn dny pa v oo yTY DR DN
NINNRD TPONNYA IPONN N ,a ¢ H AR OX .H N0 Mponnn 19 INX N1
MPoNNRN SV IR NN G-Y 2Won . Ha NN NINKRD 703000 Ipdnnm ,aH NN
pjaiv)]

HUaeH =G=HUHa

O aH = Ha 52p) 7t NN PR 922 TINMNXIY )90
[Dy : (0)] = 22 = 2 DR VOwY 9% D (o) < D, DIPNY .9.12 HPOY

DN )0 NO 7900 K < Honmmaw K G on K < H <G 0N .9.13 Yy
Myvn 299 (1) < (1,0%) <1 Dy Swnd 1K <G nonarow H<Gon K < H
D=2 7903 KXY (7) 22 1R DAN  INTIPN

MNIANNN OV NS9O V1 .Man-nn H, N < G vy .n1an Gonn .9.14 9490
nrno
HN ={hn|he€ Hyne N}

HN <G H <G qomaox HN <G ,N <G or D Hnom
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HH = H 395 159505 nmoy H - = H 9m>55 22915 1900 o0 AMan jnno
wYw .HN = NH o9 ,hN = Nh o»pmn h € H 5353 52apy N < G-v »9an
T € Honn € N onrpw RON Inh = hn NIDNAY IMIN RO MY 2D
nh = h'n'-v

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

HNHN =HHNN = HN

h1n1h2n2 = hlhén/lng = h3n3
29N M
(HN) ' =N"'H'=NH=HN
(hlnl)_l = nflhfl = Tlghg = h’zné

HN < G x>
VP9 g Hg = H o»pon g € G 999w ,H <1 G qona ox

g 'HNg=g 'Hgg 'Ng= (9 'Hg) (9" Ng) = HN
G- nvronI H XY N RO oxk np mm LHN < G o)

Center nNY G NN DY DD NN A 59N NITHN .9.15 ANt
Z(G)={g € G|Yh € G,gh = hg}

THNY 25 Y .G DN DO 0y DavNNNY (-1 DMIDNRND 9D DY qUIND I DINT
735 27PYAN NIONA NN TPYNM NNANTNN OND YN Z(G) o Z(G) < G
SLy(R) < GLy(R) May Sund ,NOW 1N

M MMan 9.3

H < G nmannn Yv 6/a = {gH | g € G} nrONnwn mponnn qoiNa 19am
2APNNY IO NINAN NN NN M QOIX DY PTHND WaN JH < G (DX 1) DN
:NMIAN

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

DN, (HINT) 200 DNITHN I N2YS . NPHNINA NYNNYN D7 TTEI NIMPYIA IUND
Quotientgroup, DM G YW HLD M3N NNIPY G/H NMaNn .eH = H NN % 0Mana Apnn
or factor group G/H yon oy Y2pn "H ¥o1mm G” NNt 8Py oy H-5
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2 20 OV nZ < Z >3 M FPOAN VI9 ,NOPN NMAN NN Z .9.16 NNt
L ={a+nZ|a €y ={nZ,1+nZ,2+nZ,...,(n—1)+nZ}

owan .0 <k <n—1199Rd k4 nZ nN8N 19 0N 1 NNHIAND DIDNRD IO
NN
(a+nZ)+ (b+nZ)=(a+b) (modn)+nZ

Zlnz 93 29 WV .k + nZ — k (mod n) npnynn 92 Z/nz = Z, >> MR IWON
SO0 ITON OIDN Z-2 PR D IN) DY OIDND 2D DVND | Z OV NNANTNN NN
NN 22RO VI

oM Y ,GA) {e} nroNrIL MMNaNTNN NY v G NMan 935 .9.17 nnt
DPANNINN 292 RN NRT NI NINK TIT .G/c = {e} 199 ,[G : G] = 1212
ker f =G>5 .g— e 090 N f: G — G OornwIon

id: G — G mmn npnyn .g {e} = {g} NN M 0N DIVNRD 2G/fe} 2200 N
[ G/tey = G DVOMIPR NN DX WK .{e} NIN DY PY VNV, DPINMIPN NN
LODIMMIPR JON M NY O»AN ONRY RN .g{e} — g 29>

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

-1 PND DAPNN OIWN 0N DX MDD
D orpnn H < G nmannm G 90 1Man May .9.19 W

ol — 1o 161
] =G+ H] = {5

JG  H] =n < 00-v 15 H < Gonm (190 XpnTIRD) 1120 G NN .9.20 990
a € H oo orpmm a € G 939 20 nomn

i i i RARRAD)
200 0PN K o0 NMaANAY NN MINTION NMNPONN P NNR D PO
Y9 G/H|=n» 0 0D .aH € G/H »x,ae G kMl =enkeK

o"H=(aH)" =equ=H
.a € H nop amod
92N 0NN NN G/E 2D 0N .2 OPTYRN NNanNn H < Gonn .9.21 9990

JG/u| =[G H] =2 md .H < GG H] = 2 DRY 725 1R )\
JPOIN NN Zg N DVANMDN 2T TY 0NN NINY) 2 1TON TR NNaNN
JP9AN NN o0 G/E Y9
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ma 9302 .G-1 090 AToN OMDNRD qGOIN T o ,nan G onn .9.22 99n
Ao T < G N ,YAR G ORY DNNIN

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

290 T0N TN NI TN AN G/T 730N HNaNa ,qoN1a .2

D O”pIN g € G 939 .o(a) =n M ,a € T 1> JNWYRIN PYON DY 2NN NN

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

T <G Mo g7 Tg CT 1o

M0 VTON ey # T € G/T 212K ©¥p >D NPOVA MY )IVD PN NIy
92pn ,(2T)" =T opmm .o ¢ T 99 e r = T N NP0 2R o(2T) =n
MOV 2" =€ 139 (2")" = e-¥ T2 m 0P IR A0 I1TON 2" ONR 2™ € T
DPYNo nw x €710

W ,G <G Ry 720 T = G R, oo nnan G or T < G-9 mnonT
PDAN NI 2211 1900 90 0D T = Qo =, 2 N ,G =C" or .G/T = {e}
JODPN ITON NN 1-n v vONIN TIY DY

MUY SN 10

AN DY OM99IMIVNA Vavn  10.1

First N f G — H SHommmin M L(HIYRID DIDNODRIRD 0oWD) 10.1 VoW
isomorphism
theorem G/ ker f = 1M f

Glerp =2 H W .p: G — H DOONWDON MY 0193

Do H = {(z,y) e RxR|y =3z} nm ,G = R x R >nn .10.2 0
G/ =R

N 3 Y DY W RN H IIomNon mMynwnd 15 v [ TPYUNT DR
OPMMN MY INT . f (z,y) =3z —y 099 f: RXx R — R
2w L f (£,0) =z > ,pvoMmon f

ker f ={(z,y) e RxR|[ [ (z,9) =0} ={(z,y) eERxR[3z—y=0}=H
O NITN DR D2P)  IYURIN DDONMIDNRD VYN 29D

Rz =T oo e nman w T = {z € C||z| = 1} y0) .10.3 9390
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", 009NN L f (2) = 2™ a5 f: R — T 97 .Dnow
[z +y) = ?mi@ty) = erivtamiy _ o2miv 2miy — (1) f (y)

2wy aNYoD z € R May e2™@-5 21n59 ym) z € T 95 0 ,0vamoN 0y NN f
PV NN
kerf:{xG]R‘eme:l}:Z

92P) ,NYNRIN OPONMIPND VOYN 295

Riz =2 T

tker f nvND 9 T L f: Zyy — Dig DDONIMIMIN 27 .10.4 90N

K| € Y95 |K|||Z14] = 14 W K < Z14-v ywon K = ker f y90) W9
PR 95 My ;1T {1,2,7,14}

Zu/k = im f 52p3 PYNIN DPONMIONRD LAVYH Y'NN NN f X[ K| = 1 or
WN 14 9N Jim f|| | D] = 20 199 im f < Dyg 22 99 W Zyy X im f 399
JK| #1199 ,20 DN ponn

92p) 0PN WNY IMTA N | K| = 2 DX

_ 12| _

= =7
K|

[im f| = [#14/k]

JK| # 25 903 20 NN PO PR T-v )90 21w

H = {id, 7} nman-nn np» .md ovammmin o»p » AR K| = 7 or
Ly — H < Dip ovomman man ,Dig d¥ (ORDN 2 9701 DMan-nn Yo)
NI PYNIY P LID 1D TN ADNRD 0PN ,T-D INOY DM OIND DI1900N
K= g N NOURD TON

OVAMMIMINN NAY NOAPNN NNt RN K = Zyy 93p) w8 | K| = 14 or
2ONRNPIVN

95 NN NS (|G|, |Ge]) = 1-v 75 oo man Go-y G NN .10.5 9990
Jf1 G1 — Gy ©nmv9mmminn

LJIYRIN ODANMIDNRD VIYN 29D .OVANMIMIN f: G1 — G20 3 W no

|G
ker f]

Gifker f = im f = = |C1/ker | = |im f| = |im f] | |G1]

J(|G1] 4 |Ge]) = 1 9an WJim f] | |Ga| /Jtamd5 vawn 295 395 Jim f < Gy )9 md
2OROMMION OPANIMNN NN f MDD - |im f| = 1 199
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T TY) Dy D% NPOIMPAND NMNNN 9D NN INND (Pt ¥ ON) 10.6 990
A{DV9MMIVN

ONMMON Dy S¥ FPONOR NINNN DI YNRIN OVINMIDND VYN 29D W INO
SV NPONINN MNANN™NN 93 YN NYTO Paon 1Y .H < Dy My Pi/a nimd
Dy

xR Y oY {id}, Dy < Dy nYOROMION MMNMIANNTNN NN N0 W 95 0P
Da/p, = {id}-1 Pa/(ay = Dy RV9IMOORD MDD

Wy Daf(2) srn pand non .Z (D) = (0%) < Dy 0> DYTY DX NYD
2oV 71720 AWAN )0 1D 4 TON NNAN N D IR 29D ,DOYTY DNIX WIND
NN TOND YT YN Zo X Zo WY WAN 129 22 = e o¥pn o € D4/<02> SN
59 .f (TP07) = (i,7) 295 f: Dy — Zy X Zy T (VDD DVOMMDN NN »H2
JIYNAN DPANMIPRA LAYN 295 1091 ,(02) PYI) DY DPOINPON MY 71715

D4/<02> = Z2 X ZQ

9oV DYTY D) VAN .2 OPTYNND ANANNN N 0D (o) I Dy 00 25 oW
1951 MO N NPONMPN 2 1TON MMNIANN

Difto) = Ly
91 ,p (02, 7), (0%, 7o) <1 Dy D)
D4/<0'2,T> = D4/<0'2,TO'> = ZQ

DNNYND 2N 9DINAY MO .DPHNIM MNIANTNN TY W OND 7170 TN

D0 NN NANOY MNID Op ,0MONY NYIN 280 LD, DY mMannTnn YO NN

NN N NI RO TIYY MTHN MNANNNN (02) NN 4 97O MMIANN~NN
DPPNNY AN, 9N AN NN 2T (70t) = {id, 7o'}

H>rT (TOi) r =o't =70""
N DAN = 2 NIONa Y

o(ro®)o ' =(or)o=10'o=7¢ H

95 P9, Dy SY NYONINN MNIANONN 9D AR NIANOY WO LH 4 Dy o0
Lid}- Zy 7o X Zs ,Dy Y0 Dy 59 NPAMAND MNNNN

J0AN G N, ON NN G/z(6) DR 9NN .nan G onn 10,7 9990

NMIN )0 M .G/z@) = (aZ (G)) yMayw a € G 7P 199, ON G/z(G) MW

D DYITY
G=J92z(@)

geqG
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Inner

automorphism

Inner

automorphism

group

P9 ,9Z (G) € G/z@ ,pyd .(NMIAN"NN HY MPoNNN TN XD 1NN Y5 D)
4 ’ MYV § OYP
97 (G) = (aZ (G)) = a'Z (G)

OPPNN )0 ONX (NPOPINN *9D)

G=Jaz(G)

€L
DMV 1, € Z ©00»P 20 g, h € G viv .1oaN G-v NN NYD
ged'Z(G),hedZ(G)
329 h=a’l'-y g =a'g oMy ¢ b € Z (G) omrp ms
gh=ad'gd’h =a'a’gh =a’a'hg = a’h'a'g = hg
] JroarR G o9 ,gh = hg ©»pn g, h € G 920V HNOIN

OV G/z@) = {e}-v wovy | Z (G) = G DYDY W IR G DR .10.8 HROY
INIRMIMO ROD RR IS G/z(G) DR

99 AN Y, G — G OVINIMIVIND .a € G o ,nMan G onn .10.9 DN
J2DY SHMO BHOWOWIR NIPY 7, (g) = aga™!

Inn (G) = {1.] e € G}
.G OV DHDMNOD TIDVONDIVIRD N3N DXRIAPI W NMANN

nMan 80 Inn (G) 29900 A, = Y41 99 Y40 = Yap 22 WM .10.10 9390
.N2590N N oy

0P g € G 955 DHNOW

(Ya 0 1) (9) = 7a (16 (9)) = a (bgb™") a™' = (ab) g (ab) ™" = ap (9)

P e = idg 2 2D DWW PYNIN PONN DX VNN 19D

a© Va1 = Yaa—1 = Ve = id _
B0t = Y =% =Moo
Ya=1©C Ya = Ya—la = Ve = ldG

,G NMan 9355 5 o .10.11 9N

G/z@) = Inn (G)
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Conjugates

Conjugacy class

23NN 285 ,ovIMMIN N .f (9) = v, 290 f: G — Inn(G) P DMDOW
YN NN vy L(Inn (G) NITHN 29Y) DY NINY 121 DNV

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

22P) PYRIN OVONMMIVND VIVN 19D

G/z(@) = Inn (G)

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

O

OV Zy DR DNPO VAN OWUND .0 1PN PYD D2 NN PON 114 WD
v 0N TNR 9991 1502 DIV 30 10D ;0TS XY 0N Yar o (1) = o0(3) =4
AT IMND NN DN

ADNRD TINY 0 TDNRN ,D3 NN L11.5 NNt

ToT !t = 10T = 0

.D3-2 3 97010 DIDR MY PR 2D ,0N0 DTINY DIDN TY PN

DN L(ay,as,. .., a5) € S, MNP O 0 € .S, NN .11.6 9N

-1

o(ay,as,...,ax)0 " = (o(a),0(as),...,o(ax))

MmN WOwo  decorate-sort-undecorate NVWHY IWPN NN MINIY 1D DNW
AL,2,..0,n} 5y 19N IMNA MO MMNNNIY IR .NYP 0-Y ITON 29D N
NN NOWVN P PN nnnn L1 <@ < EnvoR My mo= o (a;) 2D n23 ,IYUR)

ONNY PN NNP N DN .0 (ai11)-2 m

(cr (a1, as,...,ax) 0_1) (m)=o0 ((al, as, ..., ax) (0_1 (o (az))))
=0 ((a1,az,...,a;) (a;)) = o (ait1)
DN PN M D D DY o (a1), ..., 0 (ar) OY 12T INMNX MO MNHNN 199

ONAY PN D XYY IMN NOVN P> PR NN 1P, 1 <@ <k aRd o (a;)
1991 ,i 999 071 (m) # a; *3 15 DWW

(U (ala ag, . .. 7ak?) 0-_1) (m) =0 ((aly az, ..., a’k’) (U_l (m))) =0 (0-_1 (m>) =m
O MY MIVINTA MMNNN 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)

47



,11.6 923700 NNONN 290 )ZMNO

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

cao !

rar!
Sp=1{(1,2),(1,2,...,n)) (1Y) 11.8 POV

o = DN DIMNN DY ND9ONY NMNX PI9Y NN o € S, NN .11.9 0910
M3V NN VT .y > 719 > - > 1 00,1 RN 0 OV TNIRND D N L0103 ... 0
Cycle type (11,79, .., TE) DMTON V-k-N NPNO 0 SV DINRNDD

Sv INnn Man ;(3,2) X0 (1,2,3) (5,6) Y oavnnn Man (11,10 ATt
(4,2,2) 20 (1,2, 3,4) (5,6) (7,8) Sv oannn man ;(3,2) xn o (1,5) (4,2, 3)

VD7 DOIRNY TH3D MK DT WY BR PN DR 5,-3 TTIDY MM MW 11,11 fWROY
DWONT? MDY K2 W 3R ,Ss-3 (4,2,3) (1,5)-2 dnws (1,2,3) (5,6) Dwonn
~SS-3 (17 27 37 4) (57 6) (77 8)

(YPYIN Sy MAYD P IN AT W OR) DN
»D ) T =qmor !t N0 LS,-2 MTNY MDY 0,7 € S, NN (<)
125 ;00 OINNN DY NYAIND 0 DY MV 0 = 0103 ...0%

T=mor = TO102 . .. Ok’/Til = (7T0'1’/T71) (7?027'(71) . (7r0k7rfl)

5555 PYTAY YP )0 D ;MNN NN ToE T L AN NINN 9 ,0TPN 900 295
NOVP IY (MDD I O 01, 09,...,0% D) D M DR DRI DNV DINNND DY
TINRD IMND RINIORD DINNNNIN TAX 91,07 DINNN DV NYAOND 7 OV 719
LDMNN MAN IMN 7-21 0-D¥ Y21 NN .0-2 DINNNN DY

0 = 0102...0% DI .DIMND M N OY 0,7 € S, NN (=)
T = (bi717 bi,27 e bi,mi)'1 o; = (CLZ‘J, a2, ... 7ai7mi) AWND 7T = T1To... Tk
NNN P LD OIMNND DN Ty, ..., T DN O 0NN DN 01,09,...,0k
D 20 DV .DN¥YY DNDHVYI DIADND IRY 99 7 (a;;) = b, IO ™

mom = (A1, iy Qi) T = (T (@) T (@) 5 T (@im;)) =
= (bi1,bi2,. ... bim,) =T
oM
mor = TO109. .. O'kﬂ'_l = (7‘(‘0‘177'_1) (7?02%_1) - (7rcrk7r_1) =TTy...Tp =T
O Sp=1 MTINN 721 0-Y NN

n >3 Z(S,) = {id} » wdon .11.12 Hpov

48



Partition

Centralizer

MY NN a # b € S, NN .a # id » n2HvA P a € Z(S,) 2NN DN
NMIAYY o € .S, NP NNV D)INN 29D .a DY WD DINNN NN IMN BOY a-N
91P) 99 ,a € Z (S,) 9N .ocac™! = b

1 1

b=cac " =aco  =a

O Z(Sn) = {id} M5 ,a = id n75n2 Y95 b YW NPNaY NPNoA

v

- 2> DM”YAL DMI9DN Y DY KO NITO NN 1 DY AN L11.13 091N
. (n) ©MON 1 SV MPIBNN 1900 AR . =N + - + NgK-¥ TI 1y > 0

ni

L2 (1) R S;=3 WDV TMHIPINY 1ODY .11.14 HPOY
2S5-2 W MY MPONN MNd .11.15 999N

:0”Y20 OI90N DY DMODD H NN 1NN ,ANINND NMIPONI MY WM

5=95
d=4+1
5=3+2
0=3+1+1
0=2+2+1

0=2+1+1+1
S=1+1+1+1+1

p(5) =7 1P)

T-Y 0 DN DN MAN IR 7-9) -9V I o, 7 € A, Vi 11,16 YN
?2A4,,-2 MTny

N 99,3 DTN NN NN Az 00 DYTY DA = 3 NP2 ,OWNY IND NN
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Carmichael

number

Strong witness

Miller-Rabin

primality test
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https://github.com/openssl/openssl/blob/master/crypto/bn/bn_prime.c
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https://en.wikipedia.org/wiki/Miller%E2%80%93Rabin_primality_test#Example
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Quaternion

group

Field

Field order

Field
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Characteristic

Subfield

Field extension
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Discrete
logarithm

problem (DLP)
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Diffie-Hellman
key exchange
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