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Trivial group

Group of units

General linear

group

Symmetry group
on X

Abelian (or
commutative)

Abelian group
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0N M) PRI P NN DNOY D901 SV 930 Yadn oy (ZF, 1) noynn NNt
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Divides

Euclidean

division

Congruence class

Subgroup

Trivial subgroup

To k € Z ©»p DR b W PN a 2D NN .DNOY O90N0 a,b i 2.2 DTN
.—5[10 SNy .alb yon ka = b-v
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Special linear

group

Multiplicative
group of integers

modulo n
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T 0TV F ooy L2.12 9990
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TMIRMID N3N N9 ORMP AN nn N0 SL, (F) < GL, (F) » won

1\ -1
det(AB )—detAdetB =GB -1

T THITY HTIHVODD

1NANTNND ANPNRN JPPIVIPD NI DN

detl, =11, € SL,(F)» 1 .1
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det A 1
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.(Leonhard Euler) 29~
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Cyclic subgroup
generated by a

Cyclic group
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n-th roots of

unity

N [(a)| PR avnmy a € GL3(C) My .3.8 nnnt
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n
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n

Y Pand 2710 Qg Ny DX N ORTI w, T DY NI OPN NMANTNN
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,al NN on G-1 oD 95 .G = (a) 1oy .Mantnn H < G onnoanon
2N NN 0N H-21 028N 90 0) 1M

DN ) s € N-v mvand aan .a® € H ymayvw »Hoynn 1aonn s € N o
k€ Nom 1or .H = (a®) momnb nxy 2009 mmona ' € H oy w ,a' € H
k= gs+7r 0Mayv r-1 ¢ D»P ,TOIRY 0Y 71NN vavn 295 .af € H ymayw
N0 .0 <r<soy

a" = a®t" =a% . a" = (a*)" - a
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0599,
W) 0 <r<sona € H» - s 95 nronynd npno wap r # 0 oX
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avn .n=k-o(a)-v 70 k € N 0»p 199 .o(a)|n ma dnw
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. q
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o
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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
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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
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

,0N8YD DO9N DIADNN INVY 10 DV .NNOA (27 6) mMNnn DX YaP) N
Y9 ,5 = 5,3 — 3 MDD
=(14)(276)

NoWN o2 N9 P1Ta9 1901 95 Sy Nayd ,NTINN 299 N9 WaN .o NN avN)
02y ,A5NNN DI DINNNY NP DAN NN

=((14)(276))*=(14)°(276)*=(267)
20(0) ym .k T7INRD MNn o € S, 0 .4.11 99N

() =k»mom .0 =(agay ... ag_1) YOI NN
TIAYD 10 WAND £ DT OPTIYNRN ,2D mv) ak(ao) = @ mod k-¥Y DPPIN
O»PRN a; 939 0 =id »5 M2 wxa L({0,1,...,k— 1} moa
k k—1
o"(a;) =0 (aiy1) = =0(ai1) = a

ON 92K .9 en oD M (o (m) = m ) of (m) = m ;m # a; 999
ol #id s 0l (ag) = a; # ap W, < k

mpunn 4.2

TN ,g € G Y920 nman nn H < G onm ,nman G onn .4.12 910
Left coset gH ={gh|h € H} C G 20 H 337 g 79 HMIRDYD dpnon e
Right coset Hg={hg|h € H} 20 H 3% g% nmMHOD dpmvn @

G/ H Y393 nvONNYN Mponnn qoN NN
NMaNN NN Yy YOoNoN G = S3 NN NPY .4.13 T
H=1{(123))={id, (123),(132)}
:G-21 H S5v nvdxnwn mponnn
idH ={id,(123),(132)}

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

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

Ay
Ss/H ={idH,(12)H}
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:H = 57 5w nvoxnwn mphnnn Yy 9onon G = (Z,+) DX NP2 .4.14 Nt

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} 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
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 e G 3N H < GHom ,onan GO 4,17 vovy
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} nrONNYN MPoNND P 5 YNN INRDN NP .4.18 DY
(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

NIPY Mt 1900 L [G : H| yva G-2 H 5 mponnn 1900 NN 11D .4.19 A0
.G-2 H 5% DpIdRd

APRIY MNONTN 29 DY .4.20 HONT

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

JG : Hl = 0c0-v 15 ,H < G nMmannm G nNMan XY .4.21 9990

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

DOV (N”1D1) Y3V WO PINDD 1, m DNOY D900 7Y 1NN 5.1 NYTIN
990NN NPNY TN

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

21



(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
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790N NN MMNANNTNN T9010 7O 1NN INT INNRD D) INN 29 DY
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YY 0y 1IN L NYONNI0N MMIANNTNND O 30-) 1 0MTOM INKRND
ORIV RO MNIANTNN
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1 1 1
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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
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NN INND ANV 5P ,70IAN NMNIANNY NIPN ,NININKRD IONTD IMTL .6.19 NPT
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
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:0”PNN POAN 1NN P05 19N
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255 Y "oomn” nap NN (A) N DY 1IWND DYDY N .6.20 NPT
wND AU AL nrnbd nOw masdhnn NN 0pTn LA NXapa NYMND MYSHNa

T € A N2 ,MA3ONN 0 RPN SV a0 N1 NN nom A = {a |a € A}
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"WYY YN 7

NHVION NN DD DINYY 7.1
MHVNON HMIANT DIBNR HY 970 7.1.1

0(0) =k :07pmm k£ 7m0 0 € S, MmN MAY NN 7.1 WD
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TPOPNN NNIAND™NM a >T DY NINNN TPOPNN NNIAND™NN P2 TINNN IMWWDD) e
N L(TPONPIV NN b T DY NININ
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DOINNDD DNR W ([erm) DI RN S,-3 DR DIRPRY M79DD NID L7.3 HPOY
A Nn (1234) (56) S aT1om 6 20 (193) (56) Yv 170N .7.4 DN
.S15-2 45 979N NNANTNN INND 7.5 9N
92N AN LS15-2 45 9TON NNINN RNND) 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 PPDI AP T IDRY NNANDNN ITOD MY DR ITOY PNPON Ny
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72515-2 39 9TON TN D»”P DN 7.6 NYNY

D DINNN NDAOND 5APNND 21> KO 39 ATON TDVRY PYON NIRD .RID )\WWNO
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NN 13 TIND TAND D OINNN NO9OND 39 9T0N NN DIAPY N2 DINN
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09N NYAOND MHN MN8N 7.1.2

Transposition NP NP S,-2 2 2TON MNMNN L7.7 D910
D9N NYAOND DWVIY Y (ag, ds, . .., ax) IMNA D 7.8 THYV

(ay,aq9,...,a,) = (a1, as) - (ag,a3) ... (ar_1,a,)
300

Se={(,))1<1,j<n})
75, NMana w 2 < 7r < n TINRND OMNNN DD 7.9 9N

NOND IIvaN () W i TINN 01900 © DINA IPNOYIMP NINRY R VNO
IPIIVON YT ANY IO DAN MY DT 7!-1 ©1900nN 7 NN ITOY v Nyd
MY DN DANND 7 W 0D

(a1,...,a,) = (ag,...,ar,a1) = = (ar,a1,...,a,_1)
WD S,-2 e TIRD OIMNNN I9DNY DIAPY -2 99100 90NN NN PONY DD
(1) (=1
754 PIDND OPIVAND DTON ON NN .7.10 999D
10N OYIVOND DITON Si-2 INND

DTN AR P - 1970 1

[(12) (34) 5vnd 0t 0NN MY DY NDON N (7, ]) NN - 2 9T .2
J

.(243) YonY 3 7NND oMN - 3 T .3

.(2431) 5vnY 4 7N oM - 4 770 4
.S4-2 DPIYIAND DITON YD NN NN NIV NN 10D NNOSN IO Hint
255 MND DPIVAND DITON DN NN .7.11 990
:0N DPIVAND OITON S5-2 WD

DTN AR P - 1970 .1
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1P9Y2PHN HNIANY NN SV o 7.1.3

Sign PAD TN VY OON RN L TINRD MDD 0 0N L7.12 DD
sign (o) = (=1
PIN 7,0 €5, MNIN NIY

sign (o7) = sign (o) sign (7)

MINK MNPY 27T ¥ .5,-2 NN 95 SV PO NN AVND NIVIND 1T NON
M0 DY D0 PTHIND
Even W DNWON OVA —1 IOV NNNNO BN DWON OVWA 1 MNP0V NN XIP)
permutation BAMAN
Odd tati
permutation (N9253110 TINDY N2IWN NTIPI) .7.13 At
O OR DN NN (35) poonn Ll
J0 NN NN AP Nmnn .2
0T DN XN AN ON TIND NN L3

Alternating NNAN NN2AND™NN NN A, (NPT MNINN NN IN) POYDRD MN3N .7.14 N0
group S, OV
A, ={o€S,|sign(c) =1}

JA,| = 2w A4, 5w 1700 .7.15 DWd

Az ={id, (123), (132)} .7.16 D910
o8 Az o Az = ((123)) 5 25 oow

RSA mas8h novyn 7.2

RSA N8Ny NV NwHNNINPN L RSA N3980 NoYHN NN MNANND NN VIYO NNNT
cryptosystem DIPINVON DY NNIND DNNT AR 2NDND NNND YT DY NODINN NPIVDON
ST NNPOIN (DTN TN PNV »TY ,002 PI OV YY) RSA

JO¥IN J9IND NYTIN DONRD MOYI PINYN 12 :HH0NN

TIND DY192) INIPR J9IND p, ¢ DPNYNRI DIDN 1Y NINIA DIUN :MNNINH 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
50 d ’995 M0 NN NN (NN JOP T 90N N 65537 = 216 + 1
7900 NN NN MDD A0V ONION NN IR MY Uy NMana e
T ANTNN OTOPIR DIPION T DY Hwnd de = 1 (mod p(n)) 0»pnn

DDY MND TNY PRY 2OV
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NNANN NN ,)O¥IN NIOND NI TN PN 19N NN DON 9992380 NNNH NN¥ON
NSYY I NIMY NN d XTIDN NNONN NN (0D IR) 212D (n, e) M NN
D0V IMND TN PRY 2OV Nt D)

NN .0 < m < n OPPRN M I901N NN OORD M NyTIin NOY 213 19NN
YMD 90N W PRI 19INA ¢ = m (mod n) NMANINN NYTINN NN NOW
DDV 91 112V N My NHin DY

¢ = mf = m >non Nnann NNY2 m NYTINN NN NAYN OON :HNY

.(mod n)

m

p = 61 X SVYND INIAN DON TIND DHVP DMI0N DY NNINT NI L7.17 Y
aVNN NN g = 53 NN

n = pq = 3233 en)=(p—-1)(¢g—1)=23120
NN NYW TN NNaNN .p(n) = 3120-5 1 1PNY e = 17 MIA%N PIyn NN NN
d=e ' =2753 (mod 3120)

NN NNANN NN DDIAN NN DIVINONI DNMYNIN DADVN Y NN DPOY >
(n,e) nHv
DYTINN NIN 2V NN JOONRD m = 65 NyTINN DN NDYY N 212 N
MONIN
c=m'"=2790 (mod 3233)

2N ST DY NMIN NIVON DION NYD .DOND ¢ NN NOWYN
m = 27903 = 65 (mod 3233)

M2y MOYWA MYYNY 01D NPINTIN MPN DY 0»»aN »25va 02NN
NOWY) W NANYA NPIN 2N T DY IR IO NPINRYD VIYNI MNYIN TIND
NI DDAV 29 ©wy mlT 2wNd Sund  (NPNa AINYA ANDYN D) NIRIPIN

22N PONDI NYPNOTIN MO9ON 17 — 1 = 16 ©Opna 195,17 = 10001,
m'=m-1=65 (mod 3233)
m? = (m)® =992 (mod 3233)
m* = (m?)* = 1232 (mod 3233)
m® = (m4)2 = 1547 (mod 3233)

(m*)* =789 (mod 3233)

T =m (m®)* = 2790 (mod 3233)
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,(THN2 DTN NOPNN DML XY MNNN NPY ML KDY DIVNIS NPNI ND

LTI T OTIN Y NapNN

MNY JNIN 8

9D NN MMan 8.1
Presentation MY NN "DONN DN T DY NY” NIRIPIV MMNIAN SV NN TIT IR
G =(X|R)
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on D, M2IN .8.7 DD
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Group

homomorphism
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Epimorphism
Epimorphic
image
Isomorphism
Isomorphic
groups

Automorphism

0MVMIMMMIN 8.3

DOOWYOW XN [ G — H npnyn .man (H,e) (G, %) nynn .8.8 9130
D»PNN ONX MMNIN Y

Ve,y €G, flaxy) = f(z)e f(y)
:DNVANMMIN OV DNV DNDY INP NI PI)

H-2 1751w G5 99K A0DW IX BHOWOMY XIPI Y/NN XINY OD9hmmin .1
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g: H — npnyn nn»p OX P OX OV9IMOX N0 f: G — H npnyn .8.9 iy
gof=idg o0 fog=1idyg-v 10 G

PTD MDD LNNNYA OVANMIMIN NN NN g NPNYNINY  (NDI) MOIND VAN
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70°201900 O90NN
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D09y DY TPNDION NNIVN DY DONDNY VAN DY NPNYNNY NOIND »T1I)
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292 DVAMMIMIN NN & — 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
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DTPN Pyon Sv v Mpnd L f(g7) = f(g) ' .3
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70517 DManTRn” Mt nn a0y Tvnna) G OV
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DTNV 1N ,NIPNA KDY ,MPOMI DNIINMIMIN DY 1OND MNONN .8.11 NNxnT
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 DV MDD OT DY TR 19INI NYIAPI TPINYD NPNYNIY T .8.12 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
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DPPNN PN 1TON g € G 9302 1NN .oV f: G — H > .8.13 29N
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92PN MNNWNN DY [ DR DY) g7 = eg NN 29D .= 0(g) ADI DN
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= o(f(g))In 122

2NPONMMIPN YN 4 ITON MMNIAN PNV DD ONN .8.14 N
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A3 DI PIIN WO .HPOY
2009MMVIN NN i(g) = ¢! 295 PN i G — G Npnynn NN .8.21 9N

NIV PITA0 ARYI NYD Oy VNN NN DNKYD NNANND 1D APNYNNY M NN
)3 25 OV g, h € G P (DDNIDN WD) NDIYON DY NIV

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

JPoaN G ON P OR OVANMMIVIN NN ¢ MDD .gh = hg DX P DX D»PN° N
inversion y2vY »15 9N2) NPNYNN YV OWN 20X NIYND

Cayley’s theorem .G <> Sg OVOMNMMN OPPY NN .nNaN G 0N .0D»P VavVN) 8.22 9N
NIPY N259N0 NOa By TR XX -1 mM>ann Nespnan Y Sy qOINA NN
X9Y DMYDDD HMN3N

y(a) = ga HNnwN 593095 [, € S 5 Y'NN W¥PN NITHIM g € G 935 DIMOW
Y5 .ovaMMN $-v IR NNN . P(g) =1, 290 O G — Sg PN VTN
0PI g, h € G 9359 NPOIND PN

lyoly =g
@ TN OY MO 0 a € G Y25 DX PN ON NNV NPXPNN
(ly o 1n) (a) = I, (In(a)) = Ly(ha) = gha = I,y (a)
DPPIN N g = [, M) YN0 KINY MNIND 27D .0v9mmin © 1o,
g=g-ec=l,(eq) =llec) =h-ec=h
] Sg-2 nown G g = h oo

LS5 Y DNINTRNY HHONWOWIR 72 APV G HOYD N3N 7D .8.23 tHPOY

9%V DNINTHN? HOWOWR 72 TPV G HMOYD N3N D .TY F Oy .8.24 MHNOY
GL,(F)

GL,(F) 5% nMan-nno mamivr S,-¥ IXIN :DNND )
GL,—1(F)-2 .S, "R 2v210) 0Mp .G — GL,_1(F) ovammmm INYD DN

G = Zg R, 92N G ORY NN .6 9ToNn nnan G onn (M) 8.25 949N
G = S5, 9aN RO G ORWY
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Normal

subgroup

WIVN DN 9

NYYNI MMAN-nNn 9.1

DYPIN g € G 959 BN MY N3N NIXRIPY H < G DMan-nn .9.1 N0
H <G yoy m npna .gH = Hyg

DNPY DRI DRONDY LH < G ONINTHN DN 9.2 VOUY
HaG A
g tHg=Ho™wm ge G 2
g 'HgC Hovpmw ge G997 3
(G RN 179 DINDIY) DOOWOD Y9 YW W H .4

,3 PYD NN M 2 PYD D MI .2 PYOD J1PY 1 QY0 0D NMINAD OP ORI DN
2 92p) gHg ' C H on g 'Hg C H DX >0 25 0wy 2wn 1110

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

DN 20 .NPHNIMN N NOY MMNANNNN OO WX ,OAN NNan G ON .9.3 Nnpnd
NY NPYNI DADND NN D XY 190N g thg =h € Hw ,he H <G
tgh = hg-v 720 Nopv

M NTNNN 09 NN MR WIR LSL,(F) < GL,(F) ovpnn .9.4 hmnt
ovpmn g € GL,(F) 929w~ ,A € SL,(F)
det(g ' Ag) = det(g™") det(A) det(g) = det(g) ™" - 1-det(g) =1

g tAg € SL,(F) o
ovaNMMINN YV Py NN o0 SL,(F) D 25 ovh N0 InONY NN 11T
Ap <0Sn 00w i pon R .det: GL,(F) — F*

0 (1) # (1) 022 oM YR (1) < D, "MANN™NN 1 > 3 MY 9.5 DNT
H <G nne .2 op1yxn nman-nn H < G onn 9.6 v

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

HuaeH =G =HUHa

[l aH = Ha 52p) 9t NN QN D22 TINNNIY 2390)
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Dy : (0)] = 22 =2 DR VOWY 9% D (o) < D, DIPNY 9.7 MpOY

ON D) NY TN LK < Hontmaw K <G on K < H <G ON .9.8 YYD
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 SV 19951 P nan-nn H, N < G v .nman Gonn 9.9 990
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 NS G 1NN HY DIV NN N’ 55N NITHD .9.10 NT
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 9.2

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 DOAN V9, 1OPN NMAN NN Z .9.11 Annt
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 v ,GA) {e} nrONYIL MMNanTnn nw v G nMan 955 .9.12 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 .9.13 Hony
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 .9.14 W

ol =G H =

JG : H] =n < 00-v 15 H < Gonm (190 XpnTIxRD) nnan Gonn .9.15 990
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
J0ANY 0NN NN G/E 2 N 2 OpTeND NMAN N H < Gonn .9.16 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 9n2 .G-1 90 ATON DIDRN GO T o [, nan G onn .9.17 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

MYy SN 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)

23 INN 295 ,ovMMIN N .f (9) = v, 29 f: G — Inn(G) P DMDOW
YN IR 2wy L(Inn (G) DTN 299) Yy NNV J2m0 . DINNY

ker f={g€ G|y =ide} ={g € G|Vh € G:7,(h) = h}
:{g€G|‘v’h€G:ghg_1:h}:{g€G|‘v’h€G:gh:hg}:Z(G)
22P) PYRIN OVONMMIVND VAVYN 9D

G/z(@) = Inn (G)

Y 1PN Yvan 11

DR8N Phys  11.1

MYV a € G O”P OR ,DTVY A-1 g DIDRY DIN 0NN G onn 111 A0
NNIPY TN 9D SV MPpYn NpSnn 1av G Sy mYpy ond vTn M b = aga!
JOU TWTDIDYD APINYD

h-y g 25 NP3 ;MY N DTN DY DIADR DY PR G WOIN NNaNA .11.2 NNt
MY a € G O”P 10D DTN

1

h=aga'=gaa ' =g

g 9% MTNXN NPYNN DX PN ON g € Z (G) nNX WY nnan G DN 595 19N
{g} ron
AN 1 MO ATON g € G oo ,nMan G onn (11,3 99N

0(h) =nnx,g-9 7MY h € G oN .1

.g € Z(G) nx ,n 1701 G-1 DIVR MY PN DX .2
A BIN

D 25 WY b= aga”t vMmayw a € G 0»p P9 0Ty by g 1

1 -1 n, —1 -1

h" = (aga_l)n = aga_laga_ ...aga T =ag'a T =aa - =¢€

s

Vv
7 times

N L0 (h) =m DR W T80 0 (h) < n-v oM M
g" = (a_lha)m =a'hma=e

0(h)=m=n 9M 792 .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)
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,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
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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
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Carmichael

number

Strong witness

Miller-Rabin

primality test
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Quaternion
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Discrete
logarithm

problem (DLP)
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Diffie-Hellman
key exchange
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DIV DYDY PO MPONNN NRNYND DX DXV )AD
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.G 5V Y07 nMan NN Z (G)-v NI )0 1m0

Centralizer NNIAPN NN x OV YDz € G 935 .nMan G onn .14.2 191N
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.G 99 nan-nn Cq (2)-v 1R )5 1m0

Conjugacy class ~ NPNY W IHVOYDY RPN NN PN .z € G o .n1an G onn .14.3 A9
NN2PN

conj (z) = {gmg_1 |g € G}
0P x € G 999 .14.4 YD

|G : Cg (x)] = |conj (x)]

95 995 6 = (12) (34) oy Madnnnn S,-2 MMNNN 190N NN K¥N .14.5 99N
LBy =48 nmrpnn v € 5, MMmnn

|S| | RARRID
Cs, (B)] = ol — = o= = §(n— 4)!
O e ~ g Y

AOND MmN 8 v S4-a1 Dwnd

MY NN S NN LG Z (G)] = n-v 75 9o nMan G onn .14.6 990
DN 1 NN 995 N>on G-a

12 .Z(G) < Cq(x) oopmm x € G 939 )Mo
n=I[G:Z(G)] >[G:Cq(x)] = |conj(x)|

Class equation NR VYD N3N G ODN L(MPONNN NXNWYN) 14.7 VOV

Gl= % feonj (@) = 1Z(G)| + ¥ £

Trep. ¢ Z(G)rep.

NPIND 70D M) VNI YT 7Y VYD TIPINY 70 771 AR TIVDID DYDY 130N
DS RIDY NTDOED AIPIND 7T 3N INTDY
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Zg=1 S3 M2y Mponnn NNNYN NN 01V .14.8 99N
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191 2IUNT ATON W NNIANTNN MDD | Z (G)| = p-v MDD .NOW NDOWA M)
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Commutator

Commutator
subgroup (or
derived
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Simple group

Perfect
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MMIAN-NN NY PR ,NOVVY G-Y o0 .NnTMpn NIynn 29 G < G 0»pnn . DnW
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