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Trivial group

Group of units

General linear
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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 =

16



Cycle

Length of a cycle

Disjoint cycles

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

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

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

JSul=n-(n—1)---1=nl

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

kNon

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

1 2 3 4

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

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

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

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

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

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

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

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

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

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

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

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

:G-2 H 5v nyOoNnpwn miponnn

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

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

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

18



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

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

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

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

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

T+H=2+H

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

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

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

2995 191N

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

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

(NP IN) NPORNYN MPONNN NINNNIY MIRDNTIN MNXRID NIV 29D .4.16 YD
oM L,T0 Oy QO LG OV gy vy H < G nmanTnn by

a~gb<— aH =bH

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

W a0 € G Y MBI H < GHon 0N GOon L(NRYIND) 4.17 vOvY
a € He aH = H v19a b 'a€ H :oN pW OX aH = bH .1
g HNgH =9 W g H = gH 0»pmm ,goH- gt H mMponn »nv 535 .2

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

{gH | g € G} nvonnwn Mponnn P2 5y NN RN NP (MRYINA) 4.18 HIYD
(Hgws g '*H) a5 {Hg|g € G} nramn

gH — (gH) ' ={(gh)" |he H} ={h g7 |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

APNIY MNONTN 29 DY .4.20 DNT
Z:5Z] =5 1
[S5:((123))] =2 2
[Zs:(2)]=2 .3
|G H] = 00-v 75 ,H < G nMan-nm G nMan IR .4.21 990

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

20



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)
Euclidean HYOV3 NN VIVDW ANY3 Y"DY AROSY? YOO (OTOPIN DNPINON) 5.4 VOUY
algorithm (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
(ABYD? 3PN BIMWMIRD DY

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) =

DAPY DMADN MAY YAPTY OIPIVIONA INPA 190 DIADYN 90N 2N NIYND
AMN DN NN IWRD log, n NN DIPINOND SV MWD V'8N NITOA

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

Aa,b) = sa +th-w 3> 5,1 € Z ©OMY 0903

2”30 MINYD NPVYS N"NNN NN DWIANYI 5,1 DNTPNN NN NINDD 7D 5.7 DT
Extended SHNOD DTIPIR BIMNIRD WNNY)
Euclidean
algorithm
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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
6lr =1 (mod 234)-v 75 0 < x € Z Ny .5.8 9390

INYD NP NN 1 MDD 6lx 4 234k = 1-v 10 k € Z ©7p ,)PNIN 290 WO
M9 .(234,61) = 1 >3 1520p NN WoR 295 23441 61 YW (Mt NIPN1A O1N)
DONTN 29D YN OINYD NPND NNHNN PR DOV VAVYNN D ONTPNN ON k,x
WR D MVINY T x = —23 (mod 234) 195 .1 = 6234 — 23 - 61 MOTIPN
2 =211 902y >ov

MNINKRD IRNWND 61 D7 vy [234] € Uy 1H20p 03 Mt 2wnn

1=6-234=6-51 (mod 61)
.[6] mn Uy nana [234] = [51] Y »o;innw 8om)
.alc 22 WD albe o0 (a,b) = 1-v 75 DOV D900 a, b, ¢ PV 5.9 99390

c-1 292) .1 = sa + th-v T2 5,1 NP PIRYD NP N"NNN JPON 29D NINO
93 La| (sac + the) 135 .altbe ©Y NN 29 alsac 2D M2 ¢ = sac+ the HApN
.ale

20010 5 MNON .5.10 THYO
eld nx jeln on e|m-v 13 e o d = (n,m) > .1
(an,am) = |a| (n,m) .2
p|b W pla 7N ,plab ON NN p DN .3

PO NN N eln, m-Y I .d = sn+1im-v T3 s, t Dn»p 1 VDN DN
.d DN N sn 4 tm DNOY INDD NMPN NN D)

(.nan 9ann pon) .2

NN 9931 .sa +tp = 1-v T3 s,t 0P 20 .(p,a) = 1 WX pfa OX .3

ONNY PN NN PONN p 2D NI .sab + tpb = b 92PN b-2 PNINKD PIPYN
p|b 53, PR NN PO p 199 ,(p|ab )

]
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Least common (1”P2) IO ROV DN 71, M DMIOY OI9DN IV JMNA L5.11 NN
multiple nYAd NN DOV

lem(n,m) = min{d € N : n|d A m|d}
.[2,5] =101 [6,10] = 30 Swnb .[n,m| P71 0O DY
10”15 SV MNON .5.12 WYV
[n,m]|a ™ ,nja N m|a OX .1
[6,4](6,4) =12-2=24=6-4 505 .[n,m] (n,m) = |nm| .2
0 < r < [nm]WRda=qnml+r-v I qrvv.l DD DN

wor # 00N .n,mlr o3 yan n,m|[n,m| DTN 29N n,mla 2 PNINN
[n,m] la 95 a = q[n,m] 99 .[n,m] v nrHPNIS NPND

N29515 790N DY MON NNYA NNOM N"HNN WND NOP TIT IR .2
NI IO 0D N2 LDYNVYNI O

o0 [e.e]
nl = ][ o =plops* ... ml=]]w = pipseese .
=1 =1

TN NYD  (PAID ND9ONN D DAX TN VYND OM) «;, B > 0 IWND
) VIDNVNY

o0 [e.9]

<n7 m) _ Hp;nin(aiﬂi) [n7 m] _ Hp;nax(ai,ﬁi)

i=1 =1

W, + [ = min(a, f) + max(a, f) 07PN «, 5 D901 W 935V »am
n,m] (n,m) = |nm|

O

Sv n"nn d > .DM90N AN NP NN PTIND WAN L(1aY) 5.13 YNV
$1M1 + DMOYPNN S1,. .., S DNOY DMI9DN DNIPPY ININ N, ..., N DI0NN
KDY mosSpyIYN o0 -+ spng = d

Congruent nla—b BR AN DNYPY 0N a,b € Z >0 MK 2yav 1900 1 oY .5.14 N1
modulo n a” Nt XIpN a = b (mod n) Nt O YOI .a = b+ kn-v 0 k € Z 0»p >
InovTm b-5 9pv

VD PDOPLST) MPPY DN NN n INTIN MPPY (12D INDIN) 5.15 HYV
,a =b,c =d (mod n) DX MY 20N DITNIN 7 INTIN NN 995 LDV
a+c=b+d (mod n) on ac = bd (mod n) N
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Chinese
remainder

theorem

1333333 59 NNAINNRN NT90N NN INYD .5.16 999N

25 ow) N (mod 10) N0 N 99010 YW ANINKD NI90N ,TPNIVYN DOV WM
195 333333 = 3333 . 111333 »s

111=1 (mod 10) = 111** =1 =1 (mod 10)
333 = 3183+ — (31)™.3=81%.3=1%.3 (mod 10)
333%% = 3% . 111 =3 (mod 10)

3 NN NININKRD NI9DNY NI

I DN X BOY a,b € Z DY R DN 1, m BR LOPON 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 s,t € Z 0P AR ,(n,m) = 1-v 90 DRID K7 DN
0PN .bsn + atm-1 INAN) VYN WD x DV OVP NOIND

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

NN k€ Z 999 &' = x+ kmn D)0 MI2 2IWAN NINS XN = = bsn + atm 19N
PN PN
] .PaN 5N NN nm TN T DY MTHN HNOIN

D WD =2 (modb) onx =1 (mod 3)-v 70 x € Z Ny .5.18 NN
Ss=—Lt=2)n=5m=3mnpna .—1-5+2-3=1199,5,3)=1
OPPI PR .2 = 1-(=5)4+2-6 =7 NX 7INIAY IWIX MDD NPINYN LIVYN 90
7 =2 (mod 5) on7=1 (mod 3)

MNNYN) MBAN NIIYND 1DV NDI MN 2D INY NN 2PON NPINYD VIYN
0071 M>pv OV

NN DIND DHYIO DNODY DIY {my, ..., Mg} KON ()t v DN) 5.19 0OvD
2V MWD DY YHD3 172-3 BR?9IY IR 1VDY (N KID DHIIP3 BNODY N 7D VD)
WINO DNV 7 AN & DN IMRY Wy {a; (modm;) |1 <7 < k} mvmRe
TIRNYOD NDIWYDY

r=a; (mod my)

x =ar (mod my)

y=3ony =2 (modb),y =1 (mod3)-v-v 70 y € Z NK¥) .5.20 N7
5¥ NADIN >TD TY 1123 NN NNTIPN INNTN 2 y = 7 PIN9NY 15 ow3 .(mod 7)
MXNWHN MY IR 3199 (15 = 0 (mod 5) om 15 = 0 (mod 3) »2) 3-5 = 15
Y =7 (mod 15) nNX MxNWNA 9HNNY M y = 2 (mod 5) ,y = 1 (mod 3)
MY MDA PPN NPINYN VIVYNI YRNYND AR 1991 (15,7) = 1 >0 25 ow)

QN9 MM Yy = 52 23 I1PTA MIRNIYN
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d <n 59 o .n € N 97on 292X a € G >0 ,nMan G nn .5.21 990
RValb)
o(a)

d\ __ _
°() = @m = @o()

’3 25 DXVWI (IO’ DN

N

€ 7,02 NVpin wyw moyan)

(d,n)
O 09 .nldt ,3.14 o 095 a®t = e o> ,(ad)t = e M) DYYN
n d =1 v T80 (3NN - 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 INND DTIPN 223INN NNRYA .0 ATON DOPPN NMan G onn .5.22 990
.G NN oNy G-a

N .G = (a) "2 M) NS
G—<ak><:>0(ak)—n<:>(k—n)—n<:>(k,n)—l
,n

JUR| M0 G X D810 028N 190N )0

WY NN 6

TINY vavn 6.1

a € G939 |aH| = |H| o»pmm .nan-nn H < Gonm nman Gonn .6.1 thyv
VAVYNN NN D2PY TN IR ,G DY DN Y MDY MPoNN NN 10 MpYNnY »oan
.N2D 2NN

Lagrange’s |Gl =[G H]-|H| w oW nn H < GHam anan GOon L(1NDD) 6.2 0ov»

theorem

DN3ND Y ATOD DR PIND ININTHN 7Y ITOD 0D N3N N3Y .6.3 WHPOY

16l _ e
=16 )

oD Lo(a) = [(a)|-w »ov 27 .[{(a)| ||G] ™ (a) < G- »ov ,a € G W3y 03
Gl = e PP a € G 999 B 1P ONIND 29 1TOD IR PIND DNINI AN 9 Yv
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Euler’s theorem
Euler’s totient

function

Fermat's little

theorem

NXIPIN 0N Zip-2 DIDVN DY DPIWAND DITON L, |Zjp| = 10 My .6.4 Dt
{1,2,5,10}

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

Loy X Ly DNAND DR N TPTI DNONT NN XD NNO
,MD AN 0”P PN IR 16 9TON 1R 0»p KD YA 16 w0 NMann 1To
N> 1 ay WO NN Zy, X Z, DMANAY NN DAN ,TPYPN 1Nan 1 N

p(n) = Uyl 72 o o N = N AP 38pne (190N 0avn) 6.6 Vov»
a?™ =1 (mod n) o™pnw ,a € U, 95 W3y

©(10) = nx Uyg = {1,3,7,9}-v annn .3 € Uyp 199 ,(3,10) = 1 .6.7 nnnt
3700 = 3% = 81 = 1 (mod 10) :07pmm O |Uy| = 4

DIVRY P NIY AR VOVD 79 M0N0 MPY ™ (N9 DY JOPN VIVYNN) 6.8 VOVY
aP~t =1 (mod p) V93 0(g)| (p— 1)-w DY a € U, 959 V7 .|U,| =p—1

909121 99011 YV MNINKD MIDN PNV NR YN .6.9 999N

2wnY 951 N ,909 = 9 (mod 100)-w »9n .M pw N> 19N mod n-Y I3t NN
.9121
9#100) — 940 — 1 (mod 100) 19N VAWM 29 Sy #X ,(9,100) = 1-v P
I =(910)3.9=13.9=9 (mod 100)-v N

0(g) > 1199 .e #£ g € GO 2WNY p ATon NMan G >Nn .6.10 NNt

N .G = (g)-v MRY M ,0(g) = p NIEN2 PY o(g9)| |G| = p v TN
TN IPRY PIDND TAR 9D 0T Oy NI G-Y 0) e £ g € G 939 Py N
DTN

OPN NMANNN W G-9 IR am|n o n IToNn YN G = (o) NN .6.11 YWYV
M TON DY

NN NN K >nn .ovp nomn ,m ATon nmanTnn v LH = (o) 1oy anw
K = H nxy mren nnond LK = (5) nan ,m 270N Naon mvpeN

521 99N 099 199 B = ab-w 1o b < n ovp G SV I8P a-v INNN
o(B) = 2

DRYp NN NNoN 95 (n,b) = X 20 m = ORE o(f) = m Yan
9 .(n,b) =sn+th-v 1> s,t €Z

Q" — b — gsmtth _ (an)s(ab)t =1.-8eK

29 |H| = |K| nmnn va Sy San H C K o9 o™ € K-v 2920 9m9d
] V1 H=K

26



ONWIV NY)  Z30-2 W NYONIPIV XD MMANTNN 0D LO0TH) 6.12 9N
(Zso 1 {0} DX 9910 ND W1

990N NIN MNANNNN T901 1O 1NN I INND 9NN 29 Dy
J{1,2,3,5,6,10,15,30}| = 8 :9mY5 ,30 190100 Sv PPN

VY Oy NN [, NYONMIVN MMNANN NN ORI 30-1 1 9 T0M INNND
JONIPI0 XD MMIANTNN

9NN NNNEPNS DWN 6.2

190N 1N MDD e (1) 2WND DN DNDN NNSY XN 2XINN PINS TN
A2 0N VOIMN TIYA NIV ONIVPN DIFDNN 90N NN AVND DN NNYHD DOV

MPIN NYHINY P9 JN2) OOV I90N DD, NPPONTIND DV YTIDN VAVYNN 29 DY
M%) (PP ATO 2T TY) DPNYRI D00 HY

_ k1 k2 k
n =p; P2 pmm

,N1295192 1NYWID PNYNRI 19010 DV NPN DY IDNIN NYXPNND TI9)2 AN NYD
AVNY O ONMINY

. B 1
o) =p" =" T=p"p-1)=p" (1—5>

DNYOD DOV 190N MY 1O

o (n) = (pPps? ... okm) = o (0F) 0 (p52) ... o (pfr)

1 1 1
= piiphe .l (1——) (1——)...(1——)
p1 P2 Pk
1 1 1
:n-(l——> (1——)...(1—-)
D1 D2 Dk

b= () (- 2) ()

10 (60) TN 2WNI .6.13 DNPINT

@(60):60-(1—%) (1—%) (1—%):16

807327671999 4 2019 Sw MNINRN MIADN PNV NX I1AVN .6.14 939N

DO

93P mod100 22¥9) NS

80732767199 4 2019 = 67'9% + 19 = 67701 419 = (67*)™ . 67! + 19
= (677099) 6771 419 = (1) - 677" + 19 = 67" + 19
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Subgroup
generated by S

S generates G
Finitely

generated

-2 Ry 199 100-5 9 67) Uygg NN 67 DV 290N DX NXINND AN Nyd
DNNYND PINS NNOND TNXD DTOPIN OV DNINONA WInv) 70 TN (Uigg
672 =1 (mod 100)

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

67 5v IRYY NN ged (100,67) NN PN 2NN DTOPIN DIV NRY3

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

MDD =3 PN ,1 =67—2-33=—2-100+ 367 :52p) NMNNXD NANOIDN
.3 NN 67 Ov 0NN
22 30 MNINNA MI20N NV 9D 671+ 19 =3+ 19 = 22 125

&S TN G OWNR LMD NNAN G RN RN MYLN DR ININ .6.15 9N
2 9700 YR G-1 o7p

970 1991 NNIAND ITO DX PONN IR DY ITON TINDD VIVYN 13 DY (=)
2 NMANN

OGN PRY 12OV N3) INNYD DM NI - PTG ANON 2 ITON AN (<)
DTN ADNRD VI NNYD ONNY TDN G PRY MDD 2 I1TON G-2 TN

29NN DRI NN IDN I TYUND ,NNND ANIAND DN DD NN ITOI J12) N
MINY PPN G-1 OMIDR DY NN OX 190N HAPI DTN TN DY THa aD

2 3TDY DMIZMR 7Y MR MR 19DV YWY MR ATV N3NT .6.16 HDPOY

ANAP=NN M DY NANNND HNANTHN 6.3

25 wrv) G-1 IR NP R I¥apnn S C Gonm nman Gonn L.6.17 A0
(G 5V nMan~nn N1oNa DR S-v
NNON S NN NYONN OPNN NNANNTNN NN S ST Y MSHD N3N NN
G = (5)-v 75 a0 S nnrp or LSO HY MY G-v MmN N G = (5) or (S)
Ax1, ..o, TE) NYPA 2N ,DIDN HY AV NP NAY HND M G 0D NN
N ON TPOPIN NN NNAN LDPOPY NN DV NITIND NO9ON NN R NN
JPOD NN TPMD NNAN DD D) TR AR T DY NN

PNPOT NYON Ntya ndn LH = (2,3) nxy {2,3} € Z npr) .6.18 Hnnt
H =7Z-v

Wom (—2) € H oy R 2 € H-vyw> H CZ vion Z 5y nnan-nn H
Yo LH-190m | Z 5w sy Nnv TN AR Mo (-2)+3 =1 € H-v
H=7Z-vwvp ZCH»™,Z=(1)CH
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{4,6) ={dn+6m|m,n € Z} Saprx ,{4,6} C Z np) OX .6.19 NNt

P NYonN DNdYN YV NNINNN M) (4,6) = ged (4,6) - Z = 27Z-v 1yo)
PV T 199N T DY M) (D7D DTN NN

{4,6) C 27 991 2|4m + 6n-v M2 (C)

27 C (4,6) oopnn 03199 .2k = 4 (—k)+6k € (4,6) N .2k € 2Z > (D)

NN RN AN OP ,POIANR NNIANNY NIPNRA ,NININKRD DNNTD IMTI .6.20 HNNT
a,b € G %Y 7Y NP DX SYNY .DMIDN NNAP T DY NINNN NNANNTNN
Aa,by = {a'V’ |i,5 € Z} 53p3

oVNd LT ©O-b-N 9D TN D-a-N YD NN ITOY 1N NSO NN MOt

abaaab *bbba " ta = a*b?
:0”PNN TPOIAN NMAN OO 19N
(ay,...,an) = {a’fl...aﬁn |IV1<i<nk €Z}

255 1Y "Onn” N¥ap NN (A) DR DY WVND DYDY N 621 WD
NS AU AL npnd 1mHv masdtnn NN 0PTn LA NP3 NYMIND MYNHNa
T € A MY ,MAIONN 0 RPN SV Ao AT NN nom A = {a7 e € A}

G2 DTN AR IR ISP £ NPIn N9 zr ! = a7l = e oopnn

WY Ynan 7

VNN NNANA DN DY 910 7.1

(a)yN(b) = onab = ba-v 73 a,b € G v .nMNan G NN (72N 9HIN12) 7.1 HYV
b > DY NANNN NNIANDTNM a >T> DY NINNN NNANNNN P2 TIPAN D) e
N L(TPONIPIV NN

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

DOMNDD DNR 9V ([em) MDY RN 5,-3 TN BOINRNY 790D 1TID 7.2 WRDY
A w0 (1234) (56) 5w 970Mm 6 N0 (193) (56) 5w ATON 7.3 D01
.S15-2 45 979N NNMNANTNN INND 7.4 DN
TN AN LS15-2 45 3TON NN KX¥NI 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 XY N ADRY DNANNTNN ATOY NV VRN ITOY NN Ny
TN DY Y (o)
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2515-2 39 970N TN O”P ONN 7.5 NYNY

0N OIMNN NO9OND 52APNNY 91> KD 39 TN IVRY PPOIN NIND KD INNO
.Si5-2

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

Transposition ANPN RIPY Sp,-2 2 ATON MNN 7.6 AN
DMPN N29OND DWW I (aq, Ag, - . ., @) INAN 9D .(0TD) 7.7 THYV

(ay,a9,...,a,) = (a1, as) - (ag,a3) ... (ar—1,a,)
1O

Se={(,7)[1 <i,j <n})
725, NMana w 2 < r < n TIND DIMNN D .(ODTD) 7.8 9N

9N Iwen (7) v n NN ©790N  DIMI LIPNOYIMP NINY R NS
JIIVON TR NP 1IA0 YAN MY D97 7-1 ©900nN 7 NN ITOY v nyd
MY DM DINND 7 W 2D

(a1,...,a;) = (ag,...,ar,a1) = = (ar,a1,...,0_1)

WD S,-2 T TIND ONNNN I9DNY DAPY -2 991DN 190NN NN PONY DD

() (=1
254 MINRD DPIVIND OTON DN NN L7.9 9N
:0N DPIVAND OI1TON S4-2 WD
AP IDN P - 1970 1
(12) (34) Svno ot 9PN NV SV 1Y X (i, ) NN - 2 9TD .2
.(243) SvnY ,3 7NN M - 3 970 .3
.(2431) 5wnY 4 7N oMNn - 4 770 4
.S4-2 DPIYVIAND DITON YD NN NN NIV NN 1ND DNOSN IO Hint
755 M2ND D»IVAND DITON DN NN .7.10 DN
:0N DPIVAND OI1TON S5-2 WD

DTN AR P -1970 1
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RSA

cryptosystem

D DN NV SV 1Y N (i, ]) DNN - 2 ITD .2

B TNIND 0NN - 3 IT0 L3

4 TR0 oM - 4 970 4

5 TIND NN - 5 970 5

.(231) (54) 5wno ,3 TN IMNM NN HW 1Y - 6 170 .6

0> 5 Ay n-n DTV 1TON DN WS, -av 2D Y i

RSA mash novyn 7.2

N8Ny NV NYNNINPN L RSA N3980 NoIYHN NN MNAND NN WVIYO NNNT
DIPINVONR DV NNIND NHNT NN 2NDNN NN9ND YT DY NODIINN NPIVND’ON
ST NNPOIN (DTN TIAINND PNV »TY 00 PI OV YY) RSA

JO¥IN J9IND NYTIN DONRD MOYI PINYN 22 :HH01N

TIND 93192) INIPN J9IND p, ¢ D?NIVYRI DIGDN 7Y NIN DION :MNNNN NP
pn) = (p—1)(g—1) "y n = pg ©IBONRN NN NIVYNN NN .(DNTH
o¥192) MAXNY TIYNN NIPIWY p(n)-2 NN e > 1 790N NIMA NN qoNa
5S¢ d 2995 M0 DR NN (NN YOP T 901 N 65537 = 216 1
790N NNHN NN MDD .Y OTION NNANN AN Y Uy, NNana e
N .ANMMN OTOPIN DIPINONR T DY Hwnd de =1 (mod ¢(n)) 0»pnn

DY MND TNN PRY 2OV

NNANN NN ,)O¥IN NIOND NI TN PN 19N NN DON 9992380 NNNH NN¥ON
NNYY TIDA NIV NN d XTION NNONN DX (O9YD IN) 2125 (n, €) P NN
DOY MND TNY PRY 2DV It D)

NI .0 < m < n OPPHRN m 90N NN OOND M nyhin NOY 212 :Mash
YD 90N W PRI JOINA ¢ = m€ (mod n) MAXIN NYTINN DR NOW
MOVO D120 232 MY Myhin Hv

¢ = m = m »non nnann NNYA m DYTINND IR NNYN DION MY
.(mod n)

m

p = 61 X HYNS INIAN DOX TIND DIHVP DIDN DY NNINT PN .7.11 NPnT
VNN NN .q¢ = 53 NN

n = pq = 3233 en)=(p—-1)(¢g—1)=3120
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NI NYY OTON NN .p(n) = 3120-5 M PRV e = 17 NaxN TIYN NN NN
d=e'=2753 (mod 3120)

NN NNANN NN DDIAN NN DIVINONI DNMYNIN DAOVN Y NN DPOD » T
(n,e) nHv
NYTINN IN 2V XN .OOND m = 65 NyTINN NN NDYY N 212 N
MONIN
c=m'" =2790 (mod 3233)

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

M>y MOYWa MYYNo 0913 NPINTIN MPN DY 0»»aN *2A5Va DWNN

NOW) DY NIRYD NPTN 2N 2T DY IN PPON NPIRYN VIYNI MNYIN TIND

MNP DDAV 29 ©wI mlT 2wNd Sund  (NPNa INYA ANDYN 0) NIRIPIN
22N PANDI NYNOTIN MO9dON 17 — 1 = 16 opna 195,17 = 10001,

m'=m-1=65 (mod 3233)
m? = (m)*> =992 (mod 3233)
m
m

)2 =1232  (mod 3233)
92 = 1547 (mod 3233)
m ) =789 (mod 3233)
m'T=m (m®)? = 2790 (mod 3233)

(m
(m
(m

MPYTN NP2OY 22PN N (NNINKY NNIYNXI NNVY) m-2 NV IYRIY 1D DY)
MNP (1 MND) NPDN I90ND 52PN M W22 NOYN TYUNRD DN ,100015-2

- (ngJ)Q ok
" m(mL§J>2 NN ON K

ANOYN SY s |log, k-2 panond 9om nwos k may mF awny awrd oo
nYIOTIN MY90N k — 1 opna ,nranTm moaon |log, k-3 anvn 959 »iaia
2N NOw nya 27902758 Hv 21N WATH N33 am-a

NVAIMNVPIP NPEPNNT YNRNWYNY INTI XD wNnw NyTo v (INANIR) 7.12 YD
230 DINNA ONMIN T DY NPTPITN NYNA ROY .D2IWN DOIND T2 DNVDINY
VNOY DOV 220D DD AWANY MIAT MOPNN PV ,TIiPn MNDN MR NN9
,(THN2 DTN NOPNN DML XY MNNN NPY ML KD DIVNIS NPNI ND

LIV T TN Y NaPNN
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MY YNN8

YYD NN MMan 8.1

Presentation MY NN "DONN DN T DY NY” IRIPIV MMNAN SV NN TIT IR
G = (X|R)

o5 MMYO LR DO NP 0y 08rn YV X napn v Oy nasn G-v N
,OMPOMM OINPA TP NP (DTN XPNT IND) NNdY \n) G NMana YN
DTN DR MYV NN NN DOMN 1N TR DO

NI 7 TN PYYPN NNan Sv 8.1 ANt
L, = (x|2™)

PONND AWAR " NNN™NN NN OXNIT AWUNIWYY .z INPN OV PN NN 2N 9D
2" = e HYVNnd NMPY DY ANON DONN NXAP DO TITA MM AN NN
NYD NN’ TPODIRN TPOPNN NNAND ,IMT 19N

7= (2| o)

NPT NN DX DO NNIAP NN DVNRYN D95 11T
NPONIIVN NON MNIANND P2 HTANN NN D20 DNRY INT

Zx 7= {(x,y|zy =yz), By = (x,y| @)

JPOD NN NNIAN NINIPI TPND DXINY NP 1D WY NNIANY PRI 8.2 NN
IMNY NP0 DONN NP ON PND DINPN NNIAP 0) 1AV N W NINIAND DN
Finitely JNOVYD TH¥YY NIMIANNY

presented

LDDINNNND NN 0N NN PR N0 NN NN TPOPN 1NN DD .8.3 NNt
PO NIXN NNAN NINND D) .OONNPIV KD ) TP NMINIM NN 1PND 1NN DO
.OP 79 95 XD NT) DPMD NN NIPRY

MOYTTN NYMann 8.2

YIND DPPNYNN DNPPYY DD DV D, NXIAPN 1 2Y20 1901 N1AY .8.4 NITIN
Dihedral group 2% N2WAN DY TH> ;1 DNTH HITIID DN3ND NN INNY DY MyON n 2 950wn
JY8PNS NAOIMN
DYN DX MDD WD YT DY, MINS YNV RN "NITN->T"7 0WN vIva ,onrn
.D,,-5 o»nNon nNan
291D N N NYOD PIVD PN A0 NPV NI T %’T-: 2120 NI 0 DN
N D, SV 51pn

D, = <0,7"0’n =7’ =id,or =707 ")
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Isometry

Symmetry

Group

homomorphism

Monomorphism

Epimorphism
Epimorphic
image
Isomorphism
Isomorphic
groups

Automorphism

Im192) PRIN NIMWY S VNN NNY o R?2 — R2 mp8png (10t v ON) 8.5 Iy
S¥ N2WAN DY NPIVMIPND GO DMOOWNR NP (d(z,y) = d(a(x), a(y))
DPPRN o MIVMIPN NIAYY 10 N¥ap L C R2nn .AmMan XN nvspns nasan
NN L W nyaomon QoI L 9% MDD DNy o 7t npna .a(L) = L
Y2INN OV NPILVYON GOIR PYTA NN D, NNAND LNYIVMIPRD DY NNANTNN

YON n Y2 Hoown

T2, 7 Oprw 0T O 120° Sv o 1200 > DYy NN D3 NNMaNN .8.6 NNNY

MY 10T = o ! 03 = 72 = id :27%PN P2 ONIN DO DNPPNNY

D5 M2y 9”31 JN 53 nvy Nn wown oy oY) Ds = {id, o, 0%, 7, 70, T0%}
OV NN OV NNN OI2RD NPV Wam NN 207 € Ds IR 22D N

ToT =0""

or =717 t0" ! =107

JPOAN PPN D3 00 MRAN D) 10 .07 = 702 12
on D, MIN .8.7 DD
{id, o0 ..., 0" 1,10, T0%, ... ,70"71}

mY) 7o F oT 2D TOIAN NYR NNANN n > 2 Nayw |D,,| = 2n »> Hap) vI9a
mMaNN n > 3 MY 9aIR , D3 = S35 023210 DNNRY INT) DNVINMPN 1IN I10V
(DYoMMIIN X S, D,

0MVIMMIN 8.3

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

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

H-2 mown G0 90N )W IN BHOWOMD XIP) YN0 XNV DB .1
J: G — H yo»v o”p N

TVONDION TDN NN H D IINI DVOWDOR NIP) DY NIV OVONMIMIN .2
J: G — H ovomran o»p ox G OV

TVOWOWIR -1 G20 A0N)  DDONWOWIR NIPI DY) Y’NN NINY DP9NImIMIN .3
G2 H o .f: G— H ovammvN 0»p ON

G OV DOOWOYWOW NI f: G — G OVOIMIDN .4
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Kernel

Image

DVOMMIPN ,DVONPAN,DP97NMN , 09NN DV MNYN NN IXPI NI’ .5
JNINRNN 0N AON AN 101 0iND DHNMIVIN

g: H — npnyn nn»p OX P9 OX OV9IMONX N0 f: G — H npnyn .8.9 iy
go f=idg on fog=1idyg-v 10 G

YT MDD LNNNYA OVONMIMIN NN RN g IPNYNINY  (NDI) NIOIND IVIN
.g = 71 Nman npnyn NI8NY 90N OPSMMON NN f OPINMIMINY NoND
NTY) TPVNMITVY NPIVYD ,NPDOPO9T NNON N NPINMIDNY NINID 0) IWON
NP NYND >TON NOTI NN MNAND NPONN 2D MPPY ON> RO

,DNHANMIMN I ONN IWYIAP .NNIAN P2 MPNYN NN DY 1w MmN .8.10 990
N0 NN D ONY

VPN OX NNP PN NN OV NN T — e 29) MmN p: R — R* .11
20°201900 090NN

M ovaMaN N0 det: GL,(F) — F* i) .nT1v F o 2
det(AB) = det(A) det(B)

D09y OY TPNDION NNIVN DY YONDNY IWAR DY NPNYNNY NOIND 11D
JoooNa (z,1,...,1)

295 DVANMIMIN NPR T — 2 292 NITHINN p: R — R* .3

2)7N2 ONXRIN LOVMION NN 1 +— —1,0 = 1299 N Tamn ¢: Zo — Qs 4
JIP9NMION NVYND N 2 9TON MMIANN Yov n*a

NN TIND MNON NND NI OV9aNMN XN [ G — H Npnyny nTawn
Sleg) =eny 1

neZ95 f(g") = flg)" 2

DTPN Pyon Sv o019 mpnd L f(g7) = f(g)™' .3

ONIM NNannn NN Jker f = {g € G| f(g) =en} M5 ,f 50 yywd 4
"PONM DMan-nn” N N Pavy qunna) G Y

H 5w pman-nn »on im f = {f(g) | g € G} 95 ,f 5v anond .5
|G| =|H| w,G=H or .6

DTNV NN ,NIPNA RO ,MPIMI DNV NMIMIN DY 1OND MNONN .8.11 HNxY
IRYS Npnyn F DTv Syn o op) oanm V. W vip oaRyd nn2)0Ka
N5n2 orN L, dim V = dim W ndy .;mman Sv ovampmin (@) on 7.V — W

20097MWNR T
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19INA DDA HY NN T DY TN 19N NYAPI INYD NPNYNIY T .8.12 YD
J(S) oy mavn f: G — H ovammmin namn i ,G = (S) ox ,nmT
PN (TANR XY DY I1DOR) DINY NNAP DY NN DY NYap 90 ROV 20 v
ovANIMIN NPT PR ¢([1]) = 1292 NV TIMN ¢ Z,, — Z 59nd .ovanmmin
TAN T8N .20 NITIN NN
)

o)) = (1] + -+ [1) £ o) + - + o(1]) =

,DIXPN P DOPPNNY DO DOV P70 W 095 19Na p([n]) = 0 v T8
OPANNIIN ATIVY XTI ,DXINPN MNDN DY D) DNPPNN

DPPNN PN 1TON g € G 930 22 NN .oV f: G — H > .8.13 94N

o(f(g))lo(g)

22PN NNNWNN DY [ IR DY) .g" = eg NITHIN 290 .= 0(g) IDI DM
f(g") = f(9)" = en = flec)
O o(f(g))In 197

ZNPONMIPN YN 4 ATON MMIAN PNV OO ONN .8.14 9N

49700 YN W H-205 20 0wy JH =74 N G = Zg X Zo N2 IND NNO
0,1 € H wmo 4 97010 YR YV 9700 IR L, G — H ovammvdN i DN
ND 9270 129 ,2 W 1 9T0n 0NN 95 G NMNANa Mpnn YY ATON IR PPN
JVONMIPR RO MNAND 1O o5
MYV NPSNMIPN MNANA 1991 ,02IDNRN ITO DY IV DDINMIIN 0N
MY )0, MMANA DR ITO DY

im f 8,9 G ORY O oV f: G — H o (102)) 8.15 Ty
JPoAN H OR P OR 799aN G N G = H oxY P00 .1PDAN

JOOPN im f IR, 1OPN G ORY I OV f: G — H o .8.16 900

W DY aNWYD AR x € im f o dm f = (f(a)) 2wy .G = (a) N3 DNOW
G-v »an (G 5v momman NN N0 im f 23) f(g) = z-v 70 g € G AN
199 .g =adk-v 10 k € Z o»p nopry

95w pon Lf(a) YV Nptn NN NN AR 9D MDDz € (f(a)) 2 nom
] JVONMPNR N DNON ITON NPOPINN MMIANN

1S3 = Zg DVONMMIVN DY ONN .8.17 99990

32 Zig 1R TPOAN KDY S35 00 [\ ND WO
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2 (QF, ) = (Q,+) ovomvN D»p ON .8.18 9390

103 .f(a?) = f(a)+ f(a) 135 .DPaMMPN 1IN XN f 13 1DHYA M) K9 N
NN RO -0 MPN W IR OY NN f-w o .= § + 5D 20 W ¢ = f(3)

@) =5

DINNYNN NN NION 1ODP

fa?) = f(z) + f(z) = c = f(3)
A3 ¢ Qoo nrno v N .22 = 3 09p YhN NN f-v 290
tH = (5) <R*wnd f: H — Zs X Z3 DPSNMAN D”P DN .8.19 990

NN im f 03 IN 0PN NN H-v an D f 09pY nDOva ) LN WO
NMANN 2D NPNO N IR dm f = Zz X Zs D 92p) 199 0y N0 f YaAN b
JPOPI8 NN Zig X Ly

21 GLy(Q) — Q' oromimm o»p orN .8.20 990

NNV L GLy(Q) — im f D8Ny any .md f 0pw N9OWA o) XY NN
ADODONMION NN fINLY'NN f-Y )90 DPONAN INT 1D WNTNY) DVINMIDN
DPN0 N, 9IR GLy(Q) D3 M9 .9aN im f 1991 ,im f < Q1Y 5 nh yim

A3 DI PIIN VO .HPOY
7009MVIN NN i(g) = ¢! 29D PITIMN i G — G NpNYNn NN .8.21 9N

NIV P1T20 INYI NYD DY YNN NN DNXYD NANHD NN APNYINY NI NN
5 25 VN g, h € G PV (ODAMMIMN WMD) NOWAN DY NIV

i(gh) = (gh) ™' = b 'g" = i(h)i(g) = i(hg)

JPoAN G ON P OR OVONMMIVIN NN 7 MDD .gh = hg DX P DX D»PN N
Ainversion 205 »Td N2 NPNYNN DY DY 2R NIYND

Cayley's theorem .G == Sg DVONOMN DPPY N .AMan G nn .09 Lavn) 8.22 99N
NIPY 120700 N9 0y T X X2 M ann nrspnan v Sy qOINA nMOtn
X9y MODDD MR

Ag(a) = ga Snnwn 59395 [, € S 5y Y'NN PN NITHIM g € G 935 W
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@ TN OY MO Y0 a € G Y29 DX PN ON NIV NPXPNN

(g o n) (@) = Iy (In(a)) = ly(ha) = gha = lgn(a)

DPPIN N g = [, M) YN0 KINY MNIND 27D .009Mmmin $ 1o,

g=9g-ec=ls(eq) =llec) =h-eq="h
] Sg-2 nown G g = h oo
2Sp 7Y DNINTAN? MOWODR 72 VTPV G D N3N 7D .8.23 WHPOY

SV DNINTHINT HONWOWR 72 IOV G HHOYD N3N D DTV F Y L8.24 HDPOY
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GL,(F) 5% nMan-nno manmivr S,-¥ IRIN :DNND 1)
GL,—1(F)-2 .S, "R 29210 0Mp .G — GL,_1(F) o»ammmm INsD DN

G = Zg R ,79AR G ORY IO .6 9TONn NMan G onn (M) 8.25 9N
.G = S3N, 0N XY G OrW

WIVN DN 9

PONN NN NN YV PO 9.1

Sign PND TN DY ADIDD RN LE TIND MDD 0 O .9.1 DTN
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T,0 € 5, 995V T P¥PNaN NN 2N ,S,-2 NINN 95 DY 10N NN AVNY 7T
o»p
sign (o7) = sign (o) sign (1)

OV D0 PTIND MINK MNPV D77 ¥ 12000 TN MY NN NOY 2D Y

N
Even MW DNWON OV —1 NIPOY NN MR DNDN OV 1 MNYOY NMNNY RIP)
permutation BAMAN
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(N22521n TN N2IVN NTIPI) 9.2 NPT

08 OR NN X0 (35) N .l
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TN NN NID N ON TNIND IMNND .3
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Alternating
group

Normal

subgroup

ANAN NMIAND-NN NN A, (NPIRD MNNNN NNIAN IX) POPPY N3N .9.3 A9
S, v

A, ={o€S,|sign(c) =1}
JA,] =% wn A4, Y0 170N 9.4 2 Wwd

Az ={id, (123), (132)} .9.5 7910
0N Az o Az = ((123)) 5 25 v

NYYNI MMAN-HN 9.2

OYPIN g € G 939 OX MW NI NI H < G nMan~nn .9.6 NY1n
H <G yoy it napna .gH = Hyg

DNPY BIRID RO LH < G DN3NTIN DN 9.7 vOvY

H<aG A

g 'Hg=Hown ge G972

g tHgC Hovonw g€ G 9% 3

LG KD 7Y DINHDY) DHSWODWD Y¥ W R0 H .4

,3 PYD NN M 2 PYD 0D NI .2 PYDY NPY 1 PYo 00 MY OP PN IR
2 92p) gHg ' C H on g ' Hg C H DX > 25 Dw) 2wn 1110

H=ygg 'Hgg' Cg'HgC H
1 .00 MMan NITHN2 TN W IV NI ,DINRD NN I 4 PYOY N0 Op

DN I .NYYNI YN YV MMNANHNN YD X ,YAN NNan G ON .9.8 NnunY
NY NPYNI DIDND NN D XY 190N g thg =h € Hw ,he H <G
tgh = hg-v 720 Nopv

M DTHNN 09D AN MR WIN LSL,(F) < GL,(F) o»pnm .9.9 nont
o”pmn g € GL,(F) 9959w~ ,A € SL,(F)

det(g " Ag) = det(g ') det(A) det(g) = det(g) " - 1-det(g) =1
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DUONIMNN YV Pyn NN SL,(F) D 25 owd 0 nnond NI 71T
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0 (1) £ (1) 023 oM R (1) < D, nMAND~NN ,n > 3 N1y .9.10 DNT
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H <G nn .2 op1yNn nmannn H < G onn .9.11 t)yv

MPoNNn NV PN ,G N2 H SV NYORDY MPONNn dNY P9 W o0 YT NN .ONDW
NINKRN TPONNYA IPONN N ,a ¢ H 2R OX .H N0 Mponnn 19 NNX N1
MPoNNN SY TR NN G-Y 2Won . Ha NN NINKRD 1703000 Ipdnnm ,aH NN
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HUaeH =G=HUHa

O .aH = Ha 92p) 9t NN PINX 923 TIMNRNY 290
Dy (0)] = 22 = 2 DR VOwY 9% D (o) < D, DYPNY .9.12 HPOY

ON )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 75073 KXY (7) 22 1R DAN ,INTIPN

MNAN~NN OV 129510 11 Mman-nn H, N < G vy .nman Gonn .9.14 990
nrno
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HH = H 95 n995m9 N,y H L = H 9mbs 229305 no X0 1Man ZWno
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TDOh € Honn € N ooopy ROX  Inh = hn NI5NAY IR XY My 25
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OV DIDNRN OY (MNPN) 120N PO e =e-e € HN > HN # & >3 25 0w
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9N MDY

(HN) ' =N"'H'=NH=HN
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HN < Gy
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Center

Quotient group,

or factor group

nnY G NNIAN DY DD NN A 59N NI .9.15 ANt
Z(G)={g9 € G|Yh € G,gh = hg}

THNY 25 Y .G DN DO 0y DavNNNY (-1 DMIDNRND 9D DY qUIND I DINT
725 27PYAN NIONA NN TPYNM NNANTNN OND YN Z(G) ) Z(G) < G
SLy(R) < GLy(R) May Sund ,NOW 1N

7 MMan 9.3
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DAPNNY IO NINAN ADWON NN M QOIX DY PTHND WaN H < G (DX 1) DN
:NM2N
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TN L(ONTY) 200 NITHN N N2V .NPININI NYNNVYN DXTTII NMPYI TUND
oA G SV WYY M3IN NIRIPY G/F nann .eH = H xn % nMana amnn
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id: G — G mmn npnyn .g {e} = {g} NN M 0N DIVNRD 2G/fe} 2200 N
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MYy Yan 10

9N YY DP9MIMIMNRD oavn  10.1
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Dy
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), P amNg (0%, 1), (0%, 7o) < Dy D3
D4/<027T> o~ D4/<g2’,rg> ~ 7
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N7¥IN N NIN RS TYY MR MNINANN .(0?) NN 4 9ToN MNINN~NN
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N DAN =2 NIoN2 )20
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Inner

automorphism

Inner
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group

Conjugates

Conjugacy class

92 AN Y,: G — G OYOIMOVIND .a € G o ,nMan G onn .10.9 9N
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MYV a € G O”p )20 DTN

1 1

h=aga " =gaa™ " =g

g Y¥ MTNXN NPONN DN PN OR g € Z (G) 7R ONWHD nMan G Or pHY5 19182
{g} ron

AN .0 MO TON g € G o ,nNan G NN L11.3 9990
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0(h)=m=n 9510792 .0(g9) =n < m PN
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Discrete
logarithm
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Diffie-Hellman
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