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n
Y Pand 210 Qg Ny DX N ORTD w, T DY NI OPN NMNMNANTNN
JYOPN MINAIPY MMaNN

[e.o]

AN s = U 2, DN VN NP NN YO0 L(ODTD) 3.5 DN

n=1
(NN NION2 XD NN MMAN TIR) .99 »2)0 NN NN O .1
L0910 91701 NN Q-2 AR DD M) 0 () < 00 ,x € Qo 99 2

TN NN O .3
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Torsion group

(External) Direct

product

J7MN0D N3N OONRNP PN AITON NIN TN 9D NAY 1D NNaND

25 990 .C* 5w NMan~NN NNV ONY MR T DY MAan NN o L1

NMANTNN XIPN) NNIANTNN NN TPHAN 1NN OV HIND ITON DIDVND GOIN
970N DIDVND DO NN PYTI NPON NNV DN L NITIN A0 (o

120 195 ,C* mdoann nMmann Sv '.o
g1, g2 € VIV NP> RO NN PN |1 € Q2D MO :NATHN 29D YNan 19N
I,k € Z may 1m0 .gs € Q, ,g1 € Q,, DNAYY M, n DNI”P PO Ny

OMININ
. 27k C2ml
g1 =cas——-, g2 — CIs——
m n
AP
2rk 2wl (27rk m)
g1g2 = cis—— - cis— =cis| — + —
m n m n
27 (k l
s (M) ca. ca.
mn

g e, COy DIIN,g €, OX NV NN NN 229NY MIID
NV TINMR ,INY 255 191N, MNAN NIYIY DOV TIRY 727D )0t ¥ ON)
(.NMan N, MmMan by

o) <n 3o .z e QM n ovp z e Qy, 935 .

Qe TN N0 N Qg DY NPOPINN MMIAND~NN YD ,0TIPN Pyon a0 .

AN NNXD INY NNV 12N KD 1997, TPD1N

MYAN YV N NYaan

IMINS

3.2

SY MDaon Y515 ,1an DNAND .MNYP MMANN MYTN MNAN DY NN M2
MDA DT NPPORNNN 1 NN (H, @)1 (G, %) NYNN .MM 0 INY

GxH={(g,h)|geG heH}

MDD ,209-207 G X H Yy © nYIye 1) 3.6 2WYV

(91, 1) © (g2, ha) = (91 * g2, h1 ® hy)

AN CHA G OY (MR WD D79300 INIPIN NN N0 (G X H, ©) N
(eg,em) M0 G x H-2 nron
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NDWON NN ONTY )y X Zs DY 9oN0) 3.7 Nt

(—4,2) ® (i,2) = (—i 4,2+ 2) = (1,4)
(i,1)®(1,2)=(i-1,1+2) = (i,3)

.(1,0) NN 197030 NN

22v1a - NN DY ,©-2 G X H S¥ nYyan NXR 1905 O01pna ,»voyn (3.8 D
NN

2(n > 2 MAY) OIS Z,, X Ly DR 3.9 99390

JON i ANY 939 NN (a, b) € Zy, X Zp, AR 92 9Y ATONY MO IND NN
(a,b)" = (a,b) - (a,b)---(a,b) = (a+---+a,b+---+b) = (na,nb) = (0,0)

m < n n1dna ,(a,b)™ = (0,0) yAYY m OYNN 90NN NN ITONY NP
NP OO0 NN Zy, X Zip-2 DR DD DY 9TON N0

N |Z, X Zy| = 0% 070 N ON AN RN AMNAND D PPOY Ny
7NN 991 ,MD PR TN .n? TN DN N RO AN Z, X Z, NNMann
JDOON NN

JPOPN NAONA NP NPOPPY MMNIAN DY DDAV IDIN OTIPN 99NN .3.10 WD
JPDAN NINYI NPOAN MMNIAN DY ND9ON NN NMYD

MHVPON HNAND N 3.3

Symmetric group N 7 DNTO IMVDIDD IN3ND L3.11 NN
Sn={o: {1,2,...,n} — {1,2,...,n}| obijective is }

- MINX YN ,mxyo {1,2,...,n} NNHAPIN S Y'NNN MPRYNN 95 GOIN Nt
N2Yan AWNd ,NMan 0 S, {1,2,...,n} 079000 SV ATON MPY DI qOIN
NIPY S, DY AN DD MMN IONPNS NIN DTN DR LNPEPNS NN NN
Permutation AONDN

oy XX Nmna o900 nMan prTa Non S, NMaANN (0 v ON) 3.12 YD
X ={1,2,...,n} 99N> ,n2590N NNy

0(2) =7 ,0(1) =i NN NN o € S5 TN S5 NN IONTI NP*3 .3.13 NN
MNYPA IO D Mo i, 5,k € {1,2,3} AN 0 (3) = kA

123
i j ok

g =

:93-21 DINN YD AN YNHNIA N
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Cycle

Length of a cycle

Disjoint cycles

id = 1
1 3
2 3
T = 2
2 3
2 3
o= 3
2 1
9 1 2
O =0go00 = 4
3 2
3
OT =00T = .5
3 1
1 2
TO=TO0C0 = .6
1 3 2

TR S,-9 MIRY? 99 DY \ROD .07 # 70 D VIR IR S3-¥ 37 DWW .3.14 WP
V3R N7 RN D 1 > 3 9% I

N0 o (1) N N IMAVARD 190N 1PN .|S,| = n! NN ATEN 315 2w
TY L, 0VON 15 0 — 1 N0 o (2) IR NN DMIVARD 190N T NN .1
;290 702 39N ROV PINKRD ADRD 1 NN 0 (n) AR NMNAD NMIVIRD 19010V

ASul=n-(n—1)---1=n!

SY MAabNN DY TNN DIYN NINNN NN NIN S,-2 (WY IN) INNY .3.16 DTN
LDNNYY DXNOYI DM9DNN INYY @1 > Ao H> Ag > -+ - > A —> a1 DY D900
(a1 ag ... ag) MANN SV WD (a1 ag ... ap) NP RN NN IR ©AMD

Kk Non

25 wovw (12 3) Mmnnn N0 3.13 NTA NIANOY o € S3 NINNN L3.17 NNt
MM NNNA 1T NOV

1 2 3 4

DMNN DR P80 (45 2) mnnn ,S5-2 .3.18 DNt
1435 2

DINAHV'I THNDD IWKRD DN DINRNY NIDWD DMND7 TN DNWDN 7D .3.19 vovU»
IOIPY AR DHYY TOY GIIYY 19DV BD? PRY BINRND RO "oy

DY O2IWN 192 ,(2WTN) Nt DY T OAONNN O DINNNY 20 MY .3.20 TIYD
NNIOVND NMINN DY DNWN IWNRND INY DOP DY P DINNN
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1 234567
D .o = :S7-2 INAN MDD DY DOND) L3.21 AT
4 7315 26

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

DN ,Td 2w Nyd (1 4) MNnn IR 1D P DMNN T DY NNOI TN
PINN 790100
2762

,0NNYY OO DIDNN INYY 10 DWY .NNOA (27 6) MNP DX YIP) N
P9 55,3 300
=(14)(276)

NoWN o2 N9 71729 19010 95 Yy Mayd ,N7THNN 299 N9 AN .02 NN 2WN)
22P) ,0295NNN O DIMNNY NP [ DIN HNIN

o2 =((14)(276))>=(14)°(276)°=(267)

WA YN 4

mponn 4.1
VI L9 € G 930 .nman~nn H < G onm ,nan G onn 4.1 DN
Left coset gH ={gh|h € H} C G »n H 33 g 99 MIRDVD dpnon e
Right coset Hg={hg|h € H} 20 H 337 g 79 MDD dpInvn @
G /H y0) nrHNnvn mponnn qoiN Nx
NMNaNN~ NN Yy YonoN ,G = S3 NN NP2 4.2 NPT
H=1{(123))={id, (123),(132)}
:G-1 H 5v nvd xnwn mponnn

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

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

(13)H={(13),(12),23)}=012)H
(23)H=A{(23),(13),(12)}=012H
(123)H ={(123),(132),id} =idH
(132)H={(132),id,(123)} =idH

Ay
Ss/H ={idH,(12)H}
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:H = 5Z 5w nvORnvn mphnnn Yy 9onon G = (Z,+) DN NP2 4.3 nnnt

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 LH = (2) = {0,2,4,6} 5y 9onon ,G = (Zg, +) DX NP> .4.4 DT
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

(NVPIPN IN) NVPORNYA MPONHNN NNSIY MNXDNTIN MNXRID JNNIY 29D 4.5 DIYD
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 .a, b€ G YW MYININ H < GHon DN GO L(NIRNIN) 4.6 VOV
a € He aH = H v19a b 'a€ H :oN pW OX aH = bH .1
g HNgH =9 W g H = gH 0»pmm ,goH- gt H mMponn »nv 535 .2

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

subgroup

PYNIND PYON DR P NON .DTTA NPPONNNNA DN NYYND Nt (NMRYINA) DN

DTN AN NAY V191 .ah € bH b € H 999 nR aH = bH or :(«)
NI5N2 Y ,a = bhy € H-v 75 hg € H 0”pv yan XM .a = ae € bH
bla = ho € H

.a = bhy 39 .b7ta = hy-v 75 ,hy € H 0»p nx b~ ta € H-v non (=)

ON DA .aH C bH Y95 ,ah = bhoh € bH-v o»prmm h € H 935 ,nny
00 .bH = aH non23y9Y .bH C aH-v 19N IMNA 9apn b = ah; ! 7X ,a = bhg

{gH | g € G} nvORnYN MPSNNN P2 53 Y/NN INRNN NNYP L(MRYINI) 4.7 DIYD
(Hgw— g~ 'H) »a5 {Hg|g € G} nvmd

gH — (gH) ' ={(gh)" |he H} ={h g7 |he H} ={k¢' |k € H} = Hg™"
DY MPONNN 901N MY NPONNPVYD MPINNN 190N 125

NIPY M 19un G H]| yoa G-2 H Sv mphnnn 1900 NN 100) .4.8 191N
.G-2 H 5% DpIORd

PRIV MNONTN 29 DY 4.9 IINT
Z:52] =5 .1
[S3:((123))] =2 .2
[Zs: (2)] =2 .3

,2INY JOP DPTIRIY 933 .ANANN~NN 5T T NN [G : H| OPTYRD .4.10 DD
[G :A{e}] = |G [G: G] =1 on ppn »pn any 9T H nMmann~nn 7o

|G : H] = 0co-v 75 ,H < G nMman-nm G nMan Xy .4.11 90

H =7 nman-nm G = (Q,+) »nn .o
YN DIDNY MPYHNA a1 a5 0 pa o o, ay € Q 012w Nv NP
-v Dap) oY

{1+ 0,00 £ 1,1 +£2,...} =1 H #aoH ={as+0,as + 1,00 +2,...}

,1 925 0 2 Q-2 ©1901n0 mnod mnad X0 G-2 H 5v mpbnnn 1901 )09
JPDYN NIV
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IR vavn 4.2

a € GY39 jaH| = |H| o7pnn .nman-nn H < G onm nan G onn .4.12 twyv
VAVYNN NR D2APY TN IR ,G DY DN’ SV MDPY MpPoNN NN 10 MPYNNY »oan
N2 2NN

Lagrange’s

theorem |G =[G H]-[H| ™ 2Wan-nn H < Gam anan GOon L(1INDD) 4.13 00wy
DNIND 7Y ITOD AR PIND DNINNN 29 ITDD D N3N W3Y .4.14 HPOY

[€

— =[G : H|

|H
o0 Lo(a) = [(a)]-w »ov 7 [(a)| | |G| ™= {a) < G- »oY ,a € G W3y 093
Al =evHPnm a € G 999 B 1P DNIND 29 1TIOD IR PIND DNIN AN 9 Yv

NXAPNN 0N Zip-2 DIVN DY OPIVIRD DITON | Zp| = 10 M2y .4.15 nnnt
{1,2,5,10}

07 NION2 G DN NNANN ITO NN PONNN m 1901 YO0 DONN .4.16 99N
M TON 1N

Loy X Ly DNAND DR N TPTI DNNT NN XD INNO
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, 0NANNY NN DAR PO 1MAN 1’ RN

0(g) > 1199 e # g € GO onwNRA p 1ToNn NN G oNnN .8.17 DN

N .G = (g)-v MRY M ,o(g) = p NN PY o(g9)| |G| = p v TN
VDR IPRY PIDNRD TAR 95 0T DY N G-v o3 e £ g € G Y39 Ny
DTN

O NNIANTIN W G-D IR m|n 0 1 3TN O G = (a) NN .4.18 THYV
M ATON AT

K onn .ovp ww wom ,m Ton nmannn v H = (™) oy amw
K= H oy mmoren nnond LK = (8) P ,m 2700 Do) OO NnManTnn
o(fB) = ,6.1 23N 299 129 .3 = ab-w 70 b < n 0P G Y %Y a-Y INND

: (n7b

PP PN INoN 8d (n,b) = 530 m o= h<= o(f) = m YN

29 .(n,b) =sn+th-v 1> s,t€Z
an/m — a(n,b) — asn-‘,—tb — (an)s(ab)t —1- ﬁt cK

29 |H| = |K| nmnn va Sy San H C K o9 0™ € K-v 2920 99
] V1 H=K
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Greatest common

divisor

Coprime

Euclidean

algorithm

730-2 ¥ MNY MNAN~NN NND .4.19 9N

NIN TMNANATNN 190N 7YX NNANA AT INNRD ,NNTIPN MIYON 299 NN
1 ov7on |{1,2,3,5,6,10,15,30}| = 8 :9m55 ,30 190100 SV pSNNN 1901
JPHNNI0N MNANN~NNY 0RNND 30-1

G-2 07p DX P OR O 1701 G 0 o oo nan G onn .4.20 990
.2 97010 22N

T0 DX PONN DN OV ATON IR0 VAYN 29D IN L2 ITON TN D”P ON INNO
2N NN2ANN AT 19 NNIANN

INANYD M NIN - TPTIN NNON 2 TON ADNROV 2D DVWI O 1TON G DN
VI NXYY PIMNY TDNX G PRY MDD ;2 970N (-2 TN R PRY 12OV 1Y)
AMND IDR DD AYURD ,NNND ANANND DN DI DX ATOD 1N N DTN IDRD
DN DY I ON 90N D2AP) DTN AN OY TN (VNN NNYN) 1D 2OMNN TDND
.ONINY Nnoa ,G-a

.2 3TDY DMIZINR YW MR R 9DV YWY HR ATV N3N .4.21 WHPOY

WINN IV 5

D901 NMPNY N1an 5.1

DNOY (N"NN) Y3IDD ANV PINYD 1, m DMIOY D900 MY NN 5.1 NN
990NN NYNY TN

ged(n,m) = max {d € N : dln Ad|m}

n,m) =1 OR DN n,m > MN) .(6,10) = 2 Svnd .(n,m) P IV WYY
.0 0N 5-) 2 Swnd

b= a DY HOIRYY YN 9 PO d N Ld|b B d|a DR 5.2 YD
(n,m) = (m,r) '™ n = qgm+r DN .5.3 THYV

D9 MR .d|m ON d|n 2 OYTY IR .d = (m,7) 5" ,d = (n,m) YD DN
A < (myr) 9P oM dlr =n — gm 99 n,m OV IRYY MPND T NN PNID
SV INYY NPY NN 1D (m,r)|n P9 (m,r)|m o3 (m,r)|r DTN 295 nyd
D NOVP YO0 T (m, 1) < d R (m,r)n O (m,r)|m D WP DN am, T
O A= (m,r)

THYOI MIN YVIDW HIMNY3 'Y AR "R (DTOPIN OIINON) 5.4 VOUD
(n,m)=n 2 m=00R .0<m<n 7 I DTIYPIR BIMDBIR R 5.3
W3 (n,m) = (m,r) Y YO 0 < 7 < m WRD n = gm + 7 3D NINK

(ABYD? 3PN BIMWNIRD DY
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OTOPIN OMIMON NNYA 47-1 53 DV n”nnn IR 2vN) 5.5 T

(53,47) = [53 = 1 - 47 + 6]
(47,6) = [AT =76+ 5]
(6,5)=[6=1-5+1]
(5,1) =1
0T DYNY OI9010 MY NSO NINT
(224,63) = [224 = 3 - 63 + 35]
(63,35) = [63 = 1- 35 + 28]
(35,28) = [35 = 1-28 + 7]
(28,7) = [28 —4-7+40]
0) =

(7,

DIAPY DMADN MAY YIAPI’ OIPIVINA INPA 19N DIADYN I9DN N NIYND
AMN DN NIN © IWRD log,, n NN DIPIMNORD DY MN8N NITO

a, b £ 0 DMWY BNODD 207 TIPNY L(IYND 1INDD NP 1N"NINN )PON) 5.6 VOV
»
(a,b) = min {au + bv € N|u,v € Z}

O3 R WD) (a, b) = sa + th-v 3D s, € Z YMY Vo3
.ale 2 WD Lalbe O (a,b) = 1-v 75 DOV DMI9UN a, b, ¢ PV 5.7 9N

c-2 9°92) .1 = sa + th-v 5 s,t DMNIOP PINYY NN NNINN PON 29D WINO
M3 Lal (sac + the) 135 .altbe ©Y 2NN 29D alsac 2D M2 ¢ = sac+ the HApN
.alc

ple W plb R plbe BN MUK p DX 5.8 WOV
ple ©MPN 93300 299 ,(p,b) = 1 199 pt b ,NINK ID»D IR ,p|b DX NN

PPN INDY NP NHNN NN DWIANYI 5,1 DRTPHRN DR NINNY 2T 5.9 DT

Extended SN DIVPIR DIMNIRI YNNI
Euclidean
algorithm (234,61) = [234=3-61+51 = 51 = 234 — 3 - 61]
(61,51) = [p1=151410 =10 =61 —1-51 =61 —1-(234—3-61) = —1-234+ 4 - 61]
(51,10) = [51 51001 => 1=51—-5-10=51—-5-(—1-234+4-61) =6-234 — 23 -61]
(10,1) =

(234,61) =1=06-234—23-61 o
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AR nYan 5.2

NN 280D 7D n > 1 May nMan KXY N (Zy, ) 9950 PRINN L5.10 DNt
Multiplicative 0TI 9950 Nowo 220 Uy, = U(Zy,) DYDY MR AIMN3N DR DT 2800

group of integers .(Leonhard Euler) 92X T1R> Yv mv 5y MNP
modulo n :([0] NY9212 1 Tnw [0]-n OSYNNA) Zg DY Y950 MO NN M)
11213415
1111231415
21214024
313101303
4141210142
d(514(3(2]1

P9 21725 22901 19 M N NSYAN) 1 0NAY YoMV HON 0N DXI9NN DIDNRD
Ny SV 09NN NN [5] Mt npna Us = {[1], [5]} 995 (MM P3N mTny

aMmWNN PoNNN ON PN OR [m] € U, IR .m € Z > (Tnya NR¥INI) 5.11 WYV
DIDNRN 92 0N (Zy, -) TRMINI DP90N , 190 .1 N0 m-1 n DY Inra 91N
-2 0NN

099NN YN ) Upg = {1,3,7,9} myon »a> .(Ujg, ) NMaN2 192M) .5.12 Hnnt
0 (7) =45 nx (o 0 10-5 on

7?=49=9 (mod 10)
=7-7=7-9=63=3 (mod 10)
"=7-7"=7-3=21=1 (mod 10)

Up = Ziy ™ pNURD 1900 NN p DN .5.13 DIWD
NPN0 W 10-5 9 7PN 5 NINKR 1OV, Z1g-2 099D 209N 5-D O”P KD .5.14 NnonT
6l =1 (mod 234)-v 75 0 < z € Z WN¥n .5.15 990

M5 61z + 234k = 1-v 10 k € Z Nsnd nx (234,61) = 105 1087 W0
oNTPNN 0N k,z MO0 .234-) 61 SW (Nt NIPNA HNDN) MIRYD PPN NN 1
.1 =6-234—23-61 mTpN NONTN 295 2PN MIRDD NN NNNN PN VIVIN
2 =211 9n23 *25¥ Nz 20 PPN *TH & = —23 (mod 234) )Y

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

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

.[6] M Ugy nana [234] = [51] 5w »9nnv 1Nom
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1333333 59 NNAINNRN NT90N NN INYD .5.16 999N

215 vy N (mod 10) o0 N 9901 S¥ ANINKRD NI9DN ,7PNIVYN MW NN
195 .333 = 3 (mod 10) »»

3333 _ q4:83+1 _ (34)83 .3=2818.3=1%.3 (mod 10)
333%% =3%3 =3 (mod 10)

.3 NN NININND NIDNY JINOM)

0NN DY NMNON 517 HYO
eld nN jeln on elm-v 15 e d = (n,m) > .1
(an,am) = |a| (n,m) .2

SOHNW

MPY X O PO NIN N eln, m-Y YWD .d = sn+tm-v T2 s,t o»p .1
d DR N sn 4+ tm DNOY IRYD

] (.20 Y3900 Pon) .2

Least common (1”P3) MO ROV NN 71, M DNIOY DXI9DN MY JMNA L5.18 NN
multiple nrno NITHN 0NOY

lem(n,m) = min{d € N : n|d A m|d}
.[2,5] =101 [6, 10] = 30 Swnb .[n,m| p7 00 DY
0”00 SV MNON 519 THYV
[n,m]|a ¥ ,nja ©N mla OX .1
16,4](6,4) =12-2=24 =64 5vn> [n,m|(n,m) = |nm| .2
DN

n,m|a >3 pm .0 < r < [n,m] WRd a = q[n,m] 4+ r-v 3 ¢, 7 ViV .1
SV NPOIPNY NPNO N #£ 0 OX ., mr 0D Yyan n,m| [n,m] N7TN 29
n,m]|a M55 ,a = q[n,m] 35 [n,m]
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Chinese
remainder

theorem

No9515 790N DY PMaN NNYa N’NOM N"HNn 2N NOp TIT IR .2
NI PIPON 0D N2 LDYNVYNT O

k k
n| =" =pips* .00 Iml=]]p" =052 o
=1 i=1

D»NVYNI OMNI YRNWIY >TD 0 ©1NN) oy, 5; > 0-) O OPNIUNR p; TURD
D YIDNVYND TIN NYD L(TO IMND

(n7 m) = f[pfinin(ai’ﬂi) [n7 m] = ﬁp;na)((ai’ﬁi)
i=1 =1
™, + f = min(a, ) + max(a, 5) 0PN a, f 0901 MY Y55V 19
O n,m] (n,m) = |nm)|
oV "N d o .D2I901 N INYD NN PTHIND VIR L(M2D) 5.20 AYNY
$1M1 + DMYPPNN Sq, ..., S, DOV DI90N DIPPY NI N, ..., N, DIONN
KOy msprIeN o -+ spng = d

I DN 2 BOY a,b € Z MDY MR DN 1, m DR LOPDN NPIRYD VIVN) 5.21 VOV
3 2 =0 (mod m) & = a (mod n)-v 3D nm AN MPPY D

15 sn+tm = 1-v 73 5,1 € Z 0P AR ,(n,m) = 1-v 90 ARID K7 DN
O»pPNN .bsn + atm-2 INANI VOYNI WD T DY OVPP NOIND

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

NN k€ Z 95 ' = x4+ kmn D33 NI SIWON NINS NN = = bsn + atm 199
PN PINg
0 AN 9N NN nm TN T DY MTHN NHNOIN

DT =2 (mod 5) on z = 1 (mod 3)-v 75 & € Z N¥) .5.22 NNt
Ss=—Lt=2n=5m=3mnpna .—1-5+2-3=119,05,3)=1
OPPM PR .z =1 (=5)+2-6 =7 DX MINIY AN *PDN NPIRYN LIVN 299
7 =2 (mod 5) on7=1 (mod 3)

MINNYN) MAN NIIYND DY MO NN 200D INY NIN 2PDN NPINYD VYN
0T MOpPY DY

NN DIND DHYI0 DIODY N3P {m, ..., My} RON ()T ¥ ON) 5.23 VOUD
9V VD DRIIP YIHD 172-3 BR79IY AR VDY (N KD DBIIP3 BMODY M 7D WD)
WINO ANV 7 AN £ DN MIRY Yy {a; (modm;) |1 < i < k} IRy
MIRNYOD NDIYV?

r=a; (mod m,)

r=aqap (mod myg)
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y=3ony =2 (modb),y =1 (mod 3)-v-v 750 y € Z K¥) .5.24 N7t
S¥ NADIN >TD TY 1123 NN NNTIPN INDNTN 2 y = 7 PINonv 25 owl .(mod 7)
MNXNWNN SNY NN DY (15 = 0 (mod 5) o»n 15 = 0 (mod 3) »2) 3-5 = 15
Y =7 (mod 15) nnX MxNwNa PONNY ) y = 2 (mod 5) ,y = 1 (mod 3)
MY NDNA PPON NPIRYN LIVYNI WHNWND IWaN 199 (15,7) = 1 >0 25 ow

N9 NN Yy = 52 20 I1PTI MINNIVYN

WY DN 6

MHVPON HNANA DR DY 910 6.1

Y0 d < n 935 o .n € N 9700 92X a € G oo ,nMan G onn 6.1 990

n o(a)

°() = @) = @ota)

’3 25 DX (IO MO NDAN . DNW

N

€ 7,02 NVPin wyw mcyan)

(d,n)
09 .n|dt 3.3 Mayv 295 ¥t = e Mo ,(ad)t = e MY NYOYNN DX N1 NYd
n d =1 2V T (2NN — DOV DI9DN DY) n ‘ dt

\(dn) (dn)) " T (don)(d,n)
n
O 2PNV D ,—)t 52y 5.7 977N 0ab

(d,n)

DN NN INND DTIPN D0INN NRYL .1 TN O NMan Gnn .6.2 99N
G NN 0Ny G-a

AN .G = (a) 2 ) NN

G:<ak>(:)o(ak):nﬁmzn@(lﬁ,n)zl

JUR| 00 G nX ©8vN0 028N 1900 )00

(a) N (b)) = e o ab = ba-v 75> a,b € G v .nMan G NN 6.3 WHYV
b > DY NIXNN NNIANOTNM @ T DY NININ NNANDTNN P2 NN IMDD)

N L(IONMID NN
o (ab) = [o(a), o(b)]
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:[n, m] PN PO o(ab)-v MR .m = o(b)-) n = o(a) DI DN
(b)) = glrmlplnml — ¢ ¢

o(ab)|[n, m] 1op 3.3 NV *ad> [n, m] IR ©PSNN n, m-1 ab = ba *>
195 .at = 07! L, (ab)t = e DX NPOYN NN YT IV TN

a,b' e {a)nN{b) =e
O .0 (ab) = [o(a),o(b)] M5 .[n,m]|t 991 ,n|t N n|t MO
DOINNDD DMK 9V (fem) PMOD KD 5,-3 BT DINRNY TW790D TID L6.4 HPOY
A w0 (1234) (56) Yw 27om 6 NN (193) (56) Hv 9TON .6.5 NNt
.S15-2 45 970N NNMANTNN INYD .6.6 N

N2 MM LS15-2 45 3TN NN NYD) NN
o=(1,2,3,4,5,6,7,8,9) (10,11, 12,13, 14)

0(0) =19,5] =455 25 Dwn
NMNIANN~NNY PPDI XY N ADRY NNANNTNN ATOD ANV VRN ITOY NN Ny
TN DY Yy (o)

2515-2 39 9TON TN D”P DN .6.7 NYNY

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

ANRM 13 TINRD TARD DI ©INNN NY9OND 39 A1T0N NX D2APD N2 DINN
St5-2 0waN onba it 3109 13+ 3 = 16 Yan, 3 7NN

25, MND DPIVAND DITON DN NN .6.8 99N
;0N DYIVANN DTON S4-2 NN
DTN AR P - 1970 1
(12) (34) Svnd ot 09N NYW YV NYIN N (7, 7) DNPN - 2 ITD .2
.(243) Swnv 3 7NN MM - 3 170 .3
.(2431) 5wnY 4 79N ©MNN - 4 770 4
2S4-2 DPIYARN DTON 95 NN NIMN DOV NN 100 DADSN MDD NN

755 DN DPIVANRD DATON ON NN .6.9 9N
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:0N DPIVAND OITON S5-2 WD
DTN AN P - 19370 .1
.0 DN NV DY NYAON N (i, ]) DN - 2 1T .2
3 TN 0NN - 3 170 .3
A 7R o mnn - 4 7970 4
D TNIND 0NN - 5 ITO L5
.(231) (54) Swn5 3 TNNND MO NON DY 19N - 6 T .6

M > 5 MY NN NV ATON DIADR W S,-av 20 v N

Transposition NN XIAPY S,-2 2 TIND INNN L6.10 N9TN
DN2’N NYAOND DWW Y (ag, ds, . .., ar) IMNA 9D .(9T9) 6.11 WYV

(ay,aq,...,a,) = (a1, as) - (ag,as3) ... (ar_1,a,)
=)

25, NMana w 2 < r < n TIND IMNN DD .(ODTD) 6.12 9N

9N Iwen (7) v n NN ©790N r DIMI LIPNOYIMP NINY R NINS
IPIIVAN YT AN NIO0 VAN MNY 09T 7!-1 ©I9DNN 7 NN 1TOD W Nyd
MY DM DINNN 7 W 0D

(a17"'7aT) - (a27"'7a7‘7a1) == (araala"'vaT—l)
WD S,-2 T TIND OAMNNNN I9DNY DAPY -2 991DN 190NN NN PONY 10D

) =)

WY YN 7

omraNmMMn 7.1

DMWY NIWPN f: G — H npnyn .mman (H,e) (G, *) nynn .7.1 H9130
Group D»PNN ONX MHMNIN Y

homomorphism
Vi,y € G, flrxy) = f(z) e f(y)

:DIVANMIMN DY DNV DNDD I8P NN PI)
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Monomorphism

Epimorphism
Epimorphic

image
Isomorphism

Isomorphic
groups

Automorphism

H-2 175w G0 99K A0DW IX DHOMDMY XIPI NN XINY 0D hmmin .1
J: G — H yo»v 0”p ON

TOWDOR TIDN NN H 2D IINI DDONDIOR NIPI DY NINY DVINMIMIN .2
g1 G — H ovamnman o7p or G Y

PVONWOWIR -1 G20 9NN) . BHOWOWR XIP) O y’NN NNy Ov91mmin .3
G=H v oy L f: G — H ovammbn 07 OX

.G OV DWW XA f: G — G OVOIMIDN .4

DPANMIPN ,DVANIAN ,OPANNMIN ,OPANMNMIN DY MNYN NN INPI NN’IA .5
JNRDNA IOIN PN AN N JmIND OPaNIMmVINY

NPNYN DOYP DX PN ON DVSIMMION NN f: G — H ovammmin 7.2 W
gof=idgon fog=idyg-v 10 9: H = G

YTD MDD LNNYA OVONMIIN N NN g NPNYNINY  (NDI) MOIND IWaN
.g = [71 Nman npnyn NI8NY 90N OPSMMUN NN f DPINMIMINY NoND
N) TPV NPIVDD [, NPDOPO9T NNON NN NPHNMIVRY MINID 0 IVIN
ANAP DYND M TON NMTY NN MNAND NPONN 2D MPPY DN NO

,DNHANMIMN N ONN WAP .MNAN P2 MPNYN NN SY v MmN 7.3 9390
AND N 9 ON)

VON ON NP PN DN .OVINMMMN NNz — e’ 290 NN ¢ R — R* 1
207272 D9ONN

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

D09y DY NNDOON NNIVN DY DONOND IWAN DY NPNYNNY NDIND TN
JoovNa (7,1, ..., 1)

YAP) DR IDAN ,D9D DDA NYR = — 2 290 NITHmN ¢: R — R* .3
$(0) =1

27102 ONRIN .OVAMMION NN 1 +— —1,0 = 1295 NN ¢: Zy — Qs .4
V9NN NYYND 0 2 ITON MMIANN YOV N3

TIMI TIND MNDON NND NIAMD OVANMMIN NN f: G—~H APNYNY NTIYN
.f(@G) =eg .1

Sl =flg)" 2
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Kernel

Image

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

ONM NNan-nn NN Jker f = {g € G| f(g) = en} M5 ,f v yywd 4
7on 7 nMan-nn” Mt nn aos Jvnna) G Ov

H 59 nan-nn won im f = {f(g) | g € G} 195 ,f 5v tvmond .5
|G| =|H| w,G=H or .6

DTNV NN ,NIPNI NI, MO DNVANMIMIN DV IONRD NMNDONN 7.4 HNNT
IRYY Npnyn F DTv Syn ovop oanm VW v oaryd 0n2)0N3a
N5n2 orN ,dim V = dim W ndy .;mman Sv ovampmin (@) on 7.V — W

20097MWNR T

19IN2 D02 HY NN T YY TN 191N NYAP) IRYD APNYNIY T 7.5 YD
J(S) Yy maxn f: G — H ovammmin nnn i G = (5) ox ,nmT
PTHIN (TN XY DY IDAN) DI NXAP OV NNNN DY NY AP 95 NOW 2D Y
ovaNIMIN NPT PR ©([1]) = 129 PV TIMN ¢ Z,, — Z H9nd .ovaNnmimin
TAN T8N .20 NITIN NN
)

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

,DIXPN P DOPPNNY DO DOV P70 W 095 19Na p([n]) = 0 v T8m
OVOMNIIN ITIPY 2T ,DINPN MNNN DY D) DI»PPNN

DPPNN PND TN g € G 999 >3 N .oV f: G — H o 7.6 99N

0(f(g))lo(g)

92PN MNNWNN DY [ NR DY) g7 = e NN 29D .= 0(g) AT DNOW

fl9)" = f(g") = fleq) = en
O 0(f(g))|n P03 3.3 NIyv 295 199
2NPANMION YN 4 ITON MNIAN PNV DD ONN 7.7 D390

4 97on YN Y H-am02ab oy JH =74 "N G = Zg X Zig N2 IND NINO
0,1 € H wmo 4 97010 YK YV 9T00 IR L, G — H DvammvdN ivn DN
ND 9270 190 ,2 WX 1 9701 0RN D5 G NMana Mpnn DY AToN DX PONn
JPOMMIVN XD MNMIANND 199 o5
MYV NPSNMIPN MNANA 1991 ,02IDNRN ITO DY IV DVINMIPN 0N
MY )0, MMANA DIDNRN ITO DY

im f & ,oaN G orv NN ovomN f: G — H o (102d) 7.8 WYV
JPOoAN H OR P OR 79aN G X ,G = H ORY 0N .1PDAN
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JOOPpN im f N, 0PN G ORY NN .OvWIN [ G — H o 7.9 990

x € 1im f o v wv won (f(a)) Cim f >0 M3 .G = (a) M1 DN
PAMPAN MM NN im f 29) f(g) = 2-¥ T2 g € G TR W DY INYH 1N
199 g =ak-v 0 k € Z 0»p mops G-v »an (G v

v = f(g) = f(a*) = f(a)*

95v o .f(a) DY PN NN NMNA AN 9D MWDz € (f(a)) D NHP
O DPINMIPN D DIDN ITON NPYOPNN MNIANN

71 S3 = Zg DVONMIVN OYP ONN .7.10 99990
JPOPN Zg 1N (POAN KD IDONX ND) NN NY S300 | ND )\ WNO
f: (QF)9) = (Q,+) DramMMPN D»P DN .7.11 99N

935 f(a?) = f(a) + f(a) V19 ,PPANMPNR NN f 2D NPV N NI NN
NPH W AR OY NN f-w a0 .= § 4+ 50020 0w e = f(3) WD) .a € Q"
J(x) = §mmx yon §-5

RNV NN NION 10D

f(@®) = f(x) + f(z) = c= [(3)
A3 ¢ Q0 nPNo ® N .22 = 3 NOP Y'NN XN f-v 9m
tH = (5) <R* O f: H — Zs X Z3 DPOINPAN DPP DNN .7.12 9990

N im f O) IR ,TOPN NN H-v 90 D f DY NDDYA ) RD NN
NMANN 2D NPNO N IR dAm f = Zg X Z3 >0 92p) 199 0y N0 f YaN ooy
OIS NN Zig X Zig

21 GLy(Q) — QF ovammmn o»p ONN .7.13 99590

NNV L GLy(Q) — im f D18nya yany .md f 0pw N9OWA o) XY NN
(DVAMMIPN NN f IR LYINN f-W 2910 DPONMON I 0D WIATNY) DRONMIDN
DPN0 R, oAN GLy(Q) 0y M9 .HaN im f 199 ,im f < QP v 1o

A3 IO PIIR VO POV
2009MVIN NN i(g) = ¢! 295 PATIMN i G — G NPNYNN NN .7.14 9N

NNP DN PITAS IRYIY DY YNN NN DNNYD NNANND R’ DPRYINY M2 NNO
’3 20 OV g, h € G P (OPV9MMIMN NN IDIDD) NOIWYAN DY NINWY ¢ DN

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

JPOAN G OR PN ONR OVONMMIVIN NN 7 MDD .gh = hg OX P OX OPPH> NN
Anversion 202 »T> N2 NPNYNN DY DV 2R NIYND
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99H Vawn 7.2

Cayley’s theorem
.G — Sg ovammmn 0»pw o .nMan G onn L0D»p vavn) 7.15 9N

NIPY 129700 N9 0y T XX-2 mann nrspnan v Sy qOINA nMOtn
X9 MODDY HMN3N

g(a) = ga Snnwn 99395 [, € Si o) Y'NN WSPND NITHIM g € G 95 /MW
Y5 .oPaNMMN $-v NN NNN . P(g) =1, 290 O G — Sg PN VTN
0PI g, h € G 9359 NPOIND TN

lyoly =g
@ TN OY MO Y0 a € G Y25 DX PN ON NIV NPNPNN
(y o 1n) (a) = I, (In(a)) = Ly(ha) = gha = I,y(a)

DPPIN N g = [ M) Y'NN XINY MNIND 27D .009mmin ¢ 1o,

g=g-ec=l,(eq) =lylec) =h-ec=nh
[ Sa-2 nown G o5 g = h o
IPMPIY NNAND DN DR MDY .G — Sg PV Man G = S3 N2 .7.16 NINT

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

NN - NNAND IR DD NN NIV g-1 ONNYN D9 RO IR g € G TN D35
:g = (12 3) 5v NN NN 2WN) ,5VNY .Sg-1 g DY NNNNN NN N

dg(1) =239 ,1— 2955 ,(123)-id=(123)

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

1y(3) =119 ,3— 1995 ,(123)(132)=id

dg(4) =699 41— 6 m>> ,(132)(12)=(13)

dg(B) =499 54> ,(132)(23)=(12)

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

YD MININD 192N ORD .DINAY NIoNN 290 g — (12 3)(465) 90 TJon
NOIN N POPP VLIYNI NAAY 20 MY 2(14)(25)(36) N0 (12) namn
155 < S5 DV vV YTV

LS 7Y DNINTRNT MOWOWIR 72 ATIPY G 9D N3N 7D L7.17 HPOY

2% DNINTHNT? HMHOWORIR 72 WIDY G HHOYD N3N D 3w F oo L7.18 MHNOY
GL,(F)

GL,(F) 5% nMan-nnd mammin S,-¥ NN N0 109
GL,_1(F)-2 .S, "R 29210 0Mp .G — GL,_1(F) ovammmm INsD DN

G = Zg W ,9AR G ORY IO .6 2TON NMan G onn (M) 7.19 990
G = S5 N ,109aN 8O G ORW
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Euler’s theorem
Euler’s totient

function

Fermat's little

theorem

MY YNN8

9N NPNPNS 2N 8.1
INAD VNN VAVYNN NN PPO) Un DMAND MaY TINWD VOVNN

WY p(n) = |Uy,] 9% MW @: N — N AP Impno (19N 0awn) 8.1 vovy
a?™ =1 (mod n) ©pnw a € U, 9

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

MIVKY P NIY IR DOV ¥ WO P T L(MNI9 Y YOPN VIVYNN) 8.3 VOVY

a?~t =1 (mod p) V93 0(g)| (p — 1)-» DY a € U, 27 V7 Uy =p—1

SY MNINND MI9DN PNV NXR 12wN .p(100) = 40 »> 1Y 190 N 8.4 5990
90921 q900n

2wn5 551 8,909 = 9 (mod 100)-v »an .M>pw on 130 mod 17-v I3t WINS
.9121

99100) = 910 — 1 (mod 100) 19N VAWM 29 Sy RN ,(9,100) = 1-v P>
9121 = (910)3.9=13.9=9 (mod 100)-v NN

1NNV AN AN NNYY 2100-n YIN D9 TY DI9DNY p(n) MR D2AVNN TR
DM VONN TIYZ NN OIVPN DXIFDNN TIDN NN AYND I PYAV 190N NP
Rp)

MPIN NY9INY P9 JN2) DOV I9DN DD ,NPPONTIND DV YTIDN VAVYNN 29 DY
N33 (2201 9TO »TD TY) DPNYNRI OI9DN DV

k1 ko k
n=ppy...p7"

,N129902 1NYDD MMYRI 190N DY NPIN DY IDINR N”EPNND TI92 1NN NYd
:avnb Yp oNMNY

. _ 1
o) =p"—p"T=p""p-1)=p" (1—5>

J(a,b) = 1 DN 9Y ,NRYINA NN KOY ML IN 2PN NPINYN VAYN IO
93Py OOV 190N MY 399 .p(ab) = ¢(a)p(b)

e (n) = (Pi'p5 . ..pim) =0 (p1") ¢ (052) ... o (pi)

1 1 1
= Py'ps? P (1——) (1——)...(1——)
D1 D2 Pk
1 1 1
:n-(l——) (1——)...(1——)
D1 D2 Pk
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RSA

cryptosystem

D1DYOM

o= () (- 2) (-

:p (60) MR 2wN) .8.5 NNPNT

90(60):60-(1—%) (1—%) (1—%)216

89214671999 2019 Sw MNINKN MIDN PNV NX 12VN 8.6 99N
92pn mod100 2y83 .¢(100) =100 (1 — 1) (1 — 1) =40 29N> 5p o

89214679 + 2019 = 679 + 19 = 677001 4 19 = (67*°)™ . 677! + 19
— (67719 67 419 = (1) 677 + 19 = 67 + 19

-2 N8 199 100-5 9 67) Uygg NMaN2 67 DV 20900 NN NXINND AN Nyd
DNNYND PINDS NNOND TNND DTOPIN DY OMIMONI wInvd 70 TN (Uigo
67 =1 (mod 100)

100k + 672 = 1-v 70 k € Z D7 DX PN OX INNWYND NINS W

67 Sv »INYY NN ged (100,67) NN P ANIMN DTOPIN DNINON NIty
:100-

(100,67) = [100 = 1 - 67 + 33]
(67,33) = [67=2-33+ 1]
(33,1) =1
MYD =3P ,1 =67—2-33=—2-100+ 3-67 :592p) NNNXD NI

.3 NN 67 5V 09N
22 30 MNINNA MM >NV M 671+ 19 =3 + 19 = 22 195

RSA nmas8n nosyn 8.2

MI9NNY NVY NYHNPNPN L RSA D398 NIYHN NN MMNAND NNNA VIDIYD INNT
DIPINON DY NNIND DNINT IR 2NN NN YT DY NODDMNN MNPIVDION
ST NNPOIN (DTN TIAINND PNV »Ty ,002 P oY YY) RSA

JO8IN I9IND NYTIN OIORD MOV PNy 22 :NoN"

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 NN SvND DN DOX TIND DIVP DIADN DY NNNT 1N) 8.7 NHNY
VNN NN . = 537

n = pq = 3233 en)=(p—-1)(¢g—1)=23120
NN N9W STIDN NNanN .p(n) = 3120-5 It 1RV e = 17 M9¥N PIyn NN XN
d=e ' =2753 (mod 3120)

NN NNANN NN DDIAN NN DIVINONI DNMYNIN DADVN Y NN DPOY » T
(n,e) nHv
DYTINN NIN 2V XN JOOND m = 65 NyTINN NN 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 MYWA MYYNY 01D NPINTIN MPN DY 0»»aN »25va 02NN
NOWY) W NANYA NPTN 2N T DY IR IO NPIRYD VYN MNYIN TIND
N DDAV 29 ©wy mlT 2wnd Sund  (NPNa ANy ANDYN D) NIRIPIN

22N PONDI NYPINTIN 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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Discrete
logarithm

problem (DLP)

MPYTN NP0 DaPNn N (NNHINNY NNYNT NNY) m-2 VOO TUNIY 20 DY)
VIDW IPYY NP NPDON 900D DAPN Nt W22 100 VR DN ,100015-2
NOVIVAN NINANA 22O NPI

. (mm)Q o k
" m(ngJ)Q AN ON k

nNoYn Sv moe |log, k|-2 ponond on pnwos k may mF awny qwno 1o
NYIANTIN MY9oN £ — 1 opna ,nvadmm moadn [log, k-2 9nvn 959 y101a
2N N Narya 27907753 5w 21wnY WATH 33 BRI DDA

NVOIMNVYIP NVPXPNNT YNNWND IRTI RY WNNY NYTO W L (INIMN) 8.8 YYD
230 DINNA ONMIN T DY NPTPITH NYNA ROY .D2IWN DOIND T2 DNVDINY
VROV VI 22X0 OXID IWARY M MOPNN PV, TIPN NNDN MNPV NNI
,(THN2 DTN NAPNN ,DMOLI XY MNNN NPY ML KDY DIVNIS NPNI ND

LTI T TN Y NapPNN

WIVN DN 9

PA9N=-29T DIINIINY TITAN DINDN NYYa 9.1

mwnn .z € N2y g € G o .nman G onn L(TT7an onanon n»ya) 9.1 ya
mMMINAY 1INON log, h-2 NINAN NN DINDN A = g¥ 1IN T NN NIXND NN
YR PTY ,TIND D) J9IN NNAND NDIYON DX YNND 1N’ ONX 1PN, NIPNRNN

2 DN NINDD (1PN~ NN MNSY NNY NN 19T NPDIVD) TIND

POPNN NNANA P NYYND NPOYY TTAN ONPINON NYYIY 2D MY 9.2 WD
SY MINNN TIT  NVINMMION N T IMND NPOPEN MMIAND YOv MY (g)
YN NN TN ONINON NYYA LIPYAN PINS OV OVIPN NN yapn nMann
MPNN ,NIANN ,MNNSN NADNN 1D ,MAT NPIINVYIP N2 DY DDA NIVPN

PHIMVIP 212 NPXPNN NYOVIVT

DIINON NPYAD NIV NPNA N NN Z,, PNDND ANAND DND DHNT 9.3 AT
-1 =0 1HNwI0 NN yan g = 1 orv 29 v Z, = (g) M .TTIANn
DN TP PN DN PYIAO 190N NIN ONNY PN -1 0D 29 v .z (modn)
/L

D8NV NN NN ,200 DTN 1 INTIV NN DOV |7, DY TP9N9DN NNONN
Tg =-V IO NINND N DR A € Z, Y2 g # 1 man vin panad
AVND 1) IMRY g1 9995 090 O 199 L(g,n) = 1 3 WY T A (modn)
. = hg™! (modn) XN PINSN 125 M2 DTOPIN DMINON NIty
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Diffie-Hellman

key exchange

Carmichael

number

295 TN N TN G = (g) MOPY 1NN NN .(1ITN-9T DIPIVIID) 9.4 THYV
(NPIND MIF0 GOND INY) TIND T ONWYNRI p Ny U, X MNA5 52pn

NNaMY a € [2,n — 1] >yav 1901 XINY PTID Y09 NNAN ¥ NYIL YINYN 955
29MYN MO 0P N, DX ,DVNNYN MY PN .¢% (modn) NN

NN N2 NOW NI g% (modn) NHY MDD NNAND NN 212D NNOWY DOR .1
.g° (modn)

(g™)" (modn) NN awnn 11 .2
(¢")" (modn) NN MavNN DYN .3

9% (modn) amwnn TON DY MYTIN PAYNS D9 DITTYN DY Ny

YI0) R INPTION TV RD 2121 DOX OV OTION NNAND TYNNA 9.5 WD
STON2Y NMIYON NNON NX MANNN NNONN AVND 1) MDD PV’ XIN DNPINDND
IN) 212D N DONRD T2 ANNNND D1 9PNy N DAX AN NAPNN MNAd w

O N9PNN NYINO DNIOMND INY DNIPIVINND DWNNYN SY9a 109 ,(DNIYD

p = 23>0 (TP MITNI) DIVP DIDN DY DIININD NN Y .9.6 NNINT
Uss = (5) 98y 9023

b =15 90 22 .55 = 8 (mod23) NN 2129 NSWN P9 ,a = 6 NY N DON
2121,19% = 2 (mod23) 2wnn ©ON ny> 5% = 19 (mod23) N DORY NSV 199
815 =2 (mod23) awvr

NPNYNRY NPITAY P29-9090 DIVINIOR 9.2

DIPIVONN  .OPYIV DI9DN HY NPIVYNI NPXTID Y193 DNINOX PN T PI92
N0 MINN 1980 MV DM > DY 1976 MV DM YODPNIVT NI I NPNN
N .DPON? NN NN DPMIANDNN NODN .P27>T DY DIPINONRN OV NPMIIAN0N
TPNIVIND NMNOI MIONN ,NOMI MIANDND AN ,MNXTNA XNYNI 190N DO NiMmN
DNUNID 279 1901 DY D) ION NN DNINONA (MNN)

MYNNYN THNN VYND DT) OI90N DY NPIYNXI NPPTad MIDN Oy
Baillie-Pomerance-Selfridge- 07582 1N ,129-920 OINONR DY MNDA
> oy vomn on oD OpenSSL n»1a0a Swnd  amn 20onn Wagstaff
D IDNRND DX INRT DIRND NNDND LD YIPA ,MPNND 0N9Y

P ORY NVIN NNIO DY YOPN VIYNNIY NIN OINPINOND ©022 NMIPYIN TN
N-5 0 a 95 yayw N 219 79010 .a < p 999 a’~! = 1 (modp) W IWNA
P79 190N MY NN NOPY NITIN 390y Ywor Xpy eVl =1 (mod N) o»pn
™OMN 0N YN 9PPRIP 190N NOPN ON»P .a” = a (mod N) o»pn a 935v N
JOND OI901N DY MM NONN PAI-IDN DIPIMONX 0Ty

OOV VNV INOR M AWRD N—1 = 2°-M »8) ONWRI N > 255 n0))
ox L(Fy 2200 nTva 22 — 1 ow9on Sv oww) +1 p7 on N oTmn 1 Sv
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https://eprint.iacr.org/2018/749
https://github.com/openssl/openssl/blob/master/crypto/bn/bn_prime.c

Strong witness

Miller-Rabin

primality test

(N —1)/2 ox nys 41 20 a™N=D/2 5w oyamn vawn i eV 1 = 1 (mod N)
W aM = 1(modN) o”pr NIONa WX 2T YW nNPo PYnnd 5o an
POMPYN N TR OX 2995 N May anwos 0 < j < s My a?M = —1 (mod N)
AWON P19 N May LN DV NPIYRID PN IY XIN @ 19001V NI OPPNN 1ONRN

N Sv opwin o7y on N — 1 Ty 090100 19 Y37 INrD D00W oD

yawpn k 20n1o N > 3 oya0 19010 NN VIPN L(P2I-7D0 DIPINON) 9.7 THYVD
AN2NN PrT NN

MYNT N 915I) 7wNT IRDD” NINKY P79 NMva N X "p19” Xin v
(79 NN 47F 79yan nowmin mHanona N

a € ONIPNX 90N N INRIAN NPXTIAN DY ONYS £ ININD2 INN) DY NRDY
= aM avnn [2, N — 2]

201 N SV NYNVRID PN TY RN a X ,N DT —1-5 N 1-5 9pv x or
ST DXTYN NRDIDA DY NRAN MPSIVND YNnd

NN NPXTAN DY DMYs s — 1 IRDIDA MY ,NINN
2= 2% 2wn)
Jp19” V991 NN PN,z = 1 (mod V) DN
.DTYN INDY DY NRIAN PNIONRY N,z = —1 (mod N) oX ,nINN

—1-5 9pv NS a?M N0 J'P279”7 N IR, TMII9N NNDIDNN DR NY DN
0<7<s9nd

JONVUNT ANTDY PNY YD NPNIYIND £ DD AN NIAYY NIpNna po

N-v DNRYsn 1901 2N NPNN PPN MDANDONX NAYA 1N (MYA) 9.8 9990
15 N DY 1IN»aN MISNN P02 W DX9INT DXDON NND INSND MDD .2-2 POnnn
.S NN NINNYD

IN 227 ONNTIN PAYM DY NNYA NPINA NRDYN DY NVOWA vNNvY) ONX
5y Y9t NYIDO NN 19w e .O(klog® N) non Dmanorn Sv yatn N1
N 5% nPNYRIN DX PITA0 1NV DTN .INY DNOMNN ONNIMIONI WIDKY >
POVOYNIVTN NN N AKS 0mn9mor Hund) log V-2 5o Ninv 1Y jnta
LOPNYNRI DNIND OI9DN PI1aN NNY PYA Y ININ (PAI-1D0 OV

N PAI-ID OIPINORD PODINIVT DD ,NOOOMN 122 NIYYN NNN
NPNYRIY 70 Ty NN [2,min(N — 1, [21In? N|)] yopa sy20 1900 55 oxn ;17125
P1T25 20N JOoP N May NN NVND Y ANy ONNINOR o N Sv
DTY DY JOP 2T 19010 595 7172

s=2995 .N —1=220=22-55 nX »¥) .k =23 N = 221 n .9.9 nnnt
M = 55
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D AWM .a = 174 € [2,219] DX (MPONINRN TP 299) NIPR 9N IN)
aM = a®M =174 = 47 (mod N)
172195 211 ¥y 1m £1 19N 47 05 25 oW
a®M = 174"° =220 (mod N)

NI 174-w N PNURD NN 221-w INY NN 105 220 = —1 (mod221) 1aN)
aVN) .a = 137 NN ORIPNR 190N DY NYd NI 221 5¥ NYIVYRID "IpY Ty

a®M™ =137 =188 (mod N)
a®M =137 =205 (mod N)

MO 221 5 MP>I9n DY Tyn 137 199,221 1971 m —1 NOP KO DIPNn »va
221 = 13- 17 R ,"Pr39” 0 DRINOND

NIPNI N2 ON N — 1 =780 = 22- 195 NN »8) N = 781 3 .9.10 "nnt
D 0aP) ,a = 5 NN (NPI2YN MWITPPN *9D)

5% =1 (mod N)
’3 9apy ,a = 17 DX IN2) OX NYD 781 S¥ NYNVYNRID PN TY NN 5 MDD
17"% = —1 (mod N)

781 1991 2780 =243 #£ £1 55 N9 a = 2 NN PYTA) OX PN Ty NI 17 D) 199
J81 =11-71 1PN 21WUNI N

»IYY Jnan 10

PAINN NMNAN AN DY o 10.1
Sign PAD ATHIN DY OON RN L TINRD IMNNN o >N .10.1 AN
sign (o) = (—1)*"

T,0 € 5, 995V T2 P¥PNON NN 2N ,S,-2 NINN 95 DY 10N NN AVNY 7T
o»p
sign (o7) = sign (o) sign (1)

OV YD DTIND MINK MNPY DT ¥ 12000 1T MY NNDIN XOVY 25 MY

M0
Even W DNWHN OV —1 MOV NNNNDT AR DWON OVa 1 MOV NNy NP
permutation BAMA

Odd permutation
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https://en.wikipedia.org/wiki/Miller%E2%80%93Rabin_primality_test#Example
https://he.wikipedia.org/wiki/%D7%90%D7%9C%D7%92%D7%95%D7%A8%D7%99%D7%AA%D7%9D_%D7%9E%D7%99%D7%9C%D7%A8-%D7%A8%D7%91%D7%99%D7%9F#.D7.93.D7.95.D7.92.D7.9E.D7.94

(MYa5an TIND N2IWN NTIP) .10.2 NPT

0 OR NN XN (35) N
JP0 DN NN NPN NImNNN .2

JONT DMN NID I ON TINRD MO L3

Alternating NNAN NN2AND™NN NN A, (NPT MINN NN IN) POIDRD HMN3N .10.3 N0
group S, OV
A, ={o € S, |sign(c) =1}

JA,| =2 wn 4, Y0 770N .10.4 WA

JON Az 1m0 Ay = ((123)) 025 oowsy LA = {id, (123), (132)} .10.5 hnnt

NYINI MMAN-nNn  10.2

Normal 0P g € G 999 OX D) N3N XY H < G nMan~nn .10.6 NN
subgroup H <G yoy mt npna gH = Hg

DNPY DIRID RN LH < G ONINTIN DN L10.7 VOvY

H<aG A
gHg ' = Hovwnw ge G997 2
gHg ' CHovwonw ge G99y 3

LG RID 7Y DINHDY) DWW TV YW RN H L4

,3 PY0 DX TN 2 QYD 0D NI .2 PYDD PY 1 PYo 0D MIRID OP IHPIN NN
2 92p) g 1Hg C H on gHg ! C H oX > 25 0wy »wn 1110

H=gg 'Hgg' Cg'HgC H
L1 .0y m7an naTna TN W2V 111°D2) ,0INND AN I q YPyov nNYONS bP

DN 290 .NPONIM 0 NYY MMIAND~NN DI X ,OAX NNan G OX .10.8 NNy
NY NPYNI DADND NN D XY 19NN g thg =h € Hw ,he H <G
'gh = hg-v 729 "Dpv
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M NTHND 29 NN MR War LSL,(F) < GL,(F) o7pnn .10.9 Hnnt
o”pm 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
DUSNIMNN YV Pyn NN SL,(F) 5 2 owd 0 nnond NI 71T
Ap <S8, 00w i pon R .det: GL,(F) — F*

(23)((12) #((12))(23)»mommnrx ((12)) <S5, nMmann-nn .10.10 1N
H <G nne 2 opayxn nman-nn H < G onn .10.11 v

MpoNn N PN L,G N2 H SV nyONnYy Mpdnn dny pa v oo yTY NN DN
NINNRD TPONNYA IPONN IR ,a ¢ H 2R OX .H NN Mponnn 19 INXR N1
MpPoNNN SV MNR RN G-Y 2O . Ha 0N DINKRD 7300 Aponnm ,aHd NN
pjaiv)]

HUaH =G=HUHa

O aH = Ha 92p) 9t XN 9N 922 TIMNXIY )90

Dy (0)] = 22 = 2 DR VOWY 9% D (o) < D, DYPNY .10.12 HPOY
[Sn + Ap] =2 maw A, <S5, DY IR DR TIT DY v

ON )2 XY 7900 K < H oRTaw K G on K < H <G ON .10.13 W
IKAGE P oW H1Gon K< H

ORI RO (7) 22 NI YAN ITPN Myon 295 (1) < (1,02) < Dy Swnd
Dy-2

oV noaon v mannn HN < G ovie .aman G onn .10.14 990
nrno MMan~nn
HN ={hn|he€ Hne N}

HN <G H <G qomaoxr HN <G 1w ,N <G R Do

HH = H 395 199505 nmoy H -1 = H 9m>55 22915 1900 o0 AMan jnno
v HN = NH 25 ,hN = Nh o»pmm h € H 9353 9apy N < G-v »oan
T € Honn € N onorpw RON  Inh = hn NIDNAY IMIN RY My 2D
nh = h'n'-v

DINN BY (MNPN) 120N PO e=e-e € HN v HN # & >3 25 o)
MMO 7M1 0, € N o h; € H nod v v Nn7va mMann~nn Sv
:HN 5v nbaond

HNHN =HHNN = HN

h1n1h2n2 = hlhén'lng = h37’L3
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IMND M,
(HN) ' =N"'H'=NH=HN
(hlnl)_l = nl_lhl_l = nghg = hgn;

HN < G o
P g Hg = H ovprn g € G 999w ,H <1 G qona DX

g 'HNg =g 'Hgg'Ng= (g-'Hg) (7' Ng) = HN
G-2 0o H 8 N O or np m .HN < G )

Center NS G NNIAN HY DD NN N’ 5HINA NITHN .10.15 HNT
Z(G)={9 € G|Yh e G, gh=hg}

THNY 22 MY .G DR DO 0y DaONNNY (-1 OIDNRN DD DY GOIND N WINT
725 27P0AN NIONA NN TN NNANTNN OND YAN Z(G) o Z(G) < G
SLy(R) < GLy(R) May Hwnd NOW 19N

7 mMan 10.3

H < G nmannn Yv 6/a = {gH | g € G} nrONnwn mponnn qoira 19am
NI NN DX T QOIX DY PTIND IVON

(aH) (bH) = abH € G/u

DTN AR MO DIPpRa H < G DX P OX (DXRTY) 200 DITHIN 1 D0y
Quotientgroup, ,H-2 ©oMa G 9Y YD M3IN NXIPY G/r nmanm eH = H Nn w nMana
or factor group G/H yon o3 92pn H o1 m G” NNt RIP) D10y

3 20 OV) nZ <] Z >0 M2 TPOANR VY9, POPPN NMAN NN Z .10.16 NNNT
Zlng ={a+nZ|a €L}y ={nZ,1+nZ,2+nZ,...,(n—1)+nZ}

owan .0 <k <n—199X k+ nZ nMN P 0N N 1MIAN2 OMIDND MDD
N
(a+nZ)+ (b+nZ)=(a+b) (modn)+nZ

Zlnz 93 29 wW k4 nZ — k (mod n) npnynn 299 Z/nz = Z,, ¥5 TMINID IWAN
PND ITON DIV Z-2 PR O IN) DNV OIDNRN 0D DVND | Z DY NNANTNN NN
ANTN 2RO VI
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JG:G] =155 11 G- {e} mMmannnn nx v G nNMan Y35 .10.17 DNy
Gla = {e} ovommr v 0191 .G/¢ = {G} NMAN2 TAN TR PI W DD
[ G — G HOoron70n oraMmMnND D Swnd 21oN 7 NMANTNIN NN G o
ker f = G 07pn g — e 290 TN

f:G/{er = ovamr nw g {e} = {g} N0y 0N G/{e} NN DIDNN
TN HP NI DY .DVONMION N Mt NY 0N ONRY XN g {e} — g 295 G
Y97 NNANNNA 1T PN {e} NN id: G — G MM Npnyn YY pynnY
G Sv

nMana o8N JH = R x {0} < G-2 yann ,G = R x R»>nn .10.18 Hnony
0N NN

G/H = {(a7 b) +H | (a>b) € G} = {R X {b}}beR

-1 PNO ODAPNN OV DN PR DD
D oYpnn H < G nman~nm G 90 1Man May .10.19 W

o/l =16 H] = (o

[G:H|]=n<-v 15 H<G nm (790 XpnT ND) nnan G onn .10.20 9590
.a" € H oo orpmn a € G999 mom .oo

555 oPpRNn K a0 nManavw XN HNNTH NIPOND I NNN 2D PO NN
YN |G/H|=n om0 aH € G/H7N ,a€ Gy kIl =enkekK

a"H = (CLH)n = €G/H = H
.a™ € H no5p oo
92N 1NN NN G/E 0 0N 2 opTern nannn H < Gonn .10.21 9990

JG/H| =[G H] =2 p md .H < GG H] = 2 DRY 725 1R )OO
JPDAN NN Zg NN, DVONMIVN YT TY ,(0MIWVNRY NINY) 2 2TON DTN NMaND
JP9AN NMaN X0 G/E Y9

ma 5N .G-1 90 TON DIDRN GO T o ,nMan G onn .10.22 990
Ao T < G N ,van G DRY ONXIN

T <G W (9aN G orovnd) T'< G ox .1

290 TON TN NN AT AN G/T nann n1ana ,qona .2
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First
isomorphism

theorem

D 07PN g € G Y39 .o(a) =n M ,a € T >y PYNRIN PYON OY 2NNI WD
(97'ag)" =g lagg tag... g lag =g ta"g =

T <G oy g 'Tg CT o9

YN0 V1TON ey # 21 € G/T AR 0P 2D NPOVA NI PIVN Pyon May
92pn ,(2T)" =T oopmm .o ¢ T 199 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 D
DPYNoO wv x €715

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

vy 1R Dnan 11

N YY DINVONIMIMND Vavn  11.1

DIVPNN DPTIDY DVAYN DN MMIAND NI DY DNDNMDND Y0V NVIDY
D)2NY DT DVIVYN ¥ .NPONI) MNIANNM N MNAN ,DNVINMMN P2
P77 PIDYI DNINA LYODAMN NIAION DY ONNA MHYDIN S50 0NN DMIAION
DXNVANMPND YDAV PN PVWDYM PN NINY  )IYNIN DPOMMIDND VIVNA
MYOIND NN IUNIOY PVIDY DD NN, AYYND LNy OO OINND NNX)

)2 VNRNY RN VYN NINK NNIAND NI NNIAN P2 DVINIIDN

WL f G = H DDOWDIOD D L(PIWRIN DDONMIDNRD VIVN) 11.1 vOWY
G/kerf = im f
Clrero = H W .p: G — H DHOWDOR WM 0193

» o H = {(z,y) e RxR|y =3z} nm ,G = R x R Nn .11.2 0
Gl =R

WNa 3 VY 0y I NN H paomNoen Mynvnd 25 vl [ IPYURT DN
OPMMN MY INT L f (2,y) =3x —y 09 [: RXx R — R
2o M3 Lf (£,0) =z 2 ,0vaMaN f nwynd

ker f ={(z,y) e RxR|f(z,y) =0} ={(z,y) e RxR |3z —y=0} =H
] NITN NN D2P) [, )YURIN DDONMIDND VIVN 29D

Rz =T oo vas nman n T = {z € C||z| = 1} y903 .11.3 Y90
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", 009NN L f (2) = 2™ a5 f: R — T 97 .Dnow
f(x+y) = 2mi@ty) = privtamiy _ o2niv 2miy — (1) f (y)

avn) JNYoD z € R May €2™@-5 21159 1) 2 € T 95 0 ,0vamoN 0y NN f
YNV NN

ker f = {wER‘e%”:l}:Z
] R/z 2T 92p) ,PYNIN DOINMIVDND VIV 29
ker f NYND 9 " L f: Ziy — Zog DVONIIN O L11.4 9N

K| € Y99 |K|||Z14] = 14 W K < Z14-v ywon K = ker f 903 W o
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D/ = im f 92p3 PYNRIN DPONMIDRND LAVYHM Y'NN NN f X[ K] = 1 or
WN 14 93N Jim f| | |Zg| = 20 Y99 im f < Zgp 03 WO WD Zyy = im f 25
JK| #1399 ,20 nx pHnn

92p) DTIPN WNY IMTA N | K| = 2 DX

_ 12| _
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JK| # 25 903 20 X PONN PR T-v )90 21w
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Ay — H < Zigg DVONMMON MIAN ,Ziog DY (2 9TON NNN NMNIAN™NN PIY W)
ATON NI PYVIY PO 30 D .0-5 oo ,10-2 ndw 07t ONND DI90NN
K= 7 N POURY

oVANMIMIND NIAY NOAPAN NNt RN K = Zyy 93P 8 |K| = 14 or
IORNPION

MMNAN~NN 0Y ,P1PTa 12T IMN 2D p-2 Zigg NN DDNN 13N ON NNP 7PN NN
.D1g SV mmnnn

95 NN (|G|, |Ge|) = 1-v 75 mroo mMan Ga-y G 1NN L11.5 9990
Jf1 G1 — Gy ©0v9mmminn

VRN DDOMMIDND VIYN 290 .0V MMMIN [ G — G 20 N NN

G
Cfker f 22 im f = ﬁ = |Gifker | = |im f| = |im f] | |G|

(|G1] 4 |Ge]) = 1 9ax .Jim f] | |Ga| /Jtawdo vawn 295 399 Jim f < Gy )5 md
2ORMMION DPANIMNN NN f MDD - |im f| = 1 199

T2 TY) Dy DV NVOIMOND MNNNN 9D NN INYD (1Nt W ONR) 11.6 N
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ANMON Dy OV TPONMMAR INNN DD ,)IYNRIN OVINMIDND VAVN 290 Z\INO
S¥ NYHNINN MNIANN~NN 93 JPn NYTS Pavn DY LH < Dy May Pi/m nmd
Dy

NN 2OP oY {id}, Dy < Dy DPONAION MMANDTNN DR 1O W 9D 0P
Dafp, = {id}-1 Pa/(iay = Dy nV9MPORD MNNINN

Wy Da/(02) dion pand non .Z (Dy) = (6%) < Dy 00 oy DR DY
DOV 71720 AWAN )0 1D .4 TON NN N D JINTID 29D, DOYTY DNIN WIND
NNY TOND YT TYNNY) Zo X Zo WY WNN D9 2% = e 07pn x € D4/ (0?) TN
59 .f (T'07) = (i,7) 295 f: Dy — Zy X Zy T (VDN DVOMMPN NN »H2
JIUNAN DPANMIPRA VAYN 295 1991 ,(02) PYI) DY DPOINPVON MY PI1T15

D4/<0'2> = ZQ X ZQ

9oV DYTY D) AN .2 OPTYND NNANNN ® 2D (o) <G Dy 00 25 oW
195 1D 1 NPANMIVN 2 ATON MMIANN

Dafio) = Zy
12 ,P) g (02, 7) , (02, 7o) < Dy O3
D4/<027T> S D4/<U27TO> ~ 7,

DNNSND D20 DNINAY NOW .NYHNIN MNIAN-NN Ty W OND ITad PIN
090 NN NANOY MNID Op ,0MONY NYIN 280 LDy DV MMannThn 9> NN
NN YN NIRN K TYY MR MNINA-NN .{0?) NN 4 9TON MNINA-NN
DPPNNY TN, O M AN N 1 (7o) = {id, 70"}
H>rT (TO’i) =o't = 70"

N DAN 2 = 2 NIONa Y

1

o(ro®)o ' =(or)o=10"'o=T7¢H

95 P9, Dy 9Y NYONINN MNIANONN 9D AR NIANOY WO H 4 Dy o0
Lid}-y Zy [Zo X Zs ,Dy Y0 Dy 59 NPAMIAND MNNNN

J0AN G N, ON NN G/z(¢) DR NN .nan G onn 11,7 9990

NAIX 32 M G/z@G) = (aZ (G)) vy a € G ©»P 1991 Y8 G/z(G) DM
D YTV
¢=J92z(@)
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Inner

automorphism

Inner

automorphism

group

DPPNN )0 OX (NVPOPNN 29))
G=|Jaz(G)
1€EZ
DNV i, j € Z D»P D0 .g,h € G iy .OAN G-v NN Nyd
ge€d'Z(G),hedZ(G)
39 h=a’h'-y g =a'g oy ¢ b € Z (G) om»p ms
gh=d'gd’h' =d'a’gh =da'hg =da'h'a'g' = hg
O Jr0aN G 92 ,gh = hg ©»pnn g, h € G 535¥ HNOIN

Glz@) oR Y . Z(G) = G BR PV DR 73R G D DY DIHX .11.8 POV
Glz@@) = CG/a = {G} 939> D MIPH3 M IR0 RN IR WPy

92 AN Y0 G — G OPIMIMOVIND .a € GO ,nMan G NN L11.9 DN
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Inn (G) = {1.]a € G}
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.N2290N N2Ys DYy
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PN e = idg 2 2D DWI PYNIN PONN DX VNN 19D

2% Ya1 = Yaa—1 = Ve = id _
{ , I ! 1 ! . “ = Ya b= Va1
Ya=1©° Va = Ya—la = Ve = ldG

,G NMan 935 »0 o L11.11 AN
G/z@) = Inn (G)

2300 285 ,ovMMIN N .f (9) = v, 290 f: G — Inn(G) P DMDOW
YN NN 2avNy L(Inn (G) NITHN 29Y) Sy NNV 121 NNV

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

11.7 93 Mmpond  .G/z@) = Inn (G) 92p3 ,NYRIN DVINMIDRND VAVN 29

O ORIV NN IR, YN Inn(G) DX 0D o)
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VY OMY Yan 12

DYINY OTIPY Ny 12.1

112 199) NOY RTNDY YN TN MYNIN 2YND 1) T AR NTPN DN
NIV PN D) DTPYD) NRDYD N0 ORNNA ,MINDY

TN ©NOPY MDD | ZE S DN Y MYTIn Paynd NN TN NONN
ZE-2 (01 ) MOPY DRNND TI0Y) NN NON NyTIN 935 v k v yap
>k AWND 125 | ZE S AR ZE 5w AN 935 DR ndv TTpnn

Code N2 NYPDY TP ADY RIPI VY TN DD ZL OV NNIAPTNIN NN WY L12.1 H91HD

Codeword

Linear Code WY Y NI H € My, (Zy) n¥vn YW ©DIND 2NN NINY 1Y .12.2 A0

C ox .Zy 5v nMan~nn 0 C' ox P ox OIRYD N0 C C Z5 Tip .12.3 2WyV
LDANND MO XIN DTN DN INNY DY 2NN NI DN DI IR PINYD TP NN
2NOPY ANIN NN Zy O¥ NNIANTNN DD PNYNI p NIY N

DY NNYH 0) DAVARNDA DPINYDD OTIP PTHIND NNN TIT DIPNI NRNINA
MY VTN A € My 1 (Ze) N®I0N 935 .d X d 5T DTN NION [4-2 NI
D192 MYPIVN

G= i’; € M, (Zs) H=(A It) € Myya(Zo)
Standard NP3 DAYV NXIPI H-1 TIPN DY NP MY DMV NRIPI 1D 1NN G IWNRD
generator matrix ~ 9W PN M .G € ZI MOMS x € Z5 MOP TP .TIPN SV MDD Mmw
Canonical n — k NoOna x MO N Gz Mopinvw 29 v .C = {G:v \ T € Z’g} NI
pairty-check PN ON v € C O7pNN 2N MYPN IR 71Tan H n¥90nn .mn Yv nyao
matrix HG = 0-v amx iy maon 2051 JHo =0 ox

IPN NINY N¥IVN 12N L12.4 HPINT

I
G- k

DN P ON DAN Y2P) TIPN AP NN PO POIMN NP NPTHIN 1 NINION
NTTHA INIY MM NYHY KO M TIPNY 20 Y . MTAN DY e 19010 v Gr-2
ANTTA 20 P POM NN DIAN)

u MV NOP W 1 € ZE 0P 935 ,y'NN NN DOV TPV 2910 12.5 YD
,NPIPN OV PONA P MINOY WPRY DYTY DN OX 120 .(5) € C-v 15 Ty
,NINND NNR TP N9 TIOND MDD MINAIY NN AN NYD JMNX MM D51 nn

SR MY N ITVANY KD MINDY NND)
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Hamming weight DN PR 1AW MTNND 900 NN v € Z5 NOP) DV MO I9p¥Y .12.6 NN

Hamming

distance

Distance

NNINY 291 .0NPA MNVN MTINYN 190N NN u, v € Z5 010 1Y A d(u,v)
A — v 9V AYNN SpYn 1WN T DY d(u, v) IR AVND YN Zy DTV DYN 01Ty

N0 (0111)-n (1100) Y@ x»0nn PR .12.7 ANt
d((1100), (0111)) = 3
.(1100) — (0111) = (1011) S¥ x»nn Spwn PYTa NN
DY TP MO ONY P2 900000 PRINN NN TP OV dyin POV (12,8 N9T0

VPORY TP MM DV OD»Nn DPYVND MY dyi, PNINN IRYD TIiPpa 12,9 YHYVD
LDANRN MO

M PO C' IR, dpin > 2d+ 1 OX .dyi, PPN 0Y IRYD Tip C o 112,10 )YV
NV d TY PN MR 2d TY
DDON NTIMY H-21 PR OX P OX NNX INIY MINAY MM DNon TMp 0192

NNYN NN L12.11 N

T

I
—_ =
= O =
o O =
S = O
= o O

MMD N2 MNIY NN I1PA0M |, H SV DXODINRN 2NN NINY TP OV dyyi DN 1AVN
APNY 312 NN

MOPY ¥ M9 .0 HaPY YA IV NINYNIN MTINYN DN D1DD) ON )ND
D»pPRN v

Hv =

— =
=
o O =
S = O
—_ O O
e e
I
o o O

0

MIYOO MPON DIPRI NRNIND .3 NI TPD TPV v OV Spwnin 2D dyi, < 3 120
T MTMY N2 PN D0 NTIMY H-1 PX ON PN ONX dyiy > 3 099 nnnpn
MNIY NV TY MIMD N2 2D PO MIYON 299 .dyi = 3 199 NONN ANNN PrTa M

JNN DNDY TY 1PN

MDD v TIP NN PYTA DNXR IRDY DYPNY M) NIV OIPNN TND
NOP v NN DAPD DIPNAY i DIPNA NPDON NI ,NIDDPY NN NNY NNN NYDO
9apn H-1 292 w+e; NN
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Ring

DND PRIPN 0 DY ¢ P20 NYPR ARIVIY N0 1D LH DY -0 NTmyn Y
1PN 951 XD 0) 19 ,NYTPR ARV 1N NYTO 901 RO X H-2 mint mTny
(v+e) + e =v PNY M2 NIN MY PNPIRN IMN

P05 A= (3945) n¥yronn X N2 12,12 AN

1 00
VL0 1 0110
G=|0 0 1 H =
01001
1 01
010

TIPN NN MR TNPY .z = 011 NyTinn NX MOV NN

1 00 0
010 0 1
v=Gxr=10 0 1 11=11
1 01 1 1
010 1

NIPN OIRYD TP SV NN NPT NIV 1T DY Ho = () 0 M
A MDD M MTINY YNV ¥ DAN ,D0ON NTMY H-1 PN 0D dy, = 2 M
N2NN N22PNN NNV NYPRY NI NMINDY 1PN KD DIAN [, NNNR INDY MDD

D 7Ty W = 11111

[ U
v =
01 001

e e
Il
-~
o =
~—____
S
-~
o o
~—___

H-2 (§) mmmy onw v oo nm Jpno 991 RO IR DRIV NYPR 0D 20) 1O
Mo 551 XN Ho' = 0 09apn 1M 1010 (NP IR) MINDIY DY WYY 1IN
SNV NYPR D503V

DIMIPDI DITD  12.2

0NN NNND YPN RN NP ,NYD

:07PNN ION M NN (R, +,-,0,1) »n 12,13 79730
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(Two-sided) Ideal

Quotient ring

Degree

Polynomial code

2NN SV PNDND NNIAND IRIPI YN NNan NN (R, +,0) .1
oNom N0 (R, -, 1) .2
0PN a, b, c € R 935 9 (P20 DNNWN) N8N N 07PN .3

(a+b)c = ac+ be, a(b+c) = ab+ ac

(R,+,-,0,1) @pna R P71 21m2) ,M12 Wpnn IWND

ONT NN ATV N0 NT NN C xR md (F,+,-,0,1) nTw 95 .12.14 Hnnt
D 0PN KO DNN DI . TPDN NN NNA D900 NOWAY MDD 29N IND
DYNY DN NN DIV DTV IPNONTNA NINY ,M¥I0n a5 2N oy My (Q)
D213°2190 N X D97 D951 NN DY Z 1D ,(D2290 DIDRN DD RY D) MTY

DMYNa Hv 93 NN oy R[E] TAN Mnwna o»wnnn

PYND ANV WD PYTA ¢ R — S 00N 5v 0vammmin PTND VAN
MMNIAN~NNI ITPANA NMITY ,OTTIXTIT) IRTR ORNP 0N DY OVANIMN OV
ON ONTNX N 1 € R D 9N ONRTN PTHND IPY 7T .MMana NyronaImn
WMDY MO NIPRA e, ir € 1 O»pn ¢ € 1-3 r € R 995 M2n AMan~nn X
MYON My (r) = {arb|a,b € R} N8N 19 XN DX PWRI RIPI ONDR [ < R
0 NN PTHIND DIVIRD OONDN .r € R

N¥APN NN 1-5 02 R OV 2o N ORDR [ < R o 12,15 A9 10
Bi={a+1|a € R}

la+1)(b+1)=ab+I5%>5m (a+I1)+(b+ 1) = (a+b)+I Nnn My oy
Ar + 1 20 npron 22N 0g + 1 = 1 N0 DIND YN

NI N2 f(z) YR DD Zo[z] ©mIran DN Ny TP NOW AR DY
ARINAIRYA
f(2) = apa™ + -+ + asz® + a1z + ag

NMAY z SV NM1A) o0 n NPNN NN deg [ MIMDNN L f DY YN La; € Zs N1y
Gy #£0

W Lf(x),g9(x) € Flx] vim nTv F o (0m»9190 1TOPIR Npon) 12.16 wyv
opn degr(z) < degg(x)-v 15 q(x),r(z) € Flz] opr omyhs omnrp
S(@) = q(x)g(x) +r(z)

LDOTOPIN DNINONR DY D199 DY n“Dn 21N TITN NINP 0 NN

DN PRTPNY ;0 INPA 939 NN INOYRY DS T Yy »Yy ZIT-a o 9o
NN 2t 4 2% + 1 owhon oy A% 011001 NN YWY AT 299 NOPIN 22009
SIPN DY S DOINOD RIPIN m NOYN g(x) € Zolx] N2 YoWN Ty
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Cyclic code

Z™-2 N 9190) N L f(2) DIPDIAY RNV MOVPIN NN MOV NNV 1)
q(x),r(z) € MR DP»P 120 .g(x)-2 f(z) - 2™ YV MINY DY PI>’N YNaIN
DPPNNY T3 Zsx]
f(x)-a™ = q(x)g(x) +r(2)

S(@) 2™ —r(x) 20 ndvv mpn N degr(z) < deg g(z) on
v € (g(x)) OX PN OX g(x)|v DX PN O TP NN NN v € Zo[z] N9 MDD
Lg(x) »T Sy 3N HNTRD NOY)

TP .(MNDON INY P MVIND IVARY) PINYD TIP NN MNIPNY TP .12.17 YD
YN NOK Y95 f(x) DIPDID DNNY KD N9 MY DY NYDO m Pom
DM k1Y ov ndynin NX

MmN Mopn 1101 mopin Ar TNPN g(z) = ¥ + 2% + z N2 .12.18 DN
92PN MY NN YN L f(2) = 22 4+ 2% + 1 D195 NN

flz) - 2® =28 +2° + 2% = (2® + 2)g(x) + 2°
SV DNTPRN NOPY IR POV r(z) = 22 NN PIRYD I
f(z) 2® —r(x) = 2%+ 2° + 2° + 2?
TP NN NN Y99 2090 g(x)-2 PHNNN ORI Nt oMo 1101100 0w
fpin”

NI Y ONNND OD9N TP NN NN OND 1001110 Mopin Sapnim N
TP N9M PPN W P9 2% + 2 N g(x)-219% nponn e 28 4+ 23 + 2% + o

“opin
nVONN 03 (ag,as, ..., a,) € Z TP N9 Y55 DX MIPS NIPI TP .12.19 N1
P oM NN (ag, a, as, ..., ay_1) NIV TIYON

TIPN NINY NNIVN DY RAN TIPN ONRN .12.20 9990

— = = O O
= = OO O = O
_ o O = O O

DOPN NN
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Conjugates

Conjugacy class

MNAN PN M0 VTP Z3-2 MyTinn \Ino

(000) — (000000) (001) — (001001)
(100) — (100111) (101) — (101110)
(010) — (010011) (011) — (011010)
(110) — (110100) (111) — (111101)

2O RO TIPN 1991 KXY (110011) Yax ,mp5 77w (100111) »5 25 oow

92pNNN MMPNN TIPN OXR PN OXR 2" — 1 X PO g(z) DIDIAN .12.21 WYV
29PN NN

W DY SY NRIAN N99oNS pramn x'® — 1 € Zy[z] owrdhen .12.22 nnnT
DP9

$15—1:(x"i'1)(132—I—x—i—l)(xA‘—i—a:—i—1)(3:4+x3+1)(374+x3+x2+x+1)
D129 NN N
g@)= (@' + 2+ D)@+t 2l o+ 1) =2+ 2T + 2% ot 1

NINPA NNIONN NN N .5 090 pnan oy C C ZIE 5y ip sy om
A9Y TINPN NPIND NPPTA NION NN NIPNN

vy VDY Snan 13

1NN Nhys 131

MYV a € G D”P OR ,DTVY A-1 g DIDRY DIN .0NaN G onn 13,1 990
NRIPIY AN 95 SV MPpwn Nponn v G Sy MY py o pTn M b = aga!
JOU TWTDIDYD APINYD

h-1 g >3 NP3 ;MO Nt DTN DY DIDR MY PR G TOIN 1NN .13.2 NNNT
MY a € G O”P 30D DTN

1 1

h=aga " =gaa™" =g

g 9% MTNXN NPYNN DX PN ON g € Z (G) nNXONvY nnan G DN 590 19N
{g} wn

AN .0 MO TON g € GO ,nMan G onn L13.3 9990

0(h)=n"N,g-9TmM8 heGor .1
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.g € Z(G) nx ,n 7010 G-2 DIVN TY PN ON .2
DMWY

525 O b =aga" ! yMayv a € G 7P P9 ,0TNN h- g .1

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

J/

V
7 times

NN L0 (h) =m DR W T8 0 (h) < n-v oM M
g" = (a"'ha)" =a"h"a =e
0(h)=m=mn 950792 .0(g9) =n < m PN

VNN NI g-Y M Yar .o (hght) = n 2NN yon 0eb b€ G o 2
.hg = gh-v 92pn yom h-1 9193 .hgh™! = g 199 ,G-2 n TON AN
H .9 € Z(G) 991 ,hg = gh ©7pmm h € G 9559 1NN

OV Zg DR NNPO VAN OWUND I PR PYD 503 TIoNN PON .13.4 WD
W 0NN TAN 9591 19102 0PIV 30 1D ;TN KXY 00 Yar o (1) =0 (3) = 4
AT IMND NN DN

ADRY TN 0 YDNND ,D3 1NN L13.5 NNt

ot ! =107 = 0?

.D3-21 3 797010 DN TIY PN D ,DNY DTINY DAIDN TIY PN
DN L(ag,ag,...,ag) € S, MNP M 0 € .S, NN .13.6 YN
-1
0—<a1aa2a"'7ak)0- :(O—(al)ﬂa(a2)7"'70_(ak))

MmN INOWD ,decorate-sort-undecorate NVYY IWPN NN NMINIY 1DI DN
A1,2,..0,n} 5y 19 MK MOVIA MNNNNIY AN .NYP 0-¥ 1TON 295 Pin
NN MOV P PN DN L1 <@ < EnveR My mo= o (a;) 2D N3 YR

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

(U (ala az, . .. ,akz) 0_1) (m) =0 ((al’ az,. .. 7ak) (0_1 (U (al)»)
=0 ((ay,as,...,a;)(a;)) = o (ais1)

DN PN M D D DY o (a1), ..., 0 (ar) 9Y 12T INMNX MOMD MNNHNN 199
ONAY PN D XYY IMN NOWN P> PRI 7NN 1P 1 <@ <k aNd o (ay)
1991 ,i 935 71 (m) # a; > 25 DW)

(o (ar,a2,...,ax) 0~ ") (m) =0 ((a1,a2,...,ax) (0" (m))) =0 (¢7" (m)) =m

] MY MIVITTA MOMNNN XYY INON
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Cycle type

T =0 = (1,3)(4,5,6) ,a = (1,5,3,6) mmnn Sg-2 MNM .13.7 39N
DN 2N .(2,4,5)

,13.6 99010 DNONN 28D NNO

cac™t = (3,6,1,4)
rat ™t = (1,2,3,6)

Sn=((1,2),(1,2,...,n)) .(129) 13.8 MpOY

o = DN DIMNN DY ND9ONY NMNX PI9Y .NMN o € S, NN .13.9 91N
3D NN VT .y > 19 > - > 1 001, R 0 OV TNIRD D N L0103 ... 0y
(11,79, .., TE) DMTON W-k-N NPNO 0 DY DINRNDY

5S¢ oMNnn Man ;(3,2) X0 (1,2,3) (5,6) Sv 0NN Man .13.10 ANt
(4,2,2) 0 (1,2, 3,4) (5,6) (7,8) Yv oannn man ;(3,2) xn o (1,5) (4,2, 3)

29D DTN TH3D K D7 ¥ DR PN DR 5,3 WIS WO MW 13,11 HROY
DWON? TV N7 WD 3R ,Ss-3 (4,2,3) (1,5)-7 1wy (1,2,3) (5,6) DWond
Sg-3 (1,2,3,4) (5,6) (7,8)

(12N 223900 PON N )N ¥ ONX) DN
MDY T =qmor ! N2 LS,-2 MTNY MDY 0,7 € S, NN (<)
129 ;00 OINMNN OV NDAIND T OV MO 0 = 0103 ... 0k

T=mon ! = TO109 ... akw_l = (7r017r_1) (7T0'27T_1) ce (7T0k7T_1>

5555 PYTAY YP )0 0 ;MNN NN ToE T L AN NN 9D ,0TPN 900 295
NOP 3P0 (MY M OON 01,09,...,0% D) MO M 0PN IOYND DNV DINNND MY
TIND IMND NN IORD DINNNDIN TAX 91,07 DINNN DV NYAOND 7 OV 719
LDMNN MAN IMN 7-2) 0-D¥ Y21 NN .0-1 DINNNN DV

0 = 0109...0% YD) .DIMNND M WMIN OY 0,7 € S, "IN (=)
T = (bi,la b@g, e bi,rm)" g; = (CLi’l, A2y - - ,ai,mi) ANRD 7T = T1To... Tk
NN VYT LD OIMNND ON Ty, ..., T ON O OIMNND DN 01,09,...,0k
3 20 VW) .ONNYY DNOWI DIDNN INY 901 7 (a, ) = b, j To 7

-1 -1
nom =T, Gy ey Qi) T = (T (ai1), 7 (ai2) .., T (im,)) =
= (bi,h bi,2> cee bzml) =T

1O

wom = TO109 . . . amrfl = (7‘(’017'('71) (7'('0'271'71) c (ﬂakwfl) =TT...Tk =T

O Sp=2 MTINK 741 0-Y RN
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Partition

Centralizer

n >3 9% Z(S,) = {id} » won .13.12 WHpov

Y NN a # b € S, NN .a # id D n2YVIA P a € Z(S,) 2NN DN
NNAYY o € S, NOMP ANV DDINN 290 @ HY 1D DINNND 1IN IMN DY a-N
91p) Y9 a € Z (S,) YR .cac” = b

b=cac t=acol=ua
O Z (Sy) = {id} 95 ,a = id P52 395 b Yv NPNAY NPNDA
ng > .-+ > DPYAV DM9DN Y N0 KXY NITO NN 1 OV AN L13.13 091N

. (n) ©MON 1 SV MPIBNN 190N AR . =ng + - + NK-¥ TI 1y > 0
£ (1) R S;-3 TWDOID MHIPINY YODY .13.14 HRPOY
255-2 W MTNN MPONN NNd .13.15 990

:0”Y20 OI90N DY DMODD 5 NN 1NN ,ANINND NMIPONI MY \WINO

5=5
O=4+1
5=3+2
5=3+1+1
5=2+2+1

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

L2 (5) =7 PN

T-1 0 OND .DINNND MIAN N 7-9) 0-9Y NI 0,7 € A, Y .13.16 9N
?2A4,,-2 MmNy

N 1991 ,3 DTN NMan X0 Az 00 DYTY DMIN .1 = 3 NP YUND IRD N
Asz-21 92N 920 Hap)y ONINN NYNN2 NIV NNNTH 2AY LIPYAN VT2 DN
DTINY 0N VAN (Az-2 TN ovx (1,2,3), (1, 3,2) € A3 0792 n8yd P TNy

LDMNMNN MAN N ONY v D ,S3-a

OV IV NX VT a € G YR NAY .0NaAN G oNN (1A 0D2)INn) 13.17 DTN
nnd a

Cala) ={g € G|ga = ag}

0 =(1,2,5) My Cg, (0) NX IN¥D .13.18 5990
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Subgroup
generated by S

S generates G
Finitely

generated

NASNNN 7 NN .o DY MASNNNN MNNNN NN RINAD AN, MINK 222 )NNO
MINN IDON KINNS PIY 00 707 =0 OX PN ONX 70 = 07 ONX PN DN 0 DY
AOND MMNN SV OOND NIV W N2 DITNNNYI DIPHNA 0 NN MIPRYND

(3,4) 2om 2 NN P W - -9 MY MmN .1
(1,5,2)-1(1,2,5) ,id - D3yna o NN MY MDD .2

NRONN MYPYIN 1997 ,0 BY NASNNN ¢ OY MASNNNN MNNN O¥ ND9ON 9 )2
N
{id, (3,4),(1,2,5),(1,2,5) (3,4),(1,5,2),(1,5,2) (3,4)}

VY NYaAIR Jnan 14

ANIAPTHN 1YY NASNN HMAN-HN  14.1

20 W) G-21 OIDN NP XY NXApNN S C Gonm nman G onn L14.1 A9 1N
G 9% nMan NN N5Na YN S-v
MNON S NN NDINN TPOPNN NNANDTNN NN S T Y MBHD NN NN
G = (5)-v 75 190 S no»p or LSO HY MY G-v MmN N G = (5) or ()
Ax1, ..o, TE) NYPA 2N ,DIDN HY TPAID NP NAY HND MSH G 0D N
N ON POPN NN NNAN LIPOPN NMAN DY NITIND NY9ON ANnn R NN
JPOID NN A0 NNIAN DD D) LTAX AN T DY NN

PNPITT NYON Nya o LH = (2,3) Ny {2,3} € Z npx .14.2 Dont
H = 7Z-v

Wom (—=2) € H o nr 2 € H-v yw> .H CZ vy Z 50 nhan-nn H
95 LH-21 90m \Z 5V A%y XY, 0TRN AR MY (—2)+3 =1 € H-v
H=7Z-vvwvp ZCH»™,Z=(1)CH

{4,6) ={dn+6m|m,n € Z} Dapyx ,{4,6} CZ np>) OX .14.3 DN

P9 NYoNN DNdYN YV NNINNN WMD) (4,6) = ged (4,6) - Z = 27Z-v 1yo)
,JPNPD T NN T DY DN (DN DI9DNN NN

(4,6) C 2Z 991 2|4m + 6n-v M1 :(C)

27, C (4,6) o»pnm oy Y .2k = 4 (—k)+6k € (4,6) N .2k € 2Z > (D)
NN IRND AN OP ,1DAN NMNANAY NIPNIA ,NNINKRD NNNTO IMTI .14.4 T
a,b € G ©INY NY NP OX HYND DN NNIAP T DY NI NNIANH™NN
{a,by ={a'VV | 1,5 € Z} 53p3

oVND LT ©-b-N 9D TN D-a-N 9D NN ITOY N0, NYJONN MOt

abaaab™tbbba"ta = a*b?

:0”PNN FPOIN NNIAN 55D 19N

(al,...,an>:{a’f1...aﬁ" V1<i<nk €Z}
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255 1Y YOm0’ n¥ap NN (A) DR DY VRO YD NN 145 YD
AWND AU A nvnd 1mbv masbnn NN 01T LA N¥apa NYMND mysnxa
T € A N2 ,MA3ONN 0 NPMN SV a0 N1 N nom A = {a|a € A}

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

NYAD NVYYAN MMan  14.2
NN .DNY DPNYRI NN ,p1ps . .. Pr ITON YN NNIAN G0N .14.6 THYV
G =Ly, X Ly X -+ X Ly,
DN PN ON (n,m) = 1-¥ (MNXIN2 DIPRIVY) MYV NRYD PEPITIRI INOMN

G = Ty X Lig X Ziqq W ,154 97010 199a8 G ON 9W10 Zy, X Ly = L,

DI90N DIYP NN .p" INYNI DY NPT ATON YAN NMan G 0NN 147 YV

G = Ly X Ligmy X - -+ X OOPADY My + -+ -+ My, = n-Y Td my, ..., My DPYAV
Ly

INAN MNANAN NNRD O NMONR G N 27 = 32 9701 9ax G DX Hwnd

Zg X Zg X Z3, Zg X Zg, ZQ7

.(OWVND DIDN DY DT 292) NIV NNX NPONMIVN XD JIV MINID OpY

:(72YVY HNINN DTN .14.8 YD
D»YaV 090N DY NI NY NIT0 D MN) .n € N oy
p(n)-2 n 5w MPONN 190N NN PO Y T s, =n DR N

r

0 AP NN (i),

A=3+1=242=2+1+1=14+14+141=45,p(4) =5 5unY .14.9 N3N

L(n) XN Pt ATON ,DVANIPN T TY ,NPHIARD MNIANN 1901 .14.10 THYV
MP NN W G N0 POIAN 1NN DID .14.11 WYV

GgZdIXZ@X"'XZdT

1 S ) S r—1950 di|di+1 nav
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