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Symmetric group

Permutation
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N 72 DNTO HIMNVDIDD N3ND .4.1 NN

Sp,=Ac: {1,2,...,n} = {1,2,...,n}|obijective is }

- MAINX @90 ,mxyo {1,2,...,n} NNHAPIN S Y'NNN MPRYNN 95 GOIN N
noYan AWNd NMan 0 S, {1,2,...,n} 079000 SV ATON MPY 9 qOIN
NIPY S, OV DN DD MM DVNPNS NI DTN DN LNPSPNS NAOIN NN

SONDN

oy XX Pxmna 0900 nNan PYITa NN S, NMIAND (1A W ONR) 4.2 WD

X ={1,2,...,n} 9N ,n2570N nHya

0(2) =7 ,0(1) =i nMNm NN o € S3 1N .S3 N DONTY NP 4.3 ANt
MNYPA YOI A M o i, 5k € {1,2,3} IR 0 (3) = kA

U:<,

:53-21 DINN YD NN YNHNIA N

1 2 3
id = 1
(1 2 3)

[\]
w

DN =
w N
— W

W =
— W

Q
o
Q
I
/\/\ﬁ/\/\
NI N [ N
N W
D S S S
s

—
[\



Cycle
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Disjoint cycles
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mponn 4.2

T ,g € G920 nman nn H < G onm ,nman G onn .4.12 1910
Left coset gH ={gh|h € H} C G »n H 33 g 9 MIRDVD dpnon e
Right coset Hg = {hg|h € H} 20 H "3 g% »mMHDD dpnvn @

.G/ H 203 nVONNYN Mponnn qON NN
NMANN-NN Yy YonoNn ,G = S3 NN NP2 .4.13 NPT
H={(123)) = {id,(123),(132)}

:G-21 H 5v nvd xnwn mponnn

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

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

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

:H = 57 5w nvoxnwn mphnnn Yy 9onon G = (Z,+) DX N2 .4.14 nnnt

0+H=H=1{..,—10,-5,0,5,10,...}
1+H={.,-9-41,611,...}

2+ H ={. —8—32712“}
3+ H={. —2,3,8,13,...}
4+H—{”w—,—L¢&mwu}
5+H={..,-50,51015...}=H
6+H=1+H

T+H=2+H

DV ,Z-2 57 5% NYONNY MPoNN wnn ¥ 00N T2 .ANRDD 1)

7/52 ={H 1+ H2+H3+HA+H}
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mpomn H = (2) = {0,2,4,6} 5y Y9onon ,G = (Zs, +) DR NP2 .4.15 Dt
N NYONNYN

0+H=H,1+H={1,3,5,7,2+H=H

2992 19N

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

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

(NPIPN IN) NPORNPYA MPONNN NNNNY MNDINTIN NMIRID PV 29D .4.16 WD
oM ,T0 Oy Qo .G oY gy My H < G nMantnn by

a~ygb<—aH =bH

NNY 000) .G 5y MPPY ON W0 a,b € G DIDN VY DY MPONNN P2 1PNV DY
N2 VOYNN DAY

W .a,b € G Y MINTIN H < GHan , 03N GOon L(NRYIND) 4.17 vOvY

a € He= aH =H v9a b lac H :oN p ON aH =bH .1
g HNgH=2 W g H=gH o»pmm ,goH-Y gt H Mponn »nv 535 .2

S TINR I, U gH = G :nann 5o X0 MpoNnn 95 Sv TINrN .3
gHeG/H

YRIN PYDN DX P NN .ATTA NPPORNNN DN NWYND N (NMXYINT) DN

DTN YN Ny VI3 .ah € bH b € H 959 7R aH = bH oR (<)
NI5N2 99 ,a = bhy € H-Y 15 hy € H 0”pv yan XM .a = ae € bH
.b_l(z = ho cH
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APNIY MNONTN 29 DY .4.20 NPNT
Z:5Z] =5 1
[S5:((123)]=2 .2
Zs: () =2 3

,2INY YOP DPTPRAY 93D .NNINDNN HTN0 T NN [G 1 H] OpTYRND .4.21 YD
[G :{e}] = |G [G: G] =1 on ppn »pn any 9T H nmann~nn 1o

JG : Hl = 00-v 12 ,H < G nMman-nm G nNan YN .4.22 9990

H =7 nman-nm G = (Q,+) »nn W no
VN OIDRY MPONN2 1MANN 1 pad 0 2 O aq, as € Q DY MY NP
-V Dap) .ONY

{O{1+O,CY1:|:1,041:|:2,...}ZOélH%OQH:{O{2+O,O{2:|:1,052:|:2,...}

,1 925 0 2 Q-2 ©90nn mndd MNad X0 G-12 H Sv mpbnnn 19un )00
JPODPN NNV

MWININ DN S

0990170 NNINY Nan 5.1
Greatest common ~ DNDYW (10”D) 33NN ANV PNV 1, m DOV OI901N 7Y 1MNA .5.1 N1
divisor 990NN NYNY TN

ged(n,m) = max {d € N : d|n A d|lm}

Coprime (n,m) =1 o ®W n,m » MNI .(6,10) = 2 Swnd .(n,m) PI IV DY
.0 0N 5-) 2 Swnd

b= a DY HOIRYY YN 9 PO d N Ld|b B d|a DX 5.2 YD

(n,m) = (m,r) W ,n=qgm+r DR .5.3 YV

D91 NN .d|m BN d|n 2 ©YTY DN .d = (m, ) 229" ,d = (n,m) D) .DNW
A < (myr) 9op oM Jdlr =n — gm Y99 0, m OV IRYY MPND T NN PNND

SV INYY NPY NN 1D (m,r)|n 99 (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)
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Euclidean

algorithm

Extended
Euclidean

algorithm

HYV3 NN VIDW ANY3 Y"DY AROSY? "YW (OTOPIN DNPINON) 5.4 VOUD
(n,m) =n m=00% .0 <m<n 7 MM DTIPIN TINHIR XD 5.3
W3N .(n,m) = (m,r) Y PYON 0 < 7 < m WWRD 1= gm + 7 33D NINN

(ASYD? 3V TIMDIRD DY

DTOPIN OMIMON NNY2A 47-1 53 DV n”nnn IR 2vN) 5.5 T

(53,47) = [53 = 1 - 47 + 6]
(47,6) = 47T =T 6+5]
(6,5)=[6=1-5+1]
(5,1) =1
0T DYNY O2I99010 MY N0 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) =

DAY DMODN NIAY YAPN’ DNIMONI INPA 290 DAYV I90N 2N NIYND
AMN DN NIN © IWRD log, n NN DIPINORD DY MWD I'$NDI NITO2

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

3 YR WA (a, b) = sa + th-w 3D s, t € Z DYMY 0193
.ale 2 WD Lalbe o0 (a,b) = 1-v 75 DOV ©I9UN a, b, ¢ PV 5.7 9N

c-2 9°92) .1 = sa + th-v 5 s,t DMNIOP PINYY NN NNINN PON 290 WINO
M3 La| (sac + the) 135 .altbe © 2NN 299 alsac 2D M2 ¢ = sac+ the HapN
.alc

ple W plb R plbe BN MUK p DX 5.8 WOV
ple oMPN 930N 299 (p,b) = 1 199 ptb ,NINK I0»D IR ,p|lb DX NN

MWD INDD NPND N"NNN IR DWIANYD 5, ¢ DNTPND DR XINND 27D 5.9 AT
SHNDD DIPIR DIMNIIRI YNHRNY)
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(234,61) = [234=361451 = 51 = 234 — 3 - 61]
(61,51) = [1=151410 =10 =61 —1-51 =61 —1-(234—3-61) = —1-234+4-61]
(51,10) = [si=s1041 =1 =51 —-5-10=51—5-(—1-234+4-61) =6-234 — 23 - 61]
(10,1) =1
(234,61) =1 =16-234 — 23 - 61 1
Congruent nla—b DR N AN DNYPY 0N a,b € Z >3 IMN) 2Ya0 1900 1 7Y .5.10 N1
modulo n a” IRt NIPN a = b (mod n) Mt O YOI .a = b+ kn-v 15 k € Z 0»p 9>

I ovTm b-5 ipv

OO PDOPYST) MPPY DN NN 1 NN MPPY (17720 DN 5.11 THYV
,a =b,c =d (mod n) DX MY 20N DITNN 7 INTIN NN Y95 .V
a+c=b+d (mod n) on ac = bd (mod n) N

AR nMan 5.2

NN 280D 7D > 1 MAY NNAN KO NN (Zy,, +) 29950 TRIMND L5.12 DNt
Multiplicative 0TI 9950 Nowo 220 U, = U(Zy,) DYDY MR N3N DR DT 2800
group of integers .(Leonhard Euler) 92X TR Yv mw 5y MNP
modulo n :([0] NY9512 Yy TnY [0]-n BSYNNA) Zg DY Y950 MO NN M)

N R I I N
wlo|lw|lo|w|w
O IS NN I O NG TS
— o || k]| o] on

Qi | W N
Tl | WIN|—|

P9 21725 22901 19 M N N5YAN) 1 0NAY YoMV ION 0N DXI9NN DIDND
Ny Hv 09NN NN [5] Mt npna Us = {[1], [5]} 995 .(mMv P x mTny

aMmWNN PPN DN PN BN [m] € U, ¥ .m € Z 1 (TNya NRY¥INA) 5.13 THYV
DIDNRN 92 0N (Zy, -) TRMINI DP90N , 90 .1 N0 m-1 n DY NP2 9N
n=2 NN

079010 WN ) Uy = {1,3,7,9} myon »a> .(Uig, -) NM2N2 112N .5.14 DnnT
:0(7) =45 nx (om0 10-5 on
7 =49=9 (mod 10)
=7-7=7-9=63=3 (mod 10)
"=7-7"=7-3=21=1 (mod 10)
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Up = Ziy ™ pNUNT 1900 NN p DN .5.15 WD
N0 W 10-2 3 P05 NINK DY [, Zqp-2 099D 0N 5-D OYP KD L5.16 INNT
6l =1 (mod 234)-v 75 0 < z € Z W1 .5.17 990

M5 .61z + 234k = 1-v 10 k € Z Nsnd nx (234,61) = 105 8T W0
DNTPNN BN k,x MDD .234-1 61 Sv (Nt NIPNA DY) PINYD PPN NN 1
1 =6-234—23-61 n0Tpn DRNTN D 2P0 2INDD NP 1NNNN PN VIVNND
2 =211 9n23 *25¥ N x 2D PPVANY *T & = —23 (mod 234) Y

MNINKRD IRNWND 61 D17 vy [234] € Uy mH20p 03 Mt 2wnn

1=6-234=6-51 (mod 61)
.[6] mn Uy nana [234] = [51] Yv »onnw 8om
.333333 59 NNINNN NT90N NN INYD .5.18 939N

25 0w N (mod 10) N0 N 29010 YW ANINKD NI90N ,TPNIVYN DOV WM
199 .333 = 3 (mod 10) »

333 — 3483+l — (31 .3 - 81%.3=1%.3 (mod 10)
333333 = 3%3 =3 (mod 10)

3 NN NININKRD NI9DNY NI
NN SY MNON .5.19 THYV

e]ld N eln on elm-v 73 e M d = (n,m) > .1
(an,am) = |a| (n,m) .2
A APAIN

MPY NN O) PONN NN X e|n, m-Y YW .d = sn +tm-v 1 5,1 ©0”p .1
.d DR N sn 4+ tm DNOY INYD

Il (.7>2n 300 Pon) .2

Least common (1”03) MO ROV DNOON 7, M DOV DXIDN NIV YN .5.20 NN
multiple nYAd NATHIN OOV

lem(n,m) =min{d € N : n|d A m|d}
.[2,5] =101 [6,10] = 30 Swnb .[n,m| P71 0O DY

0”05 SV MNON .5.21 YV
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Chinese
remainder

theorem

[n,m]|a ™ ,nja ©N m|a OX .1
16,4](6,4) =12-2=24 =64 5vn> [n,m|(n,m) = |nm| .2

ONDW

n,mla 3 P .0 < 7 < [n,m] WK a = g[n,m]+r-v 12 ¢,r v .1
SV NPOIPNY NPNO N #£ 0 OX .1, mlr 0D Yyan n,m| [n,m] N7 290
n,m]|a M55 ,a = q[n,m] 35 [n,m]

NO9oND 790N DY PMan NYA N"Nom n"Hnn WND Adp 7T AN .2
NID P19 0D N2 LOPNYUNT DD

ol =TI =pps2 o |ml =P = pps® .. i

D»NVYNI OMNI YRNWIY >TD 0 ©1NN) oy, 5; > 0-) I OPNUNR p; TURD
’D YIONWND PIAN NYD (AT IMND

k k

| | min(a;,B;) | | max (ai,B:)

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

Sv N"MInn d o .DM2DN NN INPY NN PTIND IWON L(NaD) 5.22 NYNRVY
$1M1 + DMYPNN Sq, ..., S, DOV DI90N DIPPY ININ N, ..., N, DIONN
KOy mospIeN o -+ spng = d

I N X VMY a,b € Z DY R DN 1, m DR LOPDN NPIRYN VIVN) 5.23 VOV
3 2 =0 (mod m) & = a (mod n)-v IO nm AN MPPY YD

13 .sn+tm = 1-v 12 5,1 € Z 00»p wR (1, m) = 1-¥ 290 AR K7 DN
0PN .bsn + atm-21 INAN VOVYNI DD T OV DPP NINY

bsn+atm=atm=a-1=a (mod n)
bsn+atm=bsn=0b-1=b (mod m)
NN k€ Z 93 2 = x4+ kmn D33 M2 SIWON NINS NN = = bsn + atm 199

PN PINS
L] a0 922902 7NN 1 DTN £ OV TN DNOIN
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DT =2 (mod 5) on z = 1 (mod 3)-v 10 = € Z N8I .5.24 Nt
Ss=—Lt=2)n=5m=3mnpna .—1-5+2-3=119,05,3)=1
OPPI PR .2 = 1-(=5)4+2-6 =7 NX 7INIY TWIX 2D NPINYD LIVYN 199
7 =2 (mod 5) on 7=1 (mod 3)

MNNYN) MOAN NIIYND DY ND MN 2293 INY NIN 20N NPIRYD VIV
00T M>pY SV

NN DIND BHYIV DIODY N3P {my, ..., My} RON (T ¥ ON) 5.25 0OUD
9V IV D3P TN .1-3 BR79ID IR 1VDY O KID D¥IZP3 BMODY AN 7D DY)
WINO NN 7 WD DN IRY Yy {a; (modm;) |1 < i <k} nmRe
MNRNVOD NDIWYYT

r=a; (modmy)

x=ar (mod my)

y=3ony =2 (modb),y =1 (mod 3)-v-v 70 y € Z N¥) .5.26 N0+t
5¥ NADIN 1D TY 12 NI NRTIPN NONTH 0 y = 7 PINSnNY 25 0wy .(mod 7)
MNNYNN SNY NN DY (15 = 0 (mod 5) o 15 = 0 (mod 3) »2) 3-5 = 15
Yy =7 (mod 15) nnN AXNWNL 9o\ y = 2 (mod 5) ,y = 1 (mod 3)
MY NDNA PPON NPIRYN LAVYNI WHNYND IWaN 199 (15,7) = 1 >0 25 oW

QN9 MM y = 52 0P T MIRNYN

WY HNIN 6

20 d < n 935w o .n € N 39700 92X a € G oo ,nMan G onn 6.1 990

n o(a)

°() =G = o)

’3 25 DXVWI IO MO NDAN DN

(ad) (d’,vl") — (an) (d‘,in) = e
d
( € Z 7> , NN vyy Moyan)
(d,n)

)29 .n|dt 3.4 Mmyv ad a® = e Yo ,(ad)t = e N7 NVPOIYNN NN NDN NYD
n d =1 2V T80 (2NN - DOV DI9DN DY) ’ dt o)

\dn) (dn)) " T (dyn) [ (dn)

n

O APNAY D ,—)t 22y 5.7 523N 0aY

(d,n)
DIDN NN INND DTIPN D0INN NRYD .1 ATON POPY NNaAN Gonn 6.2 999N
.G nx oNy G-a
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AN .G = (a) 2 ) NN

G:<ak><:>0(ak):n<:>W:n<:>(k,n):1

UL 0 G NN %10 028N 1900 )0

TINNY vavn 6.1

.a € G939 |aH| = |H| o7pomn .nman-nn H < G >nm nan G onn .6.3 twyv
VOVYNN NN D2PY TN IR ,G DY DN SV MDY MPoNN NN 10 MpYNnY »oan
NN 2NN

Lagrange’s

theorem |G =[G : H]-|H| ™ W3 an H < GOam ansn GOan J(1IND) 6.4 vowun
DNIND 7Y ITOD IR PIND DNINAN 79 ITDD 0D NN N3Y .6.5 HPOY

G

— =[G : H|

|H
o0 o(a) = [(a)]-w »ov 7 ()] | |G| ™ {(a) < G-w oY a € G W3y 0193
Al = e PPy @ € G 997 B 1P7 .ONIND 29 1TIOD IR PIND DNIN AN 9 Yv

2PN 0N Zip-2 DIVN DY DPIVAND DITON |Z1p| = 10 M1y .6.6 DT
{1,2,5,10}

72N 0P NI5N2 G MDD NNANN ITO NN PONNN M 1901 939 DN .6.7 99N
m ToN

Ly X Ly DNAND DR N :TPTII DONT NN XD INND
,MD ADNR 0”P N IN 16 1TON YR 0»P RO DA 16 N nMann 1T
no> 1 May 0PN YN Z, X Z, 0NANNY 1NN DAR IO 1MAN 1’ RN

0(g9) > 199 e # g € GO onURI p 1ToN NNaN G NN 6.8 NN

N .G = (g)-v MRY M ,0(g) = p NIEN2 PY o(g9)| |G| = p v TN
DR IPRY PIDNRND TR 93 0T DY NI G- 03 e # g € G 999 Py
DTN

YN NNANNN W G- X m|n o0 n ATon ON G = (@) NN .6.9 YHYV
M TON DY

K onn .ovp ww wom ,m Ton nmannn v H = (o) oy amw
K = H oy mmpmen nnonb LK = (6) P ,m 9700 DA oY nManTnn
o(f) = ,6.1 P3N 295 125 B = al-v 10 b < n 0”p G YV Y - INND

"(n,b)
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Subgroup
generated by S

S generates G
Finitely

generated

DPPp PN INoN 28d (n,b) = 130 m o= Gl o(B) = m YN

9 .(n,b) =sn+th-v 1> s5,t €Z
an/m — Oé(n’b) _ aanrtb _ (an)s(ab)t —1. ﬁt cK

29 L|H| = |K| nmnn va 9y 9an H C K o9 o™ € K-v 292p 995
O V1 H=K

17:30-2 ¥ NNV MNAN~NN NND .6.10 99N

NI MMNIANDTNN 90N ,TPOPN NMANA ATI) INNRD ,NNTIPN MIYON 299 NN
1 ov7on |{1,2,3,5,6,10,15,30} = 8 :9m55 ,30 190100 S¥ ©poNnN 1901
PONNI0N MNANNNNY RN 30-)

G-2 0”p DX P OX M AToNn G 0 D oo nan G onn L6.11 9N
.2 970N 1N

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

INANYD I, NI - TPTIN NNON 2 TON ADNROY 2D DOVWI O 1TON G DN
VI INNYD MIMNNY TDN GN PRY 09D ,2 9701 (-2 TDNX 9N PRY N1DHVI N
MDD IDNR DD AYURD ,NNND ANIANND DN DI DX ITOD 1) N DTN IDRD
DN DV IR OX 1901 DAP) DTN DR DY TR (D010 NNYN) 1D 290N TND
.ANINY Nnoa ,G-a

2 3T0D D3R Y MR R DDV WY HR ATDY DIN3NYT .6.12 TWHPDY

ANAP=NN M DY NANND HNAN-HN 6.2

2% wrv) G-1 IR NP RO Iap-nn S C Gonm nman Gonn L6.13 A0
(G 5V nMan~nn N1oNa NYR S-v
NNDN S NN NDONN POPNN NNANN™NN NN S T Y MSHD N3N NHN
G = (5)-v 75 a0 S nn»p or .SHOT HY MY G-v MmN N G = (5) or (S)
Ax1, ..o, TE) NYPA 2N ,DIDN HY AV NP NAY ND M G0 N
N ON TPOPN NN NNAN LDPOPY NN DV NITIND NO9ON NN R NN
JPOD NIXY TPMD NNAN DD D) TR AR T DY NN

NPITT AYON nya o LH = (2,3) nxy {2,3} € Z np» 6.1 Dont
H =7Z-v

Wom (—2) € H oy R 2 € H-vyw> H CZ vion Z Sy nnan-nn H
Yo LH-195m Z 5w a8y Xnv TN AR s (-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 .6.15 DNONT

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 INNY AN Op ,DAN NMANAY NAPNA ,NNINND DNNTY NMT .6.16 INNT
a,b € G ©I%Y NY NP DN YYD DN NP T DY NIXNN NNANNTNN
{a,by ={a'V’ |i,5 € Z} Saps

oVnd TN ©2-b-N 931 TR D-a-N YD NR ATOY YN, NYJD NN MO

abaaab™tbbba"ta = a*b?
:0”PNN TPOIAN NMAN POOD 19N
(a,...,a,) = {af*...alr |IV1<i<nk €Z}

255 1Y "o’ n¥ap NN (A) MR DY 1WWND DY NN L6.17 YD
AUND AU AT nvnd 15v masbnn NN VTN LA N3P NYMIND MYSNNI
T € A M2y ,MA3ONN 0 RPN SV a0 NTo N nom A = {a 7 |a € A}

G-2 NN AR AN MNN £ NN NN ar ! = o e = £ 07pnn

90200 AN OIAN YV 410 6.3

(a) N (b) = e o ab = ba-v 12 a,b € G v .nMan G NN .6.18 WYV
NN b T DY DIXNN NNIANDTNM @ T DY NIXNN ANIANDTNN P2 TIPNN MD)

N L(TPONPI0
o (ab) = [o(a), o(b)]
:[n, m] IR PO o(ab)-v MR .m = o(b)-) n = o(a) DI DN
(b)) = glmlpinml — ¢

o(ab)|[n, m] 5P 3.4 Myv 23 .[n,m] NN ©PHNN n, m-) ab = ba >
199 .af = b7 L, (ab)t = e DR NPOIYN NN YT IV TN

al,bhe{a)yn(b) =e
O .0 (ab) = [o(a), o(b)] M5 .[n,m][t 991 ,n|t N n|t MO
DOINRNDD DMK 9w (o) PHOOD KD S,-3 DR TIRAD 790D NIL .6.19 HROY
A xn (1234) (56) Yw 27om 6 NN (193) (56) W 2TON .6.20 NPT

.S15-2 45 7T7oNn NNMHANTNN INND .6.21 YN
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TN AN .S15-2 45 ATON NN NX¥NI NN
oc=1(1,2,3,4,5,6,7,8,9) (10,11, 12,13, 14)

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

2515-2 39 9TON TN OYP ONN .6.22 NYNY

DX DINNN NDAOND SAPNND 21> KO 39 TN TDVRY PYON NIRD RIS
.515-3

AINRM 13 TINRD TARD DI D INNN NY9OND 39 IT0N NX D2APD N2 DINN
S15-2 0waNR onda it 109 13+ 3 =16 Yan, 3 7NN

Transposition NN RIPY Sp-2 2 TNINRD MNN L6.23 A1N
DN2N NYAdND DWW Y (ag, g, ..., Gr) IMND 9D .(DTY) 6.24 THYV

(a1, a9,...,a,) = (a1, a9) - (az,as) ... (ar_1,a)
=F)

Sn=({(,J)[1<1,5 <n})
25, NMana w 2 <7 < n TINRND DIMNN D .(D9TD) 6.25 9N

9N Iwen (7)) v n NN ©I90N  DIMI IPNOYIMP NINY R NND
IPIIVAN YT AN 1HDIO0 YAN NV 07T 7!-1 DI9DNN 7 NN 1TOD W Nyd
MY D DINND 7 W 2D

(a1,...,a,) = (ag,...,ap,a1) =+ = (ap,a,...,a_1)
WD S,-2 T TIND OMNNNN I9DNY DIAPY -2 991DN 190NN NN PONY DD
() =)
2.5, MND DPIVIND DIITON DN NN .6.26 9NN
10N OYIVOND DITON Si-2 INND
DTN AR P - 1970 .1
(12) (34) Svno ot 09N MY SV NYIN N (7, ) DNPN - 2 ITD .2
.(243) Swnv 3 7NN MM - 3 170 .3

.(2431) Swny 4 7TNn M - 4 AT 4
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JS4-2 OPIVARND DTON 90 NN NN NVIVA NN PPNID PNOKN DD HN
255 MND DPIVIND DITON DN NN .6.27 9N
10N DYIVAND DITON S5-2 OO

AT IDN P - 1970 1

.0 DN NV DV MY N (i, ]) DNIN - 2 ITD .2

B TNIND 0NN - 3 IT0 .3

A TR0 o Mmnn - 4 370 4

D TN 0PN - 5 7T L5

.(231) (54) SvnH ,3 TN INND PN OV 199N - 6 ITD .6

1> 5 MY n-n NTIV ATON OIDN W S,-aY 2D v DM

WY YN 7

omraNmMMn 7.1

DWW NN f: G — H npnyn .mman (H,e) (G, %) nynn .7.1 94130
Group D»PNN ONX MMNIN Y

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

:DNVONMMIN OV DNV DINDY INP NI PI)

Monomorphism  H-2 13210 G 3 90X DWW IN DDONWOHMD NIPI Y/NHN XINY D09 .1
J: G — H y>»v o”p DX

Epimorphism TVONDION TDON NN [ D 9INI DVOWDOR NIP) DY NINY OV9NMIMIN .2
Epimorphic J: G — H ovomran o»p ox G OV

image

TVONWOYWIR H-1 G0 XY BOOWOWIR XIPY OY) Y'NN NINY ovammin .3
G = H oy . f: G— H ovommmvr 0»p DX

Isomorphism
Isomorphic

groups .G OV BOOWOYOW NI f: G — G OVOIMIDN .4

Automorphism
DVOMMIPN ,DPONDAN ,DDONMIND ,DPANDININ DV MNYN NN INPINN’OL .5
JNNNNA 0N PN AN N JmInd oraImvINg
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OPNYN NRYP ON PN OXR OVSMMION NN f: G — H Dvammmin 7.2 Iy
gof=idgon fog=idyg-v 10 9: H > G

YT AMNYD .NNYA DVONMIMIN NN RN g IPNYNINY  (NDI) NIOIND IVON
.g = 71 Nman npnyn NI8NY 90N OPSMMON NN f OPINMIMINY NoND
NTY) IPVNIT0T NPIVDD ,NPDOPODT NNON N NPONMIDNY NINID 0) IWON
ANX2AP NYND >TON NOTI NN MNAND NPONN 2D MPPY ON> RO

,DRP9NMIN I ORN WA .MMAN Pa MPRYN NNd SV owa Mn 7.3 99390
N0 NN 3D ON)

NVON ON NNP 7PN NN OV NN 2 = e 290 NATHMN ¢: R — R* 1
20°2A77° D9ONN

M ov9MaN N det: GL,(F) — F* iR .nTv F o .2
det(AB) = det(A) det(B)

D09y DY NPNVOON NXIVN DY HONDND IWAN DY IPNYNNY NOIND 1)
JoovNa (7,1, ..., 1)

YAP) DR IDAN 09D DDA NYR = — 2 290 NN ¢: R — R* .3
»(0) =1

27102 ONXRIN .OVANMION NN 1 +— —1,0 = 1295 NN ¢: Zy — Qs .4
JP9MMIDN AVYNY 10 2 9TON MMaNN Yov nda

TN TIND MNON NND NI OV9NMN NN f: G — H npnyny nT2yn
Jleg) =ey 1

g™ =flg)" 2

2099 NIPNR 0N ONTIPN DYYON .n € Z 939 f(g") = f(g)" .3

Kernel oM NN N NN Jker f = {g € G| f(g) =en} M0 ,f DV YWD 4
7050 NManTRn” Mt nn a0y Tvnna) G OV

Image H 50 nman-nn won im f = {f(g) | g € G} 195 ,f Sv tvmond .5
|G| =|H| W ,G= H o~ .6

DTNV NN ,NIPNI NI ,MPIM) DNVANMIMIN OV IOND NNDNN 7.4 DT
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 OT YY TN 191N NYAPI TPINYD APNYNIY T 7.5 DY
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 PO TN g € G 999 X5 N .oV f: G — H > 7.6 99N

o(f(g))lo(g)

22PN NNNWNN DY [ IR DY) .g" = eg NITHIN 290 .= 0(g) IDI DM

fl9)" = f(g") = flec) = en
O 0(f(g))|n P03 3.4 Nyv 295 19N
ZNPONMIPN YN 4 ATON MMIAN PNV DD ORN 7.7 990

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 '~ 7928 G ORY NN 00N f: G — H o (102d) 7.8 WY
JPoAN H OR P OR 799aN G N G = H oxY P00 .1PDAN

JOOPN im f IR 1O G ORY I OV f1 G — H o 7.9 90

x € 1im f o v wv won (f(a)) Cim f o2 M3 .G = (a) M1 DN
OIMPAN NMNON NN im f 2) f(g) = 2-v 70 g € G TN W DY aNwOd TN
199 .g = a*-v 10 k € Z ovp ooy G-v »an (G v

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

21 S3 = Zg DVONMMIVN OPP ONN .7.10 99990

JPODIS Zig 190N (TPOAN ND DN NoD) TON KD S5 90 ) ND IO
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21 (QF, ) — (Q,+) ovoNmPR D»P DN .7.11 99390

535 f(a?) = f(a) + f(a) V192 ,DYSNMMON NN f 15 1OV N2 KD NN
NPH W AR Oy NN f-w nan .= § 4+ 50020 own e = f(3) woy .a € QF
JS(x) = 5w mon §-5

DINNYNN NN NION NODP

f(@®) = f(x) + f(z) = c= f(3)
A3 ¢ Q » NPNo 1IN 2% = 3 151P YNN NN f-v 9o
tH = (5) <R*wNd f: H — Zs X Zz DYOINPAN DPP DND .7.12 9990

NN im f 03 IN 0PN NN H-v an D f 0”pYw nDOva nN) LN WO
NMANN D NPND R IR dm f = Zg X Zgz D 92p) 199 oy N f DAN ooy
JPOP8 NN Zig X Ly

f: GLy(Q) — Q° Drommmm 0»p ONN .7.13 99390

NNV L GLy(Q) — im f ©18n¥a ANy .mD f 09pw N9OWA o) XY NN
ADODANMION NN f N LYNN f-Y )90 DDAIMAN N 1D WNTNY) DVINMDN
DPN0 RY AN GLy(Q) Dy M9 .wHaN im f 199 im f < Q8 o »

A3 IO PIIR VI POV
2009MMIOIN XN i(g) = gL 29D P TImN i G — G Npnynn NN .7.14 990

NP NN PITAO AINWYY DY YNN NN DNNYY NMNANND NN DPRYNINY M2 NN
5 20 OWN g, h € G Py (OV9NMIMIN NN VD) NDIYAN DY NI ¢ DN

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

JPoAN G ON P OR OVOMMIVIN NN 4 MDD .gh = hg DX P DX D»PN> N
Ainversion 205 »Td N2 NPNYNN DY DY 2R NIYND

99H Vawn 7.2

Cayley’s theorem
.G — Sg ovammmn 0»pY IO .0Man G NN L0D»P VaYN) 7.15 9N

NIPY 129700 NOa 0y TR XX -2 mann nrspnan v Sy qOINA RMOtN
X9Y DMVYLDD HMN3N

g(a) = ga SnnwN 99595 [, € S O Y'NN WSPND NITHIM g € G 95 /MW
MO .ovaMMMIN P-v IR ANN . D(g) =1, 290 ©: G — S PN VTN
0PI g, h € G 9359 NN TN

lgOlh = lgh

33



@ TN OY MO Y0 a € G Y29 DX PN ON NIV NPXPNN
(lg o In) (@) = Iy (In(a)) = lg(ha) = gha = lg(a)
DPPIN N g = [ P YN0 NINY MININD 27D .009mmin ¢ oM
g=9g-ec=ls(eq) =llec) =h-eq="h
] Se-2 nown G P9 ,g = h 195

PMPIY 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)}

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

dg(1) =239 ,1— 2955 ,(123)-id=(123)

1g(2) =319 2= 3995 ,(123)(123)=(132)

L;3) =139 3—1m55,(123)(132)=id

dg(4) =6y99 4 — 6 m>> ,(132)(12)=(13)

dg(5) =495 5= 450 (132)(23)=(12)

1g(6) =51399 ,6 — 59> (132)(13)=(23)

> MININD 1VIMN ONN - IINAY NADNN 290 g — (123)(465) Yon 7o
NOIX N POYP VYN MANAY 2% WY 2(14)(25)(36) o0 (12) nmn
155 < S5 W vV YTV

LSp 29 DNINTANY HONDR 72 ATIDY G DD N3N 7D L7.17 TWROY

2% DNINTHINT? MOWORIR 72 WIDY G HHOYD N3N D 3w F oo L7.18 D IvA#)
GL,(F)

GL,(F) 5% nMan-nnd mammin S,-¥ NN N0 109
GL,—1(F)-2.S, "R 29210 0Mp .G — GL,_1(F) o»ammmm N DN

G = Zg W ,9AR G ORY IO .6 7TON NMan G onn (M) 7.19 990
G = S5 N ,09aN RO G ORWY

MWNY JNIN 8

49NN NPNPNS 2N 8.1

IN2N VNN VAVYNN DX PPOY Uy, NMHANN MY "IN 0avNn

Euler’s theorem

Euler’s totient WY .p(n) = U, 9% 70w ¢ N — N AR 3mSpno (19X 0avn) 8.1 vovn
function .a?™ =1 (mod n) o™ynw a € U,
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©(10) = nx Uyp = {1,3,7,9}-v annn .3 € Uy 199 ,(3,10) = 1 .8.2 non+
3700 = 3% = 81 = 1 (mod 10) :07pmm 1N |Uy| = 4
Fermat’s little

VKT P N3Y APIR VOVD FW M0 TIPY TR (N9 SV JUPN LOVNN) 8.3 VOWUY
aP~t =1 (mod p) v¥931 0(g)| (p — 1)-w DY a € U, 959 VW% .|U,| =p—1

theorem

SY MNINND MIADN PNV NXR 1avN .p(100) = 40 »> 1Y 190 N 8.4 5990
90921 q901n

2wn5 551 8,909 = 9 (mod 100)-v »an .M>pw on 190 mod 1n-v I8 WINS
‘9121

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

1NNV AN DN NNYY 2100-n YIN DN TY DI9DNY p(n) IR D2AVNN TR
DI VONN TIYZ NN OIVPN DIDNN IIDN NN AYND D1 PYAV IIDN NP
Rp)
MPIN NYAINY P9 JN2) DOV T30 DD ,NPPONTIND DV YTIDN VAVYNN 29 DY
M%) L(PPD ITD 2T TY) DPNYRI D900 DY
n=ppst ..

,7129592 1NYWID PNYNRI 19010 DV NPN DY IDNIN NPXPNND TI9)2 AN NYD
:aAVNY P ONMINY
k k k—1 k—1 k 1
e () =p = =P p-1) =p -2

J(a,b) = 1 DN 7185 ,NINRYINA NN NOY MYV IN 2PDN NPINYA VIVYNA IO
93Py BV 190N MY 399 .p(ab) = ¢(a)p(b)

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

1 1 1
:plflp,?...p,]%m (1——) (1——)...(1——)
p1 D2 Pk
(D) (1)
D1 D2 Dk

e ()2 ()

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

@(60):60-(1—%) (1—%) (1—%>:16
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RSA

cryptosystem

89214671999 2019 S MNINKD MAADN NV NX 12VN 8.6 939N

92pn mod 100 Hy93 .(100) = 100 - (1 —3) (1 — £) =40 2awnd Yp W no

89214679 + 2019 = 679 + 19 = 677001 4 19 = (67*°)™ . 677! + 19
= (677099)*" 6771 419 = (1) 67 + 19 = 67" + 19

-2 Ry 199 100-5 9 67) Uygg NMaN2A 67 DV 20900 DX NXINND AN Nyd
DRNYND PINS NNOND TNXD DTOPIN OV DNINONA WInv) 70 TN (Uigg
67x =1 (mod 100)

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

67 5v IRYY NPXD ged (100,67) NN PXI 2NN DTOPIN DIV NRY2

:100-3
(100,67) = [100 = 1 - 67 + 33]
(67,33) = [67 =233+ 1]
(33,1) =1

MOD =3P ,1 =67—2-33=—2-100+ 367 :52p) NMNNXD NANOIMN
.3 NN 67 v 0
22 30 MININNA MI20N NV I .67 1+ 19 =3+ 19 = 22 125

RSA nmas8n nosyn 8.2

N9NNY NVY NYHNPNPN L RSA D398 NOYN NN MMNAND NN VIDYD INNT
DIPINON DY NNIND DNINT IR 2NN NN YT DY NDDINN MNPIVDYON
STOPIN NINPOIN (DTN TIAINND PNV »Ty ,00 PI oY YY) RSA

AN J9IND NYTIN OIORD MOV P)Nyn 22 :HoN"

TING D1192) IRIPN 19N p, ¢ DPNIYNT DXI90DN 1Y NINA DYN :MNNIND NN
pn) =(p—1)(¢g—1) My n = pg ©IDONN NN NIAVYNN NN (DT
o¥192) MAXNY TIYNN NIPIWY p(n)-2 NN e > 1 790N NIMIA NN qoNa
50 d 993 M0 NN NN (NN JOP T 90N N 65537 = 216 + 1
7900 NS NN MDD AV OTON NNANN IR MY Uy, NMana e
N .ANMMN OTOPIN DIPINON OT DY YN de = 1 (mod ¢(n)) 0»pnn

D0Y MND TNY PRY 2OV

NNANN NN ,)O¥IN NIDND KO TN ,PHON 19N NN DON 9992380 NNNH N¥ON
NNYS TIDA NIV NN d TIDN NNANN NN .(021Y9 IN) 12D (1, €) " NIN
D0Y MND TNY PRY 2DV T O
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NN 0 < m < n OPPHRN m 90N NN DOND M NyTin NOY 212 :M9aNN
YD 90N W PRI JAINA ¢ = m€ (mod n) MAXIN NYTINN DR NOW

NSO 91 25w MY MYTN Yv
¢ = >N NNONN NNY2 m AYTHINN DX VAYD DN IV
.(mod n)

3
Il
Il
3

p = 61 NN SVND DN DON TIND DIVP DI90N DY INNT 1N) 8.7 NHNY
VNN NN . = 537

= pq = 3233 pn) =(p-1)(¢—1)=3120
NN N9V OTION NNANN .p(n) = 3120-5 Mt 1RV e = 17 MasN TIYN ININ NN
d=e ' =2753 (mod 3120)

NN NNANN NN DDIAN NN DIVINONI DNYNIN DADVN Y NN DPDY » T
(n,e) nHv
DYTINN IN 2V XN OONRD m = 65 NyTINN DN NDYY N 212 N
MONIN
c=m'"=2790 (mod 3233)

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

M2y MOYWA MYYNo 01D NPINTIN MPN DY 0»»aN »25va 02NN

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

MNP DAY 29 Wy mlT 2wnY Swund L(NPNa HAN»A INSYN D) NNIPIN
22N POANDI NYPINTIN MOAON 17 — 1 = 16 ©opna 195,17 = 10001,

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

m)® =992 (mod 3233)

) = 1232 (mod 3233)
9% = 1547 (mod 3233)
m®)® =789 (mod 3233)
m'T =m (m®)® =2790  (mod 3233)

3
|

3
Il

3
Il

(
(m
= (m
(

MPYTN NP0 9PN N (NNHINNY NNYNT NNY) m-2 VDD TYUNIY 2D DV
VI IPYY NP .NPAON T90ND D2apn Nt ,N2I2 NOYN YNNI 19N ,100015-2
NOVIVAN NINANA YDONPI

r (ngJ)Q ok
" m(mm)2 AN ON k
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Discrete
logarithm
problem (DLP)

Diffie-Hellman
key exchange
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Carmichael

number

Strong witness

Miller-Rabin

primality test
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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| _

= =7
K]

[im f| = [#14/k]

JK| # 25 903 20 X PONN PR T-v )90 21w

H = 10Zy nMAN™NN NP2 .td D09Mmmin o»p 00 NN L|K| = 7 or
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
(OPAIMMION
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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(@)

VP9 ,9Z (G) € G/z@) ,nyd .(MMAN~NN H¥ MPYNNN TR NN NN D D)
‘ , YNV ¢ OVP
92 (G) = (aZ (@) = d'Z (G)
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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
J2D) SHMO BHOWDWIR NIPY 7, (g) = aga™!

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

nMan 20 Inn (G) 29900 71 = 44-1 ) 7,09 = Yap 22 VI 11,10 930
.N2290N N2Ys DYy

0»pm g € G 955 DHNOW
(Ya 0 ) (9) =Ya (3w (9) = a (bgb™") a™" = (ab) g (ab) ™" = va (9)
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

53



(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
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