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Divides

Euclidean

division

Greatest common

divisor

Euclidean

algorithm
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(7,0) =
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Least common

multiple
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Congruent

modulo n

Congruence class

Chinese
remainder

theorem
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a’” NNt RPN a = b (mod 1) Nt O PO .a = b+ kn-v 15 k € Z 07p MOd
N ATm b-5 Dpw

M0N0 PDOPOST) MPPY DN NN 1 INTID MOPY (120 NNDN) 1.16 THYVD
,a =b,c =d (mod n) DX MDD 2N DTNV 1 INTIN NN DD (VIO
a+c=b+d (mod n) on ac = bd (mod n) N

Ly, = Z/nZ = Y202 923pN 1 INTIN MPPYN MPSNHD GOIN NX .1.17 DWN s
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.4 VIV NI PN IYRD DIYN @ W’o1 [a

.333333 H59 NNINNN D790 NN INYD .1.18 9990
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195 333333 = 3333 . 111333 »5

111=1 (mod 10) = 111**¥* =1%* =1 (mod 10)
33 = 383+ = (3.3 =81 .3=1%.3 (mod 10)
333333 = 3333. 1113 =3 (mod 10)

.3 NN NNINKD NI90NY INOM)
b6l =1 (mod 234)-v 75 0 < z € Z Wy (1t v ON) 1.19 59590

MINYD PN NN 1 N 6lx + 234k = 1-v 0 k€ Z ©»p PN 280 WO
195 .(234,61) = 1 >3 1352 NN YN 295 23441 61 HW (Nt NIPNA HIYN)
29N 295 DY INYD NP NNNN PN DY VAVYNN Y ONTPNN ON ko
YIOVIPN 0D PVIANY 1) r = —23 (mod 234) 195 .1 =6-234—23-61 oMp

=211 902
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13 .sn+tm = 1-v 13 5,1 € Z n»p AR ,(n,m) = 1-¥ 2910 AR K7 DN
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bsn+atm=atm=a-1=a (mod n)
bsn+atm=bsn=0-1=b (mod m)
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PN PINS
O 202N 959N AN nm TN £ Y MTHN NN



Binary operation

Semigroup

Associative

Associativity

D WD =2 (modb) onz =1 (mod 3)-v 70 & € Z Ny .1.21 DNt
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OPPI PR .2 = 1-(=5)+2-6 =7 NX 7INIY IWIX 2PDN NPINYD LIVYN 99
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MIRNYOD NDYD?

r=a; (mod my)

x=ar (mod my)
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MNNWNN NV DR 199 (15 =0 (mod 5) o0 15 =0 (mod 3) »3) 3-5 =15 Yv
Yy =7 (mod 15) nnN AXNWNL 9o\ y = 2 (mod 5) ,y = 1 (mod 3)
MY NDNA PPON NPIRYN LIVYNI WHNYND IWaN 199 (15,7) = 1 >0 25 oW

2N MM y = 52 0P T MINNYN

0”002 DMHIYN DN 2
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M0 NN N0WN D NN LS-D NO»Y a x b P8pPNaN

NX2PN D230 (S, %) MIION NN N (NSNND NNIN IN) DTVX .2.2 N7
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(axb)xc=ax(bxc)opmm a,b,c € S 935V
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Identity element

Monoid

Left invertible
Left inverse
Right invertible
Right inverse

Invertible

Inverse

Group

NN YNNI PONY 20N DTN NN S 0D NN INPY DYDY 2.5 DWW N
,a - b W ab MONT D90 MO YMDN NOWOIN DAY DAIPNI LNPIIONRND NOIWYNN
A’ DN a DNYI N DY aa. . .a 199N DIVID DIPN

DPPIN @ € S Y59 DN DM AR NIPI e € .5 TDR .NTON (S, %) 2NN 2.6 N1
axe=exaq=a

AUND e DTN DR NOYa NTIR NN (M, *,e) (NTN IN) DRMD 2.7 99710
NN NN M 05 NN DIVA [, IWPIN N DN AT AN NYIYaN

DTN AN 2D ININ e DTN AN Oy PRI (M, *, e) 77 (INXIND) 2.8 YD
e=ecx* f=f 0PN IN DT DN ON e, f € M OX N TR NN

DN OPP DN IRDVWY OV KA @ € M AR PRM (M, *,€) 1 .2.9 N1
L@ OW OIRDY DO R b M NIpna ba=e-vw o be M

.ab=e-v 70 b € M 2R 0”P OX YO ON RIP? a € M IR ,0MT 19IN2
.4 9% MHDY DN RIP b Mt NIPN2

DO NP b Mt NIPNA ba = ab = e-v 5 b € M 92K D”P DX ON NIP? TN
.a v

TON a-v NI P ORNYN TN DR a € M o J(NNRNIND) 2,10 9N
LT RN DY DN

DM ¢ NN L(ONRPDYN TON @ 2D D OYP) a DV INVII ONNY 2O b N WIS
.a 9V 09N NI P ADRY PON b = ¢ 0 IR L(NMT NPTNN) a SY invdd
:DNIN ©I2YNN I TR D3 P>INNY DYTY ONN D INT

c=exc=(bxa)xc=bx(axc)=bxe=">

D) JNOND LMD N DMV @ DV DPIONNYN D»INNN DD DY 0»INNN DD 12O
a1 ymon R N DNNY

291N ANV 1D YWV 1O IN L INNDYN NI P TN P NIN DN ORY 2D Y
(OO 719N D)D) TRNR 2N

AN NN AN 92 12w PRI NN (G %, €) N3N L2.11 DTN

T8 NMAN 20N (G, %) PIDON NOIWNY MOIND MM Dy Dyd NATHINN 29
STON NI DN DOV DTN AR OYPY TP NIN0 NNk N2IWON 2D MNIND
DTN <= PRI <= NNIAN 0PN D MDD

MM N51 .0 NN N DTN ADRY AMAN NN (Z, +) NOIYNn L2.12 At
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JN2ND DN T V90N HY



Trivial group

Group of units

General linear
group
Abelian (or
commutative)

Abelian group

Sv NNN Nows oy (F,+,0) nx (Cix R ,Q Sond) nTv F o> .2.13 nnnt
n X m 97N MINN GOIN) (M, (F),+) D) 1T 19X 0NN NN NTYVN
DONN NYIVN NIN NTNN IDN .NNIN NN MYPIOVN NN NS BY (F Oyn

TR NN NTYN OV D950 noya oy (F-) NdIwnn .NTY F o L2.14 Annt
1 RN DTN AN (279N XD ) 1NN IPRY

oY aman 0 (F* 1) wr JF* = F\ {0} oy T F o 2,15 Dond
0N M) PRI P NN DNHY D901 SV N Y900 oy (ZF, ) ndnN NN
(21 029NN DMIND

NP W ANAND .NMAN N DIND DDV THAN 12X NHYA NNAP .2.16 ANt
TRV N3N

OIDN M a, b € M v PR M o (O02900 DIDND NNIAN) 2.17 AT
NI DMNN ADND )ON LTPRINNI AN NN a - b DY N, 29N 0N a,b DN
1IN0 NP AN TRMN D900 DIDRA 93 GOIN 125 (a-b) P =b"1-a™!
LA NIN 2 AN DY ,NTHN IR DX D201 DN QOIND 30 1D .I0ad oA
N2WAd ON’2 NN INNN TRIMND D229NN DIDNRN GOINY NN NPTPD MIPON

U(M)-2 % nMan yo) .nnymsnn

MYIVN 993 BY 1. X1 ITNA NPYWHN MNIN 5w (M, (R), 1) noynn .2.18 9730
VY D900 NNIAND . TRINN NN

U(Mn(R)) = GLn(R) = {A € My(R)|det A # 0}
R Syn (n NOYNN) NI MR DNIND OORNP

(PPN IN) IR NN % 1 G X G — G mMPNRT N0y D 0N L2.19 N9130
N NaM NN (G, %) OX .axb=bxa 07PN a,b € G DIDVR NV Y35 DX
09 5V MY DY RXIPI IVIND (PN IN) MR N3N NN GO DN, NPDAN

.(Niels Henrik Abel) Sax >0

n > 1 My moar N (GL,(F), ) nmann .07y F o .2.20 Dnnt
JPDAN NMAN NN NDNIN DNVPY NN N2 DY TN V NP 2NN .2.21 ANt

DN ,OUnD .99 MY NNYa N2 PTIND AN A0 NIXIAP NAY .2.22 WD
Y10 S = {a,b}

x|lalb

a|lala

bbb
DN N2 PR D PRI NPR NN TR LTNDP A9YAN 0D DTN N (S, %) NN
NINOD WPANN 22 bxa = b 9aAN ,axb = a D 9N KD NNV 2D DY AT
2101 NMAN DAPNNY NN PIRY PRI DAPIPY 7D S May Dad nimb
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Distributive law

Symmetry group
on X

Subgroup

NTY OW NITIN DIPRI INDID TPINYD NIONI 0NPA (T W OR) 2.23 WD
ANPO 9N PRIV MIATHINN NNYD .MWIT HW IR 1w nH9ON (F+,-,0, 1)
nMan o0 (F,4,0) ox 07w 20 F oo mny JF* = F\ {0} oy .amx
OYPMN a,b,c € F 959) 1290 pin oy o> n nan xon (FF - 1) aon

Aa(b+c¢) = ab+ ac

ONRNVN TN IPRY PN TON TN I WY TRINND OPP ORN .2.24 999N

X-n Mpnynn n¥ap Sy 95N0) .ANap X RN D PRI 132) .30 NN
AN RN I D200 NMwad ova XK = {f | X — X} mamonn mnsyd
M NPNYN NN 2 DTN

PIND) DY NYXPNAN DN P 02900 YNNN NPEPNSN ON HNNYN 0239110
PTNYS) M0 NYno X NN N2 OX NP> NN (D770 DPOINSIN MIYON NN
X ={1,...,n} or .Sx 0mMom X % Moo od M3 oxNp U (XY o) nmany
MY ONNYN TN DN DD 1PN S, MDA NHY MPIVHION NNIAN NN JIDY D1PN
(oA NO NMAN N n >3

ANV TPSPNN YHN NPRY DY NP Nivnd S X = N Sund nipny oN
9aN ,u(n) = n+ 1 5w ,prn 209N v v 8pNad d(n) = max(l,n — 1) N
DINDYN TN 1D PN

nZ ={0,4+n,£2n, ... }-215% M50 NX JID) 0DV 190N 157V .2.25 VWM IS
AZ ={...,—12,—8,-4,0,4,8,12,...} Swnd

M Zy, = {[a] : a € Z} ;n 191 m»pwn mponn qoIr Dy HOND) .2.26 NNt
Y200 HNNY PN IWND [a] +[b] = [a + b] YN 200 ITIN 1 INTIV DI NN
NPONN DY 1N NN a) MIPPYN MPoNN qOIX DY NOWMAN FPINYPA N2 NI +
MNDNN DO T PR PR (NINKR MDPY NPONN SV 1N XN -1 INXR MY»pY
ANNDY a + b Nay MY pwn NpdSnn Sy OOONDN MANNDY) D900 DY NN

M»PYn MPoNnd oYX N2 TPYIANR 1NN NN (Z,, +) 2D MRID VAN
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MN2NN DY SV NPOINM NPNDPN NYIAN NPYOIRM NDWIN NPNDP .([a] 93D
[n — a] N0 [a] Sv »29900 128N 09NN

1] D 2R DY NENIDP MY M0 DY 2(Z,,-) 2230 MY ) N
an (Z5, ) orn Z5 = Z, \ {[0]} y293 22990 PN [0]-5 00 nMan &Y N
1991 ,[0] € ZF na1inn 295 L[2] [3] = [6] = [0] »> Yapy Z§ May Hwnd .n1ona KO
ADTHRR XY 129N IM9D) NMo IR (Z;, )

mMan nn 3
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RPN {e} < G 2Tm 9INA MMIANTIN NY v G AMan 935 .3.2 At
Trivial subgroup G < G, 0IRIMVD DN3NDTHIN

2 9% MMANN™NN 92 ORY NN VNN .nZ < 7Z ,n € 7 939 3.3 NNt
nlm o PN oX mZ < nZ (237N2) 3.4 IONT

DIVNN :Z-21 NV PN Zy, 03 - (Z,4+) 5% nNan NN ION (Z,, +) 3.5 nant
D900 DN Z-1 IR DN ,MDPY Mponn on Z,-2

22N OR (Zy, ) 03 = (Zy,, -) 5 7995 nMNAN-NN NN U, 3.6 Nt

MY N2 Mmyan 0o - (M, (R), +) Sv nman-nn nyr (GL, (R),-) .3.7 noany

AN NP NN H C G onn (ARSI — NNMAN~NNY PN 11PI0P) 3.8 Y0
DNYPNN ONAN ONINN MY OX P OX G S nman-nn H

eeH 1
i -hyt € H oy ,hi, hy € H 952 2
P DTV F o 3.9 Dyn
SL,(F)={AeGL,(F)|detA=1}

Special linear IMRNID DNIND 1Y ONNP .Nan-nn N0 SL, (F) < GL, (F) » womn
group 0 TOHOTY HTHVHH

NANTNND PN PIVIPD NP DONON

detl, =11, € SL,(F)>» a2 .1
)N AB t e SL, (F) Yy .A B e SL, (F) rmn .2

det A _1
detB 1

AB™t e SL, (F) 99

det (AB_I) —det Adet B™! = =1

O GL, (F) % nman-nn o0 SL, (F) 2900 910790 295
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499N DMan 4

Multiplicative AR N3N DX DT .1 TN 5950 SV NIPNN DR D8N0 I PTY 4.1 INT

group of integers  TANND DY MW DY MNIPI )0 .0 DT D950 ndwa v U, = U(Z,) nvnd

modulo n .(Leonhard Euler) 29~
:([0] N99912 Y PNV [0]-n ©O5YNNA) Ze YV 9950 MY NN 123

QY = W DN —
O x| W DN =] =
=N O DN DN
WO WO W W
DO | O DN |
=N W | Ot Ot

P 1720 220N 199 PN NKIYAN) 1 DMAY WYY 1ONR DN D29NN DIDNN
Iy Sv N NN [5] e npna Us = {[1], [5]} 995 .(mMv 97 x mTny

Up = Ziy ™ pNUNT 1900 NN p DN 4.2 WD

0D L(n,m) =1 DR PN ON [m] € U, IR .m € Z 1 (IRYINNN) 4.3 YO
N=D DRN OIADVRN 93 0N (Zy,, -) TRINNI DD9NN

Uio = {1,5,7,11} .4.4 e

N0 W 10-5 N 5 NINK DY, Zqp-2 099D 209N 5-D OV KD 4.5 DT

0919 5

Orderofagroup 0’292 .NNAPD NNNNY NYND G OV NIOD X VTN .0Man G onn 5.1 9910
G| ANt 203 .02AN2 W DN NND NNV INY

n 9939 a = aa...a DAYNHN APINN NN DI OO NNANA 5.2 DWW DN
NYPIAPN MPIN YN NPIOY MDD na = a + -+ -+ a 29 NN NNANI .0y
.a° = e 5 DOYM .a YV MM YV

Order of an Q90NN NN AR W VTIOD g € G AR X AN (G-, e) NN 5.3 0910
element g Y% ATONY DIMIN MO n PN DN .¢g" = e DYPNNY D IN»a OPN n OYaon
TR ADRD NN L1 NN DTN DR YV ITON 7NMAN 952,079 PPN NI

gl omyan o(g) = n Spn o .1 170N

o(1)=005)=6,003)=2,0(2) =0(4) =3 ,(Zs+) NN .5.4 NONT
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oM9vnN VR ) Uyg = {1,3,7,9} 22 15t .(Uyp, ) NM2NN DY H5N0) 5.5 Nnnt
:0(7) M 2wN) .(00N 02V 10-5 oNN

77=49=9 (mod 10)
=7-7"=7-9=63=3 (mod 10)
"=7-7"=7-3=21=1 (mod 10)

0(7) =41
R 5yn 2 X2 5100 mo>ann meaonn nNan - (GLs (R),-) 5y 95no) .5.6 D0t

0 1
b= 1 1 5¢ 970N DN AYN)

(4 ()
e (4 ) (26 )

0(b) =31
o(a)=o0(a"t) ,a € G 939 N .nMan G NN 5.7 990
:DPN NIV PONY DNOW
JPURY @t =e 199 o(a) =n < oo ) 1Py
e=e¢e" = (a_la)n = (a_l)na” = (a_l)ne = (a_l)n

(ab)™ # 993 19183) DAYNNN a1 @-¥ T2 HY DDIAN % T2IYNN TUND
0@ <n=o(a) P9 ,(a™H)" = e-v VAN .(a"D"

91p) ,a'-2 a IR PONI OX VN IPNVN-NR N IND PIN Ny
PN W 330 o (a) =o ((a‘l)_1> <o(ah)

VRN 7PN 095 o (ah) < oo NPHwA P o (a) = oo M) .2 PY
0(a™) < 00139 PN WM o (a) =o(a!) < o

]

NYOPIS MMAN 6

Cyclicsubgroup N7 @ YT 9 TAYND MYPSD DNIMY NN .a € G o ,nNan G NN .6.1 11N
generated by a nMIaANN~ NN
<a):{ak‘k€Z}
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Any ={kn|k € Z} = nZ n € Z My .6.2 mNT

nIXN G” 0 N R L,G = (a) OR .a € G AR O 1NN G ONn L6.3 N910
Cyclic group ATP03Y0) P N3N G-D RPN Ya 0T DY

(NPTND) N9I9DD MINND NI 190N DD 1PV, 1T Dy NI (Z, +) NNIANN .6.4 NPT
NN I8P —1 0) DVND TN NN 22N RO NPOPIN 1NN DV I8 1D 20 v .1 SV
Z

P W (Za,+) DMIANA D IRTN DO NN (Zy,, +) = (1) nMann .6.5 NNt
DNV YR W (Z1g,+) NNIAND D IRTN (99D NHAV ST DY N”I) TNXR XY
JPYT NPT 07NYaY ovNT (3,7) DINRD L(—1 =9 on 1) o2 T 7w

770 NI DN YV AToN o1 o(a) = [{(a)] R .a € G o 6.6 WD
NP NINY NMANDTNN

NNIN DI .ANAND ITO XIN TPOPPN NN XY DY TON 2D 20 MW 6.7 THYVD
MY 5] = 2 < 10 = |Zyo| XN O ATON 0 A WK 5 € (Zyg, +) 2D DYV
54+5=0 (mod 10)

JPOAN NN TPOPIN NNAN 9D 6.8 THYV

9192 = G2g1 "8 g1, g2 € G vy .G = (a) >3 /I, YN NMIAN G ONN DN
DPPNNVY NN g = a/-1 g = a’ DNIAYVY 1, ] DNOPP 1PN oy G

i+j aj+7l

gi1g2 = a'd’ = a =a’a' = gagn

]

Usg = {1,3,5,7} 5y 95103 Swnd .Yy NN 1POIN 1NN 9O KO .6.9 NNt
0N 1 DYRY DADND D) 4 7TON DN NN ANIANA PN 2D, MOPIN 1NAN KO 1
OpTa - 2977010

n-th roots of N C Syn 1 ATOY DN WNW NP .6.10 NNt
unity

27k
QTL:{Z’GC|Z”:1}:{cisi k‘:O,l,...,n—l}
n

2T
N0 Q, MY Q, = (w,) 93P W, = cis— WO OR .C* Dv nMan-nn »

n
Wy YT DY NN DOOPN AMANTNN

JPOPN NN GOV NNANTNN 90 IR L, ON G ORY INOIN L6.11 THYV
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,al NN o0 G-1 oD 95 .G = (a) 0oy .Man nn H < G onnoanon
2N NN 0N H-21 0928 DO 0) 1PN

JON LH = (af) oo nx .a® € H ynayw ovrnn 19onn s € N o
DMIAYY 721 ¢ DHOP ,IPINY DY 71NN vawn 99 .af € H ymayw k € N o
N0 0<r<s,k=qs+r

a" = a®t" =a® . a" = (a*)" - a”

5935 M) a” € H 03 99 ,a°,aF € H Yan .a" = a* - (a®)”? ,mInx o9 na

L0299,
99) 0 < r <sona € H» - s 5 nronynd npno wop r # 0 OX
O 10 ak € (a®) 199 .s|k wom k= gs ,m95 - = 0,399 .(r nPNa

n € NU{0} w3y (nZ,4) vWI3 W (Z,+) 29 MNP IN .6.12 WP

DN PN ON a” = e 7P .a € G 0 ,nMan G NN (NRYINNN) 6.13 THYVD
0(a)|n

d <n 9% N o(a) =n < oo MmN .a € G nMan G NN .6.14 99N
R3Va L

N

€ 7,02 NVPin wyw moyan)
(d,n)

O 09 .nldt ,6.13 Mo 095 ¥t = e Mo> ,(ad)t = e M) DYYN
n dt
(d,n)1(d,n)
n
Il AN D ,m‘t VNN DN NNV D70IN a5
,n

n d
( ) =1 DIV TN VTN - DMNOY DI9DN DY)

o0
Roots of unity AN Qe = U Q, DD WY NP NN DI (Pt v ON) 6.15 9N

n=1
(NN NIONA XY NI MNAN TINN) 995 13D NMan NN O .1
L0910 TN NN Q-2 TR DD MD) 0 (1) < 00 ,x € y 99 2

JPOPN8 NN Q.3
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Torsion group DOV N3N DNNP N0 1T0N NN TN 9D Nav 1D NNand
N

7025 990 .CF 5 NMan~nn NNY NONY At T Dy NMan Y o L1
Nt NIPNY) DMANTNN NN POAN NNAN OV N0 TN DIADVND GOIN
90 NN PYTA NN NNV NI Lo NN 29D (D190 NNANTNN XA
12N 199 ,C* Harn NN YV M0 TN DN
g1, g2 € PV 0P RO NN 199 1 € (g 2D MO NITHN 2991 WNON 19N
I,k € Z My 202 .go € Q, ,g1 € Q, OMAYY M, n NP PO L),

OMONDN

. 2mk 27l

g1 = das—-—, go = CaAs—-

m n
Ay

27k 2@l (27T/<: 27T1>
g1g2 = cis—— - cis— =cis | — -
m n m n
2w (k l
mn

g e, COyp DIIN,g € £, DX NV ,NNI2 NN 229N MO
NV TINKR AN 190D 191N ,MNAN NIVIY DY TINRY 12T 0t v ON)
(.NMan NN ,mMMan dv

O0()<n o0 2 e QM n ovp z € Oy 930 2

Qs TN N0 D Qe OV NPOPISN MNANNNN OO , 0PN PYon aY .3
AN DNRD MY RONY 1ON» KD 1991, 190N

DIXY G-21 DR NND .1 ATON OPN NNAN G NN (1T ¥ ON) 6.16 N
G NN

AN .G = (a) 2 ) NN

n

G = <ak> <:>0(ak) =n < o)

=n<=(k,n)=1

UL 0 G nX D810 028N 1900 )0

MMAN YV N nNbasn 7

oY MDaon Y515 ,1an DNaNd .MN»P MMANN MYTN MNIAN DY NAIWN M2
PV NPT NPPORNNN I NN (H, e)-) (G, %) NYNN .MmMan mmn Ny

GxH={(g,h)|geG hel}
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MDD ,109-200 G X H Dy © n9ys 1T 7.1 YWYV

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

(External) Direct N .H-1 G 59 (IMBND) WD 2729000 NNIPIN ,NMan 0 (G X H, ©) N
product (eg,em) 0 G x H-2 nnon

VAN NN 00T Ug X Zs Dy 9on0) 7.2 Dnnt

(3,2) ®(5,2)
(5,1) ®(7,2)

(3-5,242) = (15,4) = (7,1)
(5-7,142) = (35,3) = (3,0

(1,0) N0 197030 NN

22v1a - DX DY ,O-1 G X H 5v nDyan NN 10O Dipna pwoyn 7.3 D)
NN

2(n > 2 M) OIS Ly, X Ly DRD 7.8 99390
JON i ANY 939 NN (a, b) € Zy, X Zy, AR 9D DY ATONY MO IND NN
(a,b)" = (a,b) - (a,b)---(a,b) = (a+---+a,b+---+b) = (na,nb) = (0,0)

m < n n1ona L(a,b)™ = (0,0) 1AV m 9PN 90NN NN ATONY NP
AN D00 NN Zy, X Zip-2 DN 9D OV TON 00D

N | Z, X Zyp| = 0% 0T T30 MO 00PN APN R/A NNAND 0D P03, NYd
1NN 399 ,MD PR TN .n? TN DN N ALY AR Z, X Z, NNMann
JOON NN

JPOPN NI0N2 NYR NPOPPY MMIAN DY NDAONY AN OTIPN 223NN 7.5 WD
JPDAN NINYI NPOAN MMNIAN DY NDaON NN NMYD

(A9taN N8P YY) MV NNaAND 8

Symmetric group N 72 DNTY HMVDIDD DHN3ND .8.1 DTN
Sn={o:{1,2,...,n} —{1,2,...,n}| o is bijective}

- TMINX @Y ,Mxyd {1,2, ..., n} NNAPIN S Y'NNN MPRYNN 93 GOIN N
N2YaN AWNRD ,NMan X0 S, {1,2,...,n} 099000 SV 9TON MPY DD qOIN
NIPY S, OV AN DD MMN IPSPNS NI DTN QDN NPIPNS NADIN NN
Permutation AONON

oy X NN 0900 NN PrTa NN S, NNIAND (P v ON) 8.2 YD
X ={1,2,...,n} 9wrd ,n2570N Ny

18



Cycle

Length of a cycle

Disjoint cycles

0(2) =7 ,0(1) =i nMsm NN o € S3 1R .S3 NN NONTY NP2 8.3 NNt
MNP IO A Mo i, 5k € {1,2,3} IR 0 (3) = kA

(123
7=\ 5ok

:S3-21 DIDNRN NN YNNI 21N

o 1 2 3
.1d—(1 9 3) A1

1 2 3
.T:(Z 1 3) 2

1 2 3
.0:(2 3 1) 3
02=c0o00 = 123 q
) 31 2)°
o — 1 2 3 s
OT =00T = 39 1)

el 23y,
.7'0'—7'0'—132.

TR S,-9 WRN? 99 BY ROV .07 # 7o D IR IR S3-v 37 DWY) .8.4 MHROY
JOIR R RN D 1 > 3900 P

NI o (1) PR NN AMAYORD 190N OR |S,| = n! N 3TN0 8.5 DD
TY ,02WNN 75 n— 1 X0 o (2) NN NN IMAIVAND 90N [, TD NN .0
951 TO2 .1DINA ROV PNINKD ADRD L1 NN 0 (7) NN NN NMMIVARD 190NV

JSul=n-(n—1)---1=nl

SV MAadNN YV TNN Dyn MIMSNN NN NI S,-2 (DY IN) IWNY .8.6 N9T1IN
(DN8YD DNYYI DIDNN INYY) A > Qg = A3 >« = A > A DY DI90N
(ay ag ... ag) MOON DY IIRD (a1 ag ... ag) NPPA RN DMINN IR ©2AMD

Kk Non

1 23 45
‘\1 4 3 5 2

) 7MNN AR P80 (45 2) mnnn ,S5-1 8.7 nnnt

DINRAHV'I THNDD IWRD B DIRNY N3DIWND DAMMNO7 THIHM DNDN 72O 8.8 VovU»
AP IR BHYY BIY GIIYD 10DV BI? PRY BIRNY ROD "Dy
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DYy D2IVN 199 ,(2WNTN) Nt DY N DAONNN O DINNNY 20 MY 8.9 WD
NNY NNNN 0Y DX2IVN AUNND INY DOP DINPYD P DINNN

(1 2 3 45 67
- \4 731526
AMNND DY NAYD DONNDY 90N DNPID DT DINNKD NDIOND NIMN NDD

DWNo a2 D nnnn

1D .o :S7-2 NNaN N7MNN DY YOND) .8.10 NPT

l—4—1

YNNI ,Td ©wNn Nyd (1 4) MNnn IR 1D P 0NN T DY NNOA IN
NN 190NN
2—=T7—06—2

,0NNYD O9N DIADNN INVY 10 DWI  .NNOA (27 6) MmN DX YIAP) N
PN ,5 = 5,33 Mmd>
c=1(14)(276)

NoWN o INY P17a9 1901 95 Sy Mayd ,NTINN 299 N9 AN .o NN avn)
22y ,D90NNN DX DINRNNY PP DIAN NIMN

o2 =((14)(276))°=(14)°(276)°=(267)
20(0) ym kIR0 mnn o € S, o .8.11 999N

0(0)=k»mdn 0= (aga ... ag_1) POI WINO
TIAYY MY WaND kTN OPTYRA 259 W) 0F(ag) = G4 med k-Y DPPIN
O”PPIN a; 939 :oF =id > M3 YN H0,1,...,k—1} noa
k k—1
0" (a;) = 0" (ai1) = =0 (ai1) = @
DN 92K .90 oD M (o (m) = m ) oF (m) = m ;m # a; 999
ol #id s ol (ag) = ap # ag WL < k

Mponn 9

PN g € G Y930 .nmannn H < G onm ,nman G onn L9.1 DN

Left coset gH ={gh|h € H} C G NN H 33 g 99 MIRDVD dpnod e

Right coset Hg={hg|h € H} 20 H 3% g 7% 7MY dpInod e

.G/ H 2093 nVONNDYN Mponnn qON NN

20



NMaNN NN Yy YonoNn ,G = S3 DX NP2 9.2 It
H=((123))={id (123),(132)}

:G-21 H S5v nvdxnwn mponnn

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

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

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

:H = 57 5w nvoxnwn mphnnn Yy 9onon G = (Z,+) DX N2 9.3 nnnt

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

24+ H={.. —8—32712“}
3+H={. ~2,3,8,13,...}
4+H—{”w—,—L&&MP“}
5+H={..,-5051015...}=H
6+H=1+H

T+H=2+H

D) ,Z-2 BZ 5% NYORNDY MPoNN vnn ¥ 950 703 .INON 1)
7)52 ={H,1+ H,2+ H 3+ H, 4+ H}

mpomn H = (2) = {0,2,4,6} Sy 9onon ,G = (Zg,+) DX NP> .9.4 At
N NYONNYN

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

2992 19N

H, ifa=0 (mod 2)
a+ H =
1+ H, ifa=1 (mod2)

G=HU(1+ H)-v 215 oow
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Index of a

subgroup

(NPIPN IN) NPORNVYN MPINNND NNNIY MINDNTIN MIRID NIV 295 9.5 WD
YT DY MANNN MPONNN P2 PNYN 0N 70 Oy 0N .G OV gy My H Sv
M2pY 0N 0 G-1 DIDN NIV

Nwwn aH = bH mponn ya yyw H < G nmannm a,b € G May Mmoo
NI VAYNN NIAYA NN DOV (ODPY b-) ¢ av) H Dy mdpvw on

W a, b€ G 3NN H < GHom 03N GOon 9.6 voup

a € Hée= aH = H 0191 b 'ac H :oN p1 OX aH = bH .1
g HNgH =9 W g H = goH 0»pmm ,goH- gt H mponn »nvw 935 .2
a,b e G939 |aH| = |bH| = |H| o7pnn .3

Ao, | ) gH =G G 93 mn mpbnnn 93 v Miorn 4
gHeG/H

NYRIND PYON DX P NN DTTI NPPONNNN 29N NYYND N (71°20) DR
DTN AN NAY V19 .ah € bH b € H 939 7N aH = bH oN (<)
NI5N2 Y ,a = bhy € H-v 75 hg € H 0”pv yan XM .a = ae € bH

b7ta = ho e H

.a=bhy 35 .b7ta = hg-v 75 ,hy € H 0»p nx b~ ta € H-v noy (=)

ON YA .aH C bH Y25 ,ah = bhoh € bH-v o»pmn h € H 550 ,nny
O .0H = aH n1on2 135 .0H C aH-v 19N IMNA 9apn b = ah, ' 7N ,a = bhy

Y {gH | g € G} nyoRnYwn Mponnn a2 Sy ¥Nn NRRNND DNYP 9.7 WD
((Hg— g~ *H) a5 {Hgl|g € G}

gH — (gH) ' ={(gh)" |he H} ={h g7 |he H} ={k¢' |k € H} = Hg™"
DI MPONNN 190N MY NPONNPVYD MPINNN 190N 129

NIP) M 190N LG - H] yova G-2 H 5 mponnn 190N NN D03 .9.8 AN
.G-2 H 5% DpIORd

APNIY MINDNTN 29 DY .9.9 T
Z:5Z] =5 1
1S5:((123))] =2 2
Zs: (2)] =2 .3

|G : H] = co-v 75 ,H < G nMan~nm G nNan IR .9.10 9590
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Lagrange’s

theorem

Euler’s theorem

Euler’s totient

function

Fermat's little

theorem

H =7 nan-—nm G = (Q,+) »nn "o
WN DIDRY MPONN2 a1 a5 0 2 0 ag, az € Q ©72v 1Y Np»
-v 92p) oY

{Oél+0,061:|:1,041:i:2,...}:alH%OZQH:{042+0,042:i:1,052:i:2,...}

, 1 925 0 2 Q-2 0190nn mndd MmNad X0 G-2 H Sv mponnn 1901 )00
JPONDPN NNV

|G| =[G HI-|H| ™ oWan-nn H < GHam ,onan GHoan L(HXD) 9.11 00wy
DNIND TV ATOD IR PINY IN3NTNHN 7Y ITOD 0D N3N N3Y .9.12 WHPOY

G|

— =[G : H|

| H|
o0 o(a) = [(a)[-w »ov 7 ()] | |G| ™ {(a) < G-w oY a € G W3y 0103
Gl = e pwpmm @ € G995 B 1P DAN3PD 7Y 1TOD AR PIND N3N AN 9 Y

NXAPNN 0N Zip-2 DIDN DY DPIVIRD OITON | Zyg| = 10 M2y .9.13 Hnnt
{1,2,5,10}

07 NIONA G DN NNANN ITO NXR PONNN m 1901 YO0 DNN .9.14 99N
m TON 1N

Loy X Ly DNAND DR N TPTI DNONT NN XD NNO
,MD AN 0”P PN IR 16 9TON 2R 0”P XD DaAX 16w nMann 17O
o> 1 My 0PN YN Z, X Z, 0NANNY NN DAR PO 1MAN 1’ RN

p(n) = [Un] 7 Mm@ 0 N = N YR adypno - (90X 0avn) 9.15 vouy
a?™ =1 (mod n) oW ,a € U, 95 W3y

©(10) = nx Uyg = {1,3,7,9}-v annn .3 € Uy 29 ,(3,10) = 1 .9.16 D0t
3710 =31 =81 =1 (mod 10) :07pnn X .|Uy| = 4

MIYRY D N3Y APIR VOVD I M0N0 MPY ™ .(NNI9 DV 1OPN VIYNN) 9.17 VOYY
aP~t =1 (mod p) V3 0(g)| (p— 1)-w DY a € U, 959 V7 .|U,| =p—1

90921 59011 YW MNINKRN MIODN YNV NN AYN .9.18 999N

2wn5 951 8,909 = 9 (mod 100)-w »an .M>pw ©n’ 130 mod 17-Y IO WINS
.9121

99100) = 940 — 1 (mod 100) 19N LAWY 29 Sy #X ,(9,100) = 1-v P>
912 = (919)3.9=13.9=9 (mod 100)-v N
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0(g) > 1199 e # g € GO 29WNY p ATon nMan G NN .9.19 Nt

RN .G = (g)-v MRV M L,0(g) = p NI 120 .o(g9)] |G| = p »v T30
TN IPRY PIDNRD TAR 9D 0T DY NI G-Y 0) e # g € G 939 ) N
RaReiatnl

WOPY NMANTNN W G-5 W m|n M n ATon oy G = (a) oNN .9.20 TV
m ToN AN

NN NN K >nn .ovp nomn m ATon nmanTnn w LH = (/™) 1oy andw
K = H nxd mmron nnond LK = (5) noan ,m 2701 navn mhpey

,6.14 9N 099 DY B = v 1o b < n op ,G SV %Y a-Y INND
o(B) = o

DPp NONN TN 095 .(n,b) = 2 195 m = <= o(f) = m YA

(n,b
YO (n,b) =sn+th-vI>s,tEL

=

an/rn — a(n,b) _ asn-‘,—tb _ (an)s(ab)t —1. ﬁt cK

V5 | H| = |K| nmannva Sy 9an H C K 19 /™ € K-v 1n92p
Il V1o JH=K

TONIIV ND)  Z30-2 W NPONPIV XD MMANTNN 0D L(0TY) 9.21 9N
(Zszp 7y {0} DX 5915 RO W1 PH

990N NI MNANNTNN 90N ,1PYPXN NNAND 921D INND 90NN 29 DY
J{1,2,3,5,6,10,15,30}| = 8 :9m55 ,30 190100 Sv DPoNNN

YYDy 1IN ,NPONNIVN MMANTNNY o) 30-) 1 DAITOM NN
VORIV RO MNIANTNN

A9INR NNEPNS WN 10

190N JMNA MDD e (1) 2N DN INDN NNYY XN 2NN PINS TN
A2 N VYN TIYA VHN DNIVPN OIFDNN 190N NN AVND DO NNYHD DOV

MPIN N295ND P JN2) OOV 90N DI ,NPPONIMIND DV *TIDN VAYNN 29 DY
M%) L(PPD ITD 2T TY) DPNYRI D900 DY

k1 ko k
n=p;py...po"

,N1295102 1NYOD MIYRI 19010 DV NPN DY AN NPNPNNA TIMNA 1NIAN) NYD
:AVND 5P DMNRY

B B 1
e (") =p"—pt=p""(p-1) =) (1—];)
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DNYOD 0OV 1901 MY 10N

e (n) = (Pip5 . ..pim) = (p1") ¢ (052) ... o (pir)

1 1 1
= pyps? . ppr (1——) (1——)...(1——)
P1 P2 Pk
1 1 1
:n-(l——) (1——)...(1——>
D1 D2 Dk

s () () (1)

:p (60) NN 2WN) .10.1 APNT

@(60):60-(1—%) (1—%) (1-%):16

807327671999 4+ 2016 HS¥ MNINNN MI9DN NV NN 1AVN .10.2 9990

DO,

92p) mod 100 2y9) WO

80732767199 4 2016 = 67'9%° + 16 = 67°01 + 16 = (67*°)” - 67! + 16
= (677099) 6771 4 16 = (1) - 67" + 16 = 67" + 16

-2 N8 99 100-2 2 67) Uigg NN 67 S¥ 20900 NN XINND 1N Nyd
DNNYND PING NNOND TNXD DTOPIN OV DNINVONA WInv) 70 TNYD  (Uigg
67z =1 (mod 100)

100k + 672 = 1-v 0 k € Z ©7p OX P OX DRNYND NINS W

67 5v NP NN ged (100,67) SW MDA KNI DTOPIN DIPINONR NIY3

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

MY, =3P ,1 =67—2-33=—-2-1004 367 :D2p3 MNKRY NANI
3 NN 67 v 09NN
19 £ MNINRA MIA0N NV I 67 1416 =3 + 16 = 19 129

& o 7o G OIN LD NNAN G RNN RN NIYLN DIN NN L10.3 DN
22 9700 YR G-1 0P

970 199 NNIAND ITO NN PHNN DR DY ITON IR VIVYN 29 DY (=)
20 NMaNN
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Subgroup
generated by S
S generates GG
Finitely

generated

ON PRY NP5V N2 INNYY 29N KIN - TPTIN ANON 2 ATON TDNRY (<)
DTN IDNRD VI NNYY ONNY TDNR GR PRY MDD 2 170N G-2 TN

MIMNN DRI IIMN ADN DD YN ,NDNA NNAND DN DD NN ITOD 1N N
MINY NPNDA G-2 OMIDNR DY NN OX 190N HAPI DTN TN DY THa aD

2 ATOY DMK 7Y HR IR 0DV W MR ITIDY N3NY .10.4 HPOY

DN M1 DY NANNH AMAN-Nn 11

29 mw) G-2 DN NP RY NXap-nn S C G onm nMman G onn (111 997130
(G 5Y nMan~nn NIoNa NN S-v
NN S NN NDONN TPOPYHNN NNANNNN NN .S AT Y ML DNINNNN
,G = (S)-v 75 a0 S nu»p or LSO HY MY G-v MmN N G = (S) ox (S)
AZ1, .0, TE) NP DN ,DIDVN OV AV NXIAP NAY JND MSH G 0D NN
NN ON DOPN NN NNAN LNOPN NN DY NITIND NYDON NN R NN
JP9ID NN TPMD NNAN DO DY LTAR TN T DY NN

PNPITT NYON Nwya ndn LH = (2,3) nx {2,3} C Z npry .11.2 Dont
H = 7Z-v

wWom (—2) € Hoynn 2 € H-v ywo .H CZ v19m Z 50 nman-nn H
YO LH-195m | Z 5w A%y Xnv TN AR s (=2)+3 =1 € H-v
H=7Z-vwvp ZCH»™M,Z=(1)CH

{4,6) = {4n +6m|m,n € Z} Sapy w ,{4,6} C Z np>3 ON .11.3 NNt

P N2onN ©NHYN YV NNaNNN M) (4,6) = ged (4,6) - Z = 2Z-v o)
,JPNVD 1T 19N T DY MO (DN DI9DNN NN

A{4,6) C 27 99 2|4m + 6n-v 112 :(C)

27 C (4,6) o0opnm 03 129 2k = 4 (—k)+6k € (4,6) ®N .2k € 2Z 1 (D)

NN IRND N OP ,POAN NNANNY NIPNR ,NNINRD DNNTO NMTA .11.4 HINNT
a,b € G I8P MY NP DN HYND DN NP T DY NIXNN NNIANHNN
{a,by = {a'V’ |i,5 € Z} 53p3

oVND TN ©-b-N 9D T O2-a-N 9D DX ITOD I ,NYa> NN MO

abaaab tbbba"ta = a*b?
:0”PNN TPOIAN NMAN OO 19N
(ay,...,a,) = {a’fl...afln }Vl <i<n,k; GZ}

N30\ "oonn” nap NN (A) MR DY 1IWND YD N L11.5 ANt
AWND AU A nvnd v masbnn NN DTN LA NP NYMND mMysnxa
T € A M2y ,MA3ONN 2 NPMN SV a0 MTo NN nom A = {a|a € A}

G-1 NN AR IR SN £ NN Nomnwd izt = 27 lr = € ovpon
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NHVNON NN DIV DINYYY 12

VNN NNANA DN YV 910 12.1

0(0) =k :07pm k TR0 0 € S, MO MY :DNRN L12.1 WD

(a)N(b) = oM ab = ba-v 75 a,b € G iy .nMNan G NN (12N 9HIN2) 12.2 HYV
POPINN NNIANDNM @ T DY NIKNN DPOPPXN NNIANN~NN P2 NN IMOD) €
N (TPONPIV NN D T DY NINDN

o (ab) = lem (o(a), o(b))
DYWNED DWR W (ferm) PPN KD 5,3 DR BINRRY TMI9OD YID .12.3 WP
A xn (1234) (56) Yw 27om 6 N0 (193) (56) Hv 9TON .12.4 HPNT
.S15-2 45 2T7on NNMNANTNN INYD .12.5 9N

A2°K1 A .515-3 45 9701 NINN NN NN
o=(1,2,3,4,5,6,7,8,9) (10,11, 12,13, 14)

0(0) =19,5] =455 29 Dwn
NMIANNTNNY PPDI XY N IDRY NNANNTNN ATOD NIV TDNRN ITOY 1ON ,Nyd
TN DY M (o)

2515-2 39 79TON 1N DYP ONN .12.6 NYNY

D OIMNNN ND9OND 52APNND 210 KO 39 ATON TDRY PYON NIRD .RI )\WNO
.S15-2

NN 13 TIND TR, DINNN NY951D 39 ATON NX DAPD YN DINN
S15-2 0waNR onda it 109 13+ 3 =16 DA, 3 7NN

091990 NY95PD HY MISH  12.2

Transposition NN RIPY Sp-2 2 ATON MNN 12,7 DTN
DMYN NY9IND DWW Y (aq, ag, . .., a,;) INNN 9 .12.8 WYV

(a1,aq,...,a,) = (a1, az) - (ag,as3) ... (a,_1,a,)
300

Sn={(,4)[1 <1,j <n})

725, NMana v 2 < 7r < n TIND OMNNN IO .12.9 99N
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NOND NMIVAN (7:) VI n TINN 019010 1 DINA LFPNOVPIMP NORY N NINO
,IPIVAN T ANY NVIJD DAN MINY 07T rl-2 DI90NN 7 NN ITOY W Nyd
NV L0 OINPND 1 W D

(a1,...,a,) = (ag,...,ar,a1) =+ = (ap,a,...,a_1)
W S,-2 T TIRD OIMNNN I90NY DIAPY -2 991DN 190NN NN PONY DD
N ORGESY
254 MDD OPIVARN DATON ON NN .12.10 990
:0N DPIVAND O1TON S4-2 WD
DTN AN PY - 1970 .1
(12) (34) Svno ot 9N NV DY 1Y N (i, ) ©NIN - 2 7T .2
.(243) SwnYH ;3 7NN O MPN - 3 7TV .3
.(2431) SvnY 4 7TND M - 4 7T 4
.S4-2 DPIYVARN DTON 93 NN NN NVIV NN PPNID NPNOKN MDD HN
255 M2ND D»IVAND OITON DN NN .12.11 99N
:0N DPIVAND OTON S5-2 WD
DTN AR PY - 17370 .1
D DN MY OV 1Y N (i, ]) DNPN - 2 7T .2
S TNND 0NN - 3 770 .3
A TIND 0NN - 4 970 4
D TN 0NN - 5 IT0 L5
.(231) (54) Swn5 3 TIND MM NHN W 190N - 6 1TV .6

M > 5 MY n-N NV ATON DIADR W S,-av 20 v N
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(DI MMINND NMHAN) PN NNAN NN Y Yo 12.3
Sign PN TN 19V YOO TN Lk TNND MNN o O .12.12 DT
sign (o) = (—1)"!
PYIN T,0 € S, MmN May
sign (o7) = sign (o) sign (1)

MINK MNPY 7T ¥ .5,-2 NN 95 SV PON NN AVND NIVIND 1T INON
M0 SV D0 PTHIND

Even W DNDN OV —1 MOV NMNND MR DNDN OV 1 MOV NMNND XIP)
permutation TN

©Odd permutation (NY25%an TINDY N2IWN NTIPI) .12.13 PPNt

O ON NN NN (35) goonn L
JPI NN NN NPAN NImNN .2
JP0E DN NN ONTOR TIND MNND .3

Alternating NNAN NNIAND™NN NN A, (DYIND MTINNN NNAN) PODIRD MN3N .12.14 NN
group S, OV
A, ={o € S, |sign(c) =1}

JA,| = 2w A4, 5w 170N 1215 YD

As = {id, (123), (132)} .12.16 197N
JON Az 9o Az = ((123)) 02 25 oow

RSA Mmas8n novyn 13

RSA NI9a8NY NVY NwHNNINN L RSA N3980 NOYHN NN MNANND NN VIYO INNT
cryptosystem DIPINVONR DY NNIND DNNT AR 2NDND NNND YT DY NODINN NPIVDON
SPTOPIN NNPOIN (NDTN TAINNRD PNV »TY ,002 P OV YY) RSA

AN J9IND NYTIN DOND MOYY PINYN 12 :H901N

TIND DY193) INIPR J9IND p, ¢ DPNYNRI DIGDN 1IY NIMI DON NN NI
pn) = p@E-—1)(g—1) M n = pg ©I9DNN MR NAVNN NN (D)
65537 = 5¥192) NIANND TIYNN RIPIY (n)-2 TN e 190N NINM2A NN qoNa
Up(n) NMIN € DY d °H95 13910 NN¥IN N (IR JOP T 1900 N 210 + 1
de = 1 D”PNN 790N DR NN MDD .ADY XTION NNIND NN INMY
TNY PRY 2OV Nt 2NN DTHPIN ONINONR T DY Swnd (mod p(n))

D0y MND
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NNANN NN AN NN KD TR ,PHN J9IND NN DION 9912980 HNND NNON
NYYS TIDA NIV NN d P TIDN NNANN NN .(ODYY IX) 12 (n, e) X NDNN
DO0Y MND TNY PRY 2OV It D)

o0 < m < n OPPRN m D901 NN OOND M nyTin NHY 22 H9sn
MOYYY 512 22 MY MYNN "N p(n) + 1 P71 w M ged(n,m) =1
=m° (mod n) MOXINN NYTINN IR NHY NN

m = ¢ = m* = m >non nnann NNYA m DYHINN DIX NVNYN DON MY
.(mod n)

p = 61 X HYYNS ININ DOX TIND DIVP OIDN DY NNINT PN .13.1 NPT
VNN NN . = 53 NN

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

NN NNANN NN DDIAN NN DIVINONI DNMYNIN DAOVN Y NN DPDD » T
(n,e) nHv
DYTINN DIN 2V NN JOORY m = 65 DYyTINN AN NOYY DX 212 1o
MONIN
c=m'"=2790 (mod 3233)

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

M2y MYWA MYYND 0D NPINTIN MPN DY 0»»aN *A5va 2NN
NOWY) W NANYA NPIN 2N T DY IR IO NPINRYD VYN MNYIN TIND
MNP DAY 29 W) mT 2IWwNY YUY (NPt INYA AROYN 0) INIPIN

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

(m*)* =789 (mod 3233)

T =m (m®)* = 2790 (mod 3233)
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MPIDTN NP2OD 22PN N (NNINKY NNYNXI NNVY) m-2 VO8I TYNIY 2D DOV
MNP (1 MN9) NYON 901D PPN Nt W22 10PN IWRD 1N ,100015-2

r (ngJ)Q Ik
" m(mL§J>2 M ON E

NNOYN D¥ M9 Llog2 k:J -1 PANoNY 991 INWYs k Nay mF avny wnd moo

NPT MOaoN k£ — 1 O1pna ,nranTn moaon \_log2 k:j -2 9NN o5 A
O DYV NtYa 27902773 Sw 2w nY WATH 23 am-a

NPAINVIP NPEPNNA DXNWN D2IIND YNNWND IRTI ROY NYTO ¥ L (1NININ) 13.2 WD

11231 MNPV NN 2235 DINNA ONDIN T DY NPTPITH NPNA KD . T1D DNVDINVY
NO MNNAN NPN PO INROY DIVIN 2139 H¥IY IWONY MaT Mapnn P, TP
VNNND DTN NOPNN MO DIVNNYN 13 NIPIVIION 2230 MOPNN ¥ qoNa .IND

T T TS NIy NOpnn

DD NN MMan 14

Presentation NP YNNI "DXONN OINY OT DY N NRIPIV MNIAN DY NNID TIT IR
G =(X|R)

05 MMYS LR DOMN NP 0y 0NN SV X NNapn T Oy NN G-v NN
,01P091M OINP M0 NI (DTN XPNT IND) NN ) G NNaNa YN
DTN DR MIYY DM NXIN OON 1D TRX DOV

NI 7 TON DOPN NMNAN DY N (14,1 NnnT
Ly = (x| ")

PONND AWOR " NNNTNN IR ONXIT AUNIWY .z INPD DV PN NN 2N 9D
2™ = e HYVnd MMy 0y anon oN N NXAP SYO 7972 ,mND LDTNa DNIN
NWY NINYY TPANVINRN TPOPINN NNIAND 1T 191N

7= (2| 2)
AP N OXR OO NP DN DOMNYN 555 TH7

NPYOMOIRN XON MMaNN Y2 57200 NN D220 DOIXY INT

ZXT(x,y|lzy = yx), Fy = (z,y| @)

2910 NN NMIAN DINIPI NOD OINY NP N2 WY NNANY 1PN .14.2 NYTIN

AONY LTPND DONN NXIAP DN NP0 DINPN NP 0) 12V DY W NNAND ON
Finitely SO XYY NIMIANNY
presented
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LOIRNND NN 0N NN PRI, TPND NN NN TPOP'N 1NN DD .14.3 NNy
A0 NIXN NNIAN RINND 1D ORIV XD M) TPND NN NN IPAD NNIAN DD
.OP 72 595 XD M) MDD NI NINRY

MOYTTH DMann 14.1

YN DPINYNN DNPPYY D0 OV D, NAPN ,n dYav 19010 NAY .14.4 NYTIN
Dihedral group 9% N2WAN DY TN 72 NI INITTD NN NN )INNY DY MYON 1 P2 595wn
JYEPNS NAOIN
DYN DR MDD WS TP DV, MRS NV RN "NATN->T" OWn WIivs [, 1onrn
.D,-5 o»nxon nMan
IT_2 1900 NN o ON

DD N N NYID PIVO VY 13D PPV NI T T
N D, SV Y2pn

D, = <0,7”0" =712 =id, o1 = 7'0_1>

PRI NIV S VNN oY o ¢ R2 — R? ospno (e v ON) 14.5 DD

Isometry N21Y9N DY NPIVMIPND GOIX . DINOVWR NN (d(z,y) = d(a(z), ay)) MmH)
a IVYION MAYY 1o N¥ap L C R? »nn .aMan X0 DYSpNs Nasn Yy
Symmetry SY MPIVON QOIN L 9 MOV INIPY a M MIpna .a(L) = L ovpnn

oV NYIVON GOIN PYTA NN D, DMAND NPIVMPRA DY IMaAN NN NN L
YON 1 Y2 HO0wWNn yoNn

T2 ,7 PP 0P Oy 120° SV ¢ 20 T Dy NN D3 NMann .14.6 AT

MY 70T = o ! 03 = 72 = id :27%PN P2 ONIN DO DNPPNNY

D5 M2y 9”351 QN 53 nvy nn wown oy oY) Ds = {id, o, 0%, 7, 70, T0%}
1PV NN DY NNN DR NPYIA W NIN 207 € Ds 9280 2209 7n

ToT =0 "

or =110t =107

JPOAN NYNR D3 92 MNIN D) D .07 = 702 9
on D, "N .14.7 DD
{id,a, o’ . 0" T o To?, L. ,70"71}

MY) To F oT 2D TOIAN NYR NNANN 1 > 2 Nayw |D,| = 2n 03 Hap) vI92
mMMNIANN n > 3 NIAY SIN , D3 = S3°0 02220 ONRY INT) DRHINMIDN 1IN 12OV
(DYoMMIIN X 5,0 D,
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Group

homomorphism

Monomorphism

Epimorphism
Epimorphic
image
Isomorphism
Isomorphic
groups

Automorphism

0MMNIMIMIN 15

DOOWOYOW NIPN f G — H npnyn .man (H,e) (G, *) nynn .15.1 910
D»PNN ONX MHMNIN Y

Ve,y € G,  flaxy) = f(z)e f(y)
:DNVANMMN DV DNV DXNDI IXP O PI)

H-2 72wn G 5 90N AW IR BOSNHMD XIP) NN NINY 00ammn .1
J:G— H yo>v o»p or

TVONDION DN NN A 9D NN BHOWDOR XIPI DY NINY OVANMMN .2
J G — H ovommar o»p or G OV

PVONWOVIR -1 G oD 9NN) DUDNOMR NIPI DY) Y'NN NINY DD .3
G = H e oy .f 1 G — H ovammvN D»p ON

.G OV DWW NI f 1 G — G OVONMMIDN .4

DVOMMIPN ,DVONNPAN,DP97NNMIN , 09NN DV MNYN NN I8P NIPda .5
JNIRNN 0N MR AR 10 [/0Iind DpamvIN

g @ NPNYN NHYP OR PN OX OVSNIMON NN f 1 G — H npnyn .15.2 YYD
gof=idson fog=idy-v 10 H >

YTO YD .NNXYD DVANMIMIIN NN NN g IPRYNNY  (ND)) OIND IWAN
.g = [~} N0 NpNyn N8N 90N OPSMMIPN NN f OPaNMIMNY oMY
MPPY DN NIN DPNMIIPRY MNRID D) IWIN

,DNHANMIMN )1 DN IWYAP .MNIAN P2 MPNYN NN0d S v M .15.3 9390
AND N 1D ON)

N ON DNP PN DN OV NN T = e 090 MmN ¢t R — R* .1
200257710 ©9ONN

MN .ovamaN N det 1 GL,(F) — F* w8 071w F o 2
det(AB) = det(A) det(B)

D09y DY TPNDION NNIVN DY DONDND IVWAN DY NPNYNNY NOND » 1)
JoovNa (7,1, ..., 1)

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

DNNIN .OPMIONR NN 1 — —1 ,0 —= 195 nyImn p @ Zs — )y .4
JONMMIPNR AYYND 10 2 ATON MMANN 9OV N2 N2
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Kernel

Image

TN TIXRYD MNDON NN NI OVONNMIIN NN f G —H NPNYNY NTYN
.f(eg> =epg .1
n € L9 f(g") = f(g)" .

DTPN Pyon 5w ou19 Npnd L f(g7Y) = f(g)~! .3

N

O NMANNN NN ker f = {g € G: f(g) = eg} MY ,f SV YWY 4
"o NManTRn” Mt nn 20y Twnna) G Y

H 5w nman-nn »on im f = {f(g) : g € G} 995 ,f 5v tvvnn 5
JG|=|H| W ,G = Hor .6

DXTOOY NN ,NIPNI R, MO DNIVONMNIMIN DY IORN NMNONN .15.4 INONT
AIRYD Npnyn LF NTY Dyn oMo oanmn VW vy aRyS 192X0K2
oND ,dimV = dim W Py mman S ovs i (o) on TV - W

009N T N5NA2

J9IND D202 DY NNNN T DY TN J9IND NYIAPI NPINYD NPRYNY MIT .15.5 WP
JS) oy masn f: G — H ovammmin namn X ,G = (S) ox T

PTIN (TAN XY DY I1DONR) DXINY NXIAP DV NNNN DV NY AP DO ROV 29 oY
DUONMN NPT NPR ©([1]) = 1295 M TIMN ¢ : Zy, — Z 5vnd .DvaNmmn
TAN TYN 20N NITHIN NN

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

;DX P DOYPNNY DO DOV P70 v 595 19Na p([n]) = 0 v T8
LOVONMMN ITIVY 1TD ,DI8PN MNNN DY DY ONPPNN

DYPIN YN ITON g € G 995 "2 DN .ovawmN f: G — H > .15.6 990

0(f(g))]o(g)

22PN MRNWNN DY f IR Y3 g7 = e NN 29Y .= 0(g) YIDI DN
f(g") = f(9)" = en = f(ec)

O o(f(g))In 1

ZNPONMMIPN YN 4 ATON MMIAN PNV D0 ONN .15.7 990

4 97on YR Y H-am0 25 owy JH =74 DN G = Zy X Zs N2 IND NINO
0,1 € H mo 4 9700 92K DY ATo0 N L, f 0 G — H DY9ImMIDN i 1IN
ND 9270 )20 ,2 N 1 970N RN YD G nNMana Mpnn DY AToN IR PYNN
JIP9MMIPR XD MMANN 199 o5

MYXYIN NPSIMIPR MNIANA 199 ,DIRN ITO DY IV DVISNMIIN 90N
Y 30, MMANA O2RND ITO DY
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im f N ,0AN G ORY IO LoV f G — H o (502D) 15.8 Ty
JPoAN H OR P OR 70aN G X ,G = H ORY 0N .1PDAN

JopoN im f N, 0PN G ORY NN 0V f 1 G — H o (15,9 909N

W DY aNWYD AR x € im f o Lim f = (f(a)) 2 Wy .G = (a) N1 DNOW
G-v »oan (G Y omyar NN NN im f ) f(g) = x-v 70 g € G 1N
199 .g =d"-v 10 k € Z o»p nopoy

95w o .f(a) DY NPIN NN NN AN 9D MWD € (f(a)) D NHP
O DPONMIPN I DIDN ITON NPOPSN MNIANN

7f 1 S3 = Zg DVONMPN D”P ONXN .15.10 99N
3D Zig ¥R 1PDANR KD S35 \RD NN
f:(QF, ) — (Q,+) oroammIvr D”P DNN .15.11 999N

Moy .f(a?) = f(a)+ f(a) 139 .0P9NMMPN 1IN NIN f 25 NPV M2 XD WO
WIN RO -0 MPH W IR OY NN f-w o .= §+ 5D 20 v ¢ = f(3)

J(@) = 3

DNNYNN DR NN NODP

f(a?) = f(z) + f(z) = c = f(3)
A3 ¢ Qoo nrno w N .22 = 3 09p YhN NN f-v 290
tH = (5) <R* 2O f: H — Zs X Zz DVOMAN D”P DN .15.12 9990

N im f 0y N DOPN NN H-v 09n MmO f 07pY N1DOva M) .NRD NN
NMIANN 2D NPNO N IR dm f = Zg X Z3 *D 92p) 199 0y N0 f DaAR ooy
TOPN NN Zig X Zig

f 1 GLy(Q) — Q2 ovommm o»p oNN .15.13 99390

NI L f  GLy(Q) — im f D802 an) .o f 09pw N9 o) KXY N
ADOD9NMION NN fINLY'NN f-W )90 DPONMAN T 1D WXTNY) DHINMIDN
DPN0 R 9N GLo(Q) D3 995 .oaN im f 199 ,im f < Q19 5 wd ym

H33 THDAON YIIR VOV . MHNOY

2009MVIN NN i(g) = ¢! 295 PATIMN i 2 G — G NpNYNN NN .15.14 9990
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NIV PITAO INWI DY oW VNN NN NNKYD 1NANHD RN APRYINIY NI NN
’3 20 OV g, h € G P (OV9MMIMIN IMDD) NOWAN DY NIMVY

i(gh) = (gh)~' = h7 g™ ! = i(h)i(g) = i(hg)

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

Cayley’s theorem .G < Sg DPONMNND O»PY NN .AMaN G 0N 097 VIvN) 15.15 9N
NIPY 129700 N9 oy T XX -2 mann nrspnan v Sy qOINA nMOtn
X9Y DMVYLDD N3N

dg(a) = ga Snnwn 59395 [, € S S¥1 Y'NN PN NITHIM g € G 535 W
MY .ovaNMIMIN P-v IR NNN . P(g) =1, 295 D : G — S PIPN VTN
0PN g, h € G 920v NONY PN

lyoly =1y,
@ TN OY MO 0 a € G Y25 DX PN ON NIV NPNPNN
(lg o) (a) = ly (In(a)) = ly(ha) = gha = lgn(a)
DPPIN N g = [ 7 Y'NN NINY MININD 27D .009Mmmin ¢ 1o,
g=9g-ec=ls(eq) =lplec) =h-eq="h
] Sa-2 nown G P9 ,g = h 1PY
LS 7Y DMNINTRNT MOWOWR 72 TPV G 9D N3N 7D .16.16 WHROY

2% DNINTANT? ONORIR 72 ATV G HHOYD N3N D DTY O 15,17 HPOY
GL,(F)

GL,(F) 5% nMan-nnd mammmn S,-¥ NN :IN2ND 107
GL,_1(F)-2 .S, "R 2v210) 0Mp .G — GL,_1(F) ovammmm INsD DN

G = Zg N ,70AN G ORY IO .6 9TON nan G onn (M) 15.18 990
.G = 53 N ,70AN XY G ORWY

NYIN MMAN-NN 16

Normal O»pPN g € G Y30 DX MW NN NN INIPY H < G nan~nn .16.1 1910
subgroup H <G yoy it npna gH = Hyg

DNPY DINID DR LA < G ANINTIN DN .16.2 VOUD
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H <G A

g 1Hg=Howw gc G 2

g 1HgC Hovpnw ge G99y 3

LG KD 7Y DINNIY) BISWOIDW 79 YW R H .4

,23 PYD DR I 2 PYD 0D MIA .2 PYOY NPV 1 QYD 0D MXRID DP IHPIN NN
2 92p) gHg ' C H on g ' Hg C H DX »D 25 Dw) 2wn 1110

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

DN 290 .NPONIN J0 NYY MMaNN~NN YO X ,MYaAN NMan G DX .16.3 Nnnd
NY NPYNI DIDND NI DI NS T9Nn g thg =h e Hw ,he H <G
'gh = hg-v 725 N9pv

M NTRNN 090 IR N WaN SL,(F) < GL,(F) 0»pnn .16.4 DNt
ovpmn g € GL,(F) 999w~ ,A € SL,(F)
det(g ' Ag) = det(g™ ") det(A) det(g) = det(g) ™" - 1-det(g) =1

g 1Ag € SL,(F) o9
oLAMIMINN OV Py XN SL,(F) D 25 ovh N andNd nINR 1T
Ap <S8, 00w o pon unr .det 1 GL,(F) — F*

0 (1) # (1) 022 oM YR (1) < D,y "MANNNN ,n > 3 MY .16.5 IHNT
H <G nne 2 opryxn nan-nn H < G onn 16,6 Y)YV

MpoNn N PN L,G N2 H SV nyOHNnY Mponn dny pa v oD DyTe DX DN
NINNRD TPONNYA IPOANN IR ,a ¢ H AR OX .H NN Mponnn 19 INXR N1
MPoNNRN SY TINR NN G-Y ZWoOn . Ha NN NINKRD 103000 IpYnnm ,aH NN
pjaiv)]

HuUaeH =G=HUHa

[l aH = Ha 52p) 9t N0 QN D92 TINNNIY 290)
[Dy (o)) = 22 =2 D% VOWY 9% D (o) < D, DIPNY .16.7 POV

DN 2 No 7900 K < Honmmaw K <G on K < H <G DR .16.8 Yy
MYoLN 135 (1) < (1,02) < Dy S 1K <G n1dnanow H1Gon K < H
D=2 7907 KXY (7) 22 1R DAN ,INTIPN
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MNAN~NN OV 12951 1) man-nn H, N < G vy .nan Gonn .16.9 990
nrno
HN ={hn|h € Hyn € N}

HN <G H <G qomaox HN <G 1w ,N <G Or D )Hnom

HH = H 95 n995m9 Ny, H L = H 9mbs 29305 Nao X0 nMan Wno
ww HN = NH 99 ,hAN = Nh o»pmm h € H 550 >0 53py N < G-v »an
D h € Honn € N ooopy ROX  Inh = hn NI5NAY IR KD My 25
.nh = h'n-v

OV DIDNRN OY (MNPN) 120N PO .e=e-e € HN > HN # &5 29 oW
N2901N2 MV N7 n; € N o0 h; € H mod 1w ,mvn NMva mmMann~nn
:HN Sv

HNHN =HHNN = HN
hinihang = hihining = hang
MO0 MO
(HN) ' =N"'H'=NH=HN
(hn1) ™" = n7 hTt = nohy = hn),
HN < G x>
P9 g 'Hg = H ovpm g € G 999w~ ,H < G qoN1 Or
g 'HNg =g 'Hgg'Ng= (¢"'Hyg) (9'Ng) = HN
2G-2 nronm H ’OY N RY oX np i LHN < G o
Center NY G NMNIAN DY DN NN 1A 59N NITHN .16.10 DN
Z(G)={9€ G|Yh e G, gh=hg}

THRNY 20 WY .G IR DD 0y DAYNNNY G-1 DIDNN YD DY QOIND N 1INT
925 7HYAN NIONA NN TPYNI NNIANTNN ORD YR Z(G) 0 Z(G) < G
SLy(R) < GLy(R) May Hwnd NOW 1N

79 MMan 17

H < G nmannn v G/a = {gH | g € G} nrOHNnwn Mponnn qoINa 1NN
2APNNVY 7D NNAN NYWHN NN AT GOIX DY PTHIND WaN ,H < G (DX p) DN
:NMaN

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

DN, (HINTI) 200 NITHN I N2YS . NPHNINA NYNNYN DX TTNI NPV IUND
Quotient group,  OMA G 9W ™HYD IN3IN NXIPY G/H NMann .eH = H NN n nMana nnon
or factor group .G/H yon oy 52pn "H »)1m G NNt XIp) ooy H-5
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D 25 OV nZ < Z 0D N2 .PPYaAN V9 ,N1OPN NMan NN Z .17.1 Pt
Lz ={a+nZ|a €Ly ={nZ,1+nZ,2+nZ,...,(n—1)+nZ}

owan .0 <k <n—199Rd k4 nZ nNsN 19 0N * NNHIAND DIDNRD IO
NN
(a+nZ)+ (b+nZ)=(a+b) (modn)+nZ

Zlnz, 93 29 WW .k + nZ — k (mod n) npnynn 295 Z/nz = Z, >> MR IVIN
P90 ITON OIDN Z-2 PR D IN) OV OIDRD 2D DVND | Z OV NNANTNN NN
NN 2RO VI

oM Y ,GA) {e} nrHN v mMan-nn nw v G nNan 935 .17.2 nnt
DVANNINN 292 RN NNRT NI NINK TIT .G/c = {e} 199 ,[G : G] = 1212
ker f =G0 1 g e 290 ammn f: G — G Hroxomon

id : G — G mmn npnyn .g{e} = {g} "IN 1 0N DI 2G/{e} 2220 N
[ G/ter — G DPOMIPR NMNAY DY AN .{e} NIN VY PYNNY ,DPINMDN NN
LOPIMMIPR JON AT NY 022N ONRY IRT .g{e} — g 29>

nMana oNn JH = R x {0} < G-2 yann ,G = R x Ronn .17.3 nony
on NN
G/m={(a,b) + H[(a,b) € G} = {R x {b} },c

-1 PND DAPNN OIWN 0N DX MDD
D 0P H < G nMan-nm G 90 nan May .17.4 Ty

ol =G H =

JG  H] =n < 00-v 75 H < Gonm (10910 XPNTIRD) NNan GHonn .17.5 990
a € H oo ovpmm a € G 959 20 nomn

i i i RARRAD)
200 0PN K o0 NMaANAY NN MINTION NIPONN P NNR 2D PO
Y G/H|=n» 0 0D .aH € G/H »x,ae G kMl =enkeK

a"H=(aH)" =equ=H
.a € H nop oo
92N 0NN NN G/E 00 0N 2 OpTeNn AN NN H < G onn .17.6 9990

JG/u| =[G H] =2 md .H < GG H] = 2 DRY 725 1R ZONO
JPOIN NN Zg N DVANMDN 2T TY ,0NIVUNRI NINY) 2 1TON TR NNaNN
JP9AN NN o0 G/E 19
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ma 9302 .G-1 090 ToN OMIDNRD qGOIR T o nan G oonn 17,7 990
Ao T < G N ,YaN G DRY ONXIN

T QG (OAN G orOSvnd) T'< G DN .1

J90 ATON TN NI AT AN G/T 3NN NMNIANI 901N 2

D O”PIN g € G 939 .o(a) =n M ,a € T >0 JNWYRIN PYON DY 22NN NN

(9'ag)" =g lagg lag... g lag =g ta"g =

T <G Mo g7 ' Tg CT 199

N0 VTON ey # 21 € G/T AN 0P 20 N2V NN VN PYon Ny
92pn ,(2T)" =T oopmm .o ¢ T 199 e r =T N NP0 AR o(2T) =n
MOV 2" = e 129 .(2™)" = e-v T2 m DPP N PN 1TON 2" OX 2" € T 0D
DPYNo nw x €T

W) ,G < Gwry N0 [T = G R ,roo nnan G or T < G-5 mnont
YDAN NI 2211 1900 90 MWD T = Qo =, 2 N ,G =C" or .G/T = {e}
JODPN ITON NN 1-n Nwn vONIN TIY DY

9N DY DPOIMIMIVIND 0ovn 18

First R f : G — H Bhonmmmn LANYRID BHONDRIRD VOVD) 18.1 VOV
isomorphism
theorem G/ ker f = im f

Glrerp 2 H W .o : G — H DOHONDOR WM 0193

Do H = {(z,y) e RxR|y =3z} nm ,G = R x R >nn .18.2 90
Glr =R

WNa 3 VY 0y WY NN H IomNonD Mynvnd 20 0w, IPYUNT DN
OPMMMN MY IRT . f (z,y) =3z —y 09 f: R X R — R ™™
22 w3 Lf (£,0) =z > ,DPoMmoN f

ker f = {(z,y) e RxR| f(z,y) =0} ={(z,y) e RxR|3x —y=0} =H
Il TN DX D2PY  PYRIN OVONMMIDND VYN 29D

Rz 2 Toowomn oad nman w T = {z € C||z| = 1} n0) .18.3 990
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D, 0PN L f (2) = 2™ o5 [ R — T 97 Dnow
[z +y) = e?mi@ty) = erivtamiy _ o2miv o 2miy — (1) f (y)

awn) JaNYoD z € R May e2™@-5 21n59 1) z € T 95 20 ,0vamoN 0y NN f
PV NN
kerf:{xGR‘e%”:l}:Z

92P) ,NYNIN OPONMIPND VOYN 295

Riz =2 T

tker f nYND 99 " L f 1 Zyg — Dig DVONMMIMIN O .18.4 DN

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

Za/g = m f 52p) NWRIN DPMMIDNND VOV Y'NN NN f X[ K| = 1 DR
WwR 14 5ax Jim f|||Dio] = 20 99 im [ < Dyg 02 W9 WP Zyy = im f 195
JK| #1999 ,20 DN ponn

92p) oTPN NS IMTA N | K| = 2 DX

_ 12| _

= =7
K|

[im f| = [#14/k]

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

H = {id, 7} nman-nn np> Nt ovammn o»p 00 IR | K| = 7 oN
Ly — H < Dip ovamman man ,Dig DY (ORDN 2 9701 DMan-nn o)
NN PYDIY PP 1D 1D AT DRI DN ,7-D INDY DMIN ONN DI90NN
K= 7 N NOURD TON

OVANMMIMNN NIAY NOAPNN NNT IRNIN K = Zqy 92p3 R | K| = 14 DN
2ONNPION

95 NN NS (|G|, |Ge]) = 1-9 75 oo mMan Go-y G 1NN .18.5 99N
J 1 Gy = Gy 00v9mmminn

LYRIN DDONMIPND VIYN 29D .OVNMININ f Gy = G oo ) e

|G
ker f]

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

J(|G1] 4 |Ge]) = 1 9an .Jim f] | |Ga| /Jtamd5 vawn 295 395 Jim f < Gy )0 md
2OROMMION DPANIMNN NN f MDD - |im f| = 1 199
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YT TY) Dy OV NPIIMMPOND NMNNN YD DX INND (I v ON) 18.6 9N
(DV9IMIMN

MONMMON Dy S¥ TPONAR NINNN DI PNYNIN OVINMIDND VYN 290 W INO
SV NPONINN MMNIANN™NN 93 YN NYTO Paon 1Y H < Dy My Pi/a nmd
Dy

xR WO Y ;{id}, Dy < Dy nYOROIMIVN MMNINDNN IR MY ¥ 95 0P
Da/p, =2 {id}-1 Pa/(ay = Dy RV9MPORD MDD

Wy Daf(2) dpn pand non .Z (Dy) = (0°) <9 Dy 05 ©YTY DX NYD
2OV 1720 VAN )0 1D 4 ATON NNIAN N D IR 290 ,DOYTY DNIX WIND
NNE TONS YT YN Zg X Zg WY WAN 129 22 = e o¥pn x € D4/<a2> 9N
59 .f(ti0?) = (i,7) 299 [ : Dy — Ly X Zy DT (WD DHANMDN NN 52
JIYNAN DPANMIPRA LAYN 295 1091 ,(02) Py DY DPONPON MY 71715

D4/<02> = Z2 X ZQ

9oV DYTY D) VAN .2 DPTYNND NNANNN 1t 2D (o) < Dy 20 25 oW
1951 MO N NPINMPN 2 ITON MMNMIANN

Difto) = L
91 ,p N (02, 7), (0%, 70) < Dy D)
D4/<0'2,T> = D4/<0'2,TO'> = ZQ

DNNYND 2N 9DINAY MO .NPONN MNIANTNN Ty W OXD 71720 PN

D0 NN NANOY MNID Op ,0MONY NvIN 280 LDy DY MmMannTnn YO NN

NN 0 NI RO TIYY MTAN MNANNNN (o2) NN 4 9TOn MMaNN~Nn
DPPRNY TN, AN N 1 (1ot) = {id, 70"}

H>rT (TO'i) 7l =o't = 70*"
N DAN 2= 2 NIONa oY

o(ro®)o ' =(or)o=10'o=7¢ H

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

JPOAN G R, 1OPN 20N G/z(G) DR AN .nMan G onn L18.7 9990

NMIN )0 MD .G/z@) = (aZ (G)) yMmayw a € G 7P 1991, OpN G/z(G) MW

D DYITY
G=J92z(@)

geqG
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Inner

automorphism

Inner

automorphism

group

P9 ,9Z (G) € G/z@ ,pyd .(NMIAN"NN HY MPoNNnN MR XD 1NN Y5 D)
' ‘ 1MV 1 O”P
9Z (G) = (aZ (G))" = a'Z (G)

DPPNN )0 OX (NVPOPNN 29))
G=|Jaz(G)

DM 1, € Z ©00”P 20 g, h € G viv 55aR G-v NN NYD
g€d'Z(G),hedZ(G)
320 h=a’l'-y g =a'g’ ovayw ¢, 0 € Z (G) onrp o
gh =ad'¢da’h = d'd’¢'h =d’a'h'¢ = a’Wa'g = hg
] JoaN G o9 ,gh = hg ©»pmn g, h € G 995v NNOIN

OOV G/z@) = {e}-v Wom 7 (G) = G oHPRY IR W3R G DR .18.8 WRDY
TR0 RN WK DY G/7(G) BR

92 ATIMN Y, - G — G OVOMVIND .a € G o ,nMan G onn .18.9 YN
J2D) SHMO BHOWDWIR NIPY 7, (g) = aga™

Inn (G) = {1.]a € G}
.G OV DHDMNOD TDIDVONDIVIRD NN NNIPI 1D NNIAND

nMan 20 Inn (G) 29900 77 = 941 2 7407 = Yap 22 IVIIN .18.10 930
.N2590N N oy

0P g € G Y30 DNOW

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

1PN Ve = id 22 20 DV NPYURIN PONN NN NN 12D
{ Ya © Ya—1 = Yaa—1 = Ve = 1dG - ,ya—l = Y1
Ya—1 © VYa = Ya—la = Ve = 1dG

,G NMan 955 0 o L18.11 9N

G/z@) = Inn (G)
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Conjugates

Conjugacy class

23NN 290, ovaMMN M .f (9) = 7, 299 f G — Inn(G) P DMDOW
YN NN 2wy L(Inn (G) NITHN 29Y) DY NINY 121 DNV

ker f={g€ G|y =1dg} ={9 € G|Vh € G:7,(h) = h}
:{g€G|‘v’hEG:ghg_1:h}:{g€G|‘v’h€G:gh:hg}:Z(G)
52P3 ,NYNIN DPONMIDNA VIV 799

G/z@) = Inn (G)

DTISNN N 19

MYV a € G D”P DX, DTV h-) g DIDRY OIIX .AMaAN G onn .19.1 DN
NNRIPIY AN 95 SV MPpwn Nponn 1w G Sy mMYpy o pTn M A = aga !
A0 TWTIDYD APINYD

h-y g 22 M3 ;MY N DTN DNV DIDN NV PR ,G YN NNINI .19.2 ININT
MY a € G O”P )00 DTN

1

h=aga™'=gaa ' =g

g Y¥ MTNXD NPONN OX PN OR g € Z (G) 7R NwHd nan G oN 955 19183
{g} ron

DO .0 0D ATON g € GO ,nMan Gonn .19.3 DN
0(h) =n "N ,g-9 TmM8 h € G oN .1
g € Z(G) N ,n 717010 G-1 DIPR TY PR DX .2
BN

D 29 WY Lh = aga”! MaYY a € G 0”199 DTN h-r g .1

— n _ — _ — —
h":(aga 1) =aga taga' ... agat =ag"a =aa = e
n times

N0 (h) =m R W T30 0 (h) < n-v NPOM M
g" = (a_lha)m =a 'h"a=e
0(h)=m=mn 9792 .0(g9) =n < m 99
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AN NN g-v 2 9aN .o (hghTh) = n RN @yon cad b€ G o 2
.hg = gh-v 9apn yom h-1 9193 .hgh™! = g 199 ,G-1 n 1TOn TN
.9 € Z(G) 991 ,hg = gh ©7pmm h € G 9959 1NN

O

OV Zy DX NNPO IYWIAN OWUND 103 IPN QYD D33 TIoNN NPrON .19.4 WD
v 0NN TNR 9991 1502 0NV 30 10D ;0TS XY 0N Yar o (1) = o0(3) =4
ATOOIMND NN DN

ADNRD TN 0 TDNRN ,D3 NNANA L.19.5 T

roTt = 10T = 0

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

DO L(ay, ag, ..., ag) € S, MNN MM 0 € .S, NN .19.6 N

-1

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

MmN oD decorate-sort-undecorate NVXWO IWPN NN MXID 1D DNW
AL,2,..0,n} 5y 19N IMNI MO MMNNNIY IR .NYNP 0-Y ITON 299 PIn
NN NOWVN P PN nmnn L1 <@ < EnvoR My mo= o (a;) 2D n23 YR

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

(0 (a1, as,...,ax) 0'_1) (m)=o0 ((al, as, ..., ax) (0_1 (o (al))))
=0 ((a1,az,...,a;) (a;)) = o (ait1)
DN PN M D D DY o (a1), ..., 0 (ar) SY 12T INMNX MO MNNHNN 199

ONAY PN D XYY IMN NOVN P> PR NN 1P 1 <@ <k aNd o (a;)
1991 i 999 071 (m) # a; 23 15 D)

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

T =10 = (1,3)(4,5,6) ,a = (1,5,3,6) mamnn Ss-2 MM .19.7 99590
N 2VN (2,4, 5)
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Cycle type

,19.6 99010 NNDNN 290 IO

S =1((1,2),(1,2,...,n)) «(n2Y) 19.8 MHpov

o = DR DIMNN YV NDIOS NMN P2 .NMN o € S, NN .19.9 A9T1IN
MID NN VT .y > 719 > - > 1 00,1 RN 0 OV TNIRD D N L0103 ... Oy
(11,79, .., TE) DMTON W-k-N NPNO 0 DY DINRNDD

Sv oannn Man ;(3,2) xn (1,2,3) (5,6) Yo oatnnn Man .19.10 ANt
(4,2,2) 0 (1,2, 3,4) (5,6) (7,8) Sv oamnnn man ;(3,2) on o (1,5) (4,2, 3)

VD7 DOIRNY TH3D MK DT Y DR PN DR 5,-3 MITIVDY MWD MW .19.11 fWHROY
DWON? MDY K2 W 3R ,Ss-3 (4,2,3) (1,5)-2 dnws (1,2,3) (5,6) Dwonn
~SS-3 (17 27 37 4) (57 6) (77 8)

(YPYIN DY NAYD P IN AT W DON) O
M Y T =mor !t 2N0) .S,-2 MTINY MmN NY o, 7 € S, NN (<)
125 ;00 OINNN DY NYAIND ¢ DY MV 0 = 0103 ...0%

T=mor = TO102 . .. Ok’/Til = (7T017r*1) (7?027'(71) ... (7r0k7rfl)

5555 PYTAY YP )0 0 ;MNN NN ToE T L AN NINN 90 ,0TPN 900 295
NVOVP OY (MDD I O 01, 09,...,0% D) MO N DR DRI DNV DINNN DY
TIND IMND RIN IORD DINNNIN TAX 921,07 DINNN DV NYAOND 7 OV 719
LDMNN MAN NN 7-21 0-D¥ Y21 NN .0-1 DINNNN DY

0 = 0102...0% ND) .DINND M N 0Y 0,7 € S, n»n (=)
T = (bi717 bi,27 e bi,mi)'1 o; = (CLZ‘J, a2, ... 7ai,mi) AWND 7T = TiTo... Tk
NN P LD OIMNND ON Ty, ..., T ON O 0NN DN 01,09,...,0k
> 20 DVWI .DN¥YY DNHVYI DIADNN IRY 99 7 (a;;) =b;j IO T

mom = (A1, iy ey Qi) T = (T (@) T (@) s T (@im,)) =
= (bi1,bi2,. ... bim,) =T
oM
mor = TO109. .. O'kﬂ'_l = (7‘(‘0‘177'_1) (7?02%_1) o (7T0'k7T_1) =T|Ty...Tp =T
O Sp=1 MTINY 721 0-¥ NN

n >3 9% Z(S,) = {id} » wmdn .19.12 Hpow
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Partition

Centralizer

Y NN a # b € S, NN .a # id » nYOvA P a € Z(S,) 2NN DN
NMAYY o € .5, NIMP NNV D)INN 293D .a DY WD DXINNN NN IMN OY a-N»
91P) 99 ,a € Z (S,) 9N .ocac™! = b

1 1

b=cac " =aco  =a

O Z (Sy) = {id} 95 ,a = id n15n2 135 .b Sv NPNAY NPNDA

v

- > DYYAL DMADN HY NOIY KO NITO NN 1YY Apn .19.13 A9
. (n) ©MON 1 SV MPIBNN 1900 AR . =N + -+ + NgK-¥ TI 1y > 0

ni

£ (1) R 5,-3 HTDOID MIPINY ODY .19.14 WHPOY
2S5-1 W MY MPONN NNd .19.15 999N

:0”Y20 ©I90N DY DIODD 5 NN 1ININ ,ANINND NMIPONI MY WM

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

5=2+1+1+1
S=1+1+1+1+1

p(5) =7 1P)

T-1 0 OND .DIMNN MAN IMNX 7-2) 0-O% I Lo, 7 € A, v .19.16 9N
?2A4,,-2 MTny

N 199) ,3 DTN NN NN Az 0D DYTY DR . = 3 NP2 ,OWNI IND NN
A3-2 92X D590 Dapy YNINN NYNNA NIV DNNTH 2D POAN VI, OPIN
DTINY 0N VAN LAz-2 TN ovX (1,2,3), (1, 3,2) € A3 0792 n8yY P TN

.DMNN NN IMN BNY ¥ 5 | S5-a

OV INVD NN VT a € G AR MY 0NN G HONn (12N 090INN) 19.17 DTN
b a

Cala) = {g € G|ga = ag}
0= (1,2,5) Mmy Cs, () NN NN .19.18 99N

NASNNN 7 NN .o BY MADNNNN MMNNN NN XINND AN, MINK DN )\ INO
MINN IO NSNS P 00 707 L =0 OX PN ONX 70 = 07 DX PN DN 0 DY
AOND MMNN SV OND IV W N2 DITNNNYI DIPHNA 0 NN MIPRYND
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Carmichael

number

Strong witness

Miller-Rabin
primality test

(3,4) 2om D PNX P W - g-H MY MmN .1
(1,5,2)-1 (1,2,5) ,id - Diyna o AR MMV MINN .2

D92APN 199 ,0 DY PoNNN XIN O) ¢ OY MADNNNN MNNIN O¥ NYAdN 95 )2
NN INONN NWINY

{id, (3,4),(1,2,5),(1,2,5) (3,4),(1,5,2),(1,5,2) (3,4)}

NPIYRY NPITAY PAY-90 ONININ 20

DIPIVONN  .DPYIV DIGDN HY NPNYNI NPPTID Y19 DIINON PN Mt P92
NO7 MM 1980 MV AN > Dy 1976 MVA NM YODINIVT NIN 2 NPNRN
JPON NP NN PMNANDNN NDMN .PAT 0T DY DIINORND DY NPMIANON
NPNIVIND 990N MMONN) NON) MIANDNA JAN PNYRI 190N YO NiMtn NN
DNYUNID 2279 7901 Dy DY PION NN (DNIMNONA

MYNNYN TRN VYN DNTY DMIYDN HY NPIYNRI NP>TaY M ,oyea
Baillie-Pomerance-Selfridge- 0m7m5N21 X ,29-120 DIPINON DY MINDDA
M5 oy wonn o IMoNN OpenSSL n»1a02a Swnd  amx 59onn Wagstaft
D YDIPA ,MNND oMo

P ORY NPVIN INIS DY YOPN VAVYNNIY NIN DIPIVIND D022 NMIPYIN TN
N-5 9N a 93 v ayw N 19 19901 .a < p 999 a’~! = 1 (modp) N VN
OPPNIP 90N NOPN DOMP 9" wow XIP) ¢V = 1 (modN) o»pn
AOND D901 0) MMD MONN PAI-I1D OIPIOR O TY 1on 0N DaN

OV OVNVN DINOR M AWRI N—1 = 2°- M »X) 0nWRI N > 20 1))
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Commutator

Commutator
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derived
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Discrete
logarithm
problem (DLP)

Diffie-Hellman
key exchange

27—z ©WN9N 0PN 23NN 295 (29 — 1) | (xq' — x) DN 712N MY 1O
DPINYD DRI D89N 27 — 2 D) 1921 Fy Dyn 0w 02N N0 58900
P N DY DN g prT1a v K = {z € Fy |27 =z} n®apa M5 .o
N T,y € K DN M 5900 Mo MNIND p2aon Fy Sv vinTn nTvnTnn

PN g=p" N Y=yonzi==x

(@t+y)?=(r+y)" =2 +¢y" =ity =z +y
(wy)" = 2%y? = ay

[ .q 1o Fy 5w nv-nn K 90 .z +y, 2y € K wo2m

ON-99%7 DIININY T7aN ONINON NYya 25

wnn . € N-v g € G o .nman G onn (1720 onadn n»ya) 25.1 ya
mM7NaNay 9anon .logg h-2 PINON IR ©MNON A = g% 1N £ DR NINND NN
OYP PTY ,TIND 2 191N NNAND NOYAN NN YNND 117 ONX IDIN  NIPNRNN

NN NINDD (PPN~ NN MNSY NNY NN 9T NYID) TIND

TIOPNN NNIANA P NYYND NPODIY TTIAN DNINON NPYIV 25 MDY .25.2 TP
SY MNNN TIT  DVONMIONR N ITO IMND NPOPNN MMIAND YOV MY (g)
YN NN TN ONINDN DYYA LYan PINS DY Kvipn NN yapn nMann
MPNN ,NIANN ,MNNSN NAYNN D ,MAT NPIIMVYIP NI YV DDA NYPN

JP9NVIP 2120 NVNPNN NYOVINT

DNPINON N»YAS NIV NN KD NN Z,, PNDNN NNAND NND DNNT .25.3 NNy
-1 =70 150 NN yan g = 1 orv 29 v Z, = (g) M) .TTIAN
DN NP P PN DN Y0 190N NIN ORIV PRI -0 0D 20 MY .z (modn)
Ly, OV

DXONINY NN N ,A0N DTN 1TV NN DDV |7, DY NPNADN NNINN
T-g =-V D T NINDD O DN A € Z, Y2 g # 1 M pim PInad
VN M) IMRY gL 1995 DN P 1P L(g,n) = 15 W9 T A (modn)
= hg~! (modn) NN PINSN 1P MY DTHPIN DNPINON NNRYI

230 TN AToN G = (g) OPX 1NN NN .(1KN-29T NIPIVIND) 25.4 THYV
(NPIND MIDD GONND INY) TIND T ONWNRI p Ny U, NN MNa5 52pn

NN NN @ € [2,n — 1] 2¥2V 7901 PTID Y09 NN ¥ NYI WHNWN 9O
WIT TPIPY NIANN NNN NP2 RN 21 DON ,DVNNYN MY PR .¢g% (modn)
20M0 P

g% (modn) N5V »M¥N NNONN NN 2129 NSV DON .1

pnan N1 ,(¢%)° (modn) DRYw qmenn Ma¥NN PNan NN 2wNn 3 .2
(g%) " (modn) mayan

59



N (g°)* (modn) NN NIWAN DON 12W TIVOAN 131 AN POIN IMN .3
(") (modn)

9% (modn) Dy MyTN yasns o9 0XTT8N DY Ny .4

P9 RO INPTIOY TV ND 212) OON DY yTION NNAnD TONNA .25.5 WD
L7919 MIYSN NN NN MIANNN NNNN AYND 112 DD P00 NN DNINONRD
IN) 2120 N OONRD TATA INNNND 51D GPINY NN NNX 1M NIPNN MNad v
NOPNN NYIND INY ONINMNN INY DIPIVINNT DVNNYN D191 1991 ,(0NIvD

N

p = 2371 (TP MITNI) OHLVP OI9DN OY DIPINONRN NN ¥ .25.6 NPT
Ussz = (5) 98y 9n2)

b =15 9m2 212 .55 = 8 (mod23) NN 2125 NHWN 1P @ = 6 NIN2 OO
2121,19% = 2 (mod23) 2wnn ©ON ny> 5% = 19 (mod23) N DORS NSV 199
815 =2 (mod23) avr
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