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M9 = 0 9 ,a’ = e-v 5 NP2 YOPN @ dyaon 190NN NN o(a) YN

O o(a)|n
o

unity of Roots a0 ) = U Q2 DVMD WY NP NN JDOI 3,15 DN
n=1

(1NN NION2 XD NN MMAN TIR) .99 >335 NN NN O .1
090 97O1 NN 25e-2 AN DI D) 0 (z) < 00 ,x € Qo 939 2
JOPN NN O .3
group Torsion IOV N3N DOXRNP P90 ITON NI DN DD DAY 1D NNMand

NN
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725 990 .C* DY DMan~nn Y NONY Nt T DY NMan v o L1
Nt NIPN2Y) IMIANTNN NI TPYANR NNAN DY YMD ITON DIDND GOIN
95 NN PYTA NYON NNV DX QD NN 29D (D90 NNANTNN NI
120 199 ,CF n5aNN NMNANN DY YN0 TON DN
g1, g2 € PV 0P RO NN P9 L1 € Qg 20 M2 NN 299 vNaN 19N
I,k € Z may 2n23 .gs € €, ,g1 € Q, DMWYV m,n DY 120

OMININ

. 27k 2wl

g1 = cas——, go = cis—

m n
=P

 2mk 2@l <27rk 27rl)
g1ge = cis—— - cis— =cis | — + —
m n m n
27 (k [
mn

g teQ, COy DIIN,g €, OX NV ,NN2 NN 229NY MPID
NV IR ,INY 2005 191X ,MNIAN NIVIY DV TINRY 72T It ¥ ON)
(.NMan NN ,mMan dv

0()<n 3P0 2 €Q,Myv n ovp r € Qy 939 2

Qoo TR N0 N Qg OV NPOPIXN MMIAND™NN DD ,0TPN Pyon 9D .3
A0 NNND ANV NNV 12N KD 1997, IPNDI1N

MMAN YV Naw Nbaan 3.2

SY MDaon Y515 ,1an DHaNd .,Mn»P MMANN MYTN MNAN DY NN M2
MDA DT NPPORNNN 1IN NN (H, @)1 (G, %) NYNN .MNAN 0 NP

GxH={(g,h)|geG heH}
YD ,157-2097 G X H Dy © N2y P13 .3.16 2Hyv
(91, h1) © (g2, h2) = (g1 * g2, 1 @ Do)

Direct (External) VDN .H-1 G 5% (MWMPND) WD 290000 NIRIPIN NN NN (G X H, ©) R
product .(GG, GH) N G x H-2 0o

VAN NN 00T Ug X Z3 9y 5on0) .3.17 nnnt

(3,2) ® (5,2)
(5,1) ®(7,2)

(3-5,2+2)
(5-7,1+2)

(15,4) = (7,1)
(35,3) = (3,0)

(1,0) NN 19030 YR
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2ava - NN DY ,O-1 G X H Y nYyan DR 1902 01pNna ,»woyn .3.18 vy
MNNn

2(n > 2 MNAY) NOPN 7, X Ly, DRN 3.19 99390

JIN i ANY 939 NN (a, b) € Zy, X Zy, AR 9D DY ATONY MO IND NN
(a,0)" = (a,b) - (a,b)---(a,b) =(a+---+a,b+---+b) = (na,nb) = (0,0)

m < n ndna (e, )™ = (0,0) yYMayw m Oynn 190NN NI ITONY NYd
NP OO0 NN Zy, X Zip-2 DN DD DY 9TON 0D

N |Z, X Zy| = 0% 070 N ON AN RN AMNAND D PPOY ,NYD
7NN 399 ,MD PR TN .02 TN DN N 0L, OPN AN Z, X Z, NMann
JDOON NN

JPOPIN NAONA NN NPOPN MMAN DY NDIONY TN OTIPN D200 .3.20 WD
JPOAN NINRYI NPYYAN MNIAN OV NYAON ,NNT NMYD

WA YN 4

NYVNON NNMNANY Nan 4.1

group Symmetric N 72 DNTO HIMVDIDD N3ND .4.1 NN
Sn={o: {1,2,...,n} — {1,2,...,n} | obijective is }

- MAINX @Y ,mxyo {1,2,...,n} NNHAPIN S Y'NNN MPRYNN 95 GOIN Nt
NoYaN AWNd NMan 0 S, {1,2,...,n} 019000 SV ATON MYV D1 qOIN
NIPY S, DY DR DO MM IONPNS NN DTN DN LNPSPNS NN NN
Permutation AONDN

oy X NN 0900 NN PrTa N S, NNIAND (P W ON) 4.2 YD
X ={1,2,...,n} 9wrd ,n2570N N2y

0(2) =7 ,0(1) =i nN8M NN 0 € S3 IR .S3 IN MONTO NP2 4.3 INNT
MNP YOI A M o i, 5k € {1,2,3} IWNd 0 (3) = k-

123
i j ok

g =

:S5-1 DIDNN YD NN YNNI 2IND)

1 2 3
1 2 3

id =

16



Cycle

cycle a of Length

cycles Disjoint

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

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

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

JSul=n-(n—1)---1=nl

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

kNon

NSV 29 1w (12 3) MmNnn XN 4.3 NHNTA NANOY 0 € S3 NN 4.7 IPNT
IMMN NINNA TN

1 2 3 4

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

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

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

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

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

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

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

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

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

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

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

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

:G-2 H 5v nyOoNnpwn miponnn

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

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

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

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

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

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

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

T+H=2+H

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

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

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

2995 191N

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

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

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

a~gb<— aH =bH

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

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

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

19



a of Index

subgroup

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

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

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

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

{gH | g € G} ORI MPoNNN P2 Y VNN INRNN INPP .(MRYIND) 4.18 YD
(Hgw— g~ 'H) »a5 {Hg|g € G} nvmd

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

NIPY M 1900 LG H] yoa G-1 H Sv mponnn 1900 NX NI .4.19 191N
.G-2 H 5% DpIORd

DPNRIY MNONTN 29 DY .4.20 HINT
Z:52] =5 .1
[S3:((123))] =2 .2
[Zs: (2)] =2 .3

,2INY YOP DPTPRAY 935 .0NANN™NN HTNO T NN [G 1 H] OpTYRN .4.21 YD
[G :A{e}] = |G [G: G] =1 on ppn »pn any 9T H nMmann~nn 7o

|G H] = 0c0-v 75 ,H < G nMan~nm G 1Nan RSN .4.22 990

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

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

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

divisor

Euclidean

algorithm

MWINRN DN S

09901 NINY N1an 5.1

OOV (0"01) I3IDD AMWDD PINYD 1, m OOV D900 AW NN L5.1 DTN
290NN NPNY TN

ged(n,m) = max {d € N : dln Ad|m}

(n,m) =1 OR DN n,m * MN .(6,10) = 2 Sond .(n,m) P IV WYY
.0t 0N 5 2 Swnd

b=y a DY OIRYY PPN 9 Ponn d N Ld|b B d|a DX 5.2 YD
(n,m) = (m,r) W n = qgm+r ON .5.3 HYO

D9 DX d|m 0N d|n 22 ©YTY IR .d = (m,r) 29" ,d = (n,m) YOI DN
A< (myr) M2 1M dlr =n — gm 3991 1, m OV OINYD NV 7 AR PN
OV IRPD NN NN 1 D (m,r)|n 199 ,(m,r)|m on (m,r)|r DTN 29 nyd
D MOP YON T (m, 1) < d R (m,r)n o (m,T)|m D WP DN um, T
O A= (m,r)

HYV3 NN VIDW ANY3 Y"DY AROSY? "D (OTOPIN DNPINON) 5.4 VOUY
(n,m) =na m=00% .0<m<n 7 M DTIPIN DTINHIR XD 53
W3N .(n,m) = (m,r) Y PYON 0 < 7 < m WWRD 1= gm + 1 33N NN

(ABYD? 3PN BIMWIIRD D2

DTOPIN OIPIMON NRYA 47-1 53 DV n”nnin IR 2vN) 5.5 T

(53,47) = [53 = 1 - 47 + 6]
(47,6) = [AT =76+ 5]
(6,5)=[6=1-5+1]
(5,1) =1
0 DYNY O2I99010 MY NN NINT
(224,63) = [224 = 3 - 63 + 35]
(63,35) = [63 = 1- 35 + 28]
(35,28) = [35 = 1-28 + 7]
(28,7) = [28—4 7+ 0]
(7,0) =

DXAPYY ©I9DN MNAY DIAPH’ DIPINVIONIL NP2 170 ©2ADYN 190N 2N NIYND
AN DN NN IWRD log, n NN DIPIMORD DY MN8N NITOA
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a,b # 0 DWWV DMODY 207 DIPRD .(IPTN 2INDD NMPND NNNN IPON) 5.6 VOV
»
(a,b) = min {au + bv € N|u,v € Z}

Aa,b) = sa +th-v 3 s, € Z DYHMY 0103
.ale 22 WD Lalbe o0 (a,b) = 1-v 75 0OV ©I9UN a, b, ¢ YV 5.7 3N

c-1 292) .1 = sa + th-v T2 5,1 NP PIRYD NP N"NNN PN 29D WNINO
93 La| (sac + the) 139 .altbe ©Y 2NN 29 alsac 2D M2 ¢ = sac+ the HApN
.ale

ple W plb R plbe BN MYRY p BR 5.8 MHPOY
ple ©MPN 9300 299 ,(p,b) = 1 199 p 1 b ,NINK ID»D IR ,p|lb DX NN

PPN MINDD NPYD N’NHNN NN DWIANYD 5,1 DNTPNN DR NINND T .5.9 Nt

Extended SRNDD DTIPIR BIMNIRI WNRNY)
Euclidean
algorithm (234,61) = [234=3-61+51 = 51 = 234 — 3 - 61]
(61,51) = [e1=151410 =10 =61 —1-51 =61 —1-(234 —3-61) = —1-234+4-61]
(51,10) = [si=51041 = 1 =51 —-5-10=51—5-(—1-234+4-61) =6-234 — 23 - 61]
(10,1) =1
(234,61) =1=06-234 —23-61 o9
Congruent nla—b DR N AN DNYPY DN a,b € Z >3 N 2Ya0 1900 1 7Y .5.10 N1
n modulo a” ANt NIPN a = b (mod n) Mt O YOI .a = b+ kn-v 15 k € Z 0»p M5

Jn oymn b-5 Hipv

IO POPYHT) MDPY DN NN 1IN MDPY (HAD DNOIN) 5.11 HYV
,a =b,c =d (mod n) DX MDD 2N DITIN 1 INTIN NN DD (VIO
a+c=b+d (mod n) on ac = bd (mod n) N

6lr =1 (mod 234)-w 75 0 < 2 € Z W0 .5.12 9990

MO .61z + 234k = 1-v 75 k € Z Nxnd N7 .(234,61) = 1 99 1R )00
oNTPNN 0N k,z M50 .234-) 61 SV (Nt NIPNA HNDN) MIRYD PPN NN 1
1 =6-234—23-61 mTpN NONTN 295 YN0 MIRDD NN NNNN PPN VIVIN
2 =211 9n23 *25¥ N z 2D PPN *TH & = —23 (mod 234) 1Y

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

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

.[6] M Ugy nana [234] = [51] 5w »9nnv 1Nom
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.333333 S NNINNN NT90N NN INYD .5.13 999N

215 vy N (mod 10) o0 N 2901 S¥ ANINKRD NI9DN ,7PNIVYN MW NN
105 .333333 = 3333 111333 »5

111=1 (mod 10) = 111**¥* =1%* =1 (mod 10)
33 = 383+ = (39 .3 =81%.3=1%.3 (mod 10)
333333 = 3333 . 1113 =3 (mod 10)

.3 NN NININND NIDNY JINOD)
DN SV MNON .5.14 THYV

ld 7N jeln on e|m-v 73 e d = (n,m) v .1
(an,am) = |a| (n,m) .2

PO NI N eln, m-Y W3 .d = sn+tm-v T3 s,t 0P .1 JDDHD DN
.d DN N sn 4 tm DNOY INYD MY NN D)

(.1an 9nann pon) .2
H

common Least (0"D3) IMPMOBD NOMMVWHD NN N, m DNOY D901 NV JMNA .5.15 N1
multiple nYAD NATHIN OOV

lem(n,m) = min{d € N : n|d A m|d}
.[2,5] = 10-1 [6,10] = 30 Swn5 .[n,m]| P71 O DY
"0 DW MNdN .5.16 TWHYV
[n,m]|a W ;nja O3 m|a oK .1
[6,4](6,4) =12-2=24=6-4 505 .[n,m] (n,m) = |nm| .2

0 < r < [nm]WRda=q[nml+r-v I qrvv.l DD DN
wor # 0 oN .mym|r o3 yan n,m|[n,m| DITHN 299 n,mla *d PRINN
[n,m] la 95 a = g [n,m] 39 .[n,m] v nrHPNIS NPND

N29515 790N DY MON NNYA NNOM N"HNN WND DOP TIT IR .2
NI YA 0D N2 LOPNYNT DN

k k
|n| :szl :p?1p§2p£k ’m| :Hp?l :p?lpgwpzék
i=1 =1
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Chinese
remainder

theorem

D»NVYNI DMNI YNNIV > T 0 ©1NN) oy, 5; > 0-) O OPNIUNR p; TURD
D YIONWND PIAN NYD (AT IMND

k k

(n7 m) _ Hp;nin(aiﬁi) [n7 m] _ Hp;nax(aiﬁi)

i=1 =1
W, + [ = min(a, f) + max(a, f) 07PN «, 5 D901 W 935V »am

n,m] (n,m) = |nm|

]

Sv n"Mann d 0N .DM90N AN INYD NN PTHIND IVIN L(aY) 5.17 AYNRY
$1M1 + DMPPNN Sq, ..., S, DMOY D900 DIYPY ININ N, ..., N, DIONN
KDY INpITIN a0 4 spng = d

YN T BOY a,b € Z 97 MR DR 1, m DR L(PON NPINYND VIVYN) 5.18 VOVY
L3 2 =0 (mod m) @ = a (mod n)-v IO nm AN MPPY YD

13 .sn+tm = 1-v 12 5,1 € Z 0»p wX ,(n,m) = 1-¥ 2910 AR K7 DN
0PN .bsn + atm-2 INAN) VOVYNI WD T OV DVP NOIND

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

NN k€ Z 935 &' = x4+ kmn D3> NI SIWON NINS NN = = bsn + atm 190
PN PN
O] AN 59N NN nm TN T OV MTHN HNOIN

DT =2 (mod5) on z =1 (mod 3)-v 75 z € Z N¥0) .5.19 NNt
S=—Lt=2n=5m=3mnmpma .—1-5+2-3=1399,5,3) =1
07PN PR .z = 1-(=5) 4+ 26 =7 NX 7IN2O IWAN *PDN NPIRYN LIV 299
7 =2 (mod 5) on7=1 (mod 3)

MNNYN) MBAN NIIYNID DY 1D NN Y9I INY NIN 2PDN NPIRYD VYN
00T M>pY SV

NN DIND DHYI0 DMODY D3Y {mg, ..., Mg} RO ()2t v DN) 5.20 VOV
QU MWD D3P VD3 L1723 BRZOID IR 1PDY (N KID DHIP3 DNODY M 2D I0D)
WINO DNV 7 AN = DN IMRY Wy {a; (modm;) |1 <7 < k} m™Rw
TIRNYOD NYDY

r=a; (mod my)

x=ar (mod my)
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y=3omy =2 (modb5) ,y =1 (mod 3)-v-v 70 y € Z N0 .5.21 "N
5 N9DIN T TY NI NI NNTIPN NONTN IR ¥y = 7 PINANY 25 ow) .(mod 7)
MNXNWNN SNY NN DY (15 = 0 (mod 5) o»n 15 = 0 (mod 3) »2) 3-5 = 15
Y =7 (mod 15) nnX MxNwNa PONNY ) y = 2 (mod 5) ,y = 1 (mod 3)
MY NDNA PPON NPIRYN LIVYNI WHNWND IWaN 199 (15,7) = 1 >0 25 ow

N9 NN Yy = 52 20 I1PTI MINNIVYN

d <n 95V Iivomn .n € N 7o 9N a € G o ,nMan G nn .5.22 990
V320
O(Gd) __n o(a)
(d,n)  (d,o(a))

’3 25 DXVI (IO’ DN

A € 7Z > 1PN WYY moyan)

(d,n)
O 09 .nldt 3.4 yo 095 a®t = e o> ,(ad)t = e M) DYIN
n d =1 2w T80 (3TN - DOV DI9DN DNIVY) n dt
\(dn) (dn)) " " (d,n) 1 (d,n)
n
O 2PN D ,m’t NYUNIN DNIN2 DAY DN *9D
,n

DN NN INYD DTIPN 90NN NRYA .0 AToNR OPN NMan G onn .5.23 9990
G NN oy G-a

N .G = (a) "> M) MO
G:<ak><:>0(ak):n@%:n@(k‘,n)zl
,N

JUR| M0 G NR D8P0 DIDRD 1900 )0

WY YN 6

IR vavn 6.1

.a € G930 |aH| = |H| o»pmm .nan-nn H < G onm nman Gonn .6.1 2oyv
VOVYNN NN D2APY TN X ,G DY DN SV MDY MPONN NN 10 MPYNNY »oan
N2 2NN

Lagrange’s

theorem |G =[G : H]-|H| ™ W H < GHom anan GOon L(1r1D) 6.2 vowun
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DN3ND 7Y ITOD DR PIND ININTNHN 7V ITOD 0D N3N N3Y .6.3 WHPOY

G

— =[G : H|

|H
o0 o(a) = [(a)[-w »ov 7 ()] | |G| ™ {(a) < G-v Y a € G W3y 0103
Gl =P @ € G995 B 1PT DN3PD 7Y 1TOD AR PIND N3N AN 9 Y

NP 0N Zip-1 DIVN DY DPIVAND DTON ,|Z1p| = 10 M2y .6.4 DNt
{1,2,5,10}

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

Loy X Loy DNAND DR N TPTI DONT NN XD INNO
LMD AN 0”P PN IR 16 9TON 1R 0»p KD YA 16 w0 nMann 1To
.no> 1 My 0PN YN Z, X Z, 0NANNY 1NN DAR IO 1MAN 1’ RN

0(g) > 199 .e #£ g € Gorr 299URY p 1ToN NN G NN .6.6 NPNT

N .G = (g)-v MRY M ,0(g) = p NN PY o(g9)| |G| = p v TN
TN IPRY PIDRD TAR 9D T DY NI G-V o) e # g € G 939 ) NN
KRRtk

OPN NNANTNN W G-Y WX amn o0 n AToN O G = (@) NN 6.7 WYV
M TON AP

K >nn .0ovp wv IROM ,m IT0Nn nManTnn v H = <a"/*"> I DNOW
K = H ey mmren nnonb LK = (6) P, m 2701 NN 0O nManTnn
522 99M 099 199 B = ab-w 1o b < n ovp G SV I8P a-v INND
o(B) = o5
D»p nopn INoN 28 L(n,b) = X P50 m = ORI o(f) = m 93N
Yo (n,b) =sn+th-vI>s,tEL

an/m — a(n,b) — aanrtb _ (an)s(ab)t -1. ﬁt ceK

5 | H| = |K| nmann oo Sy 9an H C K 19 /™ € K-v 1952p )
O V1o JH=K

?730-2 ¥ DMV MNAN~NN N1ND .6.8 9NN

NID TMNANNTNN 90N 7YY NNANA AT INNRD ,NNTIPN MYON 299 NN
1 ov7on |{1,2,3,5,6,10,15,30}| = 8 :9m155 ,30 190100 Hv ©p5Nnn 1901
PONMI0N MNANN~NNY RN 30-)

IR G-2 07 OR PN OXR N TN G 25 DN .m0 nNan G NN .6.9 99N
2 79791
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Subgroup
S by generated

G generates S
Finitely

generated

T0 NN PONN TN DY ATON JTINTI0 VAYN 29D IN L2 ITON TN O”P DN INNO
20 NN2ANN AT 1O NNNANN

INNYD 25NN NI - NPTIN NNON 2 TON IDNROV 2D W) Pt 1Ton G ON
DI9 NINYD NNV TDN GX PRY 10D |2 9701 (-2 TN G PRY 12DV N
MM DN DD AWUND ,NNND NNAND PN DD NN ATOD Y IR DTN IDNRD
DN DV MR ON 901 HAPY DTN AN DY TN (130N NNYN) 1D 2IMNN TND
NnNY nnoa ,G-a

2 3TDD DMIZMINR 7Y M MR HODY YWY R ITOY DN3NT? .6.10 MHDPOY

ANAPTHN 2T HY NASNN NNANHN 6.2

25 W) G-1 OYDN NP RO NXAp-NN S C G onm nan G onn L6.11 AN
G v nMan NN NI5Na YN S-v
MNON S NN NN TPOPNN NNAND™NN NN S T Y MBHD NN NN
,G = (5)-v 75 a0 S nurp or LSO HY MY G-v MmN N G = (5) ox (S)
AZ1, .0, TE) NP DN ,DIDVN OV AV NXIAP NAY N SN G 0D NN
N DR TPOPN NN NN POPN 1NN DY NATIND 199N NN N DTN
JPAD NN TPAD NNAN DD D) TR AR T DY NN

PNPITT NYON Nya ndn LH = (2,3) Ny {2,3} € Z np2 .6.12 Dond
H =7Z-v

Wom (—2) € Hoynr 2 € H-v yw> \H CZ vion Z Sy nnan-nn H
95 LH-299m \Z YW I8y NIinw TN AR M (—2) +3 =1 € H-v
H=7Z-vwvp ZCH»M,Z=(1)CH

{4,6) ={dn+6m|m,n € Z} 9aprx ,{4,6} C Z np>3 OX .6.13 DONT

P NYONN DNdYN YV NNINNN WMD) (4,6) = ged (4,6) - Z = 27Z-v 1yo)
LSNPV VT AN T DY oD L(DPNN DI9DNN NN

(4,6) C 2Z 99 2|4m + 6n-v M2 (C)

27, C (4,6) o»pmm 03 Y .2k = 4 (—k)+6k € (4,6) N8 .2k € 2Z 1 (D)

NN INND INY 5P ,OAN AMIANNY NIPN ,NININKRD DNNTO NMTL .6.14 NPNY
a,b € G ©I%Y NY NP DX HYND DN NNAP T DY NIXNN NNIAND~NN
Aa,b) = {a'V |i,j € Z} 92p>
oVNo LT ©-b-N 9D TN D-a-N YD NN ITOY 1N NP/ NN MOt
abaaab tbbbata = a*b?

:0”PNN FPOIN NNIANA 55D 19N

(al,...,an>:{alf1...afl" v1§i§n,ki€Z}
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255 1Y "o n¥ap NN (A) IR DY 1WWND YD NN L6.15 YD
AWND AU A nvnd 1mbv masbnn NN 01T LA N¥apa NYMND mysnxa
T € A N2 ,MA3ONN 0 NPMN SV a0 N1 N nom A = {a|a € A}

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

VNN HNANA DN DY 910 6.3

(a) N (b) = e on ab = ba-v 15 a,b € G v .nNaIn G NN .6.16 WHYV
N D T DY NININN NNANHTRM @ >T> DY NIXNN NNIAND™NN P2 TINHN D)
N L(TONYIY

o (ab) = [o(a), o(b)]
:[n, m] IR PO o(ab)-v MR .m = o(b)-) n = o(a) DI DN
(ab)msm) = gmlpinml — ¢ ¢

o(ab)|[n, m] 152>p 3.14 Myv 295 [n, m| NX ©PSNN n, m-1 ab = ba 3
199 .af = b7 L, (ab)t = e DX YOI OIND YT IV TN

a, bt e{a)yn(b) =e
O .0 (ab) = [o(a),o(b)] M5 .[n,m]|t 991 ,n|t N n|t M9
DOMWMNVD DMK YW ([em) P'EID KD S),-3 B BOIRNY M9V WID .6.17 HROY
A Nn (1234) (56) 5w 971om 6 20 (193) (56) Yv 170N .6.18 NN
.S15-2 45 9701 NMNANTNN INND .6.19 YN

9N AN LS15-2 45 9TON NN RYD) NN
o=(1,2,3,4,5,6,7,8,9)(10,11,12,13, 14)

0(0) =19,5] =455 25 own
NMNIANN"NNY PO ,IXY M IDRY NNANNNN ITOD MY TDRD ITOY NP0 Ny
TN DY Y (o)

7515-2 39 970N 12N D”P OND .6.20 NYNY

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

ANRM 13 TINRND TARD 0 IMNN NY9OND 39 A1T0N NX D2APO N2 DINN
JS15-20vaN N2 Mt )09 134+ 3 = 16 Yax, 3 7NN

Transposition NN XIAPY S,-2 2 TIND INNN L6.21 AYTIN
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DMYN NY9IND DIWID Y (aq, ag, ..., a;) INNND 93 .(09TD) 6.22 WHYV

(ar,a,...,a,) = (a1,az) - (az,a3) ... (a,-1,a,)

1ON
Sn={(,5) |1 <4,j <n})

25, NMana w 2 < r < n TINN DIMNN 1D .(O9TD) 6.23 9N

9N rwar (7) v n N D900  0IMI IPNOYIMP NONY | NNO
TIPYIVAN YT ANV 1IAD DIN NNV 0D7T rl-1 ©I900N 7 IR ITOD W nyd
NG DN DAMNN 7 W 0D

(a1,...,a,) = (ag,...,ar,a1) = = (ar,a1,...,a,_1)
W S,-a T TIND DINNNND 90NV DAPY -2 H91DN 90NN IR PYNY 199
NERGE]
254 VRO DPIVANN DITON ON NN .6.24 DN
0N OPIVARD DITON S4-2 IWNND
DTN AR P - 197D
(12) (34) Svnd ot 09N MW YV NYAN N (i, ]) DNPN - 2 ITD .2
.(243) YonY 3 7NN oMN - 3 7TV .3
.(2431) Sony 4 780 oM - 4 9T 4
2S4-2 DPIVORN OITON D NN DM DOV NN 1200 NNOYN MDD Hit
255 MIDRD OPIVANN DITON ON NN .6.25 N
0N OPIYARD DTON S5-2 WNND
DTN IR P - 197D 1
D DN NV DY 1Y N (i, ]) DN - 2 ATD .2
3 TN 0PN - 3 170 .3
A TR0 oM - 4 970 4
DTN I - 5 IT0 5
.(231) (54) 5wno ,3 TN IMNM NN HY 1Y - 6 170 .6

> 5 Ay n-n DTV A1TON DN W S,-av 2D Y i
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Group

homomorphism

Monomorphism

Epimorphism
Epimorphic
image
Isomorphism
Isomorphic
groups

Automorphism

WAV SN 7

oMmraNNMMMIN 7.1

DOOWOYYY NP f: G — H npnyn .man (H,e) (G, %) n»ynn .7.1 A0
DYPNN ONX MMN3N Y

Ve,y € G, flzxy)=f(z)e fy)
:DNVANIMIN DY DNV DNDD NP DN PI)

H-2 135w G0 99N AW IN DHOWOHMD RIPI Y'NN NINY DDaNMIMN .1
J: G — H y>»v o”p N

TVONOION. TMDN NN H D 9INI DDOWDOR NIPY DY NINY OV9NMIMIN .2
J: G — H ovoamran o»p o G YV

TVONDONIR -1 G0 N DUOSWONR NIPY DY) y'NN XINY 009NN .3
G = H o . f: G— H ovommvdN 0P DN

.G OV BOYOWOYWOW NI f1 G — G ODINMMIDN .4

DOONMIVN ,DPONPAN ,DPONMND ,DP9NNDIMNN TY MNWN NN I8P NPda .5
JNNN IO AN ON N mIND DYaNMIVIN

OPNYN NRYP ON PN OXR OVSMMION NN f: G — H Dvammmin 7.2 Iy
gof=idgon fog=idyg-vI09: H > G

YTD MDD LNNYA OVONIIN N NN g NPNYNINY  (1NDI) MOIND IWON
.g = f71 noan Apnyn N8N 2900 DPMMPN XN f OPaNMIMINY NOND
NTY) TPVNMIT0T NPIVDD [, NPDOPODT NNON N NPINMPNRY NINID 0) IWON
ANNAP DYDY M TON NMTY NN MNANND NPONN 2D MPPY DN XD

,DNVOMOINN JN ONN AP .MNIAN P MPNYN 0D SY 1o MmN 7.3 9990
N0 NN 3D ON)

NWIN OR NNP PN N OV NN x> e 29) NATHmN ¢ R — R* 1
200207709 D9ONN

M ovaMaN N det: GL,(F) — F* & .nTv F o .2
det(AB) = det(A) det(B)
D09y DY NNVOON NNIVN DY SONDND IWAN DY NPNYNNY NOIND 1)

JoovNa (7,1, ..., 1)
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Kernel

Image

VAP DX IDAN DD OVANMIMN NYR = — 2 290 MmN ¢: R — R* .3
p(0) =1

2)7N2 ONXRIN LOVAMMION NN 1 +— —1,0 = 1299 Ny Tamn ¢: Zo — Qs .4
JVONMION NYYND 0 2 ITON MMANN YOV A

NN TIND MNON NND NI OV NIMN XN f: G — H npnynv N1y
Jleg) =€y 1

g™ =flo)™" 2

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

oM NMaN N NN Jker f = {g € G| f(g) =en} M0 ,f DV YWY 4
"POnaM DMan-nn” ar N »avy qunna) G O

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

DTNV NN ,NIPNI NI, MO DNVANMIMIN DV IOND NNONN 7.4 T
ANYY Npnyn JF DY Syn 0»mom oanm V. I pip ANy nHaxoNa
NIoN2 OND ,dim V' = dim W ey mman Sy ovaymmn oy xonT:V — W

2009MWN T

JOIND D202 S¥ NNNN T DY TN 19N NYIAPI TPINYD APNYIY T 7.5 WD
S(S) oy maxn f: G — H ovanmmin namn i ,G = (S) ox ,nmT

PTIN (TR XY OV I1D2ANR) DXINY NP OV NNNN OV NY AP DO NOW 25 v
ovaNIMN NV NPR ©([1]) = 1295 PV T1IMN ¢ Z,, — Z Sond .ovammin
TAN TN 20N NITID NN

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

,DIXPN P DOPPNNY DOMN DOV P70 W 595 19Na p([n]) = 0 v T8
.OVONMMN ITIVY 1T ,0I8PN MNNN DY D) ONPPNN

DPPNN PND VTN g € G 955 >0 N .oV f: G — H 1 7.6 N

o(f(g))lo(g)

92PN MNNWNN DY [ IR DY) .¢g" = eg NN 29D .= 0(g) YADI DN
f(g") = f(9)" = en = f(ec)

N o(f(g))In 122
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NPANMIPN YN 4 ITON MNIAN PNV DD ONN 7.7 999D

4 97on YR W H-2a00 25 ovwy JH =74 N G = Zy X Zs N2 IND NINO
0,1 € H wmo 4 9700 YK YW 9700 R L, G — H ovammivN in 1IN
NY 9270 )90 ,2 N 1 970N RN YD G NMNana Mpnn DY AToN DX PYNN
JP9NMIPR XD MMNMAND 1O )oY
MYPYIN NPSNMIPR MNIN 199 ,D2I2DRN ITO DY IV DVSNMIPN ,q0N2
MY 30, MMANA ©2RND ITO DY

imf N, P0AN G ORY VO LovamIN f: G — H o (102Y) 7.8 Yoy
JYaAN H o 99 DX 19aN G N ,G = H orv 0N .0vaN

JON im f N DO G ORY NN OV fi G — H o 7.9 990

z € im f o v ww won (f(a)) Cim f o5 2 .G = (a) M) DMOW
AMPONR NN NN im f 23) f(g) = 2-¥ T2 g € G TR W DY INYHD TN
199 .g = ak-v 0 k € Z 0»p mops G-v »an (G v

95v 1o .f(a) SV NPIN NN NN AN 9D MDD L € (f(a)) D nHMm
O DPINMPN JD DIDN TN NPYOPPXN MNAND

7. S3 = Zg DVONMIVN DYP ONN .7.10 99990
JVOPN Zig YR (FPOANR KD IDANR ND) TPOPON KD S35 ) ND )W
2 (QF, ) — (Q,+) ovoNmPR D»P DN .7.11 99390

935 f(a?) = f(a) + f(a) V192 ,DPINMMIPNR NI f 5 NSOV M) KD NN
MPN W IR DY NN f-v a0 =5+ 50020 0V ¢ = f(3) woy .a € QF
J(x) = §mmx yon §-5

INNYNN NN NIOX 19D

f@®) = f(2) + f(z) = c = f(3)
A3 ¢ Qo0 o w N 2?2 =3 19p ,yNn NN f-v em
tH = (5) <R*WNd f: H — Z3 X Z3z DVPOMMON D”P DR .7.12 9390

N im f O) IR, POPN NN H-v 090 D f DYpY NDYvA o)) ND N
NMANN 2D NPNO N IR dm f = Zgz X Zs D 92p) 199 0y N0 f YaN o
YO8 NN Zig X L

1 GLy(Q) — Q° ovammmn o»p DN .7.13 939N
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NI L[ GLy(Q) — im f 018082 192N .M £ DPPY NY9WA 1) KXY N
(DDAMMION NN f IR LYNN f-¥ 290 DPOTMOR I 0D WITNI) DHONMIDN
DPND RY ,9IR GLy(Q) D3 Mm59d .YaN im f 1991 ,im f < Q8 D 0o

A3I3 TDI0N PIIR VI POV
2009MMOIN NN i(g) = g7! 295 PN i G — G NpNYNn TN .7.14 999N

NNP N PITAS IRYIY DY YNN NN DNKYD DNANND 1’ DPNYINY M2 NN
5 25 OV g, h € G VY (DV9NMIMIN NN YD) NLIYIN DY NIV ¢ DN

i(gh) = (gh)™ = h™'g~" = i(h)i(g) = i(hg)
JPOAN G OR PN OR OVONMMIVIN NN ¢ MDD .gh = hg DX P OX OPPH> NN

Anversion 99 »7T5 N2 NPNYNN DY OWN 2R NIYND

99H vawn 7.2

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

NIPY N259N0 N9 oy T X X-1 Mann Nespnon v Sy qQOINA NN
XO9Y DMVYYDD HMNM3N

dg(a) = ga Snnwn 59395 [, € S 5y Y'NN PN NITIM g € G 935 W
05 .ovaNMMN $-v NN NNN . P(g) =1, 290 ©: G — Sg PN VTN
0PN g, h € G 9200 NOINY AN

lyoly =1l
:a DMNN DY MO Y0 a € G YD DX PN DN MY NVEPNAN
(lyolp) (a) =1, (In(a)) = ly(ha) = gha = l,(a)
DPPIN N g = [ ) Y'NN NINY MININD 27D .0v9mmin ¢ oM
g=g-ec=l,(eq) =lylec) =h-ec=nh
[ Sg-1 nown G o g = h oo

PMPIV NNANND DN NN N0 .G — Sg 2w Man G = S3 N2 .7.16 NNt
{1=id,2=(123),3=(132),4=(12),5=(23),6=(13)}

NN - NNANN DN DD NX NNV g-2 IRNPYN D90 XD IR g € G TN DD
:g = (12 3) 5v Nmnn NN 2WN) ,5VNY .Sg-1 g DY INNNN NN N
dy(1) =29 ,1—2m55,(123)-id=(123)
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theorem Euler’s
totient Euler’s

function

little Fermat’s

theorem

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

1g(3) =119 3= 1995 ,(123)(132)=id

dg(4) =699 41— 6 m>5> ,(132)(12)=(13)

dg(B) =419 54 mo>,(132)(23)=(12)

1g(6) =513199 ,6 — 5 Mmoo ,(132)(13)=(23)

YD MININD 191N ORD .DINAY NN 290 g — (12 3)(465) 950 TJon
VAN N POMP VLIYND NAAY 20 MY 2(14)(25)(36) N0 (12) namn

1S5 < S5 OV vV YTV
JSp 9% DNINTANT? MONDWIR 72 AIDY G 9D N3N 7D .7.17 MHPOY

SV DNINTHINT HHONWOWR 72 TPV G THOYD N3N D .DTY F O L7.18 HDPOY
.GL,(F)

GL,(F) 5% nMan-nnd mammwn S,-¥ NI :INND 109
GL,_1(F)-2 S, "X 29910 0Mp .G — GL,_1(F) ovammmm XY DN

G = Zg W ,709AR G ORY IO .6 9TON NMan G onn (M) 7.19 990
G = S5 N, 109aN 8O G ORWY

MY YNN8

49NN NNNPNS 2N 8.1

IN2N VNN VAVYNN DX PPOY U, NMHANN MY HINDD VavNn

WY o(n) = |Uy,] 9% MW ¢: N — N AP Impno (19N 0awn) 8.1 vovy
.a?™ =1 (mod n) o™ynw a € U,

©(10) = nx Upg = {1,3,7,9}-v annn .3 € Uy 129 ,(3,10) = 1 .8.2 "t
3700 = 34 = 81 = 1 (mod 10) :07pmm 1O |Uy| = 4

MIVRY D N3Y IR VOVUD 29 YN0 TPY TR L(N1DID S¥ YOPN VIYNN) 8.3 VOVY
aP~t =1 (mod p) V3 0(g)| (p— 1)-w DY a € U, 99 V7 .|U,| =p—1

5S¢ MNINND MIDN >NV DR 1N .p(100) = 40 »> 1Y YN o) 8.4 99N
90921 79000

2wnY o1 N ,909 = 9 (mod 100)-w 910 M2 pw N2 19N mod n-Y I3t NS
‘9121

99100) = 940 — 1 (mod 100) 19N VAWM 29 Sy NN ,(9,100) = 1-v P>
9121 = (910)3.9=13.9=9 (mod 100)-v NN
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ININAY NN DNDN NNSY 2100-n YIN 9T DI9DNY p(n) IR DIAVNN PR
DI VOMN TIYA VNN DNIVPN DIFDNN QDN NN AVNY YD) YAV 190N NV
AP}

MPN N9 P N2 DOV T9DN DI ,NPPONTPIND DV TIDN VAVYNN 9 DY
M%) (PP AT 2T TY) DPNYRI D00 HY

— kl k2 k'r
n=Dp; Py - Py

,ND9D92 NYOD PNYUNI D901 DV NPN DY IDNIN NPNPNNA TI9)2 AN NYd
:AVNY OP OMNY

e 1
e (") =p - =P -1 =p* (1—5>

,(a,b) = 1 DN 295 ,NNXINA NNIN ROV MYV IN DN NPIRYD VIYNI D)
93Py OOV 190N MY 399 .p(ab) = ¢(a)p(b) W

o (n) = (PPP5 . .oim) = o (07) 0 (052) ... o (pf)

1 1 1
B ol AR
D1 D2 Pk
1 1 1
:n-(l——) (1——)...(1——)
D1 D2 Pk

e (12) (-2~

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

s (1) (12 (1- 1) o

89214671999 1 2019 Sv MNINKRN MAODN YNV NX 1AYN .8.6 99N

DO,

92p» mod100 2y83 .¢(100) =100 (1 — 1) (1 — 1) =40 29N> 5p o

892146799 4 2019 = 679 4 19 = 67701 419 = (67°°)™ . 67! + 19

= (677099)*" 6771 419 = (1) 67 + 19 = 67" + 19
-2 Ry 199 100-5 9 67) Uygp NMaN2 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
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RSA

cryptosystem

67 5w IRYY NN ged (100, 67) NN PXI 2NN DTOPIN DNINON NRY2

:100-
(100,67) = [100 = 1 - 67 + 33]
(67,33) = [67 =2-33+ 1]
(33,1) =1

MO,z =3P ,1 =67—2-33=—-2-100+4 3-67 :52p) NNNXS NI
3 NN 67 5V 09N
22 30 MNINNA MM NV M 671+ 19 =3 + 19 = 22 195

RSA m98n nosyn 8.2

MAaxNd YW NuNNNN L RSA Maxn NoIyn NN MMNIAND NNNI VINKYD INNT
DIPIVON DY NXIND NNNT AN 2NV NNNN YT DY NODINN NPIVON
ST NNPOIN (TR TINRD PNV Ty ,0029 N1 oY DY) RSA

9NN Y9IND NYTIN OIORD MOV PNy 22 :HoNN

TIND DY192) INIPN J9IND p, ¢ DPNYNRI DIGDN MY NINIA DN :MNNINHD NN
pn) =(p—1)(¢g—1) My n = pg ©IBONRN NN NIAVYNN NN .(DNTH
SY192) MBXNY TIAYNN RIPIVY p(n)-2 NN e > 1 790N NIM1 NN qona
5S¢ d 995 M0 NN NN (NN JOP T 190N N 65537 = 216 + 1
q900 RN NN MDD A0V ONION NN IR MY Uy NMana e
T ANTINN OTOPIR DIPINON T DY HwnY de = 1 (mod p(n)) 0»pnn

DDY MND TNY PRY 2OV

NNANN NN ,JONIN NIOND XY TR ,PHN J9IND NN DOX NN NN9ND N¥9N
NNYY TIDA NIV NN d TIDN NNANN NN .(021Y9 IN) 212D (1, €) " NIN
DY MND TNN PRY 2OV Nt D)

NI .0 < m < noDPPHRN M 90N NN DOND M nNyTin NOw 212 NN
0D 190N W PRI IIND . = m€ (mod n) MAXIN NYTINN NN NOW
MOYS D1 21av MY My DY

m = ¢ = m = m > NoN NNONN NNYL m AYTINN DX R/NYN DN ANV
.(mod n)

p = 61 NN SvNd 57N OON TIND DIVP DI9DN DY NONT N 8.7 HNNT
VNN NN .q = 53-)

n = pq = 3233 pn)=(p—-1)(¢g—1)=3120
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NI MYV OTION NNANN .p(n) = 3120-5 It 1RV e = 17 MO¥N Iy ININ NN
d=e ' =2753 (mod 3120)

NN NNONN NN DDIAN NN DIVINONI DNMYNIN DADVN Y NN DPDD » T
(n,e) now
DYTINN IN 2V XN JOONRD m = 65 NyTINN NN NDYY N 212 N
MONIN
c=m'" =2790 (mod 3233)

2N T DY NN NIYON DON NYD .DOND ¢ NN Now”N
m = 27903 = 65  (mod 3233)

M2y MYWa MYYNY 091 NPINTIVD MPIN DY D»»aN 2Ova DXWNN

NOWY) W NANYA NPIN 2N T DY IR PIDN NPIRYD VIYNI MNYIN TIND

MNP DAY 29 W) M7 2WNY Swnd (NP IRy NIROYN D) NNIPIN
22N PANDI NI TN MY9ON 17 — 1 = 16 ©pna 195,17 = 10001,

'=m-1=65 (mod 3233)

2=(m)*> =992 (mod 3233)
(m?)* =1232  (mod 3233)

S= (m*)? = 1547 (mod 3233)

mi® = (m®)* =789 (mod 3233)

=m (m®)* =2790 (mod 3233)

2

H
5
|

MPYTN NP0 DaPNn N (NNHINKNY NNYNT NNY) m-2 VDD TYUNIY 2D DOV
VI IPVY NP .NPDON T90ND D2apn N ,IN2I2 NOYN YNNI 19N ,100015-2
NOVIVON NINANA YDONPI

r (mL§J>2 o k
" m(ngJf AN ON K

nNoYN Sv moe |log, k|-2 ponond 5on pnwss k may mF awny qwno 1o
nYINTIN MY9oN k — 1 opna ,nvadmm moadn [log, k-2 9nvn 999 y101a
2 NLW Nrya 27907753 5w 21wnY WwATH 33 BRI DDA

NIV NVPXPNAT YNNYND IRTI RY WNNY NYTO W L (INIMN) 8.8 YYD
230 DINNA ONMIN T DY NPTPITN NYNA ROY .D2IWN DOIND T2 DNVDINY
VNOY DOV 220D DD AWANY MIAT MOPNN PV ,TIiPn MNDN MR NN9
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logarithm
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https://github.com/openssl/openssl/blob/master/crypto/bn/bn_prime.c
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