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82  (a,b)r(cd faada ol +b = I +d°

83  (a,b)r(c,d fdadla ad = be

asRsinoelase LU duiaru Lf}aﬁwuﬂlﬂmumamnmmﬂuaﬁﬁmuﬁa

9.1 {(z,y) |y = z+ 3} 9.2 {(z,y) |y = 22+ 3z— 2}
93 Az iz =7} 94 {zylz=y+1}

93 {myly <

a ' o ¥ o A A ' Y Y o 9
PRIt Tuaa i duwisdaunisdeniiorala  dudlu asmWedsunnsdues

101 flz) = z+3 102 flz) = 2 —-3z+2
3; < 2
z+1
10.3 flz) = 5 104 flz) = 1; 2 <2< 3
x.—

1 0; >3
105 flz) = z+ — )

a i . o &
wngtuuurasweidu f+ g, f— g, fo uaz 5 Werwue f uaz g aseelld

111 flw) = 3z—-2, g(z) = |g

112 fle) = 2z, g() = z+ 1

113 A9 = T gla) = 5
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7(14) + 3 = 101 mod 26 = 23
7(21) + 3 = 150 mod 26 = 20
7(4) +3 = 31mod26 5

wlaadudronwsezladannufidnsvauay fa “CXUR” O

qﬂaml,manﬁnémum%ﬁ

Uzunm 450 — 380 Unauedaaansns, nyo

o < & a A a
FTRIBIANLATAUNADWIDUDI Egﬂaﬂ

lusatafsinuannwlddnwauaaudslunsuaitsznounidusviwanizvasiviugy  Gelauaauis
A Ao o S ) add A S ¢ & a & ad a < & =
ﬁm‘nmmyua::mummamﬁmmunﬂqﬂlumaﬂmﬂmam fafe Tuaeuitvenada  udumsuiinmann
o o a . ° I3 o o P < A A A 2
anldmamsnusnnuasiwsidurnaasiwn IHlunsfesanevlugunisluidugngunie  wiald
v A U =)
Tumsuitlywnlsnguguniamriovosdu

ﬁumauf‘a%waaqﬂﬁm

: d a & ] i g
NaUBUNINITUIUUG ﬂ%@m@\a‘lﬂu

287 = 91(3) + 14
91 = 14(6) + 7
14 = 7(2)

azléin (14,7) = 7, (91,7) = 7 usz (287,91) = 7



76 Imams@hiﬁ‘nmma@ﬁm:mﬁﬂmmﬁmﬁ% 2.

nquiun 4.10 14 a, b, ¢ usz Hudmmduds b > 0 uas
a = bg+r I@ﬂﬁ0§r<b
wldin (g, 0) = (b1

- & ad a
nNauHUN 4.11 VUAIUIZVAIYANG

W a, b W waGuuIn Uss q, @, ooy Guts Tis Ty ooy 7, EWSIWIMEN  lanil
a = bg + 7, _ 0 <n<b V
b = ng+mn, 0 <mn <mn
L= Tzt T 0 <m < n
Tpoo = Tpo1Gp + Ty 0 <7 < 1y
To1 - =  Talnta
udazlein (a,b) = r,

) & ad a a o [ a o v
immansairuaewitvasafalim (g, b) uszdimdowdy z uaz y AlA
(a, b) = az+ by ldasih

Goeing 4.32 9w (527, 3553) umsmidtwamdn z uar y firhld (527, 3553) = 527z + 3553y

Taul finaauifvadgaia

381 flosen 3553 = 527(6) + 391
527 = 391(1) + 136
391 = 136(2) + 119
136 = 119(1) +
119 = 17(7)
suinld (527, 3553) = 17
daltsmiwiuda o uax y Alh (o, 8) = az+ by legmavhdeunsu  aoit
17 = 136 — 119(1)
— 136 — (391 — 136(2))
— 136(3) — 391

— (527 — 391)(3) — 391
= 527(3) — 391(4)
— 527(3) — (3553 — 527(6))(4)
= 527(27) + 3553(-4)
azldin =27 uae y = 4 a



NOBHIUIN 7

Tae inpat of & compute st be translated info 2 sequenee of Seres axd anes, and the awpat ms be trows-
laed bock zgair.

Fununnldiuegidudszdinzduhuwnluszosieu 10 1w 1d5wau 638 unuduin
6-10°+3-10 + 8  adwlsfowlunnaufiaafindlddwuiaglusugmaudn wenannsagn 10
VW g 2 wiegw 8 wiegw 16 lesfinwltlusssdnvae Ao Mdluwszuunsdunn weelddmiy
unudrsnsnderlioudnla 1w dnws “A” azgnunudis 65 luszuuaugudy wis (01000001), lu

s s Qs = | kY v [ = d‘ '
FEUUIRUTIUEDS  aUNSUNUIREGIaNvasszuuuast  (ASCIT) Judu  drethauaengufuniiaznsn
’ o v { o { 1! d d a o { &) av
daldvziliimnamainmifsudnuduuiniegluagunisldhduingunisld lasduwufazndudagu
ardadudwiwduuinfainnin 1 amnufundaldd

ngufun 412 W b (Dudwowdusandannin 1 eldh pndmawdunn o wdoueylugy
g = abt a7 o + b+ oab + a L e, (%)
A nsuunidgnrinin
Taod 7 (duswwdedlidusy war o Judruawduds 0 < g, < b
[

nnc«‘h i=0,1,2 ...,n 1730 (*) 9 NITLIRTIMIBLAN @ Tutamgﬁ% b

vangma  ndi b = 10 eléh
a = a,10"+ a, ;10" + -+ 4+ ¢,10° + a,(10) + q
Tapft o € {0,1,2,3,4,5,6,7, 8,9} FouBouunu a $8 a,a,,...apa,0,
WHSEN g, 1 IRIWANLDY a B9 q, AOLRUMANWIIL, a, AOWINANRL ez
a, Aowuvnanyay udu 1ou
Fwan 8963 Douldlugy 8- 10° + 9102 + 6 - 10 + 3 Tunsdifleznsniin dan o
U A
A b = 2 fendfloun a ldlukseadendu de
a = 02"+ a,2"" + - + 32 + a)(2) + q

aa o d o oA - P [
I@Uﬂulﬂ’ﬂ%aﬂ a; LNEIRDINT A 0 w32 1 waswwaulun a 978 (anan_l...a,zalag)Q



78 Iﬂi\‘lmi@hiﬁﬂmmamim:ﬂﬂmma@%gaﬁ% ROV,

luszuueanfaeed  azlditmaunuaisalussuuissgusoaiiuiuginlunmsdwin  uasiweliana
= o aAa, s R P - o P VL
azaanlumadsudnwuniidnmnn o lugiisaguwsasldisduiu Ifisudowuwmudianluzunisaguwilagnii
y a S Vn Pl P o & Y @ o e & °
Vv szuuaeuede wiegudunn  wszanenueiifinuidvasdaluegiunaniisassiugninng
i (368),, @umy 3 acdeduiln 3-10% ¢y 6 wcldniu 6 - 10" ussdusy 8 Heaudw 8- 10°
TusruumagiuaasfiRosonluhuendonnu 1w (101), aasy 1 axflduilu 122, dwsa 0 axdidndn
0-2' wazguaz 1 Hdudu 120 lemmmwsmbhngeiun 412 anldlunmufoudwuluisglusuy

=] ' o o =
La"llg’mﬂudvlﬂ gﬁ]’m’; ului:ﬂll LR aﬂg’l WAU

Gaage 4.33  lAsn (101011011), Huavgudy

3871 nlandaunsanszangladn
(101011111), = 1-2°4+0-2"+1-240-2°4+1-2*41-224+0-2>+1-2'41-2°
= 347 O

gaae19 4.34  ntfeu 123 uauguses

38 1flesenn 123 = 2-61+1
61 = 2.30+1
30 2:154+0
15 2-74+1
7T = 2-3+4+1
3 = 2-1+4+1
1 = 2-0+4+1

douw 123 Fowdlwargwans do (1111011), O

gwsunsaimll i ;eglén
a = ab"+ a, 0"+ - + @b’ + b+ q

b < 10 wlfendn o = 0,1,2, ..., b —1
W b = 8 lf 0,1,2,3,4,5,6, 7 1Juavnan
b > 10 wldiaunen o = 0,1,2, ..., 9 uazdrsnwswnwsananidu 10,11, ..., 5 — 1

° o a Al a & ' A o A o & e
dgwSusvluguiunnildluszuvaoufees srdsanwalugiuass  Wesnisunanildazuen
RTUAZANENETIINNG aeikAa 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E uaz F lagfl eranws A 9

F azunwiannan 10 69 15 lugw 16 @sdaedy
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Gaot 4.35  andfnu (2AE0F )5 1Hutaugiugu
3871 nlandmansonszanglaiin
(2AEO0F)yy, = 2-16*+10-16%+ 14 -16°+ 0 - 16 + 15 - 16°
= 175631 O
Grade 436 wulfow 12344 Husug e
3871 iflasen 12344 = 81543 + 0
1543 = 8-192 47
192 = 8-.24 40
24 = 8-340
3 = 8-043
Goin 12344 Fowiwaauwude da (30070) O
Gaag19 4.37  wffou 177132 Hwangwiunn
38 ilasen 177182 = 16 - 11070 + 12
11070 = 16 -691 + 14
691 = 16-43+3
43 = 16-2+4+ 11
2 = 16-042
gaiu 177132 Wowiwsuguiuwn fa (2B3EC) O



80 Iﬂiami@‘hﬁ"’mmma@ﬁl,l,a:mﬁmmam%%mﬁ% §0I%.

mselIauifisuswinluaagiudis 9

gAY FMdad gmuila gmaunn

0 0 0 0

1 (1), (Ds (1)1
2 (10), (2)s (2)16
3 (11), (3)s (3)16
4 (100), (4)s (4)16
5 (101), (5)s (5)16
6 (110), (6)s (6)16
7 (111), (7)s ()16
8 (1000), (10)s (8)16
9 (1001), (11)g (9)16
10 (1010), (12)s (Ao
11 (1011), (13)s (B)1s
12 (1100), (14), ()1
13 (1101), (15)s (D)ys
14 (1110), (16)s (E)ys
15 (1111), (17)s (Fsg
16 (10000), (20) (101

n1silszgndzaangufiiuon

anuimingejinimaegndldldnnng laswwclumainemaaeufiamed avldnaiusa
o o & ) o ad o o da @ e
luirdeitazndnfimatzyndlusesuwinig fa Fmsdnmdeiildasnn g wsenndisdisuuy RSA
Vo R ¢ . & L el o o v e o
Aaufisaznamiinadszgndinai azvendmiianaifsshldlfluSeinsuiszuuasungiondiifiveqlaiiln

° v o § ' Y = A = w &
Swnmawzauinfidudlasldngefuniamwievedu - awdalui

(4 U
AaWNILaWTIBILEW

ed
Aaunsausnat by
q a4 U
az = b (mod m)
A & e I3 & e = & = e, s
lapt m iwdwwduuin o b Dudhwwdoua: z Judauls LIVNABUNFOUTUT  ABWNZLONT

[ a o & o v o . ca v &
L%\Hﬂ% LRSIENIIUIULAN 2 NRDAARDINUY axr = b (mod m) 1 Halaay "ﬂadﬂauﬂgl,awm“ml,auu
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¢ a v o Y A ad A & '
NI INALBRYVDINUNTDUBLTNSY az = b (mod m) Mldnaneds  Ftwilefa msunuen z

e 0,1,2,3, ...,m—1 t m duswwduuinafialdun

A10819 4.38 mmmmawamaunyawﬂ%mﬁu 52 = 2 (mod 6)

8N unwdl z @aw 0,1,2,3,4 usz 5
azlerin 5.0 £ 2 (mod6), 5-1 # 2 (mod6), 5-2 # 2 (mod 6),
5-3 # 2 (mod6), 5-4 = 2 (mod6), 5-5 #* 2 (mod 6)
farnle Namawadﬂaungmwﬁ 0 z = 4 (mod 6)
Fyvanefy Swwen z e {..., -14, -8, -2, 4, 10, 16, 22, 28, ...}
v\nfﬁwmuﬁauﬂwaLaamlaoﬂaungmwﬁ%mﬁuﬁﬁ'mmﬁ'zu

q

D

dodaing g, JunsassvesraungioudiBodu oz = b (mod m) udd =z, = z+ km
P & o o | ¢a v Av
lao?l & dudwawdn sudunaasszasneungiaufiduduiiaan

A0819 4.39 mmwamamaaﬂaungl,awﬁ%mﬁu 2z = 3 (mod 4)

M unuen z e 0,1,2 uar 3
ldih 2.0 # 3 (mod4), 2.1 # 3 (mod 4),
2-2 # 3 (mod4) uszr 2-3 # 3 (mod4)

Fainler ﬂauﬂgLaufﬁﬂﬂﬁNamau

619819 4.40  WWHARALTBINUNIOUTIBNEN 22 = 6 (mod 8)

387 unwdn z dw 0,1,2,3,4,5,6 uaz 7
ldin 23 =6 (mod8) uwsr 2.7 = 6 (mod 8)
7 (mod 8) \umesnainanilinsungieudiues
O

URAIIN z = 3 (mod8) usz z =
AaunzlaudiBadunnua

& o ' v w & ¢a wv a5 P = =V v a
nnsmnudmadniuduaniui asungaudiuduimmueonniivielifinanasdld lunsdin m
& o o Aa ad N ' Lo Aa ad 4 & 2o = _ 4 . @
Wudwwdauinndawn 9 Sdunudrfezliazain uddifiinitwie fa lasmsliSwwdn @ Tevhld

— ’ @ o = — : (% ° — &, a
02 = 1 (mod m) fdwwmen @ wiale  eEFsndwmwmey 2 #91 WnAwwe a uac«gfa m

A10819 441  WWANNAUVBY 7 uaz 2 luuaqia 4
ad o 'Y — 4 o [ —
B dasnam @ whld 7@ = 1 (mod 4)

lasmsunwdl @ @98 0,1, 2 uaz 3 lo



82 ‘[ﬂsqmss‘hsﬁﬂmmamﬁm:ﬂrﬁ@mam‘gaﬁ% ROV,

7-0 # 1 (mod 4), 7-1 # 1 (mod 4),
7-2 # 1 (mod4) wuaz 7:-3 = 1 (mod 4)
w3 (Hunndues 7 luwaqla 4
lwhuesdsaiu  dasntim @ Dol 2@ = 1 (mod 4)
lagmsunudl @ e 0,1,2 uaz 3 1o

2-0 # 1 (mod 4), 2-1 # 1 (mod 4),
2-2 # 1 (mod4) uwsz 2:3 £ 1 (mod4)
waa9i lidnnduvas 2 luwogla 4 0

FWTUNTIN ¢ ez m Aewn  mawenaulasnisunuaiwuazllazadn snansaitueandt
maaﬂqﬂaﬂmﬂ‘szﬂqnﬂﬁlﬂﬁ Lm:ma:ﬁmnﬁuﬁ“lﬂmﬂ’l,ummﬁﬂaungl,awfl,%aLﬁué’w:ndn@iavlﬂ 1Mea8d
4.41 advhundwliduiuvdasmaldisuald Rasan (7,4) = 1 ud (2,4 = 1 dldnld
U Qs lﬂlﬁ A Q- L7 Qs =) 3 J
Faganafidudenlavasmemnndnled  dnguiundalli

Y & o & { e A Y
nauiun 413§ o Judwawdn sz m o udwamdnminfnnndi 1 & (e, m) = 1 uwdn

HNEULBY o weqla m LRI b LLazﬁLﬁmmLamLmﬁfuﬁ"l,sjﬂaungl,awfﬁ'u'l,uua@ﬂa m

@20819 4.42 WA RAEWYE 11 uaqia 60

35 lesnn (11,60) = 1 lasngufun 413 1é wnfuwes 11 wveqla 60 melet
mn’ﬁv‘umaufa‘ﬁmaaqﬂﬁﬂvlﬁ'h
60 = 11(5) +5
11 = 5(2) +1
daunaulain 1 = 11— 5(2)
= 11 — [60 — 11(5)](2)
= 11(11) + 60(-2)
naums  11(11) + 60(-2) = 1 agldd  11(11) + 60(=2) = 1 (mod 60)
a9 60(=2) = 0 (mod 60) awmld 11(11) = 1 (mod 60)
ugeddn 11 1unnduzes 11 waqla 60 O

@889 4,43 WWIHALRAITIRBUNIIEUSTITUFU 11z = 25 (mod 60)

B et 442 Té9 11 uwnduzes 11 weqla 60
Qmaaungmwﬁﬁﬁwu@ﬁm 11 vosasdole
11 - 11z = 11-25 (mod 60)
121z = 275 (mod 60)
dlesrn 121 = 1 (mod 60) uas 275 = 35 (mod 60) @i z = 35 (mod 60)
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' A v & & A . ' gd o @
anageudn z Aldiudunaasvasneungiondviolilasmaunudn =z luneungiandiinualdi
11z = 11-35 = 385 = 25 (mod 60)

danuld z = 35 (mod 60) \Hunalaavvasnaungeutifua O

a9 4.44  WWHALAEDBIRauNglaudiEudw 3z = 4 (mod 7)

38 iflesen (3,7) = 1 Tesmaufun 4.13 16 wnduzes 3 maqla 7 widld

NnTuaawitrasyadialdi

7 = 3(2)+1
3 = 1(3)
mdawnatlain 1 = 7-3(2)

nngums 23) +7(1) = 1 alén  23)+7(1) = 1 (mod 7)
iflesn 7(1) = 0 (mod 7) doiuld -2(3) = 1 (mod 7)
ugasd1 -2 uwnduves 3 waqla 7
aonaungloudifmuadiy 2 aasdasle

-2-3z = -2-4 (mod 7)

—6z = -8 (mod 7)

iflasn -6z = o (mod 7) use -8 = 6 (mod 7) Goliu z = 6 (mod 7)
agaulasmaunusn z 16 3z = 3.6 = 18 = 4 (mod 7)

wia 7 = 6 (mod 7) \lunaiasuvasnauwnjieutninnue 0

=y =y =
NOBHUNIABLADVDIIN

as A & a oA a f «s | o A A4 A Y A
wnadiamanitniuta Sun — Tsu wimadiawdn “Dresagdwauniebulentsdiy 3 azinde
4 o - 4 . " . 4 &
Wi 2 WaNIIAI8 5 ATWAawel 3 Waslaniseln 7 amimlaid 2 29w usedRinu
= A/ = 1 & A 2 2/ &
ﬂsamummimmﬂuag‘lugﬂszwﬂaungmummLau"lmﬂu

z = 2 (mod 3)
z = 3 (mod 5)
z = 2 (mod 7)

:Lﬁu'hsw‘uﬂaungmwﬁ%aLﬁuﬁﬁwarﬂqIRLﬂuﬁwmumwwﬁmﬁwﬁﬁmﬂu@; Li'ﬁ]zmmamawaaiznmaungwwﬁ
a v A Y A A a ' A A [y ' ' &
daduilovldnguiuniamnionssiv  nenduRasmnaledwesluil
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Im\m'ﬁ@i'ﬁ'f"mmmamil,a:mﬁmmam%gaﬁ% 8B,

Sun — Tsu,

M08 4.45  WAINALRRLY a\w::uuaaungtawﬁ%& L&

z = 3 (mod 5)
z = 7 (mod9) e (1)

Tudiil lén (5,9) = 1
Wz =5y+9 laofl y uaz z fudwawda unulu (1) I
5y + 9z = 3 (mod 5)
5y 4+ 9z = 7 (mod 9)
ilasan 5y = 0 (mod5) usz 9z = 0 (mod9)
goiuld 92 =3 (mod5) usx 5y = 7 (mod 9)
dlasan (5,9) = 1 lasnguiun 4.13 ldd 9 fundulunagla 5 usz 5 Hunduluueala 9
mm‘flv'u@laumaaqﬂimvlﬁd'} 4 \Junndures 9 weqla 5 usz 2 ifluwnduves 5 weqla 9
=1 (mod5) wuwse 5-2 = 1 (mod9)
W y=7-2 usr z =234
gaiuld 92 =934 = (9-4)-3 =1-3 = 3 (mod 5)
ez 5y = 5(7-2) = (5-2)-2 =1-2 = 7 (mod 9)
MlRldh z = 5y+92=5.7-2+9.3-4 1
1) Tasnsamesaaudil

wufa 9-4

= 178 aamﬂaaaﬁ'm:uuﬂaungmmﬁﬁ?aL&'u

178 = 3 (mod 5)
178 = 7 (mod 9) O
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85

s

fsnszuuneungiend (1) feglugumlifesradunguiun 16 Wi
NG9 445 W a = 3, o = 7, m; = 5 Uaz my, = 9
ﬁaxfmwmwmauﬂgmwf (1) e
z = a (mod my)
z = g (mod my)
IR TN TELT (my, my) = 1
W 2= my+mez laofi y wsz 2 (Dwdwowdn unulu (2) I8
my + myz = a (mod my)
my + myz = a (mod my)
flosan my = 0 (mod m;) uwaz myz = 0 (mod my)
gonle  me = a; (mod my) uaz my = a, (mod my)
flassn (my, me) = 1 lasmgufun 413 1d m, fwndulunagla m  Widu g

waz my Awnduluvagla m, Wiu g,

nude myy; = 1 (mod my) uwae myy, = 1 (mod m,)
Wy = gy waz 2 = aqy

Farewle myz = my(ay) = (mgw)ay, = 1-a; = a; (mod my)
uaz my = m(ay) = (M) = 10 = g (mod m)

MAldh 2 = my+ mz = may + may Dunamasvaszuaeunjiaudiiudu (2)
daldazusasitszuunaungiaudiBadu (2) Swawaoidoluneqla m = mm,
suNad o Jubnuawsnwnibivas (2)  aould
7 = o (mod m)
7 = a, (mod my)
LEAIIN Z = z (mod m) uwaz 2 = z (mod my)

|

9¢len m | (2 —z) uwss my| (¢ — 2)
vlasan (my, my) = 1 nnuuufiniaunit 4 a2 2.4 & mym, | (¢ — 2)

Hufle ¥ = z (mod mymy)
lklemnudundsaelul

NYBHUN 414 W m, uwee m, Judwwduuands (my, 512) — 1 & q, 0 dudwruda
watlt g, 4, WS mwd N unaean a9
myy, = 1 (mod my) uwde myy, = 1 (mod my)
azldn 'szﬂmauﬂgl,awﬁ%uﬁu
z = a; (mod m,)
T = gy (mod my)
finaasnauiufosdnden fe 2 = may + may  luveqla m = mm,



86 Imomw‘mﬁﬂmmamruaxmﬁﬂmamryjaﬁ% D%,

@889 4.46 mmwamaﬂﬂL'ﬂumnmﬁaﬂqmaaizuuﬂaungmwﬁ%uﬁu
5 (mod 7)
z = 2 (mod9)

xr

S8 uddl m, = 7, m, = 9, o, = 5 uAy a4 = 2 »
wWld (my, my) = (7,9) = 1 usz m = mm, = 7-9 = 63
ARINITAT 7, WA 1 ﬁaaﬂﬂﬁaaﬁ'ﬁﬂaungmwﬁ 9, = 1 (mod7) usz Ty, = 1 (mod 9)
ald -3 Dunnduzes 9 luwaqla 7 uaz 4 (Juwnduvas 7 lunaqla 9

Goduld gy = 3 uar g = 4

Toonquiun 414 léh 2z = 9-5-(3)+7-2-4 = 79 Hunamannil

(i -79 = 47 (mod 63)

oiule z = 47 (mod 63) Lﬂuwmaaﬂﬁﬂumnmﬁaﬂqmaﬁ:m_lﬂaungmwﬁﬁﬁ'mu@

[

mmsnmnﬁ’mauvl 3%

47 = 5 (mod 7)
47 = 2 (mod 9) 0

1 1 A = 8/ dld v =) =) A
daldazndnfiimauiszuvaeungiondidaduil n asungioud  lasldnnuuniamniovssiuda
dunsdinaldvaanguiun 4.14 G398

=~ = A =
NHBYUN 4.15 NOBJUNIAHNIYEITH
b4 = o 3 A d . -
W my, my, ..., m, duiwmdauinds (m, m) = 1 WD ¢ = j Udz ay, a ..., q,
& o 3 v m
Wudwawduuacld m = mm, - m, wsr M, = —
1

fwsuudaz ¢ Wy Juswowdniidunamssves My = 1 (mod m)

2zldn 3:1J1Jﬂéungl,awﬁ%m,§u
z = ¢ (mod my)
z = a, (mod m,)
z = a, (mod m,)

fnamasnunufiseids 8a z = My + Moy, + - + Moy, lwvagla m

M09 4.47 aamwaLaaﬂﬁLﬂumnmﬁaUqﬂmaaizumaungl,awﬁ%oLé’u
z = 2 (mod 3)
z = 3 (mod 5)
z = 2 (modT)
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3 W g =2 4 =3, 6 =2, m =3, m=2>5 Uz m =7

fasam (3,5) = (3,7) = (5,7) = 1 louvgufuniamnievasiu
ldszuaeungioufidsdulnawanidoluvaqla m = 3-5-7 = 105
IﬁMlzﬂzﬁ:35,M2:ln—:£5—:21

m, 3 m, 5
LLR$M3=£=1—O5—:15

m, 7

FOINIWT yy, ¥ URT s ﬁaa@ﬂﬁadﬁmaungtaui
35y, = 1 (mod 3)
21y, = 1 (mod 5)
15y, = 1 (mod 7)
a2 lé ho=2, 9 =1 usz gy = 1
lapnaujuniamnaevasiv lanaiaasfe
z = May + Myayy, + Myagy, = 35-2-2+21-3-1+15-2-1 = 233
uar 233 = 23 (mod 105)
soinld o = 23 (mod 105) Lﬂuwamauﬁlﬂumnmﬁamg@maa‘s:umaungtawfﬁﬁmuﬂ
sunsnaTasaaldail
23 = 2 (mod 3)
23 = 3 (mod 5)
23 = 2 (mod 7) O

NITANWIUAUIVNA AINN

@ S e = P N o o . .

W omy, my, ..o, m, dDudwawduuinfannnd 1 & (mym) = 1 dle i = j use
m = mm, - m, eeNqEHUNAmREevasIumuIToNEadlain udsz Ay ¢ 1 0 < o < m
MINTOUNWLIGIE n- Fowau Aduamniaannmis m, Teuuudeurings  wufadowunu o eae

(a mod m,, a mod my,, ..., a mod m,)

0819448 14 m, = 3 uaz m, = 4
Sakumusounuimuaoud 0 A9 11 "lﬁ@‘fm@;é'uﬁmiavlﬂﬁ
0=(00, 1=(1, 2=(@2, 3=/(0,3),
4=(,0, 5= (21, 6=(02, 7=C(@,3),
8 = (2,0, 9=(01, 10= (1,2, 11 = (2,3) O




88 lasmidmingmaasuazadiomaaiyais aaimw.

o Y Aa o P ' A
lumsdumaiarnleanninesien m;, m, ..., m, duwdwawduuanfunnit 1 49

(mym) =1 Wa i = 7 uag m = mymy - m, 998

a1 ddd W m = 99, my = 98, my = 97 uax m, = 95 udwrmarzFuRniilug
I@]ﬂmwﬁmLﬂwmﬁaﬂnaﬁummmLLamvl,@Ti'] WAazdMIMEN o &9 0 < a < m Toad
m = 99989795 smununulddn n - Fdusuiduammionnmamsdiy m,
ISuundsarinin 1gu
o = 123,684 sansadlouunudin 4 — sesuey da
(123684 mod 99, 123684 mod 98, 123684 mod 97, 123684 mod 95)
soiuld o = (33,8, 9, 89)
Tuvnuas@gaiuaansounu b = 413,456 @18 4 — Feeudy de
(413456 mod 99, 413456 mod 98, 413456 mod 97, 413456 mod 95)

gaiuld b = (32,92, 42, 16)
fdasmsm  a+ b iewsomldlasnsld 4 — fedudy  doil
(33, 8, 9, 89) + (32, 92, 42, 16)
— (65 mod 99, 100 mod 98, 51 mod 97, 105 mod 95) = (65, 2, 51, 10)
fhdasmamnidanlafiunudie 4 - fesududl  muldlaemimeaiassves
STUUAAUNIaUS

z = 65 (mod 99)

z = 2 (mod 98)

£ = 51 (mod 97)

z = 10 (mod 95)
Iﬂﬂl“ﬁmwﬁwLﬂwmﬁamaﬁuvlﬁwamaﬂmaaixumaungmwﬁv fa 537,140
FoalGuaaniisudeariuiy 123,684 4 413456 = 537,140 O

. = o o e wel o [ o o a a8
dauaznanfionmidhsiauuy RSA  aznanitvenaifeshluld fa msdwmdnufiogluglae
faslaanguunasunsing ‘

NOBHUN 4.16. NgwHunvasunsug
'Y & o & o & A Y @
t p ludhwwawzusr o Hudwnwdads (o, p) = 1 usrezldin
&' = 1 (mod p)
wazglain s msudwawdn o la 9

& = a (mod p)
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wisIne, Juss Lae

a.¢. 1601 — 1665, H3aiea

G089 4.50  iflasan 101 duswauewnz uas (2,101) = 1
NONOEHuUnvaunsINg la
2% = 1 (mod 101) O

N9 215WaBUY RSA -

lull a.¢. 1976 nguinidy 3 viww @a Ronald Rivest, Adi Shamir usz Leonard Adleman
183 dumsdvauuy RSA 'f'fﬁmsl,ﬁ'ﬁﬁ'ml,uuf:ﬁhLﬂuﬁaﬂ’ﬁmﬁuj?lm’%awawa@ﬂa LMW N ILUT
fidnmn  lagnudasudszdrdnwaludasvnewniiontumadsdauuudss udfudindudasdisana
gmaNidaIns %amiazmjmaaﬁ’aLamaztmuna;maaﬁaéTnmuﬁﬁaLﬁ'ﬁﬁ'a Toomsaansisunsulassna
)1
C = Mmodn e n = pq
Taof p usz ¢ udwamamet 1 < e < (p—D(g—1) uwae (e, (p—D(g-1)) =1

AIA218819



Iﬂidﬂﬁi@iﬁﬁ%ﬂmmam‘im:m‘imﬂ']a@&y‘aﬁ% AU,

Leonard Adleman

A.¢. 1945 — 991, anigaliim

Ronald Rivest Adi Shamir
f.. 1948 — {991, f.4. 1952 — laq1u, 8a7ias

asutastany “STOP” lawldswa RSA la p = 43 usz ¢ = 59

Wen e = 13 uslW A = 00,B = 01,C = 02,...,Z = 25

@na819 4.51

35M1 wiud (e, (p— 1)(g—1)) = (13,42-58) = 1
NnTaay STOP wiaufuaiavle

18, 19, 14, 15
v Qs 1 Qs | et J [t U 1 W Q- WA v s
wirdanguaaaudu 4 wan (Fusgiudaanasszniredseniugiu) e
1819 1415
wilassnalayls C = MPmod43-59 %38 C = M mod 2537

saiwler
18193 mod 2537 = 2081

(H 1415 mod 2537 = 2182

soiuaaaldanmadr e
2081 2182 w38 2003 2104

sandaddudmsnusiadn “UDVE”
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nsnaaIHanuy RSA

masnneasatanafidhsns RSA dlasdidhiadasuandt e uaz n
Wesn (e, (p—1)(g— 1)) = 1 smwmer d Fadunnduzes e lunaqla (p — 1)(g— 1) I 1
Gh
de = 1 (mod (p —1)(¢ - 1))

acfidiwdn k 9 de = 1+ k(p—1(g—1) awmld

¢ = (M) = M*® = MHP-DE-D (mod n)
W (M,p) = (M, ) = 1 nnngufjunvesunsundlain

Mt =1 (modp) uar M = 1 (mod g)

Fatin Ct= M- (MP-H-D = M.1 = M (mod p)
uaz Cl= M- (MY -D = M.1 = M (mod q)
dlosn (p, 9 = 1 anngufiammasvasdnlai

¢! = M (mod pg)
oA Y ' A
UUAD LINDIRIAN P

P = (*mod pq

fadede llazugainisnaasia RSA

A0819 4.52  fdeenuilesufa 0981 0461
LRIINBATRE RSA Iﬂﬂﬁ;&l’ﬂ"liﬁa‘uaﬂﬁ’l e = 13 waz n = 2537

B an o= 2537 wwnanlenenudwawannz 2 demiuld n = 43 - 59
s d Adlusnduues e = 13 luua@]‘[.a 42 - 58  dudemidn d Soila
13d = 1 (mod 42-58) w38 13d = 1 (mod 2436)
lasmsuinaungioudindoudaetng 442 azld 4 = 937
naaia laudasmdr P Avili
P = C'mod pg #ia P = C%* mod 2537
lagunuen C = 0918 usz C = 0461
G'foﬁ?uvlﬁ 0981%" mod 2537 = 0704 uaz 0461%" mod 2537 = 1115

Faeufideanda 0704 1115  dsneadludeanyldidn “HELP” O
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Pixel digitalization.

initial sound wave signal electric analogue signal

Aualogne signals cun be digitalized as a sequence of measured ralues.
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‘nqﬂﬁ'ﬂ‘n 4.13 1 o HuwIwunldd Laz m Lﬂ%ﬁnu'ﬂuLaNU?ﬂﬂﬂJqﬂﬂqq 1 59 (CL, m) =1 ua?

mMINgen

Suasavay a :ua@ﬂa m AR b LLa:ﬁL‘ﬁm@hLﬁmLﬁﬂﬁfuﬁvlajﬂaungLauefﬁ'uiuma@ﬂ,a m

o Ao = 4 o
Wadan (g, m) = 1 EUIWIBLEGN = ez y Fald 1 = az+ my
% az+ my = 1 (mod m)
a4 my = 0 (mod m) 9lé az = 1 (mod m)
Wuda 7 (dudunatees o nagla m
a & a ¢ A o o
FUNGAIN 3 uduneIrdnaniinas a ua@ﬂa m  NuW az, = 1 (mod m)
azleén ar, = az (mod m)
Wa9an (g, m) = 1 nnqufun 4.9 98 (v)) W 2 = z (mod m)

A a % P oA oA 6
U  DULIDIFVAY a EJL‘WEldﬂ’]LﬂEJ’JL“n’muﬂhma%ﬂgm%‘liﬂ%l%&la@ﬂa m O

= a = =
Na)Un 4.15 N BHUNIAH AN VaIIY

NN

&

Fa

G | o =3 A { . .

¥ ma, my, ..., m, \duswmwautnnds (m, m) = 1 Wa i = j URS ap, G, ..., G,
& e = Y m
dudwwduusld m = mm, - m, ez M, = —
m.

1

dmsuudas @ Wy, Judwawdunidumsiassvas My = 1 (mod m,)

2z'lén sruuAaunIIaudiBLcu
T = a (mod m,)
c= o mdm) | @
z = a, (mod m,)

fwsasimnudmando de z = Moy + May, + - + May, wueaala m

iflasen (m,, m) = 1 o i = duin (Mym) =1 v i=12..,n
fmibues: ¢ = 1,2, ..., n annaedun 4.12 16 My = 1 (mod m;) Iusiaasifien
Adudrwwduliin ¢ doin My, = 1 (mod m)

Iwzasin Moy, = a; (mod m,)

Wlosnuess ¢ = §  azld M; i m,; \duaiisznay Fartwle m; | M;
wldhh  my | May, wsesin Moy, = 0 (mod m)
It Myayy, + Myayyp + -+ + Mya,y, = 0 (modm) #n i = 1,2,..,n
Wude = = Moy, + Myayiyy, + -+ + M,a,y, Lﬂuwamaﬂmaaszumaungmwf (1)
iflasan (m, m) = 1 o i = 5 leswuufindeundl 4 4049. ¢ 7, = z (mod m)
Wude z = Moy, + Myayy, + - + Ma,y, Hunalaasfsivasszunaoungiaud (1)

O
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a 3 =) =
nmsfigadzamgujunluwuni 6

NO#UN 6.1
(%)
(41)
(1)
()
(vi)
(wvit)

(vii)

W 4, B usz C duwamdndauwa m x n uay k wse kb Jusnand  acldin

(A+B)+C= A+ (B+ O
A+ B = B+ A

A+0 = A =0+4

A+ (-A) =0 = (-4 + A
k(A+ B) = A+ kB
(ki + k) A = kRA + kLA
(kik)A = k(kA)

14 = A

msiged  sesRgalamz (9), (v) sz (vi)

W A = [af, B=[b] use C = [¢] Twardndawa m x n
(3) (A+B)+ C = [(az+ by) + ¢ (uniieny 6.5)
= [a; + (by + c;)] (sutiaMIINNVLINITLIN)
= A+ (B+ O (unilenw 6.5)
()  wmzh -4 = (-1)A = [-q) e
A4 (—4) = [a;+ (—ay)] (Uniigny 6.5)
= [0]
=0 (undienu 6.3)
(vi) (b + kA = [(k + k)ay (Unitenw 6.6)
= [kay + kay (auﬁﬁmsnixmumigmmﬁamimn)
= [kay + [ka] (unitenw 6.5)
= KA+ kA (uniieny 6.6) ]
nqugun 6.2  fwue A, B usr C LﬂuLwﬂ%nffﬁﬁdawwwsmwwwamnua:wag}mvlﬁ uaz & Humnsns ezl

(%)

(4d)
(4z)
(i)

A(BC) = (AB)C

A(B+ C) = AB+ AC
(A+ B)C = AC+ BC
K(AB) = (kA)B = A(kB)

mafiged imesfigaliewnz (9), (i) wee ()

WA = laj], B = [by] usz C = [cy] e = 1,2,...,m,

©

k= 1,2,...,r usz £ =

1,2,...,8
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A(BC) = [%[? bl cul (unitenw 6.7)
= [% aif[; biCu] (swd@mIvanguseInInms)
= (4B)C (unfienw 6.7)

(47) WA = [a), B= [by] wae C = [¢ o i = 1,2, ..., m,
k= 1,2,...,rusz j=1,2,...,n

AB+ C) = Alb;+ ¢ (unitew 6.5)
= [; ag(by + ¢l (uniigny 6.7)
= [% by + ; A31Ch (auﬁ?]msm:mstigmmﬁamimn)
= [Sk_? azdil + [Fk_“, aiCil (unfigy 6.5)
= AB+ AC (uniigny 6.7)
() WA= (o) uszt B=1[b) Woi=12..m,
£ =1,2,..,ruse j=12,..,n
KAB) = k[; 3be) (uniieny 6.7)
= [; (kay) by (FUUANIIANANVBIN T TH)
= (kA)B (unftew 6.7)
k(AB) = k[% igbgd (unfigny 6.7)
= [; (kb)) (FULANMIIANINVIN T )
= A(kB) (unflenu 6.7) ]

nauiiun 6.3 Mvua A4, B uaz C Lﬂmm‘%nﬁfﬁ%ommmmwamnLLa:wagm‘l@T wae £ dumnad azle
‘ (1) (A+ B)T = AT+ B”
(4) (AB)T — BTAT
(i)  (kA)T = kAT
(w) (AT)" = 4

nmsfigei (i) W A = [a) usz B = [b,] o i = 1,2,..,muse j = 1,2,...,n
(A+ B)T = [a;+ b)T (unfignu 6.5)
= [a; + by (uniigny 6.8)
= [a;] + [b}] (unfieny 6.5)
= AT+ BT (undlenw 6.8)

(1) W A = [ag) war B = (b4 dle i = 1,2, ..., m,

k= 1,2,...,ruse j=1,2....,n
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D)

(i)

(AB)" = [X auby]” (unfienw 6.7)
= [20 auby (unfisnw 6.8)
= [2 byl (sanifnsasufinsgo)
= [ bya]” (unfignw 6.8)
= BTAT (uniieny 6.7)

WA=1[a Woi=12..,muej=12..,n

(k)T = [kag)” (unfisnw 6.6)
= [kay (unfignu 6.8)
= ka; (uniieny 6.6)
= kAT (uniieny 6.8)

WA =g Woi=12. muej=12.,n

(AHT = [la)]"
= [g” (unfignu 6.8)
= [ay (Unitew 6.8)

= A (uniiesnu 6.8) O

naufun 6.4 A (Jwavindiwie mxn usr AL = LA = A

nmafiged W A

Al

LA

[a;] il e = 1,2, ...,m uaz kj=1,2,...,n
(2 aud]  (undtew 6.7)
[a]

A
[22 Geand (unflenw 6.7)

= [%’]

A
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