
I Basic Mathematics 

nciiqiio ni.rd~tftunisn5nin~1ratam G iiongtnwdni.r 

dmufirrul%n a b lu G icttrici &6u (a, b) 1% GxG twnsriii m 
Y 

ndiqii G ds~uuLi5mnnirr\dinisdit~uni~ 
d nldril~insaai7~ni ~ n f i m ~ i a m i d h 6 ~  dd~znoukwtamn 

'Li'hranii~ u ~ z n i s h ~ ~ u n i m ? n i n ~ ~ a o d i a  u~zaomn8oa<u 

~"LRU%UI~Q~IJ 



'Mu7ub'Mq : 

I. niunciuvo~ e fifio a d o  e ~iluron&wflun~d G 

2. tun  a .  b .Ii~sgmaod a ua:: b . 

3. rda~31~69rfl1n ~ ' 5 7 8 ~  r%Ju ab Lbnu a * b 
n u t  n + m 

4. u n i  a*a.. ...a (n nij6ae a RJWU an * am = a 
-1 n v 

5. unu (a ) mau a-" 



2 niuIdiniman~o -2 uonoind L ~ R ~ U I ~ ~ R T ~ ~ H ~ U I ~ I I ~  

uinrinii z dauu%3muaraorn~b~n'u n8nir~difuu~d $4 

$u z zrilunnlrnulirniruan q ' ;~~dni i$u~a z r3uaidduu 

2. Irk Q = (31 a, ~ E Z  rdo WO} r i lu~~~~a~4iuau~mn:.  e: 
b 



nqwaun 
2.1 .I 

(mod n) 

- 

6-1 G ~ijhnrd q uca 
t: 

1. ronR'nuniuo4 G 0:QK~~G~a~viiuu (unique) 
t: 

2. Ka~neJuua3~uiQr1~~darCalu G o:d~fi u;lKa~G ua~viiuu 
3. (a-' j1 = a rhclill a la 7 iu G 

4. (abjl = b-'il hclQ a, b isl 9 iu G 

R ~ J I Q ~ I ' ~ u L ~ o I ~ $ ~ '  

3ula~2.1.4 

I 

b! n ~Uudiuau~iuuan a, b E z rnndia i i  a punin 

(congruence) b ~ o q h  n 81 n HI1  a - b M ~ Q  a = 

kn + b ch~% k ~ L ~ ~ U Q I ~ ~ U L ~ U U I ~ ~ I U ~ ~  U~:P:L!UU a 5 b 
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A' 61i~iigu ~ ~ n ~ 1 7 n ~  L ~ ~ : L % J U  ab unu a x,, b rrnzhnfu 



d unn 2 nfim~lnmfifu~u 65 

z r 
-I = 1 n~uiwnrh o + o = o uer 1 + 1 = o UQ~IA 2 

Ci o rflu~oninlmd puiSnuriernilu 5 ijsi?wnCu 

- O 3: 0, -1 = 2, LLAZ - 2 = 1 

3. (z5,+) riluaid~buun~drn tlliinifuanuaqIs~ 5 

d o i~luronkanl uer 

-1 =4, -2=3, -3=2LLRr - 4 = 1  

4. lwnsrin"7ld (z,,,+) ~0uaiG~~uunnlmulKni~u~nua~Ia 1 1 n 



u o q h  6 UR-tboooin 2 + 4 0 (mod 6) M%L!LIu 2 +6 4 = 0 

v;5otBux 2 + 4 = o 6i l irJf l iW3il~Gu~u &w"u (i?~nWi(Uoo 2 

fie 4 Zuni~n~un'u6wnCu~oo  4 fio 2 M ' ~ Q L ? I U ~  -2 = 4 ~ t e t  -4 

= 2 niuhn'u u " u ~ o a u i ~ n ~ n 6 ~ Z ~  H fl6unciu k h  H tYu 
npI8ouuao z, 4od o tllu~on<nufio;l H t4un'u 

W H tilwnlddouuoo G uae a E G ~e t u n  

aH = {ah 1 fhM?ur?n q h E H) 

ii'brr~gm$~uu~o H Zu G uar Eun 
Ha = {ha I h ~ ? u y n  7 h E H) 

iilrr ~acluaiu oo H 1% G 

I' 

HUIUIHQI : 

1. l u n q f i d n i ~ i i ~ ~ u n i h  G tUunnilitiiuni.ru~n v i i o l u n ~ d  
d G tUucnflt8uun~d mCu~b%% a + H ue:: H + a u i u  aH 

LLW=: Ha s l i~d16b 



- - - - 

2. 61 G t d u a i C i S l u u n r J u ~ a I n ~ ~ a ~ u o ~ ~ v i ~ n ' u l n ~ ~ a ~ ~ ~ ~ ~ ~ a  
L a wwna a + H = H + a  rhnh a l a  q l u ~  ~da~oinrnotrrwlq 

L: u t  ~awitaiC~'Ruun~d~viluuu RJUU LSl~E~f~nhL'llsllR L I ~ J ~ J ~ Z Y  

i i~du'bn~~a6aiuvPTaln~~m~ai 

nqlrgun 
2.1.3 

61 G rilun$.ta:: H ~ d u n ~ d d a u ~ a ~  G u h  

1. a EbH n*dabuda aH = bH 

2. aH = bH 6da1.f 0 b-'a E H 

3. aHnbH = $ do%bzl.fw aH = bH 



myGI$ x ttlu~ulanln 7 1u aH rnkii x = ah, h ~ i u  h1 
u '& d t t l w u i h u i ~ ~ i a o ~  H RJUU 

x = ah, = (bh)h, = b(hh,) 

C a r o ~ n l d  u m ~ d l u m a  Y hh, iia~ttlucr~l%nlu H uuno X E ~ H  tn 

18 aH C b H  

l u ~ I i u a ~ ~ 4 u ~ n i r  rruyilfi x r0uauiQr1l~ 7 lu b~ ~3116 x 

= bh, hH?u h, d l ~ ~ ~ u l ~ n ~ l J & ~ ~ ~  H &If% 

x = bh2 = (ah" )hs = a(h" h2) 

u & 
U R R J ~ I  x E aH ~Juu bH C aH m q J 1 6 i 7  aH = bH wlu 

u L ~doroin a E a H  (IJUU aEbH u n ~ ~ . h a d n ~ f l  h E H 4 4  a = 

bh 6&bb'a = h E H  

~urnrnhr% rruufi\$ b*'a€H &$w b-'a = h dI~?uuw 

~ E H  Q J L ~ u w ~ M ~  = b h ~ b ~ *  ua:o~n.db 1 mki 
aH = tiH 



und 2 ntiim~inmfiu~u 69 

aH LLR: x E bH & d o  x = ah, uRr x = bh, k)r?~uld h,, h, E 

H ~7il6 
d 

x = ah, = bh, qd~guwaI$ a = bh2hle1 = bh3 
d i t  

LUO h3 = h,h," LLIRJ<I a E bH aduu wnh 1 m7llg 
aH = bH 

UaH C G  uar G C UaH 
rsG rsG 

~ ~ d l 8 1  1 UBH = G (11~6Od?l17 t 

as0  

~ilun.rduauuor l G b4' a rIluau+iInlm q 1% G ~n16 

aH = {ah,, ah,, ..., ah,} 



4.1 H U i u r ~ q  : unnciuuor Lagrange's Theorem ' l a h h . d J  uuna81 k M i r  lGl!<fld 

nqgun 
2.1.4 

I M H ~Sunlddoudnfi~o~ G fiilfl GIH unur%anodlnran$4 1 

Lagrange's Theorem I 

81 G rJun@iIin'nunr H rJunrddauuo:, q G u67 IHI a i r  
I<f lJ ih 

* 

GIH = { H, 1 + ti) 

r i l u n ~ d i l  q H do o + H rguronltnd irqwntiwua~ 1 + H l a  

5 + H twmr-il ' 

i iu lu 2.1.8 1% H r ~ u n d d o u d n ~ a o ~  G o ~ f i u n n d  GIH iin@wnair 
9 9 

VQJ G uoqln H unt~ td iu  GIH <+I G uoh H 



C 
4. L i a n a i u ~ ~ ~ a n  V I J ~ ~ ~ L S ~ L ~ U W  ab unu a b 

" L 



nq~aun fi R ~Ctu'r~~in~, a, b E R L . L . ~  
2.1.6 

1 .  a(-b) = (-a)b = - (ab) 

Gaiu 2.1.11 



h o d w  2.1.14 : sinsi?odid 2.1.8 i 7 i i i i  

2 2 = (  ,.., -6, -4, -2,  0 ,2 ,4 ,6 ,  ...) 

rilunrJdouuo~ z nvhsini.rum ua:h~?u k drfluiiu-rurlu 

I n  7 lu  z arwuii ka E 2~  h ~ i u y n  7 a E ~ Z  &I%+, 22 rilu 

lof t  nu oa z 



a $0 (mod p) Lrar b $0 (mod p) 



und 2 n f i ~ p n ~ n i w d ~ i u  75 

&uAo a # 0 uar, b # 0 Zp d~tVuIflIJI6 iwn:: zp i i lu8~6 
LLR: ab = 0 1% Zp ~ R R J ' ~  p ~ € I d ~ i ? ~ d l ~ ~ ~ ~ ~ ~ l :  

luni~noiunir ~ u y g l i '  p iiluiiuqui~wi: rn~1:ua~laii Z, 

i i l u~1~6  ninnuuii?i? z, ~ilu=ida~uddii I i ~ d u  IU~ISURIJ 

ii Z, L~~WFIRRI ~ n i i ~ ~ d ~ a ~ d i i ~ u i % n i ~ e i a : ~ a d ' b ~ ~ ~  o iini wncu 

mn<u 0 (mod p) u a r I J d i i u a u u n i u  i w n - f i  ia = ja .. h: 
(mod p) U&?J (i - j )a 0 (mod p) uasldii p 1 (i - j)a nduu 

p I (i - j) LWSI:<I p j  a RIJ& i E j (mod p) d d i ~ u I d I d 6  uafld 
ad a. ii la.  2a. 3a. ... . (p -1)a &J~~~I&II. 2... .. p -1 R J ~  &ad 

ja = I a f i ~ ~ u u i ~  j diiluiiuaui6uuqnIu 

8 
2x4 = 1 Cduu 2-' = 4 ua: 4-I = 2 

L: 
3x5 = 1 64uu 3-' = 5 irn: 5.' = 3 

6x6 = I &$u 6.' = 6 

2.2 I J ~ R ~ L ?  a n~01051 (vector Spaces) 

niadni~1:8nmIudd huiilu~%r%dr&u~8n$i F, ua:niR~%~ 
v d' r & n " ~ o l l i q D d n a u o ~ ~ n i r a n i ~ a ~  PI F," &I& ~uKquau ins: 



W v rilwrarnn"~r~'L~rarn11~ iauiilndaiiundi citncmo f M 
F riluFIn6 iiaui$nda?unh acnaqf ozOun v 41 llSgIj 
citncclo/uu%d F fi8nirdirirum.ru-rnu~tni~~mG~u 
mnmf d~aonnrlo~~uauu3i~Idd 

*a d auuasrnua8uni~uanbanbaai 

i.auu3T.h:rii x ,y  E V U ~  x + e  v 
2, auu%ni.rrdduumj : 

fi x , ~ , z E v L L L J Y ? x + ( ~ + z ) = ( x + ~ ) + z  
3 . ~ o n ~ * n ~ n I : i i a u i ~ n 0 \ ~ ~ 6 x + 0 = 0 + x = x  

ch~?unn l 9 XEV (Gun o 11 i~ncmo/w~d)  u 

4.65wnWYU : Oi x E v u89a:G -X E v d~ 
x + (-x) =-x + x = o  

I.EWU~IQU~:~~I X , Y E V U ~  x + y = y + x  
-m d auurmuan'unirgaban~rn~f8aua1nwif 

6. auiRira : cii x E v UWCE F uLJ3 cx E v 
7. au~3ni.rrdduu~d U : 61 x E v unt b, c E F u h  

(bc)x = b(cx) 

8. ~onr jn~r i  : cii x E v LLB? 1x = x tdo 1 rguronrjninrni 

n i u \ & n i ~ f l ~ \ ~  U F 

a u ~ d r d c u n i ~ u a n ~ a z n ~ ~ ~ m ~ a n ~ m a # & a u a ~ n ~ ~ ~ ~  

9. auu3niquanwaj : fi x, y E v urJr b, c E F uih 
(b + c)x ='bx + cx 

ur~r c(x + y) = cx + cy f 



und 2 niirammf6uPu 77 

#aJIUL911? : 

~~uwyuiulu P2 uar c ~iludiu2uOid~~ q fiuiunidi ~Cunis 

niruqn : p + q = (a, + bo) + (a1+ b,) x + (a2+ 4) x2 
2 nirqnrsilumna11 : cp = cao + (ca,)x + ( a 2 )  x 



Riadld 2.2.3 : I$ ~ ~ ~ ~ ~ n u ~ % ~ ~ o d r ~ n ~ n ( d ~ u i n  rnxn ~ d f i f f u i 8 n ~ ~ u 4 i u a w ~ i ~  

m ~ u i u n i s u a n u ~ r n i f ~ m $ 1 ' a ~ 1 ~ n d  ~wriluo~d#ua~uei?odid 
a 2.2.1 uuclo 

X + y (xl+ yl, X2 + Y2, ..., Xn+ yn) bb8Z 

CX = (cx,, cx2, . .., CX,) 

rdo x, + uar cx, riluni~uanuamisgmuo~'ba q R IU~ I~U rsi 

muisnc~saoaouliilxi~~in~nii F; r i lw f in i ranrqahuf l  %I F~ 

YIAI?ULMq : 
L: w 

I. donalu~rcl?n u i~ns~tnar lmuranr~oi  (x,, x2, . . .. xn) nan 

AiB x, x2 . . . xn l u n ~ d l ~ l i ~ l f i t u ' i l o ~ m  

2. RAORHG~POLO(U# ~d~n6i?afi~fin0r?ni(lof PT F; u d a i  F, m 
or~uwf id f ig~nnraof  F,' ~14.54~6 F, niu~sinisuanran~sloi 

~ ~ r n ~ s ~ a h u n n a ~ f d ~ ? ~ ~ n t u 6 a o r i i d  2.2.4 6 ~ f i i g u  





000 + 101 = 101 EC, 011 + 110 = 101 EC, 

000 + 110 = 110EC2 101 + 110 = O l l f  C, i 

* 8 i ~ a m ~ i i  c2 d~uu~Tlmniu~6niru7n RJWU C, ~ i l ~ f i ~ i d a n  
1 

Iurliua~r7oa6uo 1 uar 2 9rrAui1 C, c F: ha:: C, iiauu3 
I 

3mninl6nisuan r w ~ t i i  



W m, 

n ~ i u  n n m o i  (0, -1, -6) rilwniss7urqJrriwuoJnnrani 

v, = (1, 0, 0), v, = (1, 1, O), LLnr v3 = (1, 1, 2) 

A 2  !unucl = 1, c2 = 2 .  c3 = - 3 E R  

vPao 

v =  v1 + v2 + 2v3 
W O l  

n r i u  i-anraoi v rilun7n-aur5~r&11oaranrmoi v,, v2 aar v3 

1 d d r ~ n a 7 { c ,  = I . % =  I,  c 3 = 2  EF3 

(O,O, O)= O(0, 1, 1 ) +  0(1,0, 1) 

(1, 1, O)=(O, 1, I ) +  (1,0, 1) 

f i tu $ ~ r m ~ a o i  (0.0, O) uar (1, I ,  0) L ~ u ~ ~ ~ ? u L % J L ~ o . ~ " u o ~  

L ~ L R  o i  v, an: v2 



iGdi M (a, b, c) i ~unn~nof ln  q lu R' r n o t u ~ m ~ i i  (a, b, c) 

r~unirraur~~r~u"uo~canr~of v,, V, uaz V, ~ u y  GI$ 

(a, b, c) = c,(l, 0, 0) + c2(l , 1 , 0) + c3(1, 1, 2) 
a Y E 

LUP c,. % URL C, ~iludiuquOjJIn q RJWW 

(al b, c) = (~1 ,  Oc1, OC~) +(cz1 C2, 0 ~ 2 )  + (~3 ,  C3. 2~3 )  

= (cl+ c2 + c,, Ocl+ %+ c,, Ocl+ Oc2+2c3) 

rri'bn'rzuu~u nir 

(a, b, c ) =  cl(l. O,O) + dl, 1,o) +c3(ll 1,2) 

urrclriinn~srof ((1.0, 0). (1.1, 0). z( l . l ,  2)) kw$a R3 



und 2 ncirol~inr i6u~u 83 

C2 = {000,011, 101, 110) 

000 = O(O11) + O(110) = Ov, + Ov, 

011 = 1(0?l) + O(110) = v, + Ov, 

110 = O(011) + l(110) = Ov, + v, 

unm~iipnnnrnah C, rilwniss~utBdrffuaodr3nrelof 01 1 u~:: 

110 h 8 o  nnrroi 011 UR:: 110 ~ciih C, tiTo C, ri~fiirftml~u 

(01 1, 110) W~QL$UU 

c, = <011, 110> 



l(O101) + l(1010) + l(1100) = 001 1 

~ j t u  
<S> = {OOOO, 0101,1010,1100,1111,1001,0110,001 1) 

a J<S>( = 8 

UQJ v,, v2, ..., vk auui1$ * 

y = b1vl + b2y2 + ... + bkvk 
d c & . z  ruo a, aa:: bi l i l ~ % ~  i = I, 2, ..., k rClu~~nai~ui~n~nai~  mduu 

bLEJt 

cx = (ca,) v, + (a2) v2 + . , . + (ca,) v, 



1% s = (vl. v2, .... vk ~ i J u ~ ~ a u a ~ ~ ~ n ~ m o f L u G ~ i j ~ 3 n ~ a a i  v 
d ~norlSun s ii~amIaiilri8mr~Tia.h oiiin~nnif c,. c2. . .., c, g~ 

fill$ 

C1V, + QV2 + . . . + C,Vk = 0 * 

d 2: lnun c,.c2. .... c+ IahIlu o nmun ua:o:~'?un s iiramErnr 

L B J L ~  ciiiin~ncld c, ,~ .  . .., 4 d~fi,ilM' 

c1v1 + %V2 + . . . + CkVk = 0 
d 2: l@ltJn C1,Q, ..., t& ~€IJL%~ 0 nJHUR 



Fi ~JURRJ~I {v,. v*} ~ra8rn=:~%~~#u 
94 0 aanl H u y a W  a, b L i h ~ n R l f l u  F, d~riilrj 

a(1, 0, O)+b(l ,  1, 0 )= (0 ,  0, 0) 

M% (a, 0, 0) + (b, b, 0) = (0, 0, 0) 

(a + b, 0 + b , 0 + 0) = (0, 0, 0) 

, (a + b, b, 0) = (0, 0, 0) 

LJI~&=:EIEIHU~I~ 

a + b  =O 



h a d 1 4  2.2.17 : ilinKaaLiid 2.2.11 ~ f lwu i i  {(1.0. 0). (1.1. 0). (1.1. 2)) U F ~ ~ L ?  R3 

us~:ilinKaaejid 2.2.15 w u i i  {(I.o. 01, ( 1 ~ .  0). (1.1, 2)) ~ i l u ~ ~ a  

URL 2.2.16 LSI~~ILT~ PI s {OII. 110)  ti& c2 LLRE s LUUWR 

~RILL%JL(~U c ~ J U ~ U  s ~ i l u a i u v i ~ n ~ a ~ f i q i j  d9 c2 ~ u ~ i i u a ~ ~ a u a i ~ u  



hobo 2.2.19 : oinihodir 2.2.17 ua:: 2.2.18 r n q d ~ c r i i  

2.3 buvl%nd (Matrix) 

1u4d otbal~~d~udna~ujW'uI~ur~oan'utun5nhh 

I n  urawizifornizct~~iiurn~m7u~~na~ utun^rnd 4rrguAord 
mulro~ldiu~~~7n~u'r~~~er~1ri iab%4~~un"a~d I.uddqcnti7a 

d J iitrunind%~~wiim~wn~'fund7 ~o~usf~~luJLun3nd drilor 
lhniz8nwl"sornin  BCH Iuund 6 

m r  umfurd~untndruia s x a 6o~un5nd6o~IupJ 





2. ~ t f l~ l lN11  d $  B I ~ ~ ~ , ~ M O % M ~ O I ~  

2.1 13 1 (mod 2) 2.2 91 0 (mod 13) 

3. o t ~ o i ~ ~ i ~ i ~ i ~ a ~ ~ ~ ~ d k ~ ~ ( l ~ ~ ~ ~ d a t ~ d a \ d ~ a ~ ' i a ~ l n i ~ ~ a ~  

l a  7 w3aId 

3.1 0, 42 3.2 -9, 5 3.3 -1, 553 



F: 
8.2 S = {OOO. 123. 241. 314. 432) 1~ F: 




