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gl
PP A Z, Y Z/nZ e @ @il JSil

©0:ZImZ —> Z,
o(x +n.Z) = [x]
CSlE @ of Vi gl
e ZmZ (wy+nZ sx+nZ K
olx+n2)+(y+n2)]=ex+y+nz)=[x+y] =
= [x] + [y] = o(x + n.Z) + o(y + n.Z)
- e JY1 il of
o[(x+n.2).(y + n.Z2)] = p(x.y + n.Z) = [x.y] =
= [x]-ly]l = o(x + n.2). ¢(y + n.Z)
. Lad Gina A0 o il
< JSLE @ Gl o))
Pe—im i ag X + nZ € Ker ¢ 0. b s of oV ol
A i Ve g [x] = [0] 0¥ « @(x + n.Z) = [x] &by« o(x + n.Z) = [0]
< (ZnZ+,) sl joa o nZ o s x +nZ=nZ gl « x€[0]
- Oilha 0 Y
cdald g of \):\;\ !
sy ox +nZ)=[x] J &l ¢ (Zoytye) Adlal (o Lo | eaie [x] oS4
e o e
o OBl (Zn,+,e) 3 (Z/M.Z,+,0) oilall o Baw Lee misi
2 (1) Ada e
@ :F——F Gulil (58 laaie « P oo jrae ¢ Lo Lgiie s (F,4,0) oS4
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ﬁ Jgidy Ok & b (8 dedde 5

oSy ¢ F diadl e W Sela « F e x IS e @(x) = xP ¢ JSally Gyl
- Froy=Zp

. Frobenius Automorphism s siad jé Slay Slall 13 sale (s
Dol
PosSy Y F Jisd e gy paie yx QS 1Y
(x+y)’ =x" +(P-1) x"y +F%_—1) X2y A (P-D) x yT iy,

D oS F Jiad Ssee P of Ly
Y)Y =x"+0+0+ ... +0+y =x"+yF
sl oS Jally
P(xty) = (x+y)’ =x" +y" = (x) + 9(y)
o(xy) = xy) =x"y" = o(x).0(y)
8L ey @ B
 (gsl) odse @ o oLl
A i lia s x =0 050 iy e x* =0 o W ox) =0 o W
.Kero=0
cJad @ Gkl o N gty ¢ i F Jisd) of Ly
- S By @ o ¢ (Bans Lam s ¢ o
. Froy = Zp o 1al ol
¢ Zp Jind Sy Lt e M g my sgd ¢ Popanyc 4iia F Jindl of Ly
ta€Zp paiadl Jal e o sSs
p(@)=a"=a ; Vaezp
Loy A8 pp0 s fll3g

F disdl g 13 P led 0% f(x) = a” - a€F[x] asml 5,08 i Jal,
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%omorphism of ring — A1 Pledt ~ W fadlt é

.Zp du‘ )m\..\c Jg.l::\.“.aq’.bj

malindl Y ¢ F Jdal 153 P Y1 e L fix) asaall 5,38 o Ly
+ Zp Jiall jualic hii o @ Jlal 0l ca3 F e 2l

. F{(p} = Zp Q'J‘\
P adal s el A e ¢ Glal JSLEY al 5 ey oY) aaiil
:(2) b ya

Ol ilad) g ial Jajly ¢ Lo gils (S,T, %) 5 (R,+,.) oSil
il 8 (RyHye) Al NSL 25 ¢ oS 1 ¢ il e 07,0 el
P ol b Gia e ¢ (S,T, %)

- @(0)=0" (1

R e x e o(-x)=-0(x) (2

i« XxER o8 L,y neN* o8 Y 3

ox)=[ox)]" 5 omx)=n.ox)

c (Ry4,e) Qs e 4 3 dills (Ker @,+,0) o) (4

il o (Rite) Al (e A e dils Y @ (385 58l 5 gl (5
c(S,T, %) dilall e 4550

o2 (8, T, %) A lall (e 4 5o dilla Y ¢ @ Bhy ¢« LpuiSall 3500l (6
- (Ry+,e) dalall e 4585 dala

ol
oM (S, Tok) Adladl 8 (R, +,) Adlall JSWE @ gkl of Lay (1
®(0+0) =¢(0) T ¢(0)

®(0) = 0(0) T 9(0) tof
¢(0) T o' = 9(0) T ¢(0) Pl Gl
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%,&J—anw#@b& S

- 0(0) =0’ o ani 4kay

(X + () = P(0) 4305 ¢ X+ () =0 1059 R e x gl Jaf 0= (2
‘Ro—ax J9e@(x) T o(-x) =0 of a3 (1) o5 ¢« S @ J Loy
- R g x J-0(x) = (%) : 0% Juluy
: 05 XER s neEN* Jal o= (3
onx)=@X+x+....+X)
=0(x) + ¢x) + ... + o(x) =n.9(x)
o(x") = o(x.X. .....X)
= 0(x).9(x)- ..... 0(x) = [p(x)]"
.o0#KerocR: of Vi ool (4
of L ¢ 88 3als e ¢ R g &g Ao sana e ¢ Ker @ ey el o
.Kero#¢ o gl o €Kerg i« (1) cus @(0) =0’
POl M (x) = @(y) = 0" 1 i« Ker ¢ o e (3 paic X oS4
P(x)* ¢ (y)=0'*0’
¢x) T (-(y)) =o' T (-0')
POl Julls
o(x.y) =o' = x.yEKer o
0x) T (o(-y))=0'To' = p(x+(-y)) =0’
x+(-y)€Ker¢ : J 4l
- (R+,) Adlal) (g 458 3 dils (Ker 0,1,0) of geiiant ¢ (B Lae
o cpo—ils - (RyH,0) A8l e ¢ Lo 4 dila (A oI (S
. (S,T, %) dlall e 453 4 & (9(A), )

(Ate) o La: aY c (A) # ¢ o LS ¢ S (e &3 e gana 0(A) )
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%omorphism of ring — s,F:.U-\ Jledt — &l Ladh %

< Q(O)EQ(A) ¢l « My 0EA ¢fb ¢« (Ry+,0) Ailall (e isijn ddla
- @A) = I
A 0 Xg, Xy i dag iy @A) e b upaic yy , yy oW oS
Ay O(X1) =1, 0(%2) Ty2 ¢ osS Cusy
Y1 T(2) = 0(x1) T (-9(x2)) = @(x1) + @(-X2)
= o(x; + (-x2)) Ep(A)

Yi*y2 = @(x1)* @(x2) = ¢(X1.X2) E@(A)
J @l (S Tx) il o 48 5n il (Q(A)T,*) J o Lan it
e B0 Adls oa (RyHye) Abe Qs 4 ¢ @ Gadadll iy 530 5y gl
. (S,T,*) sl
0a (BT, %) oSy ¢ 43 dila 4 Gl 5 geall of ¢ 1l ol (6
c A8 ddla o (S,T, %) ddlal
g ¢ R g & a2 5ana 7'(B) 0¥ ¢ ¢ % 7' (B) € R of ¢ ¥ ladls
) ¢ Q(0)EB 4ia3 0'E€B (i (S,T,%) 4ilall (e 483 dila (B,T, %) ¢
. ¢(B) % ¢ oY 0€Q'(B) of
PxEB g ¢ Mg ¢ ¢7(B) s La cpy—aie XpX; VI ¢S
o ol @(x2)E€B
¢(x) T (-9(x2)) EB = o(x1) T ¢(-x,)€B
0(x1 +(-X2)) EB = x; +(-x)€¢(B)
PXD*P(X2) EB = ¢(x1.X) EB = x1.x,€07/(B)
sosall 03 - (Ryhye) Gl G & 3n s (@7'(B),H,0) o hame Lan it
O Atija Adla & (S,T, %) Aladl e &ise Aila 49 ¢« @ Gy ¢ TuuSa)
. (Ry+,+) dalal
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% J sty S & i § e E

o GAlad JSLI o seiay Al ADe a0 ¢ A0 Ain )
2 (3) dia e

;o e Biaky Maie ¢ (S,T,%) L dila i (Ry+e) L dilad SSlit o 80

 (R+,e) ddlal 84 Ker o (1)

@ ¢ (Rote) lall 3300 4 ¢ @ ulal iy ¢ 5 5Ll 5 pall (2)
. (S,T, %) dilall i 30

C(S,Tyk) Ailall 4 i Y ¢ @ Gulall 3y ¢ Gl 3l (3)
- @ Bkl 8 g3 (g 5a3 ¢ (RyH,0) dalal 8 4000 o8

. oufilais (R/Ker @ ,+,+) 5 (0 (R),+,.) ikl (4)
(olBladl Q3 Y1 din jaall ansly Ciymy A3 saall 038 (ga YY) Cllall)
. First isomorphism theoem

Dol

e At 3a Al (Ker((), ) o « s @ : R——> S of Wy (1)
ALYl ¢ (Ry+) 55030 0m 5 5303 (Ker 0,4) of gl o(Ry+,) il
O(x) = 0’ t g ¢ A e Ry Ker @ 0o o maie X2 S 13 ¢ ol
t il 056 by ¢ (ST, %) ddad sia 0 0 of Sy

9(a.x) = p(a)*9(x) = gp(a)*o' = o’
o(x.a) = @(x)*¢(a) = o' *p(a) = 0’

.ax sX.a€EKer @ S 4y
(Ro+ye) diladl 4t Ker @ of (3o laa it

il e SIS @ of Larg ¢ (Ryte) ddlal) i Lo dltia § oSl (2)
AT o Ao Aila (QU), T, %) ol ¢ (ST, %) &l e (Ry+ye)
Lali e ¢ (S,T) 3500 e &2 5303 (@(3),T) clé ¢ Ml « (S,T, %)
Ao oSy Sty ¢ il (Je 9(J)s S Oo upmaie y,5 0S4 ¢ 4l
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%somorphism of ring — s,i.l.4-| Fladi — &Juht M%

‘(P(a)zsa(P(x)':y:O}SQ‘;—‘:‘%‘#.):‘“‘;“;JJRQAXJan)@c
PoH ully

sky = @(a)*o(x) = p(a.x) E@(J)
y*s = o(x)*p(a) = o(x.a) € p(J)
sl obd Ml ¢ (ST, ) Hlall 3 2 (J) of ¢ 3 o griins
- (S, T, %) ddlall 4 4t a (Ry+,e) Al 30l Y @ Gy 580l
) e SS9 of Loy (ST, %) dlall 3 L A8 T oS4 (3)
¢ (Rytye) 4ilad) e 46 3a il (¢7(I),,0) o o(S,To%) 4ladl i (R ,0)
ay oS 1y ¢ (RH) 5 o & 3n 530 (07 (D) o il
PY)EL @) ES : Ll 5S¢ i e Ry ¢ (1) o Lo i posic
P o 35U @ o Ly
P@)*(y) = p(ay)El = ayeq'()
P(Y)*0(a) = o(y.a)El = y.acq'(D
R R EN R L (p'](I) o QW
. Ker @ (s5a3 L0 038 o oY) ol
da 520 f Cun c 0(z) = 0'EI & Ker @ oo b | juaic 7 oS4
. z€¢N(I) Jally (S,T, ) aalal
sl 8 A0 Y ¢ @ Gl (385 Auall 5 peal of ¢ (s Laa it
L @ Gkl 8l (5583 ¢ (Ry+e) a3l ¢ (S,T, %)
: JRAL Y R/Ker —— ¢ (R) : @bl G =il (4)
¥ (x +Ker ) = p(x) ; VxER
s W 3kl of Y cly ¢ x + Ker ¢ €R/Ker @ s U ally,
oS dunyy+Ker g €R/Ker ¢ g x + Ker @ JSI ciy il
@l (x—y)+Ker@o=Kero: o = liyx+Ker¢=y+Ker o
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% J g1y il & by § dedde ?

Sl @ (X = y) 00— ¢ 815 oy i uay (x — y)EKer ¢
ol gl o(x)=0(y)

¥ (x + Ker ¢) =Y (y + Ker ¢)
Gyl s W Gl
sl Jal oo S W o oY oa
¥ [(x + Ker 9) + (y + Ker ¢)] = ¥ [(x +y) + Ker 0]

=ox+y)=0(x)+ o(y)
=¥ (x + Ker ) + ¥ (y + Ker @)
: Wl Al sl e

¥ [(x + Ker ¢)-(y + Ker )] =¥ [x.y + Ker 9]
= 9(X-y) = 0(x)-0(y)
=¥ (x + Ker ¢). ¥ (y + Ker 9)
Cum R e peaie 23 aildc ZEIM ¢ IS 1Y oY ¢« Jald W bl ¢
Dol e Jully ¢ Z=o(r)
r+Ker ¢ €R/Ker @
Y (r+Kero)=o¢(r)=2 s
P oie W of 1l oa sl
a8
¥ (x+Kerg)=%(y+Kero) = ox)=09(y)
: 0¥ . (x—y)EKer ¢ f sty px—y)=0 o
.x+Kerog=y+Kerp of gl «(x—y)+Kero=Kero
.R/Ker ¢ =2Imo = @R) f (3a Loa pxifinus
t (1) dali

S 1Y ¢ S8LE @:R——>'S S 13y Lo opila (ST, %) 5 (Ry+,0) ol
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E% Tsomorphism of ring — - Jfledi — I fadl ?
. R/Ker =8 i Sula @
ol it
JIm =S Al Lyl b gy ¢ L iy
: (2" Isomorphism theerem) Alal JiLaill 4l 4ia juall
: S (HSR, IR cilS 1y ¢ Ldila (Rihe) oS3
H+D/I=H/(HNI)

LN
eax,xa,Xx—y clic HN oey,xsa€H oSy af ¥4 el
. HNI
13 a¥ HNI<H A<, I<SI+Hy ISR oY ¢« ISHA+T o gl
ax,x.acl ‘L_.z.j, X-yElyx—y€eH gld@acH,x,yeHNI o\s
X—ysax,xa g by HSR (Y axeHyxaeH; I<R N
. HNOI e
allo(@=a+1: KL o: H—> (H+I)/T sukill ¥ i
.H e
cat+tleH+D/I gdca=at+to€H+I G W
cGla S @ of oY1 gl
1o H wba Jd
¢(a+b)=[(a+b)] +I=[a+1]+[b+1]=q(a) + ¢(b)
o(a.b)y=(.b)+I=(a+1).(b+1I)=o(a).p(b)
(Iilbyx€H+T cua cx + 1€ (H+I)/T J cdali @ of oY ol
dl o8 by i€lsa€H s x=a+i gl
x+tI=(@a+i)+I=a+l
b OsS Gilad Blall V) 2 el cas g ¢ @(x) = @(a) =x + T Jully,
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%‘J#U SR 4yl (B dende ?

H/Kero = (H+1)/1

:\Sg.lcheI'(P\J_.’\S‘ a5l
Kero={x€H:o(x)=1} = {xeH:x+1=1}
= {x€H:xeH}= {x€H:xeHNI}=HN1
Do i saY Bl e A Ker @ L s
(H+1)/I=zH/(HNI)
L (8) Juw
A il A A0 T S 1Y ¢ (Ry+e) Z8a) g &t n dila (S,4,0) oS3
ol el ¢ (R+,)
(S/(SNID)+,.) = ((S+D/L,+,.)
el
ox)=x+1; Vx€S :JlL@:S—>S+1: Gukill G
Al Y (S,H, &) Al e S8 25 @ Gkl of ¢ Y ol
: SN <5 ((S+1)/1,+,.)
P OM ¢S Oe be G paie XpX) S
(X1 +x2) = (X1+x%2) + I = (x1+]) + (x2H]) = (x1) + 9(x2)
O(X1-X2) = (X1+X2) + 1= (x1H1) - (x2]) = 9(x1) - 0(x2)
b JSAIL i oSy Sy ¢ ST e el paie y G814
y=s+i; s€S,i€l
gt e:‘ e
o(s)=s+I=(s+1)+1
=(+D+@E+D=(s+i)+1
=y+I



é Isomorphism of ring — s,MJ-‘ Fledt — e M\%

.Kero=SNI o ¢ o oaad
POl t€EKer @ o84

teKergp; Kero<R=>teS
teKerp=>o(t)=I=t+lI=I>tel

ol e SN g b fpaie z oS40 ¢ uSally

}:teSﬂI

zeS ,zel
zeS, 0(z)=1
Ay (S+I/1,+,) alad e (S,+,0) 4ilall JSL&G @ o peifioss ¢ Bouw Laa
13 . S+I

}:zeKer(p

(S/(SND ,+,.) = ((S+D/1,+,.)
((Basy paic I3 ylaa dila (Ryt,e) S 1Y af ¢ g ¢ 4000 Ziayal)
(S,T, %) dall ol ¢« (S,T,%) L dila e (R,+,0) dilall SSlis @ S 13
(Ryty) Gl saagl saic 1 Cun o (1) 5 laatany Linf ylasy
: (4) 4da e
X Q=S¢ lgdsaagll puaid 1 — Jeuily ¢ ylae <lls (R+,0) o<1l
AN NS5 @ S 13y ¢ () Amgleoal] Lpuilly o gSae 415 R (pa | jeaic
ol (8T, ) dils 4 (R,+,0)
- (P(R)+e) sl 3 slaa (1) (1)
o % Aglaall Louilly Q(R) (A 9(X) u3Sae 2 @(x) (2)
: Ola
R e X seaie dad GSYL 4l ¢ QR) o b | et y (S 13 (1)
PR =y & 0 sy
POl e () Aleal Lty (R+,) dilal 8 o) 2 1 of Ly

1¢X=X01 =X



%‘j,&u Ol & s (8 dekie ?
o(1.x) = @(x.1) = ¢(x) il 0S¢ Ml

:dSLﬁB(p;..\,\MQJsA.'\AJ

o(1)*o(x) = p(x)* p(1) = 9(x)
o)
o(Iy*y =y*xo(l)=y
Lalal da e sa (1)  aaic (1) EPR) & o Adaadlays
- (o(R),T,%)
soixex=xlx=1 g W (2)
e(x-x") = o(x""+x) = @(1)
POH e Jull
Pk o(x) = o)k o(x) = ¢(1)
OR) o (x) wsia  o(x") J s e(x ) EQR) o Uandlays
. % Agleall dpally
:(3" Isomorphism theorem) (ciilal) JiLal 3NN L3 jaall) (5) 4ia s
P bl ian Yo « J T Cumyy (Ry,e) sl 8 ol T T oS 1Y
C(RA ) ) 6 e /T (1)

R/J
7 E R/I (2)

LA

Al Cun adli ¢ J AU g gty (RyH,e) Y 6 30 T of Ly (1)
(R, Adla) 8 30 TT o aas 0 Jeadl) i (14)

Ger Ko+ =r+1: K ¢:R/] —> R/l i (2)
.r+JER/] sR
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é Isomorbhism of ring — A Pladl — e M%

:O_,S_.‘\C_\;l;._:_" X+J,y+J€R/J U\Si;i &_.ﬂg)a:\]‘u.u;(p J’\ch.uld

delcx-yelcl¢ Juadyyc (x-y)+I=T i x+J=y+]
2o g x+I=y+I
ex+J) =0y +]J)
. SlSLﬁ(p o oY el
olx+ N+ +N]=o[x+y)+I]=(x+y)+I
=Ex+D+t@+D=ox+I)+ oy +1J)
0 RO
olx+ Ny + D] =o[(x-y) +I] = (x-y) +1
=x+D.(y+tD=0x+J).0y +J)
Kero=1J: o oY oa_u
g @+ =r+I J S cor+I)=1 Jul,«r+JeKerp oS4
Keroc /T o3 cr+Jel] Jayserel Jgl er+1=1: o5&
o by @z + D)=z +I1=1: J LS« z€] Bxie « z+JET o
JT=Kerog: 08 Kal 1y« I/JcKero o c z+JEKer @
1/]
: dualdl) cABlal) ey (4-3)
ialal il o gl ey a2 ¢ il ol g any a8 ead) U8
c Jgially cliladl b Luld §y50 ki 1
:lgljl\ K.AM\
sl el T Al OS ans ¢ Lo Al dila (R+,0) il 1Y)
b da b (3Ean 1Y A A
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é Jsid1y ol & s 3 dedds ?

e b,a (il 2] ld ¢ abET Cuny R (e e G paic bia oS 1)
T ey e O
2 dgalic) AU

O 1Y A akiel 200 ) (R,+,) ddla)) diladl 8 T 4000 e Jsi
Cunyg o I gend (RyH,) ddlal) 4T 4l sla) Ol oSy a1 e T# R
J#LLT#R 055
: Al ) cltial dals - ij

Al Rir o« R (e W fpuaie 1 o 135 ¢ Le &llay dila (RyH,0) oSal
o1 eaially 53 ga (R, +,0) Adlall 6 Apend 5 A0 s ¢ (RyH,0) dilall
r oS 135 ¢ alaa Ay dils (R,4,0) ulS 1Y adf ¢ Bilal) o sgiall (he iy
Rr=(r) g ¢ R (s
D J U Al 2y

e dila L (Ry+,e) dllad e Joi ¢ alaas ddly ddla (R, +,) oS3l
L Ry A (R, +,0) Ailadl 6 400 JS ol o0 Taddg ol ¢ dun
:(9) Jis

i, dila o ddlal oda o ol ¢ Aapaall daeY) ddls (Z,+,0) S 1Y

“ £

o Aaald y

Nt
s ol opilall il

b Aty Adle A o8 Jally c A=Z.0 i c A= {0} sy -
0 eaially 33 ga (Z,+,0) Adla))

Japma da ol A dcgend Jdang Jaby ¢ Az {0} cils iy -

d-A s paanc el a0 o sy . Adlus D ge
A elindiessaZn Y cA=Zn
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é Isomorphism of ring — J-U»\ Sl — Sdut Ladh ?

1,9 Olass—a Glaxe .\;ﬁu}écAgaLAb@cao\SH}c@\S@;uQﬂ

P oSS Cuag
.a=qn+r;0<r<n
r=b-qn€A os-Sbaicirz0 Sy ca N A Byer=0
A e ase gsaa 3 il a0 gl gasill pallie 1y 0<r<ny
a=qn€Zn: gir=0 sya=qn+r o L
5ot ga (Z,+,e) Bl 6 Ay Al (0 A M0 i A = Zin o ey
OY ¢ g Ay Al o (Z4,) Al 8 A A0 A o Lay . naaally
Ry Ol dils s (Z,+,) il
2 (5) Ada s

¢S IR 0e ML @ S 195 ¢ gidaf ol (ST, %) 5 (Ro+,e) oS
il 135 . Ker @ c I# R o5& Cusy (Ry+,0) 4dlal 8 400 T cailS 13
Poh le Giady baic L T2 S 05K Cuny s (ST, %) diladl 6400

lS 13 ladig o 1Y ¢ A At (R+,e) Adlad) 3 T A0l (685 -1
. (S, T, ) dalall & 304 400 (T) At

S 1Y dadbg ¢ 1Y ¢ Agaliel At (R,+,) Aalad) 8 T A0 (85 -2
- (S,T, %) il g dyalic] 200 (T) 40

Aalal 8 A I T A oS S S a0 dayal -3
Ry sl S At @7 (I) At 085 o s ¢ (S,T, %)

iilal) b A padel Al T AdEA 008 S o U d sl -4
o Rytye) sl 3 Ggalicf dta ¢7'(T) a6 of 8 ¢ (8,T, %)
ol

o cpmiily ¢ (Ryte) G8lal s atie Tl of ¢ Y s -1
(S,T,x) dalad) 8 3y f 26 (D)

88



%‘Jﬁuow\ap&bm ?

cxKy€EQ (1) 058 Q¢ S e b G paie Y X S

t sSs Cun ¢ R e b (pmaic s pdili ¢ S e yx o W

y=¢(b),x=0(a)

pb)ee() us& Sy . p@*e(b)EQ() b x*yEQ(D) of Loy
aal gld e (Rit,e) dilall b 40 a0t T of Lus . ab€ 16 4y
Opaiadl aal lde dialy T Y i o JY e bia o peaied
Q) tall of Gim 132y . Q1) I ity IV e < y = 0(b) , x = 0(2)
- (S,T, %) ddlall 8 30 4,ltie
S e (D) o We ¢ (R4 sl 8 &gl 4t T of o1 o
. (S,T,*) )
O Lt Xy €L 08 Cumyy ¢ R o e g peaie Y% o i dlld Jal e
L2 @ o s 535 1 a5 ¢ (xY)EO(T) i ¢ X.yEL
- o) *o(y)€o()
P(X) cumainll 2al old ¢ (8,T,%) dlall 3 45l 4tie @(T) Ll o Ley
O e y,x cupeaiall aal ol Sl ¢ @(I) I e SV e (y)s
NCENECN R EEP R GRS G .

o o—als (S,T, %) sl i dpabiel Lt (1) R0 of Y s -2
(R, Adlad) 6 Gpalac] 400 T 40040 ¢
[ 553 (R4,0) Aidlal 8400 slaf Sy ¥ ¢ 4l 4 gy« R# 1 )
Ailall AT Adle aa g olld e oS 1Y Y g e R ooy I oo cabiaiy
= Al @(I') sSy e o' # R 5T # T o5& umas T 5553 (R, +50)
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t oS R madSica=1a o W-1
d(a) =d(a.1) > d(1)
Gk S UER 35 ¢ R (AR g 4 e sl ba of Ly -2
P Wby ¢ sl paicusa=ub
d(a) = d(u.b) > d(b)
t il gSeb=ula of Ly
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%somorphism of ring — &,E.U-\ Fledt — cIuh fuadh é

d(b) = d(u.a) > d(a)

d(a)=d(b) : J a3 ol il (e
cd(u)=d(1) : glé ¢ Bamy peaic UER S 1Y 4 ¢ Y a3
tosSyddey . WV =1 Cusy VER paic 33 (R Sisaa gl jaic u of Ly

d(u) < d(u.v) =d(1) < d(v)
DOSS) dday
d(u) =d(1)
O QF O paie 225 Tl Al (Ri4,e) of Les e oSall e o oY1 oa
Sl . dr)<d(u) Jr=0 3R geuus I =uqg+r s cusy R
o @3 1351 =0 588 d(u) =d(1) o Ly R alind Aa yaial d(1)
. (R,+,0) Miggsz.\a,wx:uj ngc 1=uq o
: (14) 432 s
¢RTgaba oS85 ¢ 0 — bajinal 3ajily ¢ Lulf) dila (R, +,0) oS3
R g i s b,a glid(@) =d(b) o5 185 ¢ R Lib ladia o<1y,
ol i
¢ R = q,r Jsaic ba dal 5o an g 4l ¢ 3l dila (Ri+,) o e
Ld@) <db) J1r=0 5a=b.q+r: 35 Cuny
POl 0 OIS 1Y Y ¢ il e Gl Y ¢
d(r) < d(b) = d(a)
¢ R e ¢ aie dlad OSYL 4l ¢ R b adia of Lay 336 4als e
PO ey e b= ac oS dusy
a=bg+r > r=a-ba=a-acq

=a(l-c.q
c(Roty) Al G5 gl aie a1 dun
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% Jgid1 g ool Qﬁéb&%

3agcd(@) <d(r) gl e ey R (AT aniya of W s ¢ 31 ADa)
iasca=bqofmia=bg+r: il oo by r=0 oY . Lails

R daiyb of Wl o
ba ol (L) R 2 auit b of Lays « La R b aiya of L
- R 8 ol e

: (Unique factoriration domain) 3 gl Juladll 4ila : lag

Ll aliall ¢ Al asaliall Y zliag ¢ gl Jilall ddla Al )
@ il Cieliadll g ¢ alaeY) o ftiall anlilly ¢ Jlacll ALEN e jealiall
L el

: Greatest common divisior ¢l2sY! & z2di (..«»\/.EJ\ -1

ba g8 15 ¢ 0 Jalb bajhual jesily ¢ Lo ddlay il (R, +,) cals 1Y
abef & jile auli ) R Y ciiadl m yeaiell oo Jsii . RT (e Le (9 puaie
Pl U2l 35313 ged (a,b) o (a,b) — &M 5.5 R i ba

mla, mpb : ¢l « R gib,a J & ke anlim (1)

‘Rgmauiym’ 8¢ R Jdbadm' Aldide auli 2y 13 (2)
5 W jiay e ddlad dils (Ry+,0) il 1Y ad ¢ Gilad) iy il (e iy
& i HbﬁmulSh\j‘R@uﬁaﬂ&b\}m:uJabeR o550
b,a._le.hc\d)»meuuhqic}am.ujm.u.\\opcR@bJa_Jrhr_\
‘R

2 (15) A e

(Opaima e g R e o paic y,X S 135 Al ddla (R, ) cal )Y
dSJz=a.x+B.y:MﬁwR@zg@,#sikﬁaLﬂﬁy,x_io}é
.R = B.a

2 Ola i

M= {qx+ry : QrER} Zic senall 32l
POV ¢ il (55t ¥ pualie b aagms c M# ¢
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é Isomorphism of ring — s;d&-‘ Fledt — LI Ladl ?

0x=1x+0beM
0xy=0x+1beM
—alie Go jadl. 0 lajhialy 1 o ddhal ool juaial Uje) Cua
Lgial @(2) 0058 Alal o sV Z peatadl ¢ inall e dilisal M de gandl
G Ay @ s
RgBa Kz=ox+By: Gz i zeM o Wy
dila (Ri+) of Ly - R i y,x  abiel o e sl 2z of ol (1)
D08 Guni o R e b8 o peaie a9 Z,X o peaindl Jal e 4ild ¢ 400
O <0(z) o Lial i of W tsx=2z5+1
s () < @(Z) Gd e t# 0 QSN Y Jial gl of S YV t

P dnl dals

X=Zs+t => t=Xx-2zs
ol gl
T=x-(ax+By)=(-a.s).x+(-p.s).y EM
seaial) ¢ il e Ailida M ualiall de gana o ¢ LAY Gillaa 1
H\L\A;x=d.sgllﬂl4,ct=00';j.L)i..ai(p(z)d,;igagjsﬂémz
‘R X auiyz of U
R Ay sz of Ola s oSy Akl iy
e aX+ Py a2 8« R Ayx I AT ke aili 2’ oS4 (2)
R bzmiz f ol R
R Ayx kel @ ita aili 0z o (2)5 (1) e geitions
: Least common multiple je¥! & zalt Lastiall -2
) d seaiall e Jsi ¢ bERT OIS 13y ¢ Aoy dila (R, +,0) uils 13
P oLdEl e il 388513 ¢ R 8 b,a ol jrual @ jidia Cielias
bld 5ald (1)
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éd#\;owlhﬁébm ?

- dlc gl ble sajc Cus cER 51 (2)

o [a,b] 3 MR 8 b,a cmaall s o sl Cieliadll sale ey
.£cm [a,b]

Joloeald AL pb ol A g1 olualt -3

Prime and irreducible elements

o= U35 ¢ R o L | pemic P oSl ¢ dlaay A Zils (R+,0) oS30
p ol Uil (383 13 Prime Jof 4 P juaisl

R Asany paic Py P20 (1)

.Plb JPla ola« Plab o813 « R (e b,a JS (2)
—aic @ S 135 ¢ 0 — o sieal Juily ¢yl Al ks (RyHe) oS
13 ¢ R i (Irreducible) Jdaill 5 5 a of s ¢ R b ieall | e
2okt s il (Bean

R A3y paic pula sa=0 (1)

Oipaic ¢b 813 ¢ gl LAl pald e aull A R ha ) auld JS(2)
R 3 oSall Wi cb o peaiall ] i ca=b.c Cuny (R e Lo
sl ans ¢ Galud) psedall (e BalEBLYL
o= OS2l DS st U OIS 15 ¢ plaey Alay dila (R,H,0) <l 13 (1)
smaiall 8 ¢ g Watl B e g R (o | eaie @ % 0 o L3135 R
L0 — (Ryt,) 48lad jial ey cua R b Jilaill Q5 e Liaf 52 2w
N e Jdaill 8 5 aie yoa ¢ (Ryye) dilall g jiall juaiadl (2)

.0=0.0
D (12) Jue

¢ e paie @ (Z,4,) dapaall daeW ddls AP oSy 2 gl
o olanll B e
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%omorphism of ring — A+ Pledt — el Ms%

£ (13) Jws

 (Z6,®,®) daladl & Jdaill Ji8 s ¢ Al eaie 2 20l o o
At
«2Jab « Zg o ba U o LS. R dsany yaic gud2 52 # 0 o Wy
 Zg b N | paic 2 53 2]b S 202 W i,
Y sa ey g paie Ll d 52 cpaadl o s 82 =204 o Ly
- Zg Sl QU jpaie 2 Gli ¢ JElLy « (Z6,8,0)
: (16) 4 y3a

el QU e paie ga A AR A 3 I jeaie S

Ol

ba of Lasiils ¢ R ge (sl paic P oS 135 ¢ b 48 (Rh,0) oS3
P=ab sy R (3e
. 822 P Y Pb JPlaly s« Plab o

adega =d.P QAQ&dC)&JJGRQAMCJ;ﬂ&}E&PI&QE\S}
csaag paic b f Gl ¢ dP=1 iR 4P#0 f lys« P=dPb

. 3iag gaic 2 ¢ Plb oS 13 4 ans Ll day )l ity
C(R#) sl 8 Jdanll W e paic P o (3o Lee i
FORE
S 1Y Ly ¢ 13 ¢ (Ry,e) il Aal Slal 3 WP el 5
g Qi LG 2 | yuaie P
DOl

=3 Jlaill Qi 52 P IV jeaiad) of A gy 30 cAiadl A3 jaall Canes
(R,+,.) ddlal
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é Jﬁ\,a%\&ﬁéb@?
ME e | paic P of Lo « (R+,0) dilall b J5f seaie P o (oW1 ol

(RyH) b il
Pla.bos.-gj‘gs'&h})mlcwg.bp F OUPR@LMJ.\Q);QPL;M
Ro+e) J s e R g d f cymab = dP 0% My ¢ R (e ba IS

LcER Jam<aP>=<c> gl ¢ dug) Al dda

¢P=ct o8 &y tER mp o) . PE<c> Juby« PeE<aP > ¢
s—aie t 3y yaic ¢ gl ¢ R G sl Gl e P jeaied) o Ly
Lag by <aP>=R axiWwliR Asxy paic ¢ g1 . sang
xab+yPb=b S ausxatyP=1 Cus R 3 V,X Jaic
. Pb 058 Ml e xdP+yPb=b giécab=dP L
OSssc =Pt'E<P > L8R —dsaay yaic t JS 1Y L
. S paie P of @l Pla gl gl ca€<P> sS4y <e>c<P>
bl A Elal 8 A 65 ST S g U a2 a0 A0 Ayl
. dgalacf 400 g )

: (17) b y3a

At ) Al A Eal < P> A 5SS ST 5 oD L)
R4 il QG e P jeaiell 058 o Badied A0 (Ry+,0)
Ol

idia < P > of gy ¢ R 8 Jdaill Wl pe i P of Y i
JY P=ab oS Rpwadi<P>c<a> &1y (R b dsabel
Al i<a>=<1>=<R>:glicsmy paica €1 . R b
ras Jially e sany puaie b osS o i R oy paie 2 oS
b Alall oda iy e b= Gk Gumy ¢ R o U uaie

Pu=abu=a

112



% Isomorphism of ring — (k&1 Pl — CJuh J—aﬂ%

<a>=<P> o5 <a> o <P> Q)S,u_;‘mtﬂ

. <a>=<P> 4 <a>=<R> W a5 <P>c <a> f Lun i oY
. R (g dpekiel LB P oY ¢ 3ang paic P <P>=R of Ly ¢
i <P> f Lo ¢ (aill 6 e seaie P o cp ol gl ¢ el oyt
. dgalied
¢ (Rytye) Ailall i glisf e Py a g peaindl ol ¢« <P> = <a> S 13
3o Luld <P> % <a> oLS1Y L . R isaay yuaic b o8 by
1sa ¢ yaaialli ¢ R g dpalic] 400 <P> o Ly . <a>=<1>=<R>
Gli 5t ywaie P oli Jally ¢ sany puaie @ of (e 3ay ¢ Gl i
. (Ryhye) Al 3 Jdatl
can gl Gl Al dud oW Sl
: Unique factorization domain (JA£ ddl>) 4> 1 foudt dil> Ciy

Ol 2l 38a3 1Y ¢ am g Jidad Al el (R, +,e) Al ddladl e J s
s okl

Sy ¢ Lgad Sall Q8 2 g R (e pyiesn i @ peaic gl Jal e -1
e R sl B8 52 Lgia S5 ¢ R (e paalial dliie 220 clan S5 e

: a3 13 g ¢ Legd GSall BB e 9 R e fpuaic a2 0 S 1Y -2

a=Py.P...Pn=q1.Q2-... On

Jlf e e Ky j=1,2,...m 5i=12,.,0 sR %P}, q of &
Qe G —rabiadl i Al culie puafyg o m = n Laie ¢ R (& Jidaall
O paie oS ehia e duaniqrqp.... o elaadl 4i=12,...n
CPrPo.... Py elaadl b sl 4 Qi pemiall il ya 41 25 5Sall yualial
ol i ¢ R d GSall 8 2y R nlpeaic a2 0 oS 13 ¢ AT DU
¢ R diaall B e Leie JS G jliadll e e claa (Y a seaiall ulilas
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S J#l)&%\&#éh@?
L.Uj)_;.abcé‘)\mjc)ahal‘émt_gﬁjhm‘ﬁy‘usmh\uuﬁ;g

. (R"{",o) :\.ﬁ;.“ ﬂ;é u.nSa.n
Jadas d_dls aLlll aslal C,,SQ;SI@’ISB,N')U\L}:J\ eﬁ@u}tm)@t

« Ay

]

: (18) 4y

Gl (RyHe) 0585 oS0 Sy o500 Loyl ¢ Rals Gala (RyH,e) il 1Y)
POl ol pal 3iay of g8 ¢ am g Jilas

32 ¢« R (& uSall QB 525 ¢ R e a 0Sils psaee 32 yaic JS(1)

X# 0 GS 195 ¢ L Jbatll QB 58 g R e i P 0 lS 13 (2)
Ot il psis P ofi ¢ R Xy any P Cuny R (30 Jpmie y # 05
Rl a8V e yx o eaiel

2 Ola i
(2)5 (1) obaal o couly ¢ ang Qidas &ils (Ry+,0) of « Yol s
. Quia.a

c gl Jilaal) Al iyt s @l g o Bime JaV) dasdl o VS el
C S b al daa e el

Obd ¢ A dla (R+,e) N3¢ R o Jaic y 20 5x # 0 of L
Oz OSily peaic Aad QYL i R Axy md P g lagexy # 0
oSS Cungy SV e R

xy=P.z *)

P of gy (¥) Dl e Waaic « R b GuSall SUE 3, puaiall anf S 13
baie ¢ R & osall lll 52 yx oS 13 WL R & AV juaiadl audy
=2 ZYX paaliall (o€ JUlyy ¢ R (3 pSall Q2 7 peaiall 555
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%Isomorphism of ring — @.L*-l Fladt = EIut fuadlt %

b e S ity ¢ Lggd Jdatll Qe Leie JS5 R (e ywaalinl diie glaa

4 [ F

X = X)Xy e X
Y N "
y—xl -XZ ...... Xn

Z=Y1.Y2 ... s
LS ¢ R A dilaill QB e lgia S5 ¢ R e nalie Wiy X7 9 x) o
2ol

k=12, ;j=12,...,n ; i=12,....m
 of 423 (%) 40M Adlayy

<3 e P o W a6 581 8 shaall o8 ¢ 4al5 At (R, +,0) 0158 coumansy
2l aaiy P ol 0y ¢X], XY ey Xy X)X ey X aalial) a2y

(1) ol o Le ¢ ymy bl il (Ryye) of il f ¢ oall ola
- Oliiaa (2)

o iS¢ L b Gine gl il il iy 5 I a0 o L
gl el dils iy pad B 3 S Dyl Bt e

dal G (ine ya gl Qs s iy s 3ol A0 Ll of Y Bl
O W Gasily L R Jlall Qi ey jheall e Cilida R o uaie
OoSall QB e g R bl (55 ¥ eaie gl dal e Gime S 1,20
¢ Lo sl WG Leie JSH R i Ly puna telan I aliad oSy ¢ Lo
e iy ¢ Bina gl atl s o sede 8 380 80 Lyal of ey
Al Sayg ¢ R (G puSall Q8 s g ¢ sl (s5bws Y R 0 peaie S a
b Jaf 0o R b Maill B 58 Leia JS5 R o g pina t + 1 lan Y
iy ¢ legh GSall Qi 5 9 R (e sinall (g sy ¥ | sumie 1 o i
: L
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E J,&\}QW&QJEQZ».&L 5
I =X1.X2...X+1 = €1.€3....Cs
ISJS t+ Cus clesd Jlaill Qi e Lia JSyR (e sealic Piy oy of un

. 1,I€1<s

o ey
X1.X2.... X141 = €1.C2....Cs *)Y
aliall (a faaly aiy Py ol Jalls ¢ R 8 €.CannCs sl auiy Py
C1 p—sis Py of QB disas e Gl « R o Y e ¢ €4,0p,00 00005
O jie €3 Py of LS ¢ R 8 Jdaall i ye ¢35 Py ofd Ml . R
U Sy Sall B yeaie dlay oSe Ml ¢ (R i€ s Py oY) R
POSSy Saay
ci=Pu *)’
ol a2 (45 (¥ o e
P,.P,....Py; =PLu.c,....cq
POSS Aday
P;....Pui =u.cs....C5
IS daf e ¢ Gine 3 sl Jalasll dila iy pai (B 350 S0 Jay2) of ey
telaa (b abiad (a5 b uSall U 52 s R e Liuall g5y ¥ yuaie
Py Py....Pit, UCy.... O ol clead Jaill S e Leia JSH R (o Loy ine
o oSall AL sualic 3l ¢ pualiall ol i iy LAY Ge Laaaal pliliay
PPy P offaal of aas (%) Dl jgie¥ e 3l R
ALl yalic (5l ealial) @lli cuf iy Lagaany e Olilida €1.C)....C8

.m)\dﬁﬂllﬁh@ﬁgﬁajﬂ‘é&m\bﬂléﬁcé,\uh.eéﬁiiud
: (14) Je

@l ol 0e Al ¢y Qilad dila US55 (Z,+,0) dagaall dacY dsls



% Isomorphism of ring — 41 Pledl — il M\%
26 Gy JualaS aie pnedl) (S XE {0, 21} Cun x Sy ¢ g ualc
A O el e atie

: (15) Jw

ol ¥ i aaie gl Y ¢ day it Al o el (S ¢ Jin OS
.dum;sshjw,wut

2 (5) A

Cday Jilad Al oA At Al dila S

: (19) 48,2

cyn g it Al e puld) Al (S

O it
1 Lgdtan gl jemialy 0 oy laiaal jasidly pall dils (R, H,e) oS3
p Ol e B gl ¢ day et dila (R,H) o ol

elaa 5o ¢ lgb GuSall QB e g R o slaall (5 5ba ¥ X eaie JS (1)
o et Jilaall QB e Wi JS ¢ R o yualiad i

X1 # 0 G813 ¢ Legd Qdaall W e 3R (e puaic P2 0 1S 13 (2)
fasds mus P ol ¢ R (3 X1.y1 pue P 058 o R G0 Geaie yy # 0
:ellid;iga.Rg,’s‘_}s@\‘;;y,,xlOg)@JQa
@ Sy (8) <O(X) S 1Y ¢ R e x suaiall Jal oo Gine J5¥H Jayal ¢
b oSall B e | paie X S 1Y A0y ZELu) 81 gludl ¢f) Lald) A
= R e a yabiall apea dal e Bine J5¥ al of oY) il (R
X il Jal o (e J5¥1 30 o 0 nily «@(@)< O(x) (3in3 lelal (e
alh ¢ SIS X o A 1Y WL Gagllaall AR 6 Jilaill QM e x oS 1Y)
%,¢ Lafy ¢ R 3 0 e L eb of G ¢ X = b.o JSAIL 4l Yl
b Al R o e L

o(c)<ox) , o(b)<o(x)
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é Jsddty O 4 s @ dedde ;
¢ Lgh Jdaill W e Lgie JSR (o ualial 4iie ¢lan 58 b e JS 13
e Qaill 5 e Lgie JSR o swalial diie clan Linf g x (ol o Ul

P 8 S AN IO P Y N
X1 # 0 OLS 135 ¢ R 8 Jaill Q8 pe g« R (o lpuaic P2 0 oS 1Y
YP o ity e R Xy s P of Cusy R e gy paic y; 2 0
Boot e Moy YL Al e A ey (Pa) = 1 i« R Axg vy

HESY - CISTENY QU

1 =oa.x;+B.P
P osSy Sl
y1 =yr.o.x; +y.p.P
R 0 2z) oSy peaic dlag oSa ailé ¢ R Xy ehaadl sy P of Ly
POsS ey e XY = Pz 05 Gy
y1=(o.z; + B.yp).P
-R Ay APQ?U!Q&!AA,
: Field of Quotients aud sl Jia (5-3)
¢ ARl Al dla) e and il Jia il ¢ Lo Al ddls (RyHe) oS0
s
X= {(r,u) :t€R,uekR; u:tO}
P JRAL = A X e el
(r,u)=(s,v) & rv=su
c X e genall o 58S WDl (i) IS = DL o Y
LS = 3D o 6+ X g (Fyu) OS¢ (F0) = (F,0) o « ol gl
. (reflexive)

OsS g cvr=us: o Jdby o rv=su gl (ru) =(s,v) oS 13
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%Isomorphism of ring — QJ’.LH Fldt — Sduh J.MIJE

dal e L 135 ¢ (symmetric) i hils = 2D o &l «(s,v) = (r,u)
. (r,u), (s,v)eX

< Aaaie = AL ul‘ ‘JP' Op ol
POsS G« X e (R), (5,V), (W) oS4
(r,u)=(s,v) & r.v=s.u
(s,v)=(t,w) & sw=v.t
PosSE Ay (R o e
r.v.w =(s.u).w=u(s.w) =utv
i ey o row = tu W o ¢ (R Rl ddlal v 0 of Lags
. transitive Lasie = W 5Y . (r,u) = (Lw) o
- X Ao ganall o 5ilS ADe 8 = AL o Gaw Lea i
Sy ¢ X (0) za) OS [(1u)] et = D S Jeail a5
[@w] = r/u bl
b ol SN ¢ Gyl peal) ulee e of U
[Cw]= [(sV)] & Cu)=(sv)
b (Aandl) Jul Jgaly

r s
—=—<r.v=s.u (1)
u v

pd gl X o () s [(ru)] S J g e gene Q ¢S

Q:{i:r,uER,u:tO}

u

AN Q le () sl () end See (Y1 i sad

r s rv+s.u r
—t = —.
u

- s
u \'% u.v

u.v

< |
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%qu LAHES T P PR E

Sl uv20ldve0,u=0,0iubids (R+,.) s L,

I.S . r.v+s.u
e s, Y8
u.v u.v

(R 0l yma) i yel s Glilee (+) ol s (+) gl of U1 o sl
sl @dlyes/v=s/V s r/u=r/u’ o e

r'v'+s'u’ rv+su

u.v' u.v
P adily L ((1) W) ge) sV =s'v, ru’ =1'u Ll

uv(r'vi+s'u)=u'v'(rv+su)

uwv (v +su)=ruvv +(E viuu

=rudvv+svuu=uv (rv+su)

L iy el B gl e of Y S ¢ L 2l

Ol il g panll dee ae Q de panall of oo 50 ¢ Al Dia )

c (RyHe) Al Al ol 8 Jiny il 138 Bole ans ¢ Slin IS8

2 (20) 4da s

- Mia (8 Lo @yl oyl pand ilee pn Q e gannal

ol

tQ e dpnent paal) Llee of (e (Biaal

ol iy ¢ rfus/v,weQ oS
£+(E+i)_£+(5.w+t.vj= r(v.w)+(s.w+t.v)u

u

u \v w VW u(v.w)
(rv+su)w+tuv [(rv+ s.u) t ( r s ) t
= +—=| —4— |+ —
(uwv)w uv w \u v/ w
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% Isomorphism of ring — @l&l Sl — e J.u&%

oSay ¢ LS Liad Q e dgmgen el dulee o i ¢ Lgais 38 5l
o e sy . gl Jle Q Ll cipally pand) Julee of e oSt
DrsSed =1/ g ) e Gl o) sl (O] =
LAl B a5 JS28 (QuF) ol ¢ Ay ¢ /U seaiall xas)
Pl Q e s/v 8

_Is 8§

rs
T
ol Alaad Zally el IS8 1/t o8 ¢ Ml
el Blee e g 555 ol dglee of A pgny (BEa (S
 1/u €Q b iy r # 0 5588 (Q (o shm it | yuaic /U oSd
Dol ¢ Ml

—::———:1

u r.u r.u
r

r
u u.r r.u

Crfu) ! =/ ol Y el sl g % Gheru # 0 o Lay
- Jin (Qutye) ol ¢ 1Sa gy
 ae Ay Al (Qie) of i Laa gl
5 gekal) A8l CiTyas ¢ yead) b yue p38 o S
DA T

3 5—aka (R',H,) Adhal of Js ¢ Lo ofila (R, +,0) 5 (R+,e) ol
i glall S R (e 4 n ddls ciny 1Y ¢ (Ry+,0) 4dla)l i Imbedded
. (R',+,)
: Embedding theorem (21) jaid) 43a yie

el g8 Jing W e oSy dals 4la €

Y
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v—=_tj}a}u O & s (8 dedie 5
DO b

Dl BiTse 13 g Leand 8 Jas (F+,0) oS0l ¢Aals dsls R,+,.) culs 13
J? ) 8 . )
P UL W R——F

Y(@)=r/1 ;reR [rl]=1/1
D JSLE W Gkl of cudul
Y(r+s)=(r+s)l=r1/1+s/1="()+Y(s)
Y(r.s)=(r.s)/1 =r/l.s/1 =¥(r) .¥(s)
S WP Gkl o
o W o il
colie W ol Jdbycr=s gér/l = /1 o g W) = P(s) oS 1Y
(ki iy S el i) Juld W LS
.R=¥YR)=F G Las i
: (16) Jus
Al Y Jia gl ¢ daaaiall dacY ddls (Z,+,0) ddlad culs 1Y
 (Zity) sl a5 i 58 (Q,)
1 (2) e
P A A5 kil e W gkl of glas ofa ¢ a3l Rl 8 LS
g Gy \p(a)zg e by W(a)=0 gléc a€Ker ¥ oSl
«Ker ¥ = {0} J %:%:azo Q,sg‘;mu,‘w(a)z% R
ColEe P
: (3) darMa

P A Laly Q b /U yeaie JS LS (Say
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% Isomorphism of ring — &M Sl — LI Jaadht ?

r1 r(1)" 4 .
=——=-|—| =r.u ;reR,uekR
lu 1\u

r
u
e JS Al oS 4 ¢ g ¢ loand B Jin (B yei A5 ddla JS oY
s e A e dils (RyHye) of L ¢ Q @/l 45 5a g aER
Qi) Lo
:(6) Aals
Jin (559 R s0m (Fohe) o8 ¢ din gl of ¢ Al s (R 4,0) oS0
RV I
oW
S s e ruEF lic il cu#03r,ueR oé ¢ Jully e ru' €Q od
b« Jilbs e ru'€F i 1%y uTEF Y ¢ gia e paicu
.FoQ
D (17) Je
i (F 4,0 (Fh,e) Oy ¢ ol gfls (R, 4,0) 9 (Ri+,0) s Y
JSLE 2 gy aie « R' (IR e 2SLE W S 13y ¢ cap il o Legand 58
¥ gJL;R‘_,,Jn @ Gukill (restriction) ad oS G FY M F (w0
At
: AL @ F—— F' Gkl el
o(ab)=¥(@).¥(®') ; ab'eF
LW £ 0 i S b#0 Ly
@bl =c.d! asiic ey dal e ¢ el Gua @ Gadadl (o ¢ Y el
o e e  Plad) =P(eb) g« A ad=cb gl Jull
Y(a) . ¥(d) =¥(c).¥(b)

f o
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%J#\,a%\&ﬁ@b@?

Y@ (Y1) =¥ (¥(d)'

t o o
o(ab’)=op(c.d")
-y il s @ Y
LSStz of ool
P osS ¢ Bxie cab’, ed€F Sy -1
e(ab!+c.d)=o[(ad+cb) (b'.d")] = o[(a.d + b.c) (d.b) "]
=¥ (a.d + b.c) (¥(d.b))"
= (¥(a). ¥(d) + ¥(b) . ¥(c)) + (¥(d). ¥(b))"
= (2(@).(Yb))" +¥(e) (¥@)"
=o(a.b) + o(c.dh)
o[@@b™) (c.dh] = o[(a.c (bd)'] = ¥(ac) [¥(bd)]" 2
= ¥(a) ¥(c) (¥(b) ¥(d))"
=W¥(a) ¥(c) (¥(@)" (¥(®))"
=(¥(a). (¥))". ¥(c) (¥(D))"
= (p(a.b']) . (p(c.d'l)
R TSI 3 P TR PO
(gaal) onliie @ of Y ol
cW(2)=0 o &l « P(a). (P(b))' =0 of i tias ¢ p(ab™) =0 ¢S
o pvanscab’ =0l la=003 ¢ e W of Ly b 20 oY
. (bt
C el @ of Tl gl
a€R 1 agpad —mylaycd#0 y¢,dER Jemcd!eF ¢sd
wd!=opab") i (Jaly. Pb)=d, ¥(a)=c o5 cyss bER
A ol
CF2F o G Lo i
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é Isomorphism of ring — ¢2.U-\ Pt — cJ\:'Jl/J.ajﬂ %

Jacobsom Basis & Ideal radical dulliall jia g ¢ seusSla (ubad (6-3)

o (el Al B aea ablE e ¢ Lo ddls (R, +,e) oS3
- J(R) —sle 4 ayig e R Al sl Gululy R ddlal)

1Y ¢4 WS ¢ R by 3066 J(R) o ¢ Aallie o culilie adalis of Loy
JR)#R g R#0 g8
Aalall 3 Gl ¢ (Ro,e) diladl 3 00 Gl psen adali o
bl of Ly« R ddla) Jis gens f crad  (R) —sale 41 3eis (Ryte)
R b Liaf 3ltia a rad (R) ¢fd ¢ 4dbia o R sl & cllial cya 5
la el DL o dllia jiay GomSla bl Gl & Gans (oY) 238
padul
2 (22) 4da e
RS A Jap 2 Svie ¢ (RyHe) Al e Lo i juale X (IS 13
.x€IR) (1)
c R Gl e Sl JE i 1-yx o) « yER K (2)
DOl i
Q=@
3 Aabie¥) Ay Ll LI maen ) iy X 08 ¢ XETR) o L
@ b« XEI of Ly ¢ R &l b Guadiel &y jly 308 T oS8 . R 4dlal
I—yXx aaye 1 —yx@Il gld Julbsc yXEL O3S R ey Sy suaic
CRoaakal A Ll e paSall Q8

OEXP)
Cus R K oSy dediel & jlay Gullia 35a5 paasis gl ¢ el a i

G Yo OS5 R e yaic 22 MLy K + RX =R 41y « XK
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% Jgity ol 4 b (8 dadda g

bl e Sall Q8 e 1-y0.X eaiall of W oan 1385 <1-yo X EK 55
o i X eaiall o ol ¢ xEK o o Mallyy il =ity lag « R 4
XEJR) oY ¢« R b dpadae) 4 jluadl el asen

A Gl 5 sl Aape pualiall oADMY a Y AN dia aall Ciags
‘ . (R,+,0) 4dlall

1 (23) 4ia s

: RS A0 o520 Baie ¢ (R,He) Ailal ga L yeaic X (84

. x€rad (R) (1)

- e X il (2)

Do

@Q=®

il 8 Ly ] 3000 Aagidl Hoadinly ¢ sl e Gl X o Ll
¢ 5l e Gl | puaic XER oS 13y ¢ L dils (Ry+,e) cuilS 13 2 ((laal
P@j@&o.\;ﬂ.[afaialhﬁjag\j@ji@&RMigéa;}g}im
Os=S o=l 3y 1y e x€rad (R) olé ¢ Jalbg ¢ XEP Sy« Rddlal) 4
CR A Gl aen ) S X eaiel
.djﬂiamx)@d\gi@umc_‘ﬁha

D<=

(X" =0 058 Cuny N e n 3a ¢ 55 50 R g puaic X o Ly
LB o Lays ¢« X"EP 58 Baie ¢ (Ry+,0) Al 3 Add A P o1y
Bl asen Y el X eaindl (o Gau Les i . XEP i A4S P
. x€rad (R) ¢ « R g ds¥

:(7) Ao

DS gsS xErad (R) seaie U8 dal e Sinie e dila (RyHye) S 13
CR A 8 uall G 1 Xy 1~ X (o peaial) (0
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%Isomorphism of ring — (A1 Pladl — It fadll ?

2 (24) LAy

P Afiae 400 Lladl) Svie ¢ Lo ddla (RjH,0) culs 1y
LR i 45 J(R) (1)

- Radl 446 JR) (2)

<Rl 4881 —acléca€JR) & (3)

Q¢ 1-a gl a€J(R) ball 3 R dilad A 3. el J(R) (4)

R & osall
oSl QB —yx g cy€R I ¢ 81 daidg ¢ 1)) x€J(R) (5)
. Rodala)
RN Gabe Y Al S ses oLlE s J(R) (6)
: Ols it

Guun « TEJR) 88+ R (g &by e JR) o ¢ J(R) i o3 comen

R Aial G Hladl e Bl 8 1-tr od tER S ¢ 5,1 U dn
P e s iascu(l-tr) = 1 Gy R gea il aa g il
.u=1+utr
b

(I+rut)(A-rt)=1-rt+rut-rutrt

' =l +rut-r(1+utr).t
=]l+rut—rut=1

c okl e pSall W Tort geaiadl of ey 138

. TtEJR) of cpud
¢« 1-(ant g4 « te€R I ¢ Julbyc ar€J(R) ¢d « a€R o8 U w
Aiag ¢ J‘ﬂ:‘“d)ﬂuﬁdﬁ 1-a (I' t) emUJGR@Jw‘w‘M&G :
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%J#\,a%@#éh&?
. r.teJR) oS
+ R Al dgipe Ll J(R) of G Las g

e (2) o 395 (1) Gas el 00 (2)

Rl b )l e oSall Qi 1-a jealad) i c a€J(R) oS4 (3)
cu—ua=1 Qi g‘cu(l-a)= 1 C'.L._g;._lcRQAUJAA.'\C-A;_gQJ\."JQJ
aiall ¢ Jalls ¢ 1-u = -ua€J(R) ol ¢ R dilall 3 400 J(R) of Loy
¢ R eV _paic 3y ) sam 30y« Dbl e Sl i ¢ 1-(1-u) =1

:jtjcv.u=1¢.\,\;.3

v=vil=vu(l-a)=1-a

Y ¢ el e piSall QB puaie T-a of Gl ¢ (T-a)u = 1 gfd ¢ Jally
R Al i GSall JilE [-a jeaiad

o b JU ¢ R (b GSall G5 1 — b Cany ¢ R ddlall W0 K oS3 (4)
KcJR) J cdly ¢ R
oSall 8 T-ra o8 ¢ Jalby ¢ ra€K o5& r€R M e ca€K oSd
¢ a€J(R) oY ¢« R Al & jludl o uSell J5 1-ra of (f (R
-KcJR) o3
5 58l gy oSall o ¢f (R sl i Qe BB 1oy.x oSy (3) Lol
B_aY U A ) e

ALl U 338l ey ALl Ja g 2l (pe B pdla iy ualudl Ja 20 (6)
D phall (i

CROAAY () 4l Dl Tl 1Yy ¢ L dils (R, oSl
ite 4 Jal et 00 Jayal @3 1Y ¢ R AlaD b mea W T oo ol
cTJ=R J8T+I1=R iR e T o8y 5 a1 (i) Tl
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%omorphism of ring — s{,ﬁ.\i-\ St — e fadlt ?

Ml oo A jheall QB (R,+,0) dils & 6 ad 2y ¢ bl Gy el e
- g;“ @ o L

Rl 4 s
P ol Lo Qb A e e
= (Oia)) o Ol oM TT cul€ 1Y ¢ e dila (Ry+,.) cails 1y
: ol ¢ R dalal

LR G i o T+ T (Red) Gl A0 -1

Sa R Al b (R Ly A K5 R 3 i T S 1Y -2
Rl 4 jusK bae (Kol

R G ea (d8e) Lk L6 J(R) -3

R s psaa F (iadl) G bl 0020 065 S) SISH 5 o350 Lo 20 -4
CFSIR) o5& o

R e (i) Sl At LS IR) of -5

2 (25) dda s

b Lo Ghay Bxie ¢ T pale ML @ i1 —> S culS 1Y

QD) ol ¢ (Ro+,0) Aaladl 3 1 psa (i) Lo B T of G (1)
- (Sotye) Alall 1 psaa (Tise)) Ay sy 4l

¢ (JR) cI(S) ()

L]

ol @ (D) + 7 =S Cuma (S,4,0) ddladl 8 3 by 300 T IS 1Y -]
I+ =R
iy QES = (1) + T i ¢ Malg ¢ R Al G | uaie 1 (S
ey Pr—y) =x ¢ s T oeys T oex cus @r) = 0(y) +x
Jlas . R ') + ey creg’M+1d G er-yeq'Q)
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E Jaid1 g oolald 4 ki (8 dedde g

I+¢'M=R i« o' +IcR

o @ 0 I) = R gld ¢ (Ry+,e) dilall 8 1w T A 00 of Lay
o= | @(I) &bl A8 iy S =T J 6l « S = o(R) = J
. (S,+,.) dala)

() Js¥ L8 cmy ¢ R s J(R) &bl 40060 ¢f -2
- o(JR)) c I(S) wsss
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200 kedd)
A‘QA.A" ..II)-I-I-é ddl-

Ring of polynomaols
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% Ring of polynomials — 3 331 &t w8 &l —~ agt 31 fuadll é
&Ll Juill
gl Ol 8™ ddl>

Ring of polynomials

c%h%j@.“&\.}kﬂbsé)&\%ﬁt\s‘a}g.ia:\gﬁm\:\.\;ﬂ“;ém_)a
Q!)_“.SSJJ_“\SEJ\J@GH\JUM\JILUJQZ&LAS‘L@u[,_)laua,_u
¢ Adla e saalie & 2saall IS o Jead) 38 8 iy L 2g0al
- Adlad) o3l 4y il Ll sAW any (g )db g
sy Uals ) ded ) da,dl Lis <ol Jag 9 gaall 26 Tl g 5

: Difination’s Lsulul aalia g ciy jlas (1-4)

, 2al) 58S o ggdas ¢ i SH g Y SN

t e P:R——> R 1 JU e Ay o8 ¢ 2920l 3,0

Pux)=ag+a;Xx+a, X2+ ... ta, X"+ ...
¢ @ el adl g X Jy—aid of dm L P (x) =Y a,.x' Jal
i=0

Al JaeYl e peaa C ¢un C Y JR Y a8i=0,1,2,...,n
) Anliially Lgie el oSy ¢ 390 53K of 55 ¢ Bl psekall (g
N T TRUN: M [N (S5 DUPON PR PENUI
R didall dacY) de gane o rapind ob @lldy ¢ a50al) 5,58 o sgie aanin
. Lo dilay
p SN e Al g S pamsi ¢ 0y il Je il ¢ L dila (R, oS3

P =(a,) = (ap,21,82,++.0s8n5+-.-)

. i=0,1,2,....n sl cea,€R o Cua
132
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édpu k- u#dum?

.)JA;O).L\SJ_CMJAMcumhuA‘;L‘\J‘)M.“ .\J_\;ﬁ_m;u‘ IO
. (5\:»3;\3;31 daeY de seaa R o La uadi V) (R,+,.) ddlad

i P i el i = 0,1,...,n of Cus g D bl gpes S 1Y

.P(X)'_'O ATIESJJ$(R,+,.)M‘GIGX:)PJJAAEJ;\S1I

S5t 8y J—slee OIS 1Y (Monit polynomial) dpaaly 353 5 )5S e

5,8 Laiy dgaal g Cad P3(X) = 27— 4% + 5 o 50l 5,38 Sk . aal

. daaly AJLBJ;:SP7(X)=X7—6X3+X—1 : gl

¢ J5k li ¢ (Rybe) Gilad e 30m 388 Q = (by) 5P = (agy slS 13

n=012,.. Xca,=b, J&13P=Q ¢

sSSP =(a) 20 Sty e 0 o lahual jujils ¢ Ledila (R +,0) oS

ld ¢ a, # OO)S.J’A.IQJL}Q@M.\A: S8in o1y ¢ R dslal e dgaa

Sale gansi . deg Po(X) = 0 —s <l 3a g P agaall 558 Aoy 0 pausd

B de;j‘ EJQSS C..\)LALLA.\ ap,a1,...,an ‘).u:l_'\aj‘

L 00 (g sk (s inall 3gall 38 Aa o of el e ¢ dule ¢ pellaay

Al (R,+,e) sl 3P e gasdl o copuall g gand) Jilee (1 e
P= {f= (20,8154« +58ps-+-) 3 aiER}

P Jea
f+g=(an) + (bn) = (an + by)
fog=(an)+(bn) =(tn) ; 1= iénai-bj
n=0,1,2,...,g=(by,f=(ay) : M
2 (1) Adaada

‘ 0-—1Ls_)s.-.43_)a_)-\3_5(1 b Aladll l.h_).u:.\r—) Ylsa ddls (R, +,0) oS
3saall 3, SSy R A dal g aa yaic o gy Go3Y 4af ¢ iaily
Atie ¢ X el (0,1,0,..,0,..) 3530 5,588 bije ) 15 ¢ (2,0,0,..,0,..)

VYo
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é Ring of polynomials — 3 gud-1 & S ddl> — 81 S Jeadt ?

P OsS

x*=(0,0,1,0,...,0,...)
x> =(0,0,0,1,0,...,0,...)
et el e e el et S 1Y ¢ A ale by aany
nzt A x' =(c;); ¢ =1,c, =0
Construct the ring of polynomials 3gaall < i€ dals ol (1) 438 yue

¢ R Zilad Lle 3gaall ¢ 28 JS Ao geaa S oS35 ¢ L dila (R +,0) oS3

(an)*(bn) = (a + by) ¢ S &e (by),(an) IS
(@) A(by)=(r) 5 r,= >a.b, , n=0,1.2,...

57
P b 383y .m.u;

(S,%*,A) Zila)l o8 alaas (Ry+,.) diladl il 13 ¢ il (S, %,A) (1
Laf e

. Liad 245 Zila (S, %,A) o ¢ 4G Al (R,+,0) cilS 1y (2

s Ol

253al) OIS g Mlaall b peaie ¢ A 503 (8, %) of el sl 05a (1)
= -8y o Cus (-2y)  (8,) OS5 S e maie (gl usSeas ¢ (sual
- (+) pead Lleal AL R B Ay (0 sSae
.S yabic e dmaend A dglaadl of 0l
P laay Wy ¢ S o yalic T (cy),(bn)s(an) S 1

(2) A [(b) A (en)] = [(an) A (ba)] A (o)

(@) A (cn) = (Wn) & (an) A (Wy) = (up)
:thQJSg‘nZOC_}MncdSJ._JQA‘ Yaie
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% J sk g cﬁ&\hﬁéh&?

u, = ya.w =3 ai.( ij.ck)

i+q=n i+q=n jtk=q

=3 Ya.(b.c)=3 Ya.b.c,
i+q=n j+k=q i+q=n j+k=q

= Ya.b.c, (1)
i+j+k=n

P
(1) A (Ca) = (Vn) » (ay) A (bn) = (r0)
:&gﬂg,&acnz()@;.mamdsg;ia“ e

V,= X.1,.C, = (Zai.bj).ck

h+k=n h+k=n \_i+j=h

=2 Z(ai'bj)'ckz 2z Zai’bj'ck
h+k=n i+j=h h+k=n i+j=h

= Y.a.b,.c, @)
i+j+k=n

POl s en=0,1,2,... S cup=v, o 23 (2)5 (1) oD 0
t o gl (ug) = (Va)
(an) A (Wn) = (1) A (cn)
P OsSs ey
(an) A [(b0) A (en)] = [(a) A (0] A (co)
sl Al @Eas e o oW el
1Y s A ¢ @lldy o a)l sl Lagin Lad a5 A K Glilesd)
P lnag 1y ¢ 8 e malic & (Cp),(bn)s(an)
() A [(bn) A ()] = (8n) A (ba + ca) = (S0)
(an) A (bn) = (rn) , (an) A (o) =(tn)
:Q}Sgcnzocg;..aamdsd;‘wg,gum
S, = Ya.(b,+c)= > (a.b,+a.c,)

i+j=n i+j=n

"WYY
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é Ring of polynomials — 3 341 &l w57 dl — ast J1 faadll %

= Zai.bj+ 2.3;.c; =1, +1t,

i+j=n i+j=n
(Sn) = (1, + t) PosSy Al
(Sp) = (ra) * (tn) " ‘.;i
PSSy Ay

(as) A [(ba)* ()] = [(a0) A (b)] *[(an) A (c0)]
b e ol ofa ¢ Ll 4y Hklly
[(bn)*(cn)] Aan) = [(bn) A (an)] *[(Cn) A (an)]
. ddla (S,%,A) : ¢ B Lao i
¢ 1l san gl paaiad Uje,) 13y ¢ Mlaw dila (Ri+,e) of gl (2)
—dsaagl yaic an#0,1=1,0,=0: J & (I,) Ll ad o8
. (S,%,A) 4kl

Al il (Ry+,) of We ¢ il dla (S, %,4) of « ¥ cmoml (3)
C A e ol ¢ e il (S,%,A) of il Ga
: @.‘_9?_5 ¢ (Sa*aA) alal) e L L).'-‘-)“'a"'a (bn),(an) L)S.'-‘l

(@) A (by) = (1) , (by) A (a,) = (r'y)
1N 20 msas e oGS e

I, = Zai.bj = ij.ai =r

i+j=n i+j=n
o gl () = (') Gl Sl
(an) A (by) = (by) A (ay)
o sheall aud 8 a3 Y (S, %,A) Adlal o oY1 ca Ll
135 «(S,%,A) Aal) (o Le (3 poaic P=(dy) 20, q=(hy) # 0 of L s
: ‘_'j Lida 58

05 baie «(hy) A (dy) =(gn) Less 135 «deg P=m, , deg q =m,
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é Jgasly My b dedde ;

: wal
dmz #0, hml 0
P osSy Ml
h, .d, #0 = g, .m #0
PAq=#0 : o

c AL il (S,%,A) o B Lae it
:(2) 4y
g = (vn) # 0,£= (uy) # 0 OIS 13y Al Lia juall Gz i (10 BaELYY
« deg u, =ny , deg vy =0y of Lz i 135 ¢ R Allall e sgan 5,58
Pl
posSil o cAiae eSS J W A -]
deg(fAg)<n;+m
s deg(fA g) =n; + 1y s S Sy a0 Lyl -2
S P A AUIST S

Dol
il 5% (U) A (V) = (Wn) e (1)
Wotny = Uay+ Vi, . (1)
P en>n oy oS
w,=0 (2)

b ol aad il oD e b, LV, # 0 IS 13
deg(fAg)=n; +n ,
PosS o Wad ¢ (2)5 (1) oW b uy Ly, =0 g1y U

fAg=0 Jdeg(fAg)<n +m
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é Ring of polynomials — 3 g1 O S ddl> — &t it %
¢ Wn,+n2 #0 : U=z 4—-’,\5 ¢ deg(fA g) =n +n Oi U i (2)
325 (1) A gl

u,.v,, #0
rol 233 (2) 5 (1) Dl e aild cu, v, 20 OIS Sl e ol
deg(fAg)=n; +n,
: (3) Aaym
5 BS JS Ao pane K S 135 ¢ A8l dia juldl cilica b e 32lYY
0 BV RN
(a,0,0,...,0,...) ; a€R
(S, x,A) Alall e 455 5a Adls (K, X,A) (1) 2 ol
R,+,2) = (K, %,A) (2)
DO
: laaie ¢ (R,+ye) Aila)) fe Lo 0 peaic bya 0S4 (1)
(a0,...,0,... ) A(b,0,...,0,...) = (a.b,0,0,...,0,...)EK
(a,0,...,0,... )*[-(b,0,...,0,...)] = (a,0,...,0,... )*(-b,0,...,0,...)

= (a-b,0,0,...,0,...)EK
* (SS*,A)

K« o(x) = (x,0,..,0,..) : JS&L @ : R—— K & @pbaill il (2)
PR ey x J el oSy Mg e R e X
o(x+y)=x+y,0,...,0,...) = (x,0,..,0,.)%(y,0,...0,..)
= p(x)*o(y)
o(xy) = (x.¥,0,...,0,...) = (x,0,..,0,..) A (y,O,’..,O,..)‘
=0(x) A o(y)

\yo
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E Jsidt g ool nghm?

: Lylite @ Gl of G ol

POH Q) =0(Y) 058 S R e b gppaie Y G 1Y
(x,0,..,0,..) = (¥,0,..,0,..)

LXTY  OsS Aley
Y i Z GEK (e el yaie (2,0,...,0,...) S 13 ¢ lla Y ALYy
¢ G-kl f & 9(2) = (2,0,...,0,...) : ) « Ll den o5 ¢ dex 0o R
AR
C (R = (Kok,A) o o e i
R Ll X saly Jsalia 3gaall il 38 ddlay il 3 ) (S,+,0) Ala) pans
- R[X] = S 3 ja i

: (2) Aaadla

Sl ¢ (S, %,A) Adlal o (8 yeall K A QSN Gy jall llead)

cadigl e (F) s () oae b Legd Jasia ¢ ASLl daa ) ol
O—e DS ¢ A Jayll Lagd ey o (a3 Gfdeall G Gl ings
o andd 3ol Legd ey of (A ()9 A Ofilaall O Sl (55 el

: Evaluation of polynomial 3 suo 3 x5 de.d (3) iy

fix)=ap+aXx +ax>+... +ax": s 135 ¢ Ldi (R+,.) o5

: A dnie Z(R) Ailall 3 5e e e peaie @ oSl ¢ R[X] b 250 5

D malall
fla)=ay +aja+aa’ + ... +aa"

3g0all 5,38 daly canw ¢ fX) (B a— X S dady e Juani AR e
. a ka2 f(x)

: 484 (2-4)

i g(x)=by+bix , fx)=ag+ax+ax® oS1y-1

Ve
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%Ring of polynomials — 3 jud-| &) 5 Al — agl M foadll %

f(x).g(x) = agbg + (agb; + aybg) x + (arb; + azby) X+ aph; x°

. 80,31,32,D0,0; ER f Cua
(Z[X)+,0) 29a) S Aila b Lo il gl 22
(1-2x+x).2-x+x5)
(Zs[x], ) dilad 8 (x+ 1) i) A
e
Pl oS Z[x] Al
(1-2x+x).2-x+x)=2-5x+3x>-x*+%x°
p ol Zs[x] dalal) i L
x+1)P=x>+32+3x+1=x>+1
v Zy S3=0 N
35S Lai ¢ AN Aa o fX) = X — X7 + 2%% 25080 5,58 o) -3
h(x) = -5 a5l 5,2 W ¢ J¥ a5l (e eb g(X) =X +2 353
o ol da il e
(Z4[x],+) Ailall 5 F2(x)aasd f(x) = 1 + 2x L5134
. deg f(x) + deg f(x) s deg[f(x).f(x)].

g
(f))P =1 +2x) (1 +2x) =1+ (2+2) x + 2°x = 1
v Zy S4=0 N

: Ll
deg [f(x).f(x)] =deg 1 =0

: Laiy
deg f(x) + deg f(x)=1+1=2
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% J#!,oﬁ&\yﬁgbw?

deg [f(x).f(x)] # deg f(x) + deg f(x)
c A dils cund (Zg[x]40) oF 5ol
Al S e o el @ O cAddal dacY) dila (R4, oS3 -5
@[ f(x)] = fa) :JSaL i jad) @, R[X]—> R : Gkl o <l (Z(R)
it
fix)=aptax+...., gx)=by+bix+.... D oSy
:éﬁﬁs-R[X]OAJJAAqﬁ);S
f(x) +g(x)=(ag +bg) + (ar + b)) x + ...

PSSy ey
@a[f(x) + g(x)] = (a0 + bo) + (a1 + by a+ ...
=(@+taat+..)+(bp+ba+..)
= @[ f(x)] + 0u[2(x)]
s o) LS

f(x).g(x) = co+ ciX + Cx° + X + ...
PRl e ¢ X Aplly o Jebedd K2 05 ¢ IS o
Ck~— a()bk + albk_l + azbk.z + ot akbo
L) 5S¢ R A8l g a seanadl of Lays
Qo[ fx)]-0a[gX)] = (a0 + aja + a2’ + ....) . (bo + bla+ ba® + ....)
= agbg + (agb,a + ajabg) + (agba® + ajaba + a,a’ bg) + .....
= agby + (agby + a;bg) a + (aghy + aby + azbg) 8> + .....
=¢ptciratoc a*+ ...

= @u[f(x).g(x)]
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é Ring of polynomials — 5 31 &t S 4l — at I M\%
- Sl JSLE @, ekl of Baw Las it
gx)=(x-1)X+x+1), flx)=5+4x-2x"+x* o<i-6
- 8(3), f3) 24 < (Z[x]H,r) b 252> JuiS
D

f(3)=5+43-23Y+@3)’ =26
g(3)=G-1)(3*+3+1)=26
a Jfla) = 0 o ctl « (Zg[x]+,.) lad i f(x) = x° - x o8 7

Z6U‘

: J
.f(a)=a3—a=0:¢,,s=qutdu.,‘26 peadSa’=a o Vi badl
t(1) A m

©p Gakiil 31 5 Yaie ¢ lgia | yaic @ oS 135 ¢ Aoy dila (R+,0) oSl
% ROTS

D AUl Ae gaadl (335 axd @ R[x] —— R
Ker ¢, = {f(x)€R[x] : f(a) =0}
: (Division algorithm) 4aud) 4 ) s (3-4)

Ofasiea s a9 3558 g(X) = 2 obix', F(X) = Y ax culS 1y
i=0 i=0

(RIx]He) aoars o) A8l 3R 3 el Q5 by of i
RIX] ¢ 1(x),q(x) Qs g 353n BHES 2o 68 Bdie ¢ 0 — W jdal Se iy

f(x) = g(x).q(x) + r(x)
.degr<degg §r=0,
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E J a1y CMal- Qﬁéh&?
s Ol

r(x) = f(x)5 q(x) =0 +aliy deg f=n<degg=m of Y ¢l
. gl an3

ey p e el e el el dasiuyn > m o of oY) el

0S4y r=0,f(x)=a,gx)=PBER g in=m=0 < 13a
. A Lia ) ¢ Jallyy f=(aB).g+0
¢ R[X] e f(X) 29080 5558 Jaf (e ¢ dagnaa 23 pudll of ¢ V) il
«deg f=n Jal (e lisua e cauls e deg F<n-1 Wl e 58
by#0,a,%0 J’Ldr.
:aganl 58S (i pes A3 Jal (e

f1<x>=f(x)—(§"—)x“'m.g<x> (1)

3—a £i(X) (i X" Jalan g eIl o(RIx] ) el
el Bl sy deg £y <n gl ¢ Juluge ag — (apby —1).bp =0
P OsS Cuso g(X),1(X) ER[X] 25aa LS aa b oaly )l
.1=0 4 degr<degg 5 fi(x) = g(x) q(x) + 1(x)

pand (1) (B (2) Oe fi(X) Al iy sny

f(x)—(g“ JX"'m-g(X) =g(x).q(x)+1(x)

m

 0sS3 4day

£(x)= (g—x + q(x)}g(x) +1(x)

m

f a n-m
PO p(X)=—6"—x +q(X) =y

m
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é Ring of polynomials — 3 a1 O 8™ ddl> — M Jadh %
f(x) =p(x) .gx) +r(x) ; p(x),r(x)ER[X]

CNEZT U dapnia Lia yudll Sy c degr<degg Sr=0

- R[X] (g 1(x),q(x) 350a) 588 Aghany e |yl

P oSl

f(x) = q2(x) gx) + rax) , £(x) = qu(x) . g(x) + r1(x)
degr;,degr,<degg, ri=r,=0 9
Pand ol Bl ol
[21(x) — 2(x)] &(x) = ro(x) - 11(x)
PSSy Adey
deg(r, — 1) = deg(q1 —q2) +deg g
«degrisdegry <degg osS Laily laa g ¢ deg(ry — 1) > deg g s (55?
s =Qas I =1 oS Jullg
:(8) Jwe
aall doga S gx)=xt+1 5f(x) =x+3° +x+ 1 1o
- 1(X) 5 q(x) sl (358 alay Ll La 54 Sk (R[x],H,)
g
pan Al il Al Hasiuly
f(x)=(x*+ 1) (2 +3x— 1) + (-2x +2)
o gi
degr<degg=2,qx)=x+3x-1, r(x)=-2x+2
Factor theorem Jaladl 438 e @ (4) 40 j3a (4-4)
= 333 5538 F(X) Sy ¢ an gl jeaie il Ay il (RyH,e) oS
2 all L jeaialy 0 — o sial Sujily ¢ R (| puatic @ ¢S 135 ¢ R[X]
O £00) = (x = 2).q(x) IS ¢ 13 Kby 1Y« f{2) = 0 : ke ¢ 1
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% Jadity ol 4 s 3 deuds g
(R[] o f(x) 1 i (x— 2) oS 13 6f) q)ER[x] Ja

s Ol

CR[X] A f(X) 2 pmlix—a of gauly f@)=0: o ¥4 saild
dad (Say ¢ ot sad il A3 ye oun adli c deg(x —a) = 1 : of W
P oSy G R g b eiaic s R[X] Gma (X)) 293n 8 IS
-fa)=b: os% Julbs « f(x)=q(x) (x—-a)+b
Iay ¢ f(x) = g(x) (x—a) g Jilbuyc b=10 i« f{a) =0 ¢f Lass
CR[X] b f(X) pmsiy x—a o i
=i £(%) ot (x ~ 3) f Loale (@) = 0 o caal gl oSl il

Qu(X) 393n 5558 alay oSy 4lé ¢ R[x] & f(X) pnizx — a o W «R[X]

- (@) =0 4y f{x) = qu(x) (x - ) * 058 S R[X] e
: Remainder theorem (3Ll 4 yua (5-4)
053 Bixie ¢ X — & pudy F0X) ERIX] S 135 il A (R, )0
f(a) s AL
D S A gl e
.m.u: ca=2 H\S 13« Zglx] Lw,,.éu.:5.1>Z,)§§Sf(x)=2x3+x+ 1 odl
. Z6[X] QX—2=X+4 sl oS
f(x)=(x-2) Q% +4x+3)+1 1 I3l dauill ) g5 Jand

:gﬁj
2%% +4x + 3
x+4 |2 +x+1
2% + 2x?
4" +x+1
4x% + 4x
3x+1
3x
1

VEY
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E{ Ring of polynomials — 5 i3} & w5 Al — s J1 fuadll }E

2) sty 1 sa AW o Ly

: Root of polynomial 3 331 8 25" ydor s 83 (4) iy
o R 0o @ puaiall ¢ 3l 2l (R[x]+0) 2un f(X) ER[X] oS4
Cf@) =0 9813 f(x) i
GLSId em 21 sawll pa ddelai dn oy ¢ Caclian jia e a Jdall
L g@)#0 o cus ¢ f(x) = (x - a)™. g(x)
1 (9) Jus
q_if(x)=x4+5x3+3x2+4 f—J Gieliae jia 0 2 2aedl of o
- Zg[X]
L g
- Zg[x] S f(x) = i 2 2l 03 < F(2) =0 J Ly
g2ix)=x" -x"+x+2 J s X)) = (x-2) gi(x) J LS
DS U ¢ Lad g1(2) =0 ¢S - Aandl dua )l sa Hlasiuly
@(x) £ 0 of Ly go(x) =x° +x +3 of Cun ¢« gi(X) = (x - 2) .g2(X)
P oY
fx)=(x-2)° (x> +x+3)
P 2 o adeblia dn 0 f(X) ) ebiaa Jaa =2 oY

: (10) Jko
W ¢ (Ryt,e) duiiadl dactl dla 8 1)50n ol ¥ X%+ 9 agaal) 5,3
Lot s (CyHye) Al o oW A _dla o § 0y dlda iyl sl Lo
CX =431, % =-3i
D (11) Jus
Lol oSl ey Ails & -1 5 +] L o3 X7 — 1 a0l 5,3
(Zgte) 7,53, Ay o> An
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%quawwﬁghmg

: Fundamental theorem of Algebra sl 3 Al da el

(CIxli+,e) ssaall <3S dila o 438 42 agaa 3,38 f(xX) culS 13
Nae¥ Jia C & C b s f(x) = angy laaic « (C,+,) Jiadl e
. Al

n — Root theorem sdall 438 ja : (6) 48 y3a

ol e L ja e 39085 I fx) OIS By ¢ A dils (R 1) oS3
055 of gl o ou) R 153 1 el f(x) Sie R[] in
DOt

- n=deg f(x) &an e oab i ol i) Hladsuly
VA dalade Ao (Lagaaa pe) A0 ag0a 58S f(x) (gl cn=0 glS 13
s f(x) @l
—yabacsiyea#0 g emfix)=ag+ax hen=1 <13y
ca(b-a)=0 Jaluycagtaa=0=ap+apnb o5 bae « f(x)
LG R (Y b—a=0 (s ey
n>1 ¥ il
L eSS A or s ella Y f(x) culS 1y
daladl 43 a0 caa LIS lains Baie « R et of s fla) = 0 oS 13
A b o pasit . deg g()=n-1 ¢ &us « flx) = (x —a).g(a)
PosS baie ca oe Cilisa f(x)

0 =1(b) = (b—a) g(b)

o o3 (D-1) el g(x) asaall 5,88 o<1 B Gl R oY « g(b)=0 1
s (0-1) 3891 e f(x) I s @Y (ual ) ol il cua) R
LR b1 n L f{x) gl 588 ofi ( Jillga iadl e lilis

VE¢
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% Ring of polynomials — 3 43! <A w5 Al — agt JV Ladll %

D (12) Jue

A (A JRPLEN T PRENPIRLERNCTN

fix) = (x> - 4)* (x* = 5x + 6)
s
OsSh ) YV e da i f{X) 2 0sSed ¢ 6 @ f(X) a0 o W
(18 Leia Ly
fx)=(x*-4)* (x* - 5x + 6)
=(x-2(x+2(x-2)(x+3)
=(x-2) (x+20 (x+3)
c{2,2,2,-2,:2,-3} ¢ 8 (X)) L o)
Rational roots theorem (43 el dpsudll | gdath 43a 4ua
dapmaall dacYl dils 8 agm S f(x) = ap +ax + ...+ ax” ol
f(x) = 1,32 c/dEQ of s« 8y # 0539 % 0 J Cus ¢ (Z[x],+,0)
dfay 5 clag ¥xe « ged (c,d) = 1 Ly Al JacYl de gane Q Can
Do
0=f(c/d)=ag+ajc/d+ ... +a,c/d" : Ll
ple duanid” — ALl AD ke G
0=ayd"+acd™ +... +a,c™d + a,.c"
OS5 13 Lia JY0 fae Lo AL ) e S5 OS A ddy e o ey
(dlay 09 Adbie JSasg c/ag ¢sSs 4ias ¢ ged (€,d7) =1 of Ly . cfagd”
: (3) Aiadla
Al Apunly ) AGal Gilll ol 3 Leasiiad

sl m) =1 o ¢ baws gy gaxe nym <13

VEo
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% J,&n,aﬁ.&%pgh&}g
man/k : Gl ¢ maa 22 k o n/k, m/k G813 -1
cm/k gl ¢ pusaa s k IS m/kan IS 1Y -2

b AL Aa el ea gy I Jlal

1 (13) Jus
o F) =3 Jelad) 3k Gila ¢ Q[x] (i f(x) = 3%~ xP—x — 4 (&)

- Qfx]

g

i el s d/3 5 0/(-4) o ¢ B(X) = s (Laes axe) o/d S 1Y
TR
o/d —J daliall SIS o8 Jalbyd = £1,43 y¢ = £1,42,44 o L
e

c=x%1,%2,+4 +1/3,2/3, +4/3
QU] i ) ) el X g il ) e 473
¢ gai ) oAl il dia e Hadinlys QX] (A el s Bx — 4) of Layg
e
fx)=3x-4) (x*+x+1)
C QD i sis (o x+ 1) I ol o sl 1 e
: (4) Aaadla
- FIx] 3elb (Ft) daadl o agaall @l 3 Adal 3a o
agaadl @il St Ao & idall audlll (6-4)
Greatest common divisor of polynomails
D3 gad ot S WBae it il @i iy
o G ¢ (Fobe) diadl e agaall i ,38 ddls (F[x],+,.) S 1y
3933 88 ge Js . FIX] e ofijha 8 a5 (58S g(x) 5 (%)

A&
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%Ring of polynomials — 3 34! O w5 A8l — st Ji Juadll %
Lo 385 13 g(x)s f(X) asandl 3,880 abael o il anld i) F(x) e d(X)
Pk

d(x)/g(x) , dx)/f(x) -1

h(x)/f(x) ¢y h(x) EF(x) oKt casna s, 38 i oy 1y 2
h(x)/d(x) ol sh(x)/g(x)s

el Flx] 3 (%) s f(x) 2a) 880 kel o sl anlill sole a

: (f(X),g(X) )
- d(x) akaeY @ i) anldl dglas gy 09ay e W s ¢ 200 Dia )
2 (7) AdA e

f(x) colS 135 ¢ (Fyhe) disdl e agaall i i€ dils (F[x],+,.) oSl
A fidie pidld Log 2 g Bie (FIX] (B O jha s 250n (35S g(X) 5
PADL aay d(X) a5 plie
d(x) = au(x).f(x) + B(x)-g(x) 5 V oux),B(x) EF[x]
O
: Ag‘;nj)\}il\ &uﬁm Em.),ueias:u\.e
f(x) = qi(x).g(x) + 1i(x) ; degr(x) <deg g(x)
g(x) = qa(X).11(x) + 12(x) ; deg ra(x) < deg ri(x)
I2(X) = qe(X)-1c1(X) + 1(X) 5 deg rdx) < deg rii(x)
I 1(X) = qu(X).1x(x) + 0
Laxddul 13 ¢ g(x) 5 f(X) 292l (58wl 1(X) o Ganw Lo iinss
agaall S Al a1V gas JA) e 5l YA
P asS Cus FlX] oo a(x),B(x)
d(x) = a(x).f(x) + B(x)-g(x)

AR
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% J iy U1y i § deude 5
Al e a Ll asag Gmui e @l dal el Adbaa ) Je oY1 el
LEYAX) 1 oSy JAalby ¢ L(x) s—25 g(x) s f(X) 350—all 5 ,5€
L(x) = d(x).n(x) o3 « Lx)/d(x) s d(x)/L(x) : o5 4 L X)/M(X) s
i F(x) of Ly - d(x) = d(x)-m(x).0(x) : o3 ¢ d(x) = L(x).m(x) s
n(x) s m(x) sl S5 e K gl ¢ Jully em(x).n(x) =1 oY «aals
cd(x) = LK) 1ol enlh aae
2 (8) 4ia e

il oda i o F Jiall e o)l o 3 dila (F[x],+,0) <uilS 13
C Al Al IS
Ol

d(f) =deg f : Jul JSal d:F [x] ——> N : Guliyl A JSs

g ydll e (Bia ¢ A gy
CFx) ge f IUd(H 20 (1)
deg f<deg(fg) @ 0sSi FIX] 0 g(x)s (%) o daf e (2)
350 L5882 a i ¢ f(x),8(X)EF [X] a5 (i3 JS1 (3)
F Sy Sy q(x),1(x) €F [x]
f(x)=gx)qx)+r(x) , r=0, degr<degg
c ) Al I8 (FX]te) oY ¢ ol sAd puniill ia jae s I3
: (14) Jie
pagandl 5,580 aleY) o ) aull an
fx)=x>+2x>+3x+6 , gX)=x>+5x+6
- (Q[x],+,) asaal < i€ dala Lo
: Jo
2Ll ¢ kel o Al il Ciypad s
fx)=+3)(x+2) , gx)=x+3)(x+2)

YEA
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% Ring of polynomials — 3 y43-1 &t w25 Ak — cg\)\ Jeadlt %

POl Ml
d(x) = (fx).g(x)) =x +2
: (15) Jle
Zlal) b d(x) e @ fidadl asldll sn gl ¢ 51 O G gl e T
fx)=x"+2, gx)=2(x"+1) :agaal) 3,880 (Zs]x],+,0)
el

P OsSe Sy ax) , B(R) 20l (S5 aa sl ¢ 5 AW OB Aia judl s
d(x) = o(x).f(x) + B(x).8(x) 9 ax) , B(X) L= Z3[X]
f S e A apudill Aia e Slasiuly
X +2=2x (2x*+2)+ (2x +2)
2=+ 2P+ x+2)(2x+2) + 1
2x+2=(2x+2).1+0
d(x) = (flx).g(x)) = 1 oY
p s A5l el Sladiuly
1=2x*+2 - +2x* +x+2) (2x +2)
=x*+2 - (X + 2 +x +2) [ +2-2%) (2x* + 2)]
xR+ 22+ )2+ 2)F R+ X+ 2x+H 1) (X +2)
RSN
ot(x)=2x4+x3+2x2+ 1, B(x)=2x3+x2+2x+ 1
: Least common multiple jia¥! & fdull Cicliaal (7-4)
iy £(%) # 0 % g(x)EKIX] i 135 ¢ Lo Wyf s (F,0) oS4
agiall 5,38 Ll g(x) 5 f(X) gl 8K Yl o idall Cieliad)
;b Lo gindy cumy (K[X],H,e) 3g3ad i 88 &l e o) oSy Zaaal sl

52



E Jsidy Ul 4 b dedda E
g()/e(x) 5 f(x)/e(x) (1)
0553 B g(x)/ei(x) 5 fx)/ei(x) oS5 i) EKX] o8 1Y (2)
c(x)/cr(x)
f e s g(X) 5 f(X) — i) i) el Bal e 5 s
| - o(x) =fem (fg)

bl e e A gl Ll oS
iy S8 G eall (0 el g0l 3080 jraal o il Cieliad)
2 (9) AdA e

@3 o(x).K[x] duwt ¥ A0l 33l ¢ fix) # 0 # g(x) EK[x] oS
: okl (g sl

Sy ¢ g(x) s f(X) — bl gall Gt ) OGN f(x). K[X] N g(x).K[X]
— 1 Yl @ pldl Geladl o(x) oS aie « asly s 3,88 o(X)
- g(x)5 (%)
. Ol
o(x).K[x] = f(x).K[x]N gx) K[x] : L i Ll
a4l gl () ERX)KX] ol Ml ¢ Daaly 3538 538 ¢(x) of Cua
O a1 5 ¢ o(x) = f(x).8(%) ¢ 0sSs Sy KIX] 00 q(X) 2588 5858
O 2 Al By pmny ciag ¢ O(X) E(OK[X] Sy . f(x)/c(x)
- g(x)/e(x)
fx)e(x) + O oy ¢ (X)) EK[X] 81 ¢ Al A al o
Sy o W) 0(x) dBe ofagas (J8S aa 6 laaie ¢ g(x)E€ci(X) s
P Gialy
ci(x) = f(x).p(x) €f(x).K[x]
ci(x) = g(x).¥(x) € gx).K[x]
FOsSs Cusy W(X) 2s5n 388 226 03 ¢ Ci(X)EC(R)KIX] of (s 0

LY- 1)
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% Ring of polynomials — 3 yu3-1 Ot S 2l> — & Jeadll %

- o(x)/e1(X) o w13 ¢ cp(x) = o(x).F(X)
Ofidgaall 5,30 jral) ¢ fial Cieliad (b o(X) o G lae i
- 8(x)5 f(x)
: (10) 4 yua
Ry A ddls o (Fy+ye) Jisd e (Flx],He) as0all cl 53 4l o
1PNl
I=<0>osé d={o} oS Iy« (F[x], ) diladl 4 400 T culs 1Y
 (FLx)te) Bad (8 Bty Al o g
I b i e 3p0n 58S f(X) iS5 T # {0} of oW1 il
ag-dcfix)=acF gdcdeg f=0 oLS 1y ¢Syl jrual g3y

DAY o3 3 5Ss ¢ Bany ualc
f(x)=<a> €F[x]
Ay Alae I ol
araail) 438 j00 s g(X)ET LS 13y« deg £2 1 o oY (il
PSSy el
f(x) = g(x).q(x) + 1(x)
sl & Julbgc degr<degg sr=0
r(x) = g(x) — f(x).q(x)
sealie Gaua (Say b sl 412 3 ¢ g(x) # 0 ¥y ¢« F[x] (2 48 1 0¥
d=<f> gl g =f(x).q(x0 ol ¢ Jalbyy r=0 o T A0
iy A Alla o (F[X]He) saad) S dila o (B Lee geitions
: Irreducible polynomials Jaaill ALY & 3gaal) <) 43S (8-4)
D (5)
F[x] ¢ P(x) Zieall e asaall 3,58 oo Jsi ¢ L Jaa (Fiye) oS4
t bl @3 1Y Flx] 3 o F e Qaill A4E e g
degP(x)>21 (1)
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% Jaidly i 4,k 3 dedde 5
o deg f(x) = 0 L ¢ e [F[x] & P(x) = f(x).g(x) oS 13 (2)

deg g(x)=0

al 13 ¢« (Reducible) Jlaall a8 L3 F[x] oo P(X) asaadl 388 of Jsiis

mdu.um\e_,\P(x) o8 Jsi ¢ JAT ISy ¢ ol cpha 3l sl Bindy

: Cua P(X) = f(x).g(x) il

0 < deg g(x) <deg P(x)
0 < deg f(x) <deg P(x)
- F[x] = g(x) s f(x) &
: (16) Jus
Qall A48 e 0585 e 350n 5,88 S f ol ¢ L Dl (F,0) o4
F e
:
o aiisca# 0 dal e« P(x) = ax + b agaall 5,3 oS3
Dol b ads F of W ¢ Flx] b P(x) = f(x).g(x)
deg f(x) + deg g(x) = deg P(x) =1
cdagm o adael e s jle Ly deg g(x) > 0 deg fix) = 0 Lual,
o bl (55l Leasal da 0 ol Jully
x_a‘w,,mmmt‘;sw;,h,}sd@mu O e Lae Jaads
R, +,0) Jiall Je Jiaill A5 e x® + 1 agaall 5,38 of Gilall JEA)
osSay - (Cohye) LS el daeY Jia e Jolasll AL (it
X+ 1=x+i)(x-i)
P (1) Al
A e F[x] e P(X) 250a) 5,38 ¢ culS 135 ¢ L Mia (F,4,0) oS4
¢F o Uand Qlail U6 2 350328 a.P(x) ol ¢ F dial o Jal

oy
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| % Ring of polynomials — 5343} Ol " &l — aol J1 fadlt ?
Foeaz0 s

Ol i
P(x) = [a fx)].8(x) 058 Bxie ¢ F[x] b a.P(x) = f{x).g(x) oS 13
t U o G 3% FIX] (8 Qbaill 446y P(x) 350al) 5,88 (558 qanayy
deg(a™ f(x)) = deg f(ix) =0 § deg g(x)=0
FIX] (8 Jilaaill A8 pe a50a 5,88 2 P(xX) of W oo a

2 (11) 43a e
252 55 f(X) EE[x] &y ¢ (Fihye) Jiadl 0 Lise Maa B oIS 1Y
b ¢ f(x) 25al 5, 217 530 a€F oS 13y E Lo Jlatll AL e
2 05S J  f(x) - lielins 1532 2€F 358 (S KU, 2300 20
o f(x) 29l 5,5 dGida) £(X) aganll 5 A0 3
SIEPAY
(i g0 g 330 2a g9 48 ¢ f(X) 353a] 5,880 lielina | j30 a€F (S 13
« gX)EE[X] of ion fx) = (x —a)". g(x) 4+l e 0540 > 1 o84
Pl oS
f'(x)=n(x—a)"". gx) + (x—a)" . g'(x)
aaalis, i daa gl e (x—a)/f'(x) ic (n—1)>0  lay
. (%)
. f(X) gaall 5380 Gielias j3aa of oW oa il
S s a o lay F(@)=0 i ¢ £'(x) g0l 5,30 ima o Ly
P oS ¢ f(x) agaall
fx) = (x- ) (%) ; gX)EE[x] (1)
s o) s 5,al AL slial
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f'(x)=g(x) + (x-a) g'(x)

P osSy Al
0=f'(a)=g(a)*+(a—2a) g'(a
tol gl e (x—a)/g(x) s ¢ Ml g(@) =0 oY
g(x) = (x—a). h(x) ; h(x)€E(x)
tans (1) 4D 8 g(x) L s
f(x) = (x — a)>. h(x)
(X)) 2gadl 3 080 Caelias daa o3
2 (12) &da
0355 S my FIX] G P(X) 3580 5,38 085 ¢ L Sia (F,,e) o4
: ghuwmmm ¢ deg P(x) =2
F i dlla ¥ P(x) ol F e Jaill 445 e P(x) il 1Y (1)
LW 5 e P(X) 05— Baie ¢ 3 4 2 55k P(x) G0 cuilS 1Y (2)
CF e el oS ol ¢ 19 Ky 3 0 F e il
L Ol
QAT Pa) =0 i« a€F (&dy 1 ia P(X) 35aall 5,580 IS 13 (1)
g deg P(x) 2 2 of Ly ¢ (Jalall &y phai cava) P(x) = (x — @) q(x)
Lo Gl P(X) 0 ¢ il iy Jan s ¢ (latll ALG 3 g0al) 3,88 o e
‘R e
fx) S ¢ F i i P(x) ~ oals P(x) = £).8(0) of 02,0 (2)
¢ oS degg(x)# 1 sdeg fix)# 1 : 1 F b jia o gSla Y g(x)s5
b e
deg f(x) + deg g(x) = deg P(x)
Jdeg fi(x) = 0L of Ll 013 g8 3 §2 8 P(X) ispngls
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% Ring of polynomials — 3 gid-1 Ot S ddl> — C:"J“ Jeadlt ;

.degg(x)=0

- Qdaall ALE e P(x) oY

(1) 00 5 ytle iy GSall Ol
(17) Je

Qlaill A5 e P(x) = %% + 3% + X + 2 a50al 5,58 <l 1Y Lagh
 Zs e
D
W 5 aliall gy (sl st i Jully ¢ Zs = §0,1,2,3,4} o W
P P(x) ks
P(0)=2,P(1)=2,PQ2)=4,P(3)=4,P4)=3 g,
o P(X) 00585 L) Ayl cus ¢ Zs A i 6l L gl P(x) of Ly
 Zs b il AL
: (18) Jwe

ciun) Y ¢ R[X] - Jibaill A4 52 P(x) = x° + 9 350l 5,0
CR G Gl Y (Al A
: (5) Maadla

LB e o Qadatll 206 Slasd of ¢ ARl A jadl e SE 6 5ad Chy
Jais <1 3§ 2 4 deg P(x) Alla 8 ddd et P(X) 3 0a 3,380 Jdatl
s ilS 1Y ¢ JBal Ju ded o A o An S sk deg P(x) Ala b

P)=x*+3x2+2=0C+ 1) (x*+2)

R (s e pud oS ¢ RIX] (b Jilail) A Lol eaial g8 0
: (13) 438 )2

t b Lo gia i < deg f(x) =n21 o ¢ fix)EC[x] oS

fx)=ux—u) (X—Uuy) ..... (X—uyp) (1)
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A ol e o) ¢ (C b f(x) < Usda) i=1,2,00n cu; of Cus

Ax) I dale uy - (L Lad ddlisee (550
3paall 3,5 —a C[x] b Jiaill AN e s ol 3 50ad) 3,58 (2)
. C[x] (& Akl
DOt

Dasin o bl zlEu T alasiid (1)
cuz0 Sacfx)=ux+b o el cn=deg f(x)=1 oS 13
Ly =ulb i fx)=ux+b=u+u'b)
oY B Al Akl ca g oSy S (X)) JosSden>1 oy
- deg q(x) =n—1 ¢f s f(x) = (x ~ur).q(x) : s 1
f bl el ) dadiuly g
q(x) = u(X —uz) (X —u3)..... (X — )
P oS Julby
fix)=ux-—u) X-u)..... (X —uy)
- efx] A f(x) = Lsdx vy, oty O S
353 (1) 00 &2 (2)
: Gauss’s Lemma o 33sila
QS oy Ly fase P otS 13y ¢ Z[x] b (%) = g(x).h(x) << 13
CDalae IS andy Pt g(x) ) cdlales JS sy P Nxie of(x) 1 cDllas
‘ . h(x)
Prmitive polynomail (48¥1) Lulal agaall 3 158 (9-4)
. 35al 3,88 A Y ff el
: Content 3 g 8 58 dxw (6) iy
e Gy ia e 350 528 ) E(F[x] oSy ¢ L i (F e oS4

Vo
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ELRing of polynomials — 3 31 <l " 4> — a0 M\%
58S dawy (X)) 29350 588 O lalaal alaeY) o 1A auldl) ans ¢ F Jial)
- of) — ke Ll Sayip ¢ 353l
3 S f(X) 2522l 5 8 e Wi o(f) = 1 calS 1Y ¢ Lald Al
. Primitive polynomaila 48l 2 saall

2 (19) Jue

b Ay Ll s gaadl S e gl o
fix) = 22x> + 10x* - 21x €Q[x]
g(x) =3x*+ 18x% — 81x +27€Q[x]
g+
adae Yt @ bl il Y ¢ A8 f(x) ssad 5,8 oY (o) = 1 J
el @ idadl adill 0¥ o(g) = 3 WL sl 58 -21,10,22 cilledl
A8y cuad g(X) a5aall 3,38 03 ¢ 3 s 3,18,-8,27 <Olaladll
a;a:.s);ssgagggﬁmajq;@ﬁisgﬁdmugﬁ‘Z,Jtd‘h),\dh Cad
. Adly
: (14) 4 s
Gl ¢ (Zh,e) Al e oadlay asa 53 f(x),g(x)EZ[x] <uls 1Y
L Z Ak e 380y 2508 3 08 f(X).g(X) e Jaals

Ol plt
f(x)=iai.x‘ eZ[x], g(x)=ibi.x‘ € Z[x] oSl
h(x)=f(x).g(x)=mfck.x" oSl

e Al 36 h(x) agaall 5,88 cDllae of in 13d ¢ c(h) = 0 ilS 1Y
a; Ol aall any anii ¥ P ol ¢ 2538 558 f{X) o s P aaal
(P —le Lol Qi) Y o f(x) B IV Jaleadl 2 3y oSy ¢ f(x)

—
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% Jsddy W &l § deude S
Y 3 g(x) b IV Jaladl by oy ¢ g(x) 2saall 58 Ay Sl
P L e P A aaadl e dandll Ji
Cits = g . s T @1 . Dsp T oo T 841 .bs+1+a[.bs+...+at+s.bo
P M anall oty Y P f o i<t JSiay amay Y P o Ly
.29.bgrs T ... Fap1.bgrg
P A senddl ands Y P ol ¢ Wl j<s IS by ady Y P of Las
Qr1.Dsp .ot apg . by

ads Y Py ity Y P oY ¢ 2 iy Y P gl ¢ s aniy Y P ol g
Ay a5 58S h(x) of @) ¢ Curs iy Y P 03 ¢ b
P(2) A

13y ¢ F[X] o— F Jial Jle Jdaall 446y ag0n 3,88 f{x) culS 13
Ay a5aa 3 08 f(x) Baie deg £>1 oS

5 N
Al isany e g(x) of off) Wi ¢ Juls ¢ f(x) = o(f).g(x) oSd
saie Gl g(x) oS <F Jiad o Jiaill A6 e f(x) oY « (F[x]+)
ce()=1 ¢ 138y e Baa g paie c(f) oY «deg g(x) > 1 Y ¢ saag

: Unique Factorisation in F{x] Jaaill 4laa g 438 5
f(x) oSty ¢ (F+,0) J—iall e agaal o 1 dds (Fx],+,.)  oSal
t ek e 38y Mxie « n=deg f(x) 2 1 Cus FIX] 0a 29288 08
f(x) = a P1(x).P2(x).....Py(X) *)
F Jsall e Jlaill AL je Loaly ages QIS Pi(X)s F e o0 S
(e sad a5 male) A tac) am g (*) sl e f LS e 1< i< my
LN
o1 le b (o)) i) 4y sk 5 sS3a0 dia aall
Jiadl e Julaill ALy f{x) sgaadl 588 of ol sl e e n =1 S 1Y

VoA
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é Ring of polynomials — 5 3.3-1 Ol S ddl> — aul 31 fadll %

t o Cas f(x) = g(x).h(x) oS e n>1 W paid L F
0<degh<n, 0<degg<n
JSd e OlSS g(X) 5 h(X) asaadl S5 Ol ¢ aialy )l ZUEWY e
¢ f(x) = qi(X).q(x)....qml(X) @S 1Yy Jdaill JlE e o puia Juals
1y 1<i<mdal go o F o Jhaill Al pe 2g0a el 18 qi(x) s
c1<i<m, qi(x) a5l s 88T il Jaladd) o oIS
G f(X) of 228 0= 0.0 ooee . O 3 PiX) = @] .qi(X) oY gaial
tof gl F o Jilaill AU e 3g0m 5 488 i Juala JE& e
f(x) = a Pi(x).Py(X) .... Pu(x)
(*) Jisal Aglaa g e oY1 o il

t o ga s

f(x) = o Py(x).P2(X) .... P(x)
=B qi(x).qa(x) ... q(x) ‘

O ¢ iy ¢ f(x) 20l 580ty Jalaa Lagia DS Y c o0 = B fé
588 qu(X) of Lars ¢« qux) Sily ¢ qGx) 252l IS (saa) pudi Py(x)
D osF Gle Qaill A 5 3p0a
3538 358 (%) 5 Py(X) 00 IS o g ¢ 11 EF G ¢ qu(x) = 71 Pi(%)
Pl Sy Pyx) = qi(0) o o ey = 1 ol (L) sl

Pi(x).P2(x)... Pu(X) = P1(x).q2(x) ... q:(X)
e Joani Py(x) le Gl ADMY sk Laial,

Py(x)... Pm(x) = qa(X) ... qu(X)
t ol 33135 ¢ qp(X) = Pa(x) ¢ asd Al 48kl Ll ¢ Lol

Jal gl s il @\SA“CA 1<j<ts1<i<m JSSPi(x)=qi(x)3m=t
' : (20) Jie
3,8 of el ¢ (Zs,+,0) Jial e (Zs[x],+,e) 2sasd) i 3 dila o<l



% Jaidty O 4y i § dedde ?
: 2gaall

@a Jrala D day JS8 Jati ¢ f(x) = x* - 2% + 2x — 1€Z5[X]
cZs Jiadl o Jdacll ALE e 3 gaa IS

g+

fx)=x*-2+2x-1=x+1)x-1) o
(Zs & ot 33y il lae) Zs Jand o il LG e Jdd el
: uﬁa)\fms

x+DE=-1)’=x-1?@x-4)(5x+5)
W e L Jis o apin 5,8 o iy g Al a5k ¢ paly ¢ JU Ja
1 (21) Jia
- O ALE e Q[X] (b f(x) = X"+ 2x7 + 1 50ad 5,88 o
Nt
::yjtg.\}
fx)=x>+2x+ 1= (" +ax+b) (x’ +cx’+dx +e)
) Gl ae Al ol al & ga¥l Gkl 8 copal dee ol ok
2 adhl C¥oladd e Jiass
atc=0,d+ac+b=0,e+tad+bc=0,ae+bd=0,be=1
bt ilalxa pal ol iy cb = e =31 Jaxi 5l sledd

.a+d=0

1a,. -a—a2+b=0 Jal 32l 480 Usteddli ¢ Lad a+ ¢ =0 canus
osial Ay ity b= Jlm XX+ x - b Jman Jhaa
- el ALE e () o and (R pul) A
(Gauss's Lemma) (oasts 3353ld) Gugla Jbze

Lsdll ¢ o ¢ (ZAye) sl e Ay g 5,88 ) EZ[x] s 1Y
L f(x) 058 o ¢ Z o Jdasll AL f{x) 0088 SISy ¢ a0
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 (Qutye) dlad e Jilail
s Ol
ALl Ll ¢ Z[x] b Jabasll AL 3 gas 58S ) <ol 1Y 4 ¢ el g 3
b oSl e oV oaual . QIX] e sl
t o (%) = g(x)-h(x) of paLis

g(x)h(x)€Q[x] , degh(x)<degf(x) , 1<deggx)
323 Cpa st g5 ealsaly sl cDlbee cilalidd o el Cieliad) aa 53

o
" a
Z[x] 0 qQ01(x)5 ¢ Z e bia of i £ (1) = (001 (%))
s « L Ay 350m 5,88 q(R)I(X) o (Mlls ¢ ey 3538 (3,38
s lal 65y
b.f(x) = a (q(x).r(x))

cZ e Jiadll AL f(x) = q(x).h(x) oY ca=b (S 4iay
Coaag 1 ¢ SLaaY) 13 Bkt camiall e 4 ¢ BN Gusla e (e Jaadl
ol EA) Leie ¢ LAY a8 e ¢ Jed Ll
OS5 (1852-1823) il il i) cplidid jlsay amall g ¢ (JI jlndl
e Lo 3gan 588 CulS 1Y Lo hane Jof 23 ANayy W gy (onslad Tnal
cdaall AL e L Jia
: (Eisenstein,s Criterion) (ptidud) s

ua ¢ Zfx] ‘;éf(x)=a0+a1x+a2x2+ o T apX" dgaalt 5 ,0€ oS3
Pk Lo By Gy ¢ ame S22 P o s en2 1

An-1 s +++5 81,80 'Ahs:\ﬂ ?““59 P (1)

an 2wy Y P (2)
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é@&ua%mﬁ@&m?
2y ey ¥ P? (3)

- Q[X] & il AE ye fx) agaall 3 188 Yiie

o b 13¢d ana sl BN aah Ll 138 (e pai5 of JE

1 (22) Jwe

b aganll 5,88 S 1Y Lad o ¢ A lme Wi
fix)=2x" +27x° - 18x + 12 €Z[x]
- QIx] (& Jda ALE ye P=3 Cua
Rt
a=12,a;,=-18,a,=27,a3=a,=2,P=3 s Ll
b Gl iy el 5ol gl Ja gy alad
275-183512 iy P=3 (1)
a,=2 ¥ 3 (2)
12 sy Y P2 =9 (3)
- QIX] Sl ALE e f(x) oY ¢ A Ja gl of L
AL il A e oY1 op Ll
O—Say 4l Jimy 138 ¢ (Z,h,0) Al b Jadasll AL 2 gs) 5,58 culS 1Y
t o Cun  Z[x] b (%) = g(x).h(x) s
g(x)=by+bix+byx*+...... + by x™
hx)=co+ci X+ X2+ ...... + ¢ X
L1LjSt,1<i<m 5 Z gacy, by S
g SIS i duals ciy i ey en=t+m g tm>0 of Ly
+ Co sl by W auis P i ¢ ag s ¥ P25 Plag of Ly ¢ ap=by cp of a3
Gsn g ps Y P 9S ey Co pmnils ¥ Py Prbg of Dia (asitls

"y
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% Ring of polynomials — 5 343} &t w5 Al — syt JI Ladlt %

. D,b1, e O Angmaall H26Y1 (30 NS s of Ky Y P ol ¢ 3y = iy
b Laas by aniy Y P Cun mmia aie al s o il

a,=bgcst+bycgyt+....+bgjcp+ by
asis ¥ P S ey ¢« P/bsey oY « Plbgy, ..., P/by, Plog , Plag : Wyl
& Sl AL e f{x) ol ey ¢ Bl 3y ¢ by audy P 233 ¢ g
- Qlx]
: (6) Aaadla
Pl Jsally il jladl delua oSa
ST =an X"+ .+ g 350 5,58 of Gasing « W e PEZ oS4
. Z[x]
i<ndalg—ca =0 (mod P) ;—Si¢ a,#0 (mod P) gl 13
L Q e Jiaall A e 33n 3 f(X) Baie ¢ ap# 0 (mod P?),
:(23) Jus
f(x)=25%" - 9x* +3x* - 12 : agaadl 588 )
bl P=3 Al
25# o (mod 3)
-9,3,-12 = 0 (mod 3)
-12 # o (mod 9)
c Jlanll AL e 3 gas 35S f(x) o3
1 (24) Jus
s 3gall 5,28 S 1Y ¢ W lae P oS 1Y
Ox) =x"+xP?+ L+ x+ 1 €Z[X]
- Q[X] b Jlaall ALE 2 D(x)

Vay
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%Jﬂ") Ol & s (8 dedda 5
i

e Y2y Q[X] (8 st AL e Dy(x+1) 253 5,38 o ¥ o
b ol @p(x) = g(x).h(x) i€ 1Y 4 «Dy(x)
P (x+1)=gx+1)h(x+1)

T o
E-DP,x)=x-1) T +xP2+ L +x+1)=x"-1
b le Juanid AL ADW 1+ X X IS Jat

X Dy(x + 1) =(x+1)P-1

2 o ‘_53
x+1)° -1
D (x)=~—"—
ol and opaall 3 Ay ke Jadiuly
d>p(x+1)=x""+(p].x"‘2+ ..... +( P ).x+p
1 p-1
A<i<p1 W [pl-)—i) pubyp o aad (@l plidn) e pladduly g

390l 5,88 0 ¢ ol e A 55l gl Ay e Bin ey LS
Q] Sl sl A6 e Dy(x + 1)
2 (7) Adada
Ligaglll o9 a5y I a8 Ppx) Wbl agaal s, IS
. Cyclotomic polynomial
LU e a9l o280 il e A B Y ¢ al sl oY) Ge i
. hra o 2ae ANy ellyy Z[x] dilad e Jdasl
d Jalasll ALAEY 8 ki@l agaad) i) LS
Modular Irreducibility test
Sy ¢ oaa Jif e P of Gasing Z[X] 0 fX) 20al 58 ol
gk Lo iy
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(X)) st Jaladll oy Y P (1)
Do Gun o Z[x] Al b daill QB e £(x) o (2)
f(x) = f(x).mod P
- QX] o Jaall AL e f(X) 2998l 35S (5 4S Yve
Ot

fx)=ap+a; x+... +a,x" €Z[x] oSl

PO
f(x)=a,+a,x+..+a X" EZ,x]

(1) oa)degF(x)= deg f(x) : osS ¢ s
f(x) LS QYL ad Jny 136d ¢ Q[x] Adlal 8 Jalasll AL fix) il 13
: Jaly
¢ f(x)=g(x).h(x) : b 5% Moy . Z[x] 4 f(x) = g(x).h(x)
| 2 OsS Gy ¢ ZP[x] A dbaill ALl e (X)) 0sS oaally laa

deg f_g_(;) < deg g(x) < deg f(x) = deg f(x)
plad (58 4lte OS2,

deg h(x) <deg f(x)
: 25) Jus
o aall AL e f(x) = X7+ 4% + 6x + 2 sl 5,38 of
. (Q[x],+,-) 4kl
s g+
s ol oY TG o Bty )= X2+ +2 058« P=3 22y
QLX) o Gl A e f(x) 0155 Bl LAY Gty ¢ Zofx] b
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t Jia (sh agaad) ) S Aandl) Adta (10-4)

Factor rings of polynomials over afield

n>0 Sy n=0 of Cus e nZ S W Z Jadhe JS o ales
agoall AT Al Adla oYY Gajtie ¢ Z/nZ =7, OsS Aendl) dila 4
L AELY 3G LAY cpe (03] ¢ Jia e

2 (15) 4in ye

§588 a5 e ¢ FIx] &0 T # 0 culS 1« Lo Mis (F,+,0) oSl

b sSy Gy f{X) A h(x) daalg ag0a
A =<h(x)>=h(x) . F[x]

P (3) A

R=R[x]/I={a,+a t+.+a, t"'; a €F}
O
canill ey 5a alasiudy ¢ A(X)EF[x] o Sus f(x) €R = R[x]/ &4
oSSy dua FIX] (B q(x) s
f(x) =q(x).h(x) + (@ +a; X + ... +an x™) ; a,€R
AR G h(X)=0 W s ¢ hX)ET S s

f(x)=a,+a,X+...+a, Xx""=a +at+.+a_ t""
: (8) dkaade
ol
agtagt+ .. tag t" =by+byt+ .. +by, ™
1 af aen Jal ey =y B ¢ [0 40800 of Gy « RIXJT b
RN

:Q\S\Sjsl#O&pcR[X]/Iw\aﬂagé

RE
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h(x)=co+ci X+ ...+ Cpmy XxX™" +x™

t=x+1 o Cun ch() =0 e

: oW

h(x)=co+ci X+ ... +Cpmt X™ +x™ s e
O3S Mg« (JisF)a€F eyna= a=a+ iy ct=x+1
: lyal

h(t)=co+tcit+... +cpy t™ +t"

m-1 m

=Cy+C . X+ +Cp . X  +X

=Cy+C X+...+C

=h(x)=o

- R[X]T Ah(t) =0 oS 4y
1 (16) A3 e
Gl (e F[X] (o daals 3508 33 h(X) ¢S5 ¢ L s (Fyt) oS8
pJSall et Fx]/<h(x)> faudl 4l Yaie «m 2]
F[x]/<h(x)>={a, +a,t+...+a,,t"" : a, €F;h(t)=0 }
iy ¢ ass JS8 (08 F[X]/<h(X)> go sealiall ¢ olld Y dilayly
‘ g
a0+a1t~li...+am_1tm'1=b0+b1t+...+bm_,tm'] <> a;= by
NS PN FEVEN Jal e
p Al An jual peaa g ¢ AN ARY)
1 (26) Jls
P osS Baie h(x) =%+ 1 S 1y ¢ Lo Mia (F,+,0) oS
F[x]/<x’+1>={a+bt :abeF,+1=0}

1y
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E Jaiiy ol & b 3 dedde 5
LSSl g gaadl Jilae ()
(@+bt)+(c+dt)y=@+c)+b+dt ; ?=-1
(a+bt).(c+tdt)y=ac+(ad+bc)t+bd
=(ac~bd)+(ad +bc) t
.CI\.;S_)A\.\L\c?\iﬁl;‘_slcda;tglsaic_-a}gch=RQ‘Sls‘|,

D 27) Jie

cleMia F o Gus « F[x] /< x> dandll dila Cina
:
posim=2 yh(x)=x" o Cus ¢ B D el Galsly
F[x]/<x*>={a+bt :a,b€F, =0}
:LDS:\R@’JL«S
(a+bt)+(c+dt)y=(a+c)+(b+d)t
b UK e oyl Alee (5% =0 Quanagy ¢ elld ) ALYl
(a+bt).(ctdt)y=ac+(ad+bc)t ,
panic F=2Z5 = {0,1}: 4040 Ala 23l
Flx]/<x*>={0,1,t,t+1}
G B tP=0 32, F1+1=0f . sualic Tyl dila o
DUl BsS) pall 5 aend

x 10 1 t 1+t + 0 1 t 1+t
0|0 0 0 O 0 0 1 t 1+t
1 10 1 t 1+t 1 1 0 1+t t
t (0 t 0 t t t 1+t O 1
I+t|0 1+t t 1 I+t )1+t t 1 0

2 (17) 4a ype
(Fote) of G FX] A m > 1 s ol (e Dpaaly 250a 5,38 h(x) oS3l
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