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o F4E: 11— )yFERE

(The Euclidean Algorithm)



4 11— )yFERRE
(The Euclidean Algorithm) (p. 49)




4114 TV, HRE, BRKAHNF
(GCD), J|/MAEF (LCM)




HE (EI2FE RO BAFM 11 DL)

e R: A[HAIR (commutative ring)
o RDATTIL (ideal)
o H RLIT (generator(s))
o BRERM (finitely generated)
o HAIEAT7JL (principal ideal)
o F|R%H (residue class)

o ZFRIR (residue class ring)



T 4.3

o FITT (

o 37T (multiple)
o H/NAMEF (The Least Common Multiple, LCM)
o AT (The Greatest Common Divisor, GCD)

e EijT (unit)

divisor)

o 7T (inverse)
o B%#Y (irreducible)



TR

o GCDELCMIE—RRIZ—E TIFG LA BEHIR Z (C
SWLWTIE,. EFIZENITF—EIZETS




4.2 EuclidBIg LB R E




E3% 4.11 (EuclidEim)

e REH d:R>N U {-0o0}
o CZ(DEERMEuclidE <
VabeEeR
(b20= 3 q,r ERst.a=bg+r,d(r)<d(b))
e d: EuclidBd%k (Euclidean function)
e ¢: & (quotient)
o r: &R (remainder)
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TR

o —fBIZ, 5xbNf-a&blNL, g&rM—EIC
T E=DEIFR S
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T 4.14 (AWIHE)

® a,...,a € RMELIZFHK (mutually prime) &

a,...,a MDgcdMETT
o 1HZa,bERNEWNVZENEE, g L bTKRYT

12



SEE (EA) (— The Euclidean Algorithm)
(cf. B 4.15)

e g ,bE Zwitha=b=0

o FE|RDODEREIZKY, A= 0IZxIL,
Fiyeeinlyy [ BELG, ..., q, ZRDEIIZED
B:
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SEE (EA) (— The Euclidean Algorithm)

a=ry,b=r,

To =T1q1 + T2 (0 <rg < 7“1),
Ti—1 = TiQ; + Tit1 (0 < Tip1 < r?:)a

ra—2 =Tx_1qx—1+7x (0 <7y <7r_1),
ra—1=7xgx (ma+1 =0).

(b=0DEZA=0,b20DEZ A>0)
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SEE (EA) (— The Euclidean Algorithm)

o _DLEE, LLTHYILD:

a. r,=gcd(a, b)
b. b>0= )< log b
log ¢

1
L P = +2‘/521.62 Bt

(plX d?*-d-1=0%H =)

-1
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SEE (EA) (— The Euclidean Algorithm)

o FIEA
a. T 4.15%5 8
b. b>0&RET H. CDEESA>0.
m ACETRHIFEMIETITT.
m A=1DEE(XEASH.
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SEE (EA) (— The Euclidean Algorithm)

o EIAA
b. (#tE)
m A>1&ERS SDEEF, i=0,...,A-11ZxL
(%), , 2 ¢
=+ 5.
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SEE (EA) (— The Euclidean Algorithm)

o GIFEA
b. (&)
m B i=A-10&Eb=r = oM.
m IO HZTELHE
log(b) = (A-1) log(d).
m PRIZ A-1< llggg:;, Agloggo
m FOT, (¥)r, Z O ERNATERY.

log b

+ 1.
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SEE (EA) (— The Euclidean Algorithm)

o ZIHA
b. (&)
m i=0DES:r, Z1=¢°
mi=1DES, Zr+1 222

B i=2,... A-1D&LE *’=0p+1ZALVEE
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SEE (EA) (— The Euclidean Algorithm)

e :ifHAb. (Hi=)
m i=0DES:T, = 1=¢°
B i=1DES, Zr+1222 ¢

mi=2,..., -1DEE, (p? =+ 1)

— >
B T iy T haio = hoiy T e i)

Z O+ O =9 (1+ ) = 0" (¢7)
= q)i .
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SEE (EA) (— The Euclidean Algorithm)

o (%

KERET BEE, Kx] 1E, EuclidBEEdZd(f) = deg(f)
TEONIL Euclid Big&73Y, EuclidDERRED Z
EREBRICRLYILD.
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The Euclidean Algorithm
Algorithm (The Euclidean Algorithm; EA)

AN fgER
H . d € Rs.t. d = ged(f,g)

L refireg, 1I<¢l;
2. whiler,#0do
a. (g ) €5y * 13
b. i<«i+1;

3. d<r_; returnd;
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4.3 HE3REuclid B pgik
(The Extended Euclidean Algorithm)




ETh PR3] ?

e a,bE Z, d=gcd(a,b) DEE

ds,te 7 st. d=sa+tb

o CNEE, sEtEMNERNIZFTET S
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EH (The Extended Euclidean Algorithm; EEA)

e g ,bE Zwitha=b=0

o F|RDEMREIZLY, A= 0IZxtL,
Fiveees Dy D BELG,, ..., q, TEAERIERIZTE
%

® 5,....5, S, BEUL, ...t t FRDKIIIE
H5H
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EH (The Extended Euclidean Algorithm; EEA)

® 50:1, tO:O

® sl:O, t,=1

® SuTSamSq Ly TG (i=1,...,A)
(ri+1’Si+1’ ti+1) - (ri—l’si—l’ ti—l) -4, (ri’si’ ti)

o CNEE, IMRLYILD:
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EH (The Extended Euclidean Algorithm; EEA)

1. i=0,..., A1 IS®Lsa+tb=r, I
s,a+t, b=gcd(a, b).

2. a>0=i=0,...,AM+1ISxL[t| = aMD|s| = b.
a>l7f)\’)b>0=>|A|éa/275\0|5A|§b/2.
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EH (The Extended Euclidean Algorithm; EEA)

sIEBA
1. J&#E.i=0, 1DESOK.
i=2,... , A1 EE
ri ="7Ti—2 —(qi—1Ti—-1

= (si—20 + t;_2b) — q;_1(s;—1a +t;_1b)
= (Si—2 — 8i—1¢i—1)a + (ti—2 — ti—1qi—1)b
= s;a + t;b.

2. [ZCCTERARB(ETOLANSDE)
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The Extended Euclidean Algorithm

Algorithm (EEA)

AARN:fgER
tHH:(d,s, t) €ER3 st.d=gcd(f,g),sf+tg=d

1. ryefy s, «1; t «0;
r€g;, s, «0; t«l;i<«l;
2. whiler,#0do
a. (q,r,)er +r;
b°(%ﬂ’%ﬂ€%%4’ﬁﬁ'qxﬁ Q;
C. I«i+1;
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The Extended Euclidean Algorithm

Algorithm (EEA)
3. der. ;

i-1°
return (d, s, t);

S€s. ;5 tet
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filra (41 4.23)

o f=r=119,9g=r=35
® (rz’ 52) tz) = (r0) So) to) - ql (rl’ S]_) tl)
=(119,1,0)-3(35,0,1) =(14, 1, -3)
® (r3a S3a t3) = (rla Sla tl) - qz (rza Sza t2)
= (35: Oa 1) -2 (143 la _3) = (7, _2) 7)
® (r4’ 543 t4) = (r2) 52) tz) - q3 (r3’ 53) t3)

= (143 1: _3) -2 (7: _23 7) = (O) 5) _17)
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FE7EIDZFELED

e EuclidBERE
o HLSEEuclidE[&E
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FESEOAR

o ILhiREuclidEREDHE
o ¥LSEEUClidE[REDIGFE

o &It (modularinverse) DETE

P
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