15 27

6
greatest
common divisor g.c.d.
477 138
3
3| 477| 138( 2
414 126
5/ 63| 12|14
60 12
3 0
477 = 3x138+ 63
138 = 2x63 + 12
63 = 5x12 + 3
12 = 4x3 + 0
1 477 138 | 63 | 3
2 138 63 12 | 2
3 63 12 3 5
4 12 3 0 4
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0
a b
b q
Of£r<b
a=qxo+r
a b
b r
1 a b r
2 b r a
3 1 2 a b
b r
r
gcd(a, b)

gcd(477,138) = gcd(138,63)
=gcd(6312)
=ged(2,3)
=3



GCD(a, b)
if b=0
return a
a=qgxb+r, (0<r,<b) else
' ! ! return GCD( b, amad b)
= gXry+r,  (0<r,<ry)
r, = GgXr, + 1y (0< ry< rz) mod amod b
r,=qXxryg+r, (0<r,<r,) a b
0
() alb
0
continued
fractions
b>r >r,>r;>r,>...>0 L
ag +
b a + 1
0 a + 1
ag +
2= Oy XMyt T (O<rn<rr‘r1) a, a,
M= Oa X1y gcd(477,138)
a b 477/138
M 0
0 ar7 63 1
— = =3+ —
13 3+ 3 138
gcd(a, b) =gcd(b, ry) B
=gcd(ry,rp) 1 1
=gcd(ry,r3) =3+ =3+
= 2+£ 2"’i
= 3
= ged(ry.1.Ty) o
:rﬂ
=3+ 1 =3+ 1
1 1
2+ 2+
. 5+i 5+i
Euclid 12 E
Euclidean 3

algorithm
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=3+ 1
1
2+ — 159/ 46
5+—
4
BH & 712
38/11
0.057%
477 /1138 () ax+by=c
3 159/ 46
ax+by =c
a b c X Yy
159/ 46 linear
1 3 Diophantine equation Diophantus
2 3+2=L —
2 2
3 3 11=§
2+= u
5
3+ —1— % d =ged(a, b)
4 2+ —
ax+by=d d
5+1 Y
a b linear
combination
3 < @ aX+by:d
46
7 S 159
2 46 3=gcd(477,138)
38 < 159
11 46 477x+138y =3
46 46

63 = 477 - 3 x138
12 = 138 - 2 x63
3= 63 - 5x12
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477 138
3=63- 5x12
= 63- 5X(138- 2x63)
=11x63- 5x38
=11X(477 - 3X38) - 5438
=11x477 - 38438
477x+138y =3
X, =11 y,=-38
(Xg1Yo) = (11,- 38)

(X3, Y1)
jax +by, =d
%axO +by, =d

a(xl - Xo) +b(y1 - yo) =0

(X, - % Y1 - Yo) ax+by =0
ax+by =0
X=£ﬂ y:ﬁn
d ' d
n
-a
Xp= Xo =N, Y- Yo =—-n
d
X1:X0+Bn’ VAR -En
d 170y
ax+by =d

b a
X:XO+EI’], y:yo'an

477x+138y =3
(x,y) = (11+46n,- 38- 159n)

ax + by =
c d =gcd(a,b) ax + by d
c d ax
+by=c
c d ax+hy=c
(X1 Yo)
ax+ by =d c d m
c=md
ax, +by, =d
P a(mx,) +b(my,)=c
P (mx,,my,) ax+by=c
ax +by=c

c d
c d m (X1 Yo) ax+by=d
ax+by=c
x:mx0+£n, y:myo-in
d d
477x +138y =9 (X Y)
(33+46n,- 114- 159n)

a b ax+by =
d d gcd(a,b)
d d a b
ax+by =d



251

a=1xa+ 0 xb
b=0xa+ 1 xb
a b a b
a b a b
a b a b
a b gcd(a,b)
d =ax+hy a gcd(ab)
a=477 b=138 a b

477 = 1 x477 + 0 x 138 (1)

138 =0 x477 + 1 x138 2 a
M-3" (2 gcd(a, b)

63 = 1 x477 - 3 x 138 (3)
-2

12 =- 2 x477+ 7 x138 (4)
3-5 (4

3 = 11 x477- 38 x138 (5)

3 12 a b
gcd(477,139) =3 (5) ax +by ged(a,b)
x v) = (11-38) A77x+138y =3 gcd(a,b)
ax + by
6
15x+27y =6

ged(1527)=3 6 3
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27=1x15+12 2.

15=1x12+ 3
3=4 x12
3
1000
3=15- 12
=15- (27- 15)
=2 x15- 27 3. a b ax + by
— 2 2 _
15x+27y =3 (xy) = =2 ax” +by” =2
(2,-0 15x+27y =3
(% y) = (2+9n.- 1- 5n) 4 2002
15x+ 27y = 6 (n? +7)/(n+4) n
(X, y) =(4+9n,-2- 5n)
(xy)=(4-2)
15 4 1. 2001
27 , 245
27 2.Donald E. Knuth, The Art of Computer
Programming, Vol. 1, 3rd edition, Addison-
6 Wesley, 1997.
3.Kenneth H. Rosen, Discrete Mathematics
and Its Applications, 4th edition, McGraw-
Hill, 1999.
chsu@mi |l . dyu. edu. tw
1. 1000 100
50 30
10

- 29.



