lecture 9 - ¢s280 fall 1999

LECY ©09/15/49
DIFFERENT BASES

THE EBUCLIDEAN ALGORITHM OF FINDING g.c.aﬁ.
ged C4s, W)y =7 Gvev 4 par C3ESMD)

| DIVIDE THE LARCER ONE BY THE SMALLER
W= 245+ 2]
2 REPLACE THE LARGER BYTHE REMAINDER
Cu5 w) —> C2,,45) AND 6070 4.

3. [F THE REMAINDER (S D, THEN THE DIVISOR

1s ged.
4 4s-212+3 (3,20)
2/z7 3+ O

869!645,“!)
Lemma a:bor+*: = 3cat(n,L)=gcA(h,t)

PROOE , IT SUFFICES TO SHOW THAT a=bg+'
dlax dle «=> dlb «wl[ﬁ;\ g = 0-bg

—E =




Th The BucLDEAN ALGORITEM INDESH COMPUTES

ged (a,B),
PRooF a»b>0 ¥%.=q, ‘Zl:::L

o= '%—, + 2g DL, ¢ 2,
C,= ‘L’,_?'-i-'ﬂ_, 9-*}:;":2

%cJCa,L) gc&(tp, rgd(*ch’c, -(?af('ch,“t.,,)

/ R/y

RENAMING a}L BY LEMMA BY @f')

PROCEDURE. ! gcdfﬂb Pasmus INTEEERS)
x q g‘- p— b
WHILE 4 %0
’es(N
=X mod‘y
.f:.-.'-_\/
c?'. =%

P [ ‘.-ﬂ‘f..- [ e val Falkr B



DECIMAL NoTATION . (893 = | looo +9 loo+ 9 /0+9 =
= | I03+3-fol+s’+!ol+ g e°

BINARY NoTATIoN! (HOI)..IE'J.[L,_;@:-HI-
= (2% 2+02+I 2° =3
Th leT b>| BB AN INTEGER. . THEN EACH

PRITIVE INTEEEL N CAN BE EXPRESSED UNIQUEBLY
[N THE FORM

h=a, bu“' . g T + alb +ag
WHERE K, Qy,Qyn, ..., @,%0 30O
q.;“lﬁ Cf:ol,.,.k)J A 20
PROSE., EXSTEACE - DIVIDING QUOTIEMTS
h= 51,#&, Qas ¥ h=b(bga)+ a0 =
%- bq\*q,‘ 949 =49 b%+a,b+0o =
1= b4y + Qa 9z <9 =@¢T.+ql}bl+a, bt@e =

= 1.,5 + Qb+ 2, b4 Qe =

_:EO-FQ &
1“ ) -q,,.U" : +Q,6+q,b+q,

-— 3 -



UNIQUENESS - TAKING THE DIFEERENCE

Nz qkbk-q.- : --+Q,E+q, - :‘.‘.‘hg"-t- ver o C,‘L"":ﬁ
< S - =

B i

—*-_

n = “ =0
@Qe-C)B+ .. & (2, )b + (Be-Co) = ©
LET M= THE LARGEST ¢ SUCH THAT 4, -G #o (= 4#9
(awm- Cw) b :(' Conet Qe ) B (¢,-2,)b+ (co-as)
[@n'cnﬂ-kmt 2 BM
\ (ch..-ah_,s.k“‘"-k -+ (e, -a,)E-s— (Co-aq)| <
£ 10, -0, | b & (0-@[b + (Co-ao| =
3 @-D b™% . & Ch=t)ba Cbet) =
==+ b+ u b") =(b-1). -E-:-‘—"-:BH-I
THE EQUALITY (%) (S IMPOSIBLE =5 4.-¢- 0

FOR ALL (=0,/).., K, «

UNIQUENESS 1S BASED oM THE FACT THAT The

LARGEST In-DISIT NUNBER 1S LESS THAN THE "
SMALLEST Mwt-DISIT ONE: (bei) ™% .. (br))b + Chi]< b

..



EXAMPLE . FIND THe BASE T Sxpansion o:(rzwr)n

\2345 = T 1163+ 4 Qo= 4
1763 = 7.25| +6 @ =6
2\ = T35 46 Q=6
3¢ = 17§ -eo 4= O
5 =z 10 +§ ay=-5

C"‘z’#s)!ﬁ = Csp ;‘4)7

HEYADECIMAL EXPANSION — BASE |6

SIXTEEN “DIBITS: ©/23¢4SE1894ABCDEF
@ " 2 Hfr
!

3
@42&.545) = '-f‘s-!-!ﬂ- “‘{+ 2-!634- 1L ff:-l-&*lé-l—lz:

b
-.:Q?I‘:'aaq)! .
ATDIMON ©OF INTEGERS  (USUAL ALEORITHM)

Qono), + (o), =7

1 V1| «=— CARRY 8. = Qb med 2

X
¥ \ono
b 1 oll LR CRTE R4

e
g: 11000l

+66=



ADDITION  ALEORITH (Pssupacavﬁ)

procevure 24 (b . fem‘z‘ue Ea'r%czg
{"H’ul ’OihMT ¢K‘F.u$;ﬂt'; ate Cﬂn.,qn.;"-":‘?a);

auof (6h-4 6*_‘ “ie é, 6;)2 1
s
Tor j::ﬂ TO h=|
BEGIN
d:_—, L(ﬂ;-ﬂ-%‘ J-C.)/.ZJ

%m ﬁ+%+¢-2&

0:=J
END
$.2=2¢C

L e L:ww e&faksiw o[ the Sum is Cs...s,_,..*s,s

CoMPLEYITY OF THIS ALGORITHM ((NUMBER OF
BIT ADDITIONS): < 2 acddilions at eacl ”"']‘J
1 s-lerc = O(w) addilions

- 66 ~



MULTIPLICATION ©F BINARY EYPANSIONS

101 | Q a:({1),,
(N o b‘-(l;)]e
- A Co =(1
oo ¢, ab 'Gs)la
& - Ce
&1 1 Co
19000 | ||| ProDUET a. b
Pt it o« CARRY

PRECEDURE muf#.:lﬂ:, (a,b: posikive integess)

St Az cqﬂﬂ aﬂ-;“. ‘?,a.)' y .b :(bh., th ey 6| Lﬂ); j
FoR 1‘;,9 TO Ne=|

BEGIN
|F [)j=.l THEN C‘j'.=q S"h‘ﬂei ! P?ldcs
ELSE C!J'::ﬂ
END
{c,c,c,...ch_, ARE THE PARTIAL PRODUETE ]
P'.:-ﬁ

For j==0 TOo h-i

P:=ptei  {p1sTHE vae oF ab
COMPLEYITY ( SHIPTS AND ADDITIONS OF BITS) o
SHi O+24 s (het) = OCnY); AD: G-)-On) = Ou®)
TOTAL: O(nY) HW 2.4 2F 8.4 32= 3&/61-




