Algoritmer og Datastrukturer

Heltalsaritmetik: Binaere og decimal tal, addition,
subtraktion, multiplikation, division



Cifre

For hvert lille tal har man et specielt symbol



10-tals systemet (10 =9 + 1)
Veerdien af d,,_1d,,_o---didy

n—1
Z d:-10"=d,_1-10"1 +d _o-10"2 4 ...+ d;-10" +dp - 10°
=10

Eksempel: 1849, =1-10°+8-10°+4-10"+9- 10"



Repraesentation base b

Veerdienaf d,,_1d,,_9o---didg
n—1 i
2i—o b

Eksempel: 1849, = 1_1 0 11 01,
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Decimal value 012 3 45 6 789 10 11 12 13 14 15
Binary symbol 0 1

Octal symbol 012 3 45 6 7

Hexadecimal symbol 0 1 2 3 4 5 6 7 8 9 A B C D E F



Addition

+(0 1 2 3 4 5 6 7 8 9
ojo 1 2 3 4 5 6 7 &8 9
i1 2 3 4 5 6 7 8 9 10
212 3 4 5 6 7 8 9 10 11
313 4 5 6 7 &8 9 10 11 12
414 5 6 7 8 9 10 11 12 13
515 6 7 8 9 10 11 12 13 14
6|6 7 8 9 10 11 12 13 14 15
|7 8 9 10 11 12 13 14 15 16
18 9 10 11 12 13 14 15 16 17
919 10 11 12 13 14 15 16 17 18



Addition - skolemetoden

843 +572 = (8-10°+4-10'+3-10") +(5-10*+7-10" +2-10%)
= (8+5)-10°+ (4+17)-10" + (3 +2)- 10"
1 1 = (8+45)-102+ (4+7)-10" +5-10°
= (8+5)-10°+11-10" +5- 10
8 4 3 = (845)-10°+(1-10+1)-10" +5- 10"
= (8+45)-10° +(1-10* +1-10") +5- 10"
—I— 5 7 2 = ((8+5)+1)-10°+1-10" +5-10"
(

1 4 1 5 = (1341)-10°4+1-10" +5- 10"
= 14-10* +1-10' +5-10°
(1-10+4)-10*+1-10" +5-10°

— 1-10°4+4-10°+1-10"+5-10
— 1415



Binaer addition

— O O

1 111
1 1 110>
10 + 10115

11001-

Skolemetoden



Addition af flere tal

277
1 10 10 + 955
9 9 —
3 3 2 Yy C
) + 9 9 1232
+ )Y + 776
+ 955 + 9 9 9
776 008
+ )9 + 491
+1524 L b
) - + 9 9 24909
+ S50 + 99 +1524
4359 + 9 9 ‘
1023
_ + J 9 + 336
Generaliseret + 99 1359
4 9 9 .
skolemetode 09 Gentagen addition

...menterne kan have flere cifre af to tal



Subtraktion - skolemetoden

1 0010 15

b 347
— 1 363

I 1T0 109
0010115

3 4 84

4-6=-2=-10+8



Multiplikation

© 00 O U= Wi+~ Of -
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14
21
28
35
42
49
510
63



Multiplikation

365 -427

2 1 4 1281

6 - 427 256 2
29006 2 2135
Multiplikation med 1 558955

enkelt ciffer |

365 - 427 (3-10% +6-10' +5-10") - 427
3.427-10° +6-427- 10" +5- 427 - 10"
1281 - 10% + 2562 - 10" 4+ 2135 - 10"
128100 4+ 25620 + 2135

155855



Binaer multiplikation
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Binaer multiplikation

--»0 0 0 0 09

1010 1y
1010 1,
1010 1,
11110001 15




Binaer multiplikation af blokke med 1

J z i+J i
A~ " —— A~
11111000002 = 100000000005 — 100000,

—
10111,-1010 1
1010 15

<’+ 1010 1,
| — 1010 1,
11110001 1o



Division

i
N L /y\ A N Algorithm INTEGERDIVISION(z, y)

P .
111110100,/101015=1011 1 Input Integers z =2 0 and y = 1 |
TTT1107100 e OutputOIntegerz:Lx/yj,1.e.0§x—3'y<y

L p=
1 O 1 0 1 ____________________ | | | | |
P Co 2 while y- 2Pt < g
1010010 0 o : p:yp+1‘
O 0 O O 0 ____________________ | : : : 4 i =0
1010010 0 D -
10101 L T
0100 _O__O _________________ o 6 # Invariant: x=1-y+r andr <y-2PT!
R o 7 while y <r
| 8 if y-2P <r
100110 ! 9 1 =1+ 2P # set position p in 1 = 1
1010 1-------------------- 10 fr:r—y»QP
1000 1 r 11 p=p—1

12 return ¢



Konvertering til base b

Algorithm BASER.EPRESENTATION(:I:,,b)
Input  Integers x > 0 and base b > 2

Output Digits dy,dq, ... of the b-ary 1epleaentc1t1()n of x
I p=20

2 Whlle r >0 do INTEGERDIVISION(X, b)

s i= e ’

4 (@:a—zb

H Tr =1

6 p=p-+1



