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ARITHMETIC OPERATIONS, PART 3.

Lecture 5.
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* Multiplication is usually (generally) realized
by repeated addition!

AUE
e tB_I_I D M)Co
* Methods: - ! D)
Epes

Multiplication by leftward shifting of the multiplicand, }*D—r @c3

so[@ °
B1 | s

other method: 2*2 bit multiplier, source:
http://survivalcraftgame.wikia.com/wiki/Binary Calculator -
Multiplication

Multiplication by rightward shifting of the partial sum

bJ

Multiplication by using ,,ones row”

b/

Multiplication by grouping of digits.
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Ea, 99% A4= 239,
* Multiplication by (] A3 A A1 Ao

leftward shifting 10 1] X DY
of the Ao ©0 0600 1. (el Odionts,
multiplicand: § + 114 04 1 x = SL;-C-H‘»Q to @c eﬁ U‘
* if the length of %-bﬂ/\ A48 .
the operands=n, Tg +AA011 X & 3"!{-“"'&/‘ +a @F-}- % 4:1.3,‘{'
the reslllt ;Vﬂl i_‘.’ AL 1 04 0 O 0 /]
steps! TR i K e— shiftee bo @ft by 20bigts
Fry 4 "
A 04000 - 3 Ligits
v 4 044 K& Shifed foleft g 3 2y

A 70 010100 1, =2%24+ 2+ %= 1484324256 ;22«:;10/
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* Multiplication by rightforward shifting of the partial sum:
E-g 2T e /14 = 23--}40

| AP A4 ¥ ot /]
AD 000 0O 0O
A~ A16 11 K&
/ ‘44 440 44 2 : " : _ " o *

§ 24 L 4 A0 A r.aki-um( slw@'hna o{-+tgyawhq.l LU (g ’(°(42a+
A 1104 1 Xé‘__}__’_l
T8 10100 01 | N
§ Azz‘ L AoA00 01 ffzt\ﬂ'wcw,( Glm'-c{-ma o{. the paviial suta I‘Q Haarr
"‘\\‘ + 4000 _xer

hy 0404 00 O

440 44
A 10040400 1 *>‘H‘€ Samg »{SUH.;D
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Binary Multiplication
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* Multiplication by rightforward shifting of the partial sum:

| Multiplicand |

l 32 bits
N\
32-bit ALU
i
o g \
B
Product Shift rlght ( Control
Write |- test
64 bits . .
source: https://i.stack.imgur.com/NOrlk.png

J
Arithmetic Operatons, Part 3. 122



https://i.stack.imgur.com/NOrIk.png

Binary Multiplication

EEsssssssssssssssssnmmmmm Budapest University of Technology and Economics
Faculty of Transportation Engineering and Vehicle Engineering
Department of Control for Transportation and Vehicle Systems

* Multiplication by using ,,ones row’”:

° ones row can be written as the followings:

L“,_.l 11.1.-2. 2{ lﬂ
n
A4 141 =24
°eg
- 5%62 =310,
* 310=5%26-2%5=320-10
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* Multiplication by using ,,ones row’”:

g
29 2 7_"297-‘* 2? 11)- Zo

L 1), 0

25'2'?13 2 i7+L(§.qu"¢>f o{l;T;r
' (0ues Vow
(5 00cpoooll « DA o T

LD ot 22¢0,

v e
. ""‘LWOQ"S* diadt (5) o
Ao ¢ 9 f\o QARG B add; tion Cefore tha Ligéusf J:g»#

o A 5000 C 0
L e 1010 substmlion o4 the semellest
clias ¢
10 0110110, 34
= 2aiaot

242 1 27+ z5+1?—.

2,+Lr1-’1(o+3'l+25("‘:g4010/
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* Multiplication by using ,,grouping of digits:
* Idea: we divide the multiplier to group of digits:
* 00mmp 0
« 01m 1
« 1092
c 11=93

* the partial sums will be 0...3 times of the multiplicand

ta - mJ H‘lp\\ cand . ©

ExAy = 5S4
-~ mulHpliey: as Te
O0xb =0C = 00000 Cji\m: /1/1000/{/\‘7~
AX 6 =6 = 901440
2wl EAL 5 4900

XC =4Y% =

11/10/2018
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* Multiplication by using ,,grouping of digits:
lefwaved Shifhin
£ 04 tiw kuitp lieqing

Mo x @@@W‘”“

o e e TB’(@ \ \
1 0010 & .

£y 1 00M O ( She{h
;’3‘,”‘1 © 06 0 o".‘ & o’[é J 2 J;?-(,?{-s to lef+!
£y ' Shifhu
A, 0040010 A g |
F 14 oo 2t —T 2. digts toleft:

i 44ip4001 0 . (
\ 34 11 C1 " axb S[«;ph""a z_aliﬁn‘s +o left+:

L‘~1- 2('+ 2%: 74+ ’fé, + o4 + 5_42:.5:)‘]
— .

.15—0[0100 1 0 = 141-2
2
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Binary Division
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@ Shaft left
d. |azll A i aﬂ QR—’J 8 e
] el
* Methods:
* Division by repeated substraction, | . ' S
= "adder - :
|
* Restoring division,
0 L { .o My
* Division in complement code. Divisor M

source:
https://www.researchgate.net/publication/326669218 Reversible Signed Division for Co
mputing Systems/figures?lo=1
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Binary Division

A O >c i P
* Division by repeated substraction: B O >c _ oUTPUT
. 2 O

* Algorithm: _>°
S, >c

* A = dividend, B = divisor, A;= partial sum 3 P

A= 2%xA;1—q;*B

1, lf 2 % Ai—l > B source: http://golfinamigos.com/binary-division-circuit-diagram/

* where: q; =

0,if 2xA;_, <B

A : :
cS=0+t %",Where Q = quotient,r;, = remainder after the step n.

11/10/2018
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*Aj=2%A;_1—q;*B

Ay = 2%x49p—qo*B

*A;=2%A;1—q*B=2%%Ay—2%q *B—q,*B
cA3=2%A,—q3*xB=23xAy—2%*xq, *B—2xqy,*xB—q3*B

CAp=2"xAg—Bx (2" 5 gy + 27w gy 4+ )

= % —B*x(27xq  +27%xq, + -+ 2" *q,),where Ag = A,and (...) =
local values of the quotient

=0+ %,where Q = quotient,r,, = remainder after the step n.
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Binary Division
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* Algorithm of | Loading of operands_|
the division

with repeated
substraction in

the ALLU

no yes

ﬁ
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* Example: 5/8

11/10/2018

Binary Division

A 2
4000 =

wminveud (sgratev thau fhe

Subtvaltud? D ne D zevo
; 2 no 7¢$

E:""’?s?‘ [ T

Sh -GH».J leftwaw by 1442.\"

!

o 10
10 O

~90 00 & e
xR &~ n0 O
; 1000
=48 O O
ﬁg,ZKnl—ﬁ()OOO
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Binary Division
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* Division by restoring division:

* Algorithm:

* we make the substraction in every step, and 1if the difference is
negative, we have to add the divisor to the partial sum, than it has

to shift leftward the partial sum
* if the difference 1s positive, the restoring 1s cancelled
* the substraction means an addition is 2’s complement
[ ] [ ] I
C+S C+S C+S
* A = dividend, B = divisor, A;= partial sum ~ 44 44
b
* B, = 2's complement code of B :
[ ] [ ] 7
*A+By=A+2%—|B| =(A—-B) + 2~ N N N
1 LT LT
5 P4 P2 o 1 o

*Aj = 2xA;_1 — q; * B,where q; = overflow

11/10/2018
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Binary Division
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+ Algorithm of | Loading of operands_|
the restoring | : rB |
division in the LK
ALU

no

restoring | | Ai+1A=2Ai
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QY i
% 0,0 404 : 00 A0CO = 0.7}

* Example: 5/8
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1
er:A ' /\ /\ /\
""B‘( O, 41 1 OO0 j \ \
1 = =0
¥ Al1id4 404 —7"46“‘"‘“"7’3-5"0[1'%3!:‘748 —-7Ao’6<0)4,
- . . o y
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Binary Division
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* Division in complement code
* Algorithm:

* we make the addition and substraction in turn, and if the signed
bits are the same, then the actual bit of the quotient is 1 and we
have to make a substraction, if the signed bit is different, than
the actual bit of the quotient is 0, and we have to make an
addition in the next step. . DwvidendPegser _
X8 | %7 | X6 | %5 | %4 | X3 [x2 | X1 | %0 e— Conrol |—= ¥

b

(R R R < & Sh L
* A = dividend, B = divisor, A;= partial sum * QJM;M Hﬂ l : .
cnmparz’r::r [+ ’ ' a— Clock
s c o
C A = 2*xAy—Band g, = 1,if sign(4y) = sign(B) ! JEJJD
L™ 12%A4,+ Band q; = 0,if sign(4,) = sign(B)
o source: http://needpixies.com/binary-divider-schematic.html

2*xA;_1 —Bandq; = 1,if sign(4;_1) = sign(B)
2*xA;_1+Bandq; =0,if sign(4;_1) = sign(B)
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] COUNTER =
cA;=2%A; 1 +(1—-2%q) =B
cA;=2+xA;+(1—-2+q,) *B o__ovs - 0 E
"Ay=2xA1+(1-2xq)*B = H[__DIVIDENDIQUOTIENT _|L
c=22%xAy+2+x(1—-2%q)*B+(1—2xq,)*B S

A, =2"xAg+ B+ [2"1(1 —2q)) + 2" %(1 - 2q,) + -+ (1 — 2q,)]

2—71
% ——
B

Ax271

A

B

source: http://rvbelzen.tripod.com/z80prgtemp/z80prg03.htm

:%+(2—1+2—2+...+2_n)—2(q12_1+q22_2+"’+Qn2_n)
_ _i , 27 "Ay
= =142+ 200, q27 + =

11/10/2018
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* Algorithm of
the
complement

coded division
in the ALLU

| Loading of operands |

| correction |

11/10/2018
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Binary Division
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Ao - 00 14 < 440 Ol/\%

04 464
/1 1 Q O .-9014__/‘
/\ /1 O \ O 77-9 wmp‘eh«evd' e(-G

* Example: 3/12 chit 2 Ap

et
gtahﬁ Sipso-0

Lpzﬂg B AI\
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Binary Division
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* Example: 3/12 Covrecrionm M=%
E
©
2 2 i

A, o )
. o i “
-1 +1 Coviechin =L  Brwe

0 0
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Binary Division
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7S ot plovtut
Y tode of -3

1110 4 =+ 044 00=904
28oShft et AA 10 4 od T A
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Binary Division
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* Example: -3/12

Covvec Hon wn=2
O | w3 Q\SL,OVMP\QV}\QV\,* @(— “'LO:ZS—

: 2 2 =
O 1 q 1

-1 v tovvechou A 0. 0 O O
o — o. 0 A o125

o 1. O
—|
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Binary Division
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Binary Division
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a2k wuplemqv- 2 l.emcuﬁ
Code - 50

A, 4 4 0/( = _4__0«100 10
* Example: -3/-12 EN —— T /\

< hogh 144 2m, 11 10 4 0&'3
5‘3""’”9*3"’2 4 04 O O¢qy-

—

2 AA L) &) 4 4 g5 O
Spatigy 1 © 1T 0O 0 9p=0

C
2B /1 C’ O O O O
7 -
Cy

| —
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Binary Division
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(o VveLtiowm L= 8
* Example: -3/-12
O <A =4

2 2.

A
10 0
i 27 (.OVV?
. © 1
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End of Lecture 5.

Thank you for your attention!
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REALIZATION OF BINARY
OPERATIONS

Lecture 6.



Binary Division
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* https://www.youtube.com/watch?v=K79wfflml.No
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End of Lecture 6.

Thank you for your attention!



