21 (on-line computation)

.. 1977
(Ercegovac and Trivedi) []
(serial  computation)
(parallel computation)
(pipeline  structure)

(least significant digit first, LSDF)
(most significant  digit  first,
MSDF)

(Aviezienis) .. 191 [2]



[ 251t 00 ») (>

T3 ! miW

(input)
(output)
' 1
(on-line  delay, )
t 5 X
[?
D £ (finite digit sets)
= X
{30 / 1 (£
(p-DNAME?
N  EN B £
o X= (xmkmkm2.)P Y= ym2.)t < X
Yi D ¢
¥ IF ) =y N ym2
(P
k< - 1
x k) =y*o

(Frougny) [6,7]



2.2 (number system)

(radix number systems)

) A
I301>1
X )
(I"-representation) X
=( -, 20N
Xj j < (numerical value)
Uy ~ Sl

{,,2 .. }
(canonical digit set)

2.3 (Signed digit number systems)
.. 19%1 [2]
(Signed digit number systems) (cany
propagation)
3 1
(. (ordinary

signed digit number system, OSD)
={-a -3+1l-at2, ... 0, ... a}
[1% ]<X</?-1



D 1
(redundant number system)
(finite number representation)

21 {-1,0 1} 5
5 (101)2  (1-101)2
(Parhami) [3] .. 1990 (general
signed digit,GSD) D
={a -a+11-3+2....0.....I0-11b}  a b
2.2 {(-2,-1,0,1,2,3} 13
13 (3-2)2  (23)2
{1, 0, 1
(borrow - save)
ap am
ap- am
1 (1,0)
1 0, 1)
0 0,00 (1,1
(Penney) [4] 7= -1+



E={-1,0 1}
2.3
2.3 {-2,-10, 1,2,3 }
7-21
7= (101001).14

2.1 721 (101001).1#
N (14N X AL+ )
0 1 1 1
1 -14i 0 0
2 -2 0 0
3 2(i+1) 1 2(i+1)
4 -4 0 0
5 4(14) 1 4(1-0

X| =Yjxjj3j = 1t 20+1) +4(i-1) =7- 2/

=m

(Knuth) [5]
J3-iVr

c=fcello<c<r.)

24 V4 {0, 1,2,3}
5+ 17
5+17i (102213.2)i2 2.2



24

32 T~ SO R O <« S L

[10]

ab

— b b e O O O o o

2.2
(i2)N X,
(12)1 2
1 3
2 1
4 2
8 2
16 0
32! 1

5+17

X (i2)N

-161

32i

X,(VA) =-1i +3+72i-8 - 16+ 0+32 =5+ 17]

—

(On-line adder)

a+bh-c-2d-e
C 0 1
e

2.3
2.3 '

b c d

0 0 0

0 1 0

1 0 1

1 1 0

0 0 1

0 1 0

1 0 1

1 1 1

_ O O 1 O s s O

(PPM  cell)



=@ab)v ( aAé (bac)
e- a® C

0
+ [¢&—Cc
—0

Qe¢E— +
O +—]

21

On-line adder algorithm
nput addend  A- 1,,-8>

J=k

sequence of (ap.and anj ) started fromj =k
adder 6= "tlgbp)-blm)zl

sequence of (bp and bnj) started fromj - k
Output Result =N (p-sm)2=A+8

i=k+2

sequence of ( .and m.)started fromj= k +2
For each value ofj started from k
Find xj and yh 1such thatyH - 2x, = bpz- bnj- anj
Find p+2and milsuch that 2sp.2+ nj+l =yy+ api+l- xy
Decrease j by one

10



2.2

L ——— ] D »
Ai N
i’y - o R 7 il
*  MMP | D |—4+PPM s
. i+2
Bl
ST - - - + = 5 _.+
2.2
2.5 (On-line subtract)
1 1
(inverter) 2.3
. - 4D ;
Ai |
o —— = + + e p=
. +HMMP D[ +PPM S,
Bi <[>0 [~ i+2
o DO N L o =k :

2.3




2.6 ti (On-line multiplier)

1977 1]

2.4
B = bnbm.bm2 ...
Ajbj = anbj + am pl+ .. +apj

[ +2
mMm+ mDm'l+ .. + 43243

a,A amA
ambm-2 am-1bma
am? am- [ -1
ajb iy b, afi
m.mi o . 7R
2.4

12

A = amam.iam. ..
@ b
Bj+1a, = bmaj + bm.a, + ... +bjtla,

am an"‘z - g
X b b9 by
mo..

P i1

2.5



13

GND

Parallel
Adder

o SCODbOl B e

Start

Parallel
Adder

¢
L

Parallel
Adder

-

__Multiplier A

Serial

D |

~ Serial
Multiplicant B

Serial
Adder

Serial _
Product

2.9
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