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PURPOSE: 

The purpsse of this memo i0 to present zk mathad of retxgankinp the rnultipxlcrr 
in a multiply operatian in order to reducer the numbar of additions required, 

BASIC C0NSIX)ERA TIONS: 

Tka machine time required to exetcrute a multiply hatractton isr almrost sn t i rdy  
determined by the number of additions required ta w a r m  the mdtipltcatitara.. 
The propoeed mantiaoa for the Stretch machineo tar 48; *refore sn.overrags ab 
24 additioars would normally be axpected in a multiply t#pratfsJ;r. One m e t h d  
of reducing th0 quantity a€additiena is to generate sub multiples of the multi-
piieaad and apply these discretely as dictated by the multiplier. Fax fnstra;near, 
if arls Qf the 16 rndtiplee 0-15 {hexadecimal) of the multiplicand were ,tJagde 
available, it would be parssibla to sxamirur the rndtQHferfour bits 8%a tima 
luzB add fhe particular multiple which in caned few by aach .set af few bitre. 
This w& tihen require only 12 additiomr far a rnabiply operation. Ther6 are 
carstah rnethcsdaa of rcrerganising trhe multiplier ruch that the number Qf adaitigns 
required is b60. For inrtrrncs multiplyhag by 11111 i s  the orme as 10000 (*1). 
That i s  to  pay multiplyfirg by 31 ir the 8amt a8 rnultifiying by 32 and sub-
tracting 1. Therefore 2 additisas are required instead of 5 additiana. The 
nwnbrar 3 (011) and -3  (-011) can alee be applied with g e d  reaultm, This of 
caurae requires that the multiplicatitm of the mdtiplicand by 3 be generated 
dLnd apprgrsiately stmed €tarapplication a8 dfctated by the‘multiplier. F w  
inetame 1101 becornea 1000 (-3) and 0110 beconse 0030. 

METHOD: 

One x m e a t h d  of rsorganieiing the multiplier is,to 4 bit8 at a time and 
rsczrgrrniaze these four bits according to the above rnethisda. The reargadsedl 
multiplier than dictates the multiplication psscoso. A8 illuatrrtrd by the 
aituarticm where there ilsl Iatring mf ene8, the e x a m ~ t i ma d  emversion & 
tltase emes will result in what  ornmntrs to a carry i- tho higher ardsr  digit 
psitivma ef the multiplier. The Multiplies-Quotient register therefbre ha8 a 
carry prepgation raystern attached to  it such that as the b w e r  order bits are 
reosganised, the higher order bits are altered by the carries resulting from 
thime reorganisation. 
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A special oituatian is encountered where, after reorganizing the four bits, 
a m e  biteis in the high order p a s i t i ~ nfollowed by a se ro  such as in 1000. 
Inetead of performing the indicated addition the bit is saved and included in 
theexamination of the next four bitm (making five). 
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Figure 1 ir the truth table of the multipkier dtgitr before a 

Section 1 contain8 the 16 possible combinations 

reorganisation. Section 2 containa the results 


" bit to the right of these was sero. Section 3 ie 
the right wae a one. In each section is indicated under A ,  the number, uil 
B the number of additions required, under C the fact that a cafry w a s  p 
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r bite of multiplier without reorg 


gs of 14/16 adds per four bits; an 
adds per 4 bite. Aa examination of the D column&shows that if we are 
reorganizing aparticular Bet af four bits according to sect 
w i l l  have to mve a one and therefore will  be reorganisiag 
according to section 3; if  we are reorganizing according to section 3, 4/ 
the time we will  be obligated to reorganize the following 4 
section 3 again, The probabilft 
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FIGURE I t 

Tabla €or Reorganising Multiplbr by plying 1, 4, 3, arrd -3. 
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0000 0 0000 0 0000 1 1 


0001 1 000 1 1 00003 1 


0010 1 00 10 1 00101 2 


0100 1 0 100 1 01001 2 


1000 1 *ooo 0 *ooo 1 1 X 


0011 2 0003 1 00103 2 


0110 2 0030 1 1 X 


2 0300 1 2 


3 000- 1 2 


3 *003 1 2 


1110 3 00-1 1 1 


3 *oo w 1 	 1 X 


4 000- 1 	 1 


2 1 	 2 


2 00-30 1 2 


2 *oo 1 1 1 X 
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* 	pihi8 multipll ' 6  Bition i8 not detsi lined until 
the next 4 bil have been examined 

gi&l multiplier, 	 A .  4 bitr of multiplier. 
2. 	 Multiplier reorganiaed i f  a amro appeared , of additions 

in previour high order position, Gerry propagate 
3.  Multtplisr reorganiaed if a ne wa8 raved oFdor porttioar. 

f r o m  prevloui 4 bite. D. High order one 
reorganiaation. 


