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(71)    We, HONEYWELL INFORMATION  numbers. SYSTEMS INC., a Corporation
organised        Accordingly, the present invention pro- and existing under
the laws of the State of  vides multiplying apparatus comprising a
Delaware. United States of America of 200  multiplier register a multiplic
and register 5 Smith  Street  Waltham,  Massachusetts  a product register,
and means arranged to 50. 02154, United States of America, do hereby
repeatedly shift the contents of the product declare the invention for
which we pray that  register and add into it selctively the  con a patent
may be granted to. us, and the  tents of the multiplicand register and zero
method by which it is. to be performed to  under the control of successive
bits of the obe particularly described in and by the fo-  contents of the
multiplier register, the'.signs 55 lowing Statement:-
of the multiplier and multiplicand being in- The present invention relates
to binary  dicated by the topmost bit of each, wherein multipliers.
at each addition following the first I bit in Numerous techniques for
multiplying two  the multiplier the sign bit of the multipli- 15 numbers
are known. each  having certain  cand is inserted into the product register
6 . advantages and disadvantages. For example, the bit position
corresponding to the posi- some techniques require a  rather large  tion of
the topmost bit of the multiplicand amount  oft logic in  order to
decrease  the  on  that addition, and the multiplier time of the
multiplication process, and on  verted bit by bit, into complement form as
2() the other hand some techniques although  its bits are used to control
the additions if 65 requiring minimal logic take an extensive  its sign is
negative. period of time to provide the result of the    A multiplication
accordance multiplication. Accordingly, it is important  with the invention
will now be described, betweent  the cases that a balance be achieved  by
way of example, with reference to the 25 between the cost of additional
logic circuit-                  .    70 ry and the time required to perform
the    Fi               block diagrm  of the mul-- multiplication.
apparatus; An additional consideration in the multi-   Figure 2 is a  flow
diagram plication process is the sign of the multi-  ation of the
apparatus; 30 pier and the multiplicand.. Some multipli- ... Figure 3 shows
the format of first, second 75 cation techniques require special treatment
and third registers In the appratus; for a negative number. For example,
in. Figures 4 to 7 are state diagrams of the some techniques, the negative
number must -uch three registers during. va- for  be converted to a
positive number via 'specific multiplication processes; and 35 for example
taking the so-called twos com-  Fig  shows gate logic in the apparatus. 80
plement of such number. For two negative . By wy of an introductory
summary, t           . numbers to be multiplied, then both such  general
principles of binary multiplication numbers must be convented to positive
num-  as employed  inthe present system  will Pers. Obviously, the
requirement to.initialize  briefly  discussed.. F   multiplication' of a
additional time    on  their  pair of multibit Positive binary numbers 85
sign the numberainaltipda,        three registers and a        parallel
binary  adder of the.present nvention is to   are used; the registers.
comprise a  .multiplier. provide  a  multiplication  register, and achieves
a good  balance between cost. and  (doublelength) product. register; the
lower 45 time, particularly with respect to negative end of the product
-register may conveni-. 90    1 547 329
2            3 come "spen" as the  multiplicaion proceds  1'c complement
form ab of2'   complement quantities.Th s upper and down into th  lower end
of its register.   anetra I ttebto   to egister. Multiplication  proceeds
by taking    plian  for each:1inhemutiplie  add 



teach fh multiplier    addin  end of its        an rt(n-aon   carry
correction)                                        A an and shifting the
partial odcat 1'it along.  ()adscnshf  Y rgiste .10 and system
atrarsoehtmrel  bipe.tEch Referring  now to figure it cipstons ate-
Consider first what happens  ifro "twos comtheplement  rota ctio
sued-TetpbtLvl If negative numbers are allowed in the system ive, the  the
process followed in te  res-    Krddas Iat singe  rgserhvng8. sitet1
rentdsyste     -is to ryoth a  more elaborate bits. Each register has its
bit mentiag otic  proceeds   an   12o can    : be signifcant 5bit
complement notation is used shift to bit there ~ ~    ~     ~    ~     h
ahbti  opeermr   eali Fiur  8  receivs  its control t- The reul of th
utpiaini  h    nl fomd the eat shift register having nosomet` of
thtoretpodc;r gi  10. contents of registers 10 25  hisma  betws
cmplmetedtogiv  the can be shifted bit by bit positions. mutiplication
neatie  thn  orecios u       er,4ogiste loctins nhegite  10bu are required
in the additions inO Wtea-   mayt.. bepee  otenmbro   isi  h
.puros 30 tal podut.Te ratiomwale behind, th    o-mltpir hn wthe couB4nte
is derespente                                 h-3 ati VV   , 9 if ue.th e
mutipicn bis tol zbertisn    atalgdsbe ogc1.A rciomlmnS ' c  oan besen
nibs imagined to be    ~~exte ndedt the 'lftbtethstie the apparatusl hs
Coplerftormed the inclusion of -furtphe bis mxedn  a  oi
nienutiplictinieqene  ndth  r-                                   ioi simply
appending 0-h, but a iega-ive numera  in                             ~s
10.3 cad  h    hl o  temlilitli'nld  oregre a
aportiongleheref of  register   12 mingaumb -vin then toep-mocstsignlbit)
;is  sdfrtetecnetraprin therefofBregis--
etri the
Alan'~~~~~~~~~ he'ott hnytmighsto o arde   oiinavry ut-tosompartbia to
psiimpyasth   nsig  of tegmultiplica *      tiplier~ ~t d
whemuthlfer -the muliplerds  ben   nth   'otsinfcn bit   lcto bitW
ist0(artialadto   f00 --0 ore 4bitto thet mcostsiniiancew th   shift
loaption Y4y   o 45 1 (prtial adition ofthe multplicand) This  ofregister
12. T she f typical addopeaiont  110u            452 tion A a-repmeft
positin"e islnto whishthey aextaIb   efre    iladtebt   4 3 B2s
'ber b 1s is adde   is thebit positon loft the  hi hest ancltobth4,YY  and
YIow and:pac:: orde  (sgtihftemltpiado   htte  result thereo  in locations
y,s con   Y2                                          Tion addition. Any ~
~carr  up fromlthis n to most  adetYl rsetvl.Si ftnonro  lrog 1
50hpositiothea is  r igoed. The f-inlrslisteicopewihadcotolgc22bse-15ooro
reason is he  s~al~ te.1;iisif ignifican. bit               of.the b ted
Teproduct of -the multl Ier(sumd'alcnromiesa   peiialyilutae positive)t'and
-the (negtie) mutplidcand, in. in Furegst8 and 9o aonde as shw   by.the 2
thes sam e twos complemnent-d for  asv  t   . thu-dted igneof hefrt 'Figu
ere 1. i  eitro  t)                  I  a cretipricad.c Mufldplirda , of ia
n'bie museli-fThe 20eatot ofteepai  uso  Fgreedo 55  tipl~icand . by
negative, mutiple rr  ios ac-1is  illustrated byt -cthefow dia rgram  of
Fi-u 20t          then K. irevrqied byfloing bththhaov  proced-u res2.
Exmpe  jlut atnguther  operatio ntofh. -.3
tiresproducis.haWscmleetonhescupprtmfobhertilmato   fto corectin.a brdet
numbf   t  erths 15antaydi6s1nbtes four c16 Aifeet sg              o)
iaitewill be realizded  -othat Jftby isprceue w hi combiatihn  (parthe twos
copler-omenth form 60 aso wrk fr neativ  numers  n " nesbein muse  fo
eaienmes               re-son  2 iclsomlmn t"f formrbis proviendin tat.ute
in F tiguroe in. whiuch are  sehlexplnatrY...o a1 onve nutboflal corc ios
fracivdditio   oft hrf when ta       e   fud-n togthr gith the 1 fratd
illus ~~~~~~~temultiplicand is  egtie.uThdrtional   o    hw   the ontnt of
B -register 14, whichmb 17    g-te   .pmotsi
'              4  Tus    3                                        1 547 329
3 The contents of registers 10 and 12change in  plished via control logic
22 and adder 24. operation and are shown in the other lines.  The loading
of the entire contents of the The magnitude of the result is indicated by
'register 14 into the register 12 may be ac- a rectangle in the last line
of each of these  complished without an adder by simply pro- 5 figures,
with the sign being the left most bit  viding gating structure enabled by
the in 70 ou tside the rectangle. The details of logic  position Al and. in
response to the shift 16 and 22 are discussed hereinafter.       operation
provided in block 40. Thus at this Now referring to Figure 2, the multipli-
point, the contents of register 10 have been cation process starts at block
30. Initially,  shifted at least once and the leftmost posi 10 the Y
register 12 is reset to include all bin-  tion thereof includes at least
one 0 from 75 



ary ZEROs as indicated in block 32. Fur-  register 12 and in addition,the
contents of ther, in itially, the sign of the first number,  register 14
have been loaded into register 12. 'which is in position A4 of register 10,
is  It will be realized that a further test (not clocked  into flip-flop 20
as indicated in  shown) may be made at the output side of. block 34.
Initial conditions  are that the reg -block 38, namely, has the counter 18
coun-. 80 ster 10 and register 14 respectively have  ted down to 0? If the
answer were No, then stored therein the multiplier and multipli-  block 36
would beif cand. and following the operation -indicated  the answer were
Yes, the result of the multi- by 'blocks 32 and 34, the sign of the first
plication would be zero and the process may 20 number is stored in register
20 and each of  exit at this point.                       85 the bits of
'register 12 is 0.    .             F      ollowing block 42, block 44 is
entered, The operation is dependent upon the sign  which tests whether or
not the first number. of the multiplier as well as the "current"  A  which
was in register 10 is a positive multiplier bit in position Al of register
10.  number this is indicated by a 0 in flip-flop 25 (It. can be seen that
while position Al must 20. Depending upon the answer to block 44, 90 be
used initially to indicate this bit, in order  then either one of two
sequences is initiated to increase the speed of the apparatus posi-
dependent on the bit in position Al of reg-. tion A2 may be utilized
thereafter for this  ster 10, as indicated in blocks 46 and 48. purpose).
For initial conditions, the appa-    To summarize the operations following
30 rats, independent of the sign. of the first  the determinations made in
blocks 46 and 95 number in register 10, determines whether  48, if the
first number A is positive (as indi a I is in position Al. If there is a O
in posi-  cated by flip-flop 20) then if position Al of tion Al, then the
contents of registers 10  register 10 is 0, the shift operation described
and 12 are shifted right one position. These  with respect to blocks 38 and
40 a com- shifts, as well as the shifts to be described  plete shift of the
contents of register 12, and 100 hereinafter, will cause counter 18 to
decre-  a loading of the sign of the second number ment and accordingly
such shifts, the total  as indicated in position B4 of register 14 number
of which will be 4, are counted to  into position Y4 of register 12 takes
place. determine when multiplication is complete.  If the first number A is
a positive number, 4O.Thus ,if initially there are O's in positions  and
the position Al of register 10 is 1, there 105 Al and A2 and 1 in position
A3, then there  will not only be such a shift and load oper- will be two
such. shifts without any other  ation, but there will also be an add oper-
. operation until the 1 is found as shifted: ation of the contents of the B
register 14 from position A3. It will be noted that posi-  with B4 and bit
positions Y3, Y2 and Y1. 45 tion A4 includes the sign of the first num-  of
Y register 12 following which the result 110 ber if the bit in position A4
is 1, then the  is placed in register 12. If the first number ..  number is
negative while if the bit in posi- A in register 10 was initially a
negative tion A4 is 0 then the number is. positive.    number (as indicated
by flip-flop 20), then Thus block 36 of Figure 2 tests whether .the
operation will be the same as just indi- 50 or not the bit in position Al
is 1. If the  cated except that the shift and load sign 115 answer is No,
block 38 is entered by which operation will be responsive to 1 in position
the bits in register 10 are shifted right and  Al of register 10 and the
shift, load and add the 0 in location Yl of register 12 is shifted
operation will be responsive to a 0 in. posi- into location A4 of register
10. (In practice,  ton Al. 55   the implementation is. simplified by simply
Now in more detail, the first example to 120. shifting the entire contents
of registers 12  be taken is that A is a positive number. At and 10 toward
the least significant bit posi-  this point,block 48 is entered and if the
bit tion). In 'addition, each time there is a -shift,. position.Al of
register 10 is 0, so that the counter 18 is decremented. At this point
answer to block 48 is No,then -.block- 50        - 60 block 36 tests
whether the bit in position Al  will be entered. A  shift operation will
be. 125 is a binary ONE. If the answer is Yes, then  performed, this
necessarily being a full shift block 40 is entered; this block is identical
of the Y and A registers. In addition, the to block 38, but -is -followed
by block 42, by: counter 18 is decremented. Further, follow- -which the
contents of the B. register 14 are  ing the ..shift operation, position Y4
of regi- 65 loaded into the Y register 12. This is accom-  ster 12 has
loaded therein the sign of the 130    4                                1
547 329                                    4 second number B  in register
14, as indicated in position Y4 of register 12 with the most   . in block
52. At this point, block 59 . tests  significant bit of the magnitude of
the result whether or not the of counter 18 is 0.  .being  in position  Y3
of register 12 and the                           re If the answer is No.
then block 44 is re-  least  significant bit being  in position Al of
in 5 entered. If the  answer is Yes, then block 66  register. 10. The
result needs no further pro- 70            5 ti 



is entered                                    cessing if the first number.
A  original                       re If the answer to block 48 was a Yes,
i.e., loaded into register. 10 was a positive num-                 a the
bit in. position Al is a 1, then block 56  ber . If however the first
number A  loaded                    in will be entered Block 56 contains
the same into register 10 was   negative number operation as provided in
block 50. The add  the actual result of multiplication  Will be 75 10 b
control logic 22 assumes that the entire con-  the so-called twos complment
of the con- tents of register 12, as  well as register  10,  tents,
including sign  and magnitude of the                0 have been shifted.
Block 57 is then entered, values stored in registers 12 and 10.Accord- at
which time the sign of the second num-  ingly,', with  the result  in
registers. 12 and 10, 15 ber  in poition B4 is loaded  into  position the
multiplication technique is exited at 80                            15 b Y4
of register 12, as was the case in block   block 72. 52. 'Following this
block  58 is then  entered  If desired, this number  if in twos com-S which
time the following operation takes plement form may be converted to normal.
place. The  contents 'of B  register  14 are   orini by  a standard
technique, e.g. starting 20 added to the contents of register 12, which
'at the right and keeping all trailing 0's and  85 of corse contains a copy
in position Y4 of the  first 1 reached, and from  the next digit the bit in
position B4 of the  register complementing all bits.
0 Block 60  follows in which the result  of the    Now referring  to Figure
8, the shift con- addition is placed in psitions [err]  2   control  logic
16 is shown. Bit position Al of              6 25 and Y1 respectively of
register  12.  After register 10 is coupled to the input of a com- 90
25 si block 60.  block  54 tests whether or not 100 which is enabled by the
output counter 18 has a count of 0. If the answer   of OR  gate  102.Under
initial conditions                          is is No, then block 44 is
again entered; if the  flip-flop 104 is set and: will enable compa-
8: answer is Yes, then block 66 is  entered.   rator 1 00 via OR  gate 102
and will also                      di 30 if the first number A is. ii
.negative num-  enable gt'106 and partially enable gate 95
30 ber, as indicated by a No answer in block   108. The output of
comparator   100  is                               i 44, then block 46
would have been entered.  coupled to several inputs including OR gate
2 Again block 46 tests whether or not bit  110 which  is coupled  to
generate a signal                             i position Al of register  10
has a  0  at  output enabling AND gate 106 when-
is 35 The sequences of blocks 50 and 52 or 56, ever comparator 100 is e
nabled. For either 100                     35 57, 58 and 60 are followed as
before, except  condition (0 or1 in  Al), a shift signal  will
t that the Yes and No outputs from block 46  be provided via  OR  gate  112
and AND                               C correspond to the No and Yes
outputs from   gate 114, which is encabled unless counter 18 block 48. Itis
evident that a test (not shown). has counted down to 0. An extra shift is
may be made at the output side of block also provided however, as indicated
in block 105                               40 0: 42 of whether  or not the
counter has been  66 of Figure  2,  after the count of counter
is decremented  to  0  by  the  operations of  18 reaches 0.
1 blocks 38 and  40, so that  block 66 may be    At the same time that
gate  106 is fully entered directly without entering  block 44.  enabled,
gate 108 will be  fully enabled if in   ir 45 Such a condition  may occur
for example      act a. 1 was detected. by compartor 100.In 110  45g a 1000
bit pattern was initially in register  response  to this,the   flip-flop
104 will be                       O 10.                              reset
and accordingly  will'inhibit any Once the counter 18 is equal. to 0, this
in ther enabling of  gate  106 or gate 108. in dicates, that the number of
total shifts  addition, the 1 initially   detected by com- 50 formed is
equal to the number of bits in the. parator 100  will via inverter 120
disable  115             .50 first  number or  (if the additional logic re
gate 118 from enabling  coparator  100. The quird  to determine the number
of bits in  operation  just  described will be repeatd  f the first. number
is not provided)     shifts,  a 0 is detected by  comparator 100.Further
i.e. the number of bit locations in register the output of gate 108 is
coupled  to add con-            a 510. As a result of a  Yes  answer  from
block   trol logic 22 so as to command,by means 120 55 54, block 66 is.
entered by which the shift  of the signal on line 80, the loading of the
operation, as indicated in block 50, is Again entire contents .of register
14 into the Y repeated so as to provide the magnitude of  register 12 as
indicated in block 42 of Fig-Pt the. result in positions. Y3 to Yl and A4
to  ure 2. .Thus the operation. up to block 42 of 60. Al of registers 12
and 10 respectively. Fol-  Figure 2  for the shift control. logic 16 has
125 lowing  this. block 68 is entered by which the    been covered sign of
the. second number is  loaded into  For each shift   after these initial
oper- position Y4 of register. 12   Block 70  is  then  ations have  been
made .  and  so long entered and the result of the multiplication  counter
18 has  not counted down to 0  AND 65 is found in registers 12 and 10. The
sign is  gate 122 is enabled so as to enable  via OR  130    4   .   r    :
5                  '                     .  1 547 329   .. 



gate  102, comparator 100 to determine  since the I normally provided by
counter 20 whether a 1 or a 0 is in position Al of  changes to 0 when the
count equals 0, at register 10. If flip-flop 20 gives a 1 output,  which
time a 0 is at the input of inverter indicating that the first number A
isnega-  136 and a I at the output thereof thereby .5 tive, then if there
is a 1 in position Al of  enabling the shift operation via OR gate 60
register 10, AND gate 124 will be fully en-  112. This also enables the
loading of the abled so as to cause the shift operation and  contents of
position 4 into position Y4 in response to the enabling of gate 124, OR
via logic 22 in response the signal provided gate 126 provides the loading
of B4 into Y4  via OR gate 126 on line 82. 10 by means of a signal on line
82. This signal    Following this operation, the result of the 65 is
provided to logic 22 so as to provide the  multiplication is in registers
12 and 10. If. operation of blocks 52 and 57. If the first  in fact, the
sign indicated in flip-flop 20 is number A is a negative number and the bit
negative, the result is the twos complement . in position Al is 0, then AND
gate 128 will  of the contents of registers 12 and 10. The .15 be fully
enabled causing the shift as' indi-  taking of the twos complement is well-
70 cated. in block 56 of Figure .2, and in re-  known, and the enabling of
AND gate 140 sponse thereto via OR  gate 126 enabling  causes the twos
complementing operation to the loading of B4 and Y4 by means of a  take
Iace with the result thereof placed signal on line 82. In response to.this,
AND' oither in registers 12 and 10 or in another 20 gate 130 enables the
adding of B4-B1 to Y4-  storage device as may be desired.      75 Yl in
response to the signals received at OR gate 129. This addition is enabled
by a '  WHAT WE CLAIM  IS:- signal on line 82. Also, as indicated in block
1. Multiplying apparatus comprising a 60, the add control logic 22 places
the re-  multiplier register, a multiplicand register, a 25 sult of the
addition in the Y register. This  product register, and means arranged to
re- 80 covers the operation when the first number peatedly shift the
content of the product is negative. It is noted that 'lines 80, 81 and '
register 'and add' into it selectively the con- 82 are the control lines
represented by the  tents of the multiplicand register and zero dotted line
in Figure 1.                 under the control of successive bits. of the
'30   When the first number A  is a positive  contents of the multiplier
register, the signs 85 number, as indicated by a 0 from flip-flop  of the
multiplier and multiplicand being in- 20, if comparator 100 indicates a 1
in posi-  dicated by the topmost bit of each, wherein tion Al of register
10, then AND gate 132  at each addition following the first 1 bit in is
Mully enabled causing the shift signal to  the multiplier the sign bit of
the multipli- 00            35 occur at the output of AND gate 114. Fur-
cand is inserted into the product register at 90 .            ther, the
signal at the output of gate 132. the bit position corresponding to the
posi- causes via OR gate 126 the load B4 into  tion of the topmost bit of
the multiplicand Y4 operation to take place following which  on that
addition, and the multiplier is con- B4-B1 are added to Y4-Y1 by the
enabling . verted, bit by bit, into complement form as 40 of AND gate 130.
Following this, the result  its bits are used to control the additions if
95 is placed. in the contents of the Y register  its sign is negative. 12.
If, on the other hand, when the first  2. Apparatus according  to  claim  1
number A is a positive number and a 0 is  including means which complement
the con- indicated by comparator 100, then AND   tents of the product
register after the addi- 10           45 gate 134 is fully enabled thereby
enabling  tions have been completed if the sign of the 100 the shift
operation, as indicated in block 50  multiplier is negative. of Figure 2
and further via OR gate 126,    3. Apparatus according to either pre- the
contents of position B4 is loaded into  vious claim wherein the multiplier
register position Y4. This thus covers the operation  is part of the
product register. 15            50 when the first number is a positive
number.   4. Multiplying  apparatus  substantially 105 When counter 20 has
finally counted  as herein described with reference to the ac- down to 0,
the shift operation of block 66  companying drawings. is enabled via
inverter 120 following which a load operation is provided as indicated in
M. G. HARMAN, 20           55. block 68 of Figure 2; This is accomplished
Chartered Patent Agent. Printed for . Her Majesty's Stationery Office by
The Tweeddale Press Ltd., Bervick-upon-Tweed. 1979. Published at the Patent
Office, 25 Southampton Buildings, London, WC2A LAY, from which copies . may
be obtained. 30    1 5471329 gate  102, comparator 100 to  determine
since the I normally provided by counter 20 



whether a I or a 0 is in position Al of  changes to 0 when the count equals
0, at register 10. If flip-flop 20 gives a I output.  which time a 0 is at
the input of inverter indicating that the first number A  isnega-  136 and
a I at the output thereof thereby 5 tive. then if there is a I in position
Al of  enabling the shift operation via OR  gate 60 register 10, AND gate
124 will be fully en-  112. This also enables the loading of the abled so
as to cause the shift operation. and  contents of position B4 into position
Y4 -         in response to the enabling of gate 124, OR   via logic 22 in
response the signal provided gate 126 provides the loading of B4 into Y4
via OR gate 126 on line 82. 10 by means of a signal on line 82. This signal
Following this operation, the result of the 65 is provided to logic 22 so
as to provide the  multiplication is in registers 12 and 10. If. operation
of blocks 52 and 57. If the first  in fact, the sign indicated in flip-flop
20 is number A is a negative number and the bit  negative, the result is
the twos complement in position Al is 0. then AND gate 128 will  of the
contents of registers 12 and 10. The 15 be fully enabled causing the shift
as indi-  taking of the twos complement is well- 70 cated in block 56 of
Figure 2, and in re-  known, and the enabling of AND gate 140 sponse
thereto via OR  gate 126 enabling  causes the twos complementing operation
to the loading of B4 and Y4 by  means of a  fake place with the result
thereof placed signal on line 82. In response to this, AND   either in
registers 12 and 10 or in another 20 gate 130 enables the adding of B4-B1
to Y4-  storage device as may be desired.           75 Y 1 in response to
the signals received at OR gate 129. This addition is enabled by a     WHAT
WE CLAIM  IS:- signal on line 82. Also, as indicated in block  1.
Multiplying apparatus comprising a 60, the add control logic 22 places the
re-  multiplier register, a multiplicand register, a 25 sult of the
addition in the Y register. This  product register, and means arranged to
re- 80 covers the operation when the first number  peatedly shift the
contents of the product is negative. It is noted that lines 80, 81 and
register and add into it selectively the con- 82 are the control lines
represented by the  tents of the multiplicand register and zero dotted line
in Figure 1.                     under the control of successive bits of
the 30   When the first number A  is a positive  contents of the multiplier
register, the signs 85 number, as indicated by a 0 from  flip-flop  of the
multiplier and multiplicand being in- 20, if comparator 100 indicates a 1
in posi-  dicated by the topmost bit of each, wherein tion Al of register
10, then AND gate 132  at each addition following the first 1 bit in is
fully enabled causing the shift signal to  the multiplier the sign bit of
the multipli- 35 occur at the output of AND gate 114. Fur-  cand is
inserted into the product register at 90 ther, the signal at the output of
gate 132  the bit position corresponding to the posi- causes via OR gate
126 the load 134 into  tion of the topmost bit of the multiplicand Y4
operation to take place following which  on that addition, and the
multiplier is con- B4-B 1 are added to Y4-YI by the enabling  verted, bit
by bit, into comp enent form as .40 of AND gate 130. Following this, the
result  its bits are used to control the additions if 95 is placed in the
contents of the Y register  its sign is negative. 12. If, on the other
hand, when the first    2. Apparatus according   to  claim   I number A is
a positive number and a 0 is  including means which complement the con-
indicated by comparator 100, then AND   tents of the product register after
the addi- 45 gate 134 is fully enabled thereby enabling  tions have been
completed if the sign of the 100 the shift operation, as indicated in block
50  multiplier is negative. of Figure 2 and further via OR gate 126.    3.
Apparatus according to either pre- the contents of position B4 is loaded
into  vious claim wherein the multiplier register position Y4. This thus
covers the operation  is part of the  product register. 50 when the first
number is a positive number.    4. Multiplying  apparatus  substantially
105 When counter 20  has finally counted  as herein described with
reference to the ac- down to 0. the shift operation of block 66  companying
drawings. is enabled via inverter 120 following which a load operation is
provided as indicated in             M. G. HARMAN. 55 block 68 of Figure 2.
This is accomplished            Chartered Patent Agent. Printed for Her
Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed. 1979. Published at the Patent Office, 25 Southampton
Buildings. London, WC2A  1AY, from  which copies may be obtained.    


