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1 “ APPARATUS FOR BI NARY ADDI TI ON BACKGROUND OF THE INVENTICW 1.
Field of the invention 5 The present invention relates to the fF@?d of

bi nary addition. More particularly, it relates to apparatus for adding a
plurality of nunbers having a nunber qf bits each. 2. Description of
Prior Art 10 Binary addition plays an inportant role in digital systens
and  f oradpXn MAASR tHWSCehiTIe Ch a sum may be conputed is of
extrene inportance. Basic binary addition nmay be performed using a ripple
carry adder but this has the di sadvantage that, as the size of the adder

I ncreases, carry propagation del ays becone 15 intol erable. Many net hods
of addi t iBNCHGRGUNIEOF dEHE | IINERNTION speed up this process, for exanple

t hose known by the nanes of Carry Look- Ahead, Carry Save Addition and
Carry SelectFidgldl toforche invidmciCarry Sel ect Adder is a trade off between
size and speed 20 conpared to a ripple carry adder and is described in
many  StEe poksentTwinyeppien cuelgtesider theufiatdsofr binasy addiksogh

any adder structure may be used), one with a hard-wired_zero .
More particularly, it relates to apparatus for adding a plurality

of numbers having a number of bits each.

2. Description of Prior Art

10 Binary addition plays an important role in digital systems and
for this reason the speed at which a sum may be computed is of
extreme importance. Basic binary addition may be performed using
a ripple carry adder but this has the disadvantage that, as the
size of the adder increases, carry propagation delays become

15 intolerable. Many methods of addition have been developed to
speed up this process, for example those known by the names of

Carry Look-Ahead, Carry Save Addition and Carry Select Addition.

The Carry Select Adder is a trade off between size and speed
20 compared to a ripple carry adder and is described in many
textbooks. Two ripple-carry-adder structures are used (although
any adder structure may be usedf, one with a hard-wired =zero
carry-in and the other with a hard-wired one carry-in. The sums
of each adder are fed into a multiplexer which selects one of the
25 sums as an output in response to a carry-in bit, either one or
zero from a previous stage. Carry-out bits are generated for each
sum and forwarded to  a successive stage for use by the
multiplexer of that stage, (except for the first stage). Wiﬁh

such a structure, carry propagation delay is reduced. Since two



‘carry-in and the other with a hard-wired one carry-in. The sums of each
adder are fed into a nultiplexer which selects one of the 25 suns as an
output in response to a carry-in bit, either one or zero froma previous
stage. Carry-out bits are generated for each sum and forwarded to a
successi ve stage for use by the mul t ipl exer of that stage, (except for
the first stage). Wth such a structure, carr% propagation delay is
reduced. mixglelelw adders are required for each sum genqratlggrajqnq
adders are required for each sumgeneration, the,K conplexity of the Carry
Sel ect Ad¥ERlexititrdadde CHipar &plasta Addey g dncsedpesiarpared 4@ 3s 3
di sadvant age of the Car Sel ect Adder, however, that the Adder does not
wor k wel IT ]t?}ézarﬁﬁ%é’]"{q\%r'nunbers to be added i ncreases. It is an
object of the invention to provide an inproved apparatus 10 for binary
addi ti on. SUMWARY OF THE | NVENTI ON According to the invention,

there is pravided;ansapparatuse 19l o, B3y A40A5580, CRORLLELN% hat the
Adder does not work well as the number of numbers to be added

increases.

It is an object of the invention to provide an improved apparatus

10 for binary addition.

SUMMARY OF THE INVENTION
‘According to the invention, there is provided an apparatus for
binary addition comprising:

15 a rank ordered plurality of parallel connected adder trees, each
of said adder trees providing a partial sum of a portion of a
plurality of input numbers to be added;

a rank ordered plurality of parallel connected addition stages
connected to the adder trees, each addition stage providing a

20 portion of the final result of the addition and a carxy-in to a
higher ordered rank addition stage; and
means for combining said portions of the final result of the

addition together.

25 In the present invention, by dividing the input numbers into
‘portions, all portions can be computed simultaneously, thus
reducing the total timing delay to compute the addition directly

without division.



15 d rank ordered plurality of parallel connected adder trees, each of

sai d adder trees providing a partial sumof a portion of a plurality of
i nput nunbers to be added; a rank ordered plurality of parallel
connected addition stages connected to the adder trees, each addition

stage providing a 20 portion of the final result of the addition and a

carry-in g ferablif Ihele 0§ 8L a8k reddh st i &f agike pNAralifPass fAput
conbi ning said portions of the final result of the addi ti on together.

25 I'n thenpfiesentid AtetheORanby diyility dite dhyHituIsEihel pbet ipakt bans,
all portions can be conputed simultaneously, thus reduci ng the total
timng detley glurednmy eft hapaddiunmssrsiingeit] Yo a saidocaddel tirseods less

3 Preferably, the size of each portion of the plurality of input
nunbers itsham tohe egmade t 5thet siaadofhels zpovfiohe poputons ofhe neké
plurality of input nunbers input to a said adder tree is |ess t han or
equal t6 himhesty arasikedheadsinn itdiee.i nput to the next 5 highest ranked adder
tree. Preferably, each adder tree conprises a rank ordered plurality
of

Preferably, each adder tree comprises a rank ordered plurality of
first stage adders, each of said first stage adders receiving
said portion of two said input numbers and providing a sum

10 output; and a plurality of further stages of adders, each adder
of each further stage receiving the sum output from two adders of
a previous stage and providing a sum output to a subsequent
stage, the sum output of the adder of a last further stage
providing said partial sum.

15
Preferably, at least one addition stage receives a part of the
partial sum from two said adder trees, a first part from a lower
ordered adder tree and a second part from the next higher ordered
adder tree, the second part being the same bit length as the

20 portions input to the adder tree from which the second part is
output and the first part having a bit length less tha;.n or equal

to that of the second part.

Preferably at least one addition stage comprises first and second
25 binary adders having a presumed "one" carry and a presumed "zero"
carry respectively and each providing a sum output and selection
means fof receiving a carrxry in from the lower rank ordered
addition stage and for selecting the sum output of one of the

binary adders as said portion of the £final result based on the



‘first stage adders, each of said first stage adders receiving
portion of two said input nunbers and providing a sum 10 outp
plurality of further stages of adders, each adder of each f
receiving the sumoutput fromtwo adderg of a previous stag

sai d
ut: and a
urt her stage
e and

provi ding a sum out put to a subsequent stage, the sum output of the

adder of ~a hastfurther stage providing said partial sum
Preferably, at |east one addition stage receives a part of the

15
parti al

sumfromtw said adder trees, a first part froma | ower order ed adder

tree and a second part fromthe next higher ordered adder t

ree, the

second patt thel dgsthebednembodimemng) b a-ddat erdtingd huaber ofiuparallbe-
adder tree fromwhich the second part is output and the first part
havi ng acbinhelctegt lrnddess theasornrequeadovideldy tdmth oWwithe Nseogmuk phihary
Preferably at |east one addition stage conprises first and second 25

bi nary addebsrisayivigre pr ésumpsd inoreercahayingdaarpnisaonddredepduralityrry

respectively and each providing a sum output and sel ection

means for

recei vi n@fa agdgans i nfe¥ onsld ey | Bhernvaherer d8hedm bifddiaf orach aljeiBRytf or

sel ecting the sum output of one of _the bi nary adders as said portion of

t he finaPWeSy 2rgaSedibninlfe bit slice cells of predetermined length and

are fed into input terminals of each adder tree. The first stage

_adders of each adder tree, which comprise two-input adders, are

10

15

20

25

adapted to receive these bit slice cells. The same bit slices of
the N input numbers are fed into a respective input terminal of
an adder in the first stage of the adder tree. Each adder tree
comprises a predetermined number of adders and an output
terminal, which provides a portion of the sum of the N input
numbers. All these portions of the sum of the N input numbers are
combined together to form the final result of the addition by
implementing Carry Select Addition. The high range of bits of
each portion of the sum are added with the corresponding low
range of bits of a higher ordered portion of the sum (except the
highest ordered portion of the sum). Two parallel additions are
implemented with presumed zero carry-in and presumed one carry-
in. The first sum of the two parallel additions is a sum
generated without carry-in and the second sum of the two parallel
additions is a sum generated with a carry-in. When the carry-in
from the lower ordered portion of the sum is calculated it is

used to pick the proper sum of the two parallel additions.



‘4 ‘carry-in. In the described enbodi nent, a predeterm ned nunber of
paral |l el - connected adder trees are provided, each with N input binary
5 nunbers, where Nis an integer, having a rank ordered plurality of
adders, for adding the nunbers. The m bi ks of each N input nunber are
split into bit slice cells of predeterm ned | ength and are fed into

| nput t er BRA@IFS DYsRETION @F e DREWINGISr st st age adders of each adder
tree, which conprise two-input adders, are 10 adapted to receive these bit
slice cells. The sane bit slices of the N input nunbers are fed into a
respective input term nal of an adder in the first stage of the adder
tree. Eaclhradudyodimemt oftdiy iiseerd ijomeddildr mowebendeberibédadbyrwayundf an
out put terminal, which provides a portion of the sumof the N input 15
nunbers. AXamthese wWidih | TSnaeh&cs @Eheofacp@@pﬁnwﬁpat danhegs. ate which:
conbined together to formthe final result of the addition_ by

i npl enenting CHYY- Isel d@& B tPHACk TREAAEH r 9figedBf Prdigient gfcnthe
portion of, the sum are added with the correspondi ng | ow range of bits of
a hi gher or¥&HdPbrtion of the sum (except the 20 highest ordered portion

: X diti I npl dwth d
Carry-in and prodia Hhe G g ted fman F 1 SEE o bhe | ASTEot RaTal TEI

addi tions Um . n £ i t.hout carry-in and the second sum of the
two par al Iteeae"%aéc?dwel%ﬁsoefl ?laé{}s%gmlgener ated with a carry-in. Wen the

carry-in Fig.3. is a detailed diagram of one of the carry select

10 addition stages of the embodiment of Figure 1.
DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig.l is the block diagram of the whole adder tree circuit of the
15 preferred embodiment of the invention. Although the preferred
form of the adder tree has fourteen, nineteen-bit input numbers
with a sign bit in the most significant bit position, the
invention may be practised with any number of integer input
numbers and bits. Similarly the adders illustrated here are not

20 limited to any particular type.

In Fig.i, the thick vertical arrow lines 101-105 represent multi-
input paths, which each have fourteen inputs in this embodiment.
The big rectangle boxes 111-115 with label "adder tree" inside
25 represent an adder tree structure, which computes a portion of
the sum of the fourteen input numbers. The boxes 121-125
represent the portions of the sum computed from adder trees 111-
115 and the bit length of each portion. The boxes and circles

131-135 with "+" represent addition stages for computing the



25 ffomthe | ower ordered portion of the sumis calculated it is used to

pi ck the proper sumof the two parallel additions.

5 BRI EF DESCRI PTI ON OF THE DRAW NGS An enbodi nent of the invention
wi |l now be described, by way of exarrplﬁle: W|th reference to the
1 g.

acconpanyi ng draw ngs, in which:

an embodi ngotr; Ghst BE tHe n‘é‘%ﬂ&'ﬂ%m adder tféegs leislﬂsd%ﬁhbﬁd
one of the adder trees of he enbodi nent of Figure 1

I's the bl ock diagram of

1H1E anéﬁ‘tOf

a detail edcgrf\gr leeétonadetlbhetsaféauéel e¢hind0daddiski qax&bpgeadaflttlba

enbodi nent of

i gure 1. DESCRI PTI ON OF THE PREFERRED EMBCODI MENT

Fig.1 is thelbteekilicyterel isheo Wty -dddedeltydée Thecbox DEL twich 1abel

preferred enbodi nent of the invention. Al though the preferred
t he adder t'cembihae"fnepresentsnalmcﬁmutaummmputr&temm whilichh

f or m of
farsisgthlei t

in the nost significant bit position, the i nvention may be practised
wi t h any Snfihet ofesuilitegef itipit addihiehers tindebrhs PStAdmr P ttke adder s

illustrated here are not

computed from addition stages 131-135 and with the lowest ordered

bits of the first portion of the sum 121, which are bits one to

zero of the first portion of the sum in this embodiment.

10 The adder tree circuit consists of five parallel adder trees 11ll-

115 for adding bit-sliced input numbers, which compute from

lowest ordered to highest ordered. Adder tree 111 has fourteen

input terminals for receiving bits zero to one of the fourteen

input numbers. Similarly, adder trees 112-115 each have fourteen

15 input terminals for receiving bits five to two, bits nine to six,

bits thirteen to ten and bits eighteen to fourteen, of the

fourteen input numbers.

The inputs to adder tree 111, which are the bits one to zero of

20 the fourteen input numbers, are fed to through path 101.

Similarly, the inputs to adder tree 112, which are the

bits five

to two of the fourteen input numbers, the inputs to adder tree

113, which are the bits nine to six of the fourteen input

numbers, the inputs to adder tree 114, which are

25 thirteen to ten of the fourteen input numbers and the

the bits

inputs to

adder tree 115, which are the bits eighteen to fourteen of the

fourteen input numbers, are fed to through paths 102,

and 105 respectively.

103, 104



20 Ii'mted to any particular type. In Fig.1, the thick vertical arrow
| ines 101-105 represent nulti- | nput pat hs, which each have fourteen
inputs in this enbodi nment. The big rectangl e boxes 111-115 with | abel
"adder tree" inside 25 represent an add tree structure, which conputes a
portion of the sum of the fourteen input nunbers. The boxes 121-125

represent A@&ﬁ?o?kégnilﬁfhEQeaﬁU8%€§ﬁ%“42¥jfdf”ﬁfﬁ#ﬁinﬁf%ﬁ%lﬁlﬁlt lehgbnand

the bit | engt each portion. The boxes and Circles 131-135 with™+"

represent adeli £bPNosta068e f105 LWL BHet Burteen inp®runbE=nf Atshth%ht@
from adder trees 111-115, which inpl enent Carry Select Addition to

reduce tinapg deuayeepexegnitsaadilid ijoito addlr ftareaviiTh, ttiele bitsoonar ty-in
del ay). The box 141 with | abel "Conbi ne" represents a conbination

conput at i orerehbfhther oetphe 181fwihhl besuded dfo tiuermdditts omenitioh zeaoh of
portion of the sum conputed from addition stages 131-135 and with the

| ovest orsdehedfinabi resultt b thesad@btiomrdisfea s&ﬁﬂ@?ﬁlVWhﬁ@ht&@eagets
one to zero of the first portion of the sumin this enbodi nent.

The adder theeaerusuiletednspsry-on of viEhgasun |far éucresr Ctneeé§ ero of Hl@

for adding bit-sliced i nput nunbers,_ whjch conpute fr
g fourteen 1npué)numbers and will berggnt to the higher ordered

output 122 as a carry-in.

10 Adder tree 112 has an output 122 for providing an eight-bit
length sum for bits five to two of fourteen input numbers. Bits
three to zero of the output 122 will be used to form bits five to
two of the final result of the addition together with the
accumulated carry-in from bits five to two of lower ordered

15 output 121. Bits seven to four of the output 122 are the
accumulated carry-in of the sum for bits five to two of the
fourteen input numbers and will be sent to the higher ordered

output 123 as a carry-in.

20 Adder tree 113 has an output 123 for providing an eight-bit
length sum for bits nine to six of fourteen input numbers. Bits
three to zero of the output 123 will be used to form bits nine to
six of the final result of the addition together with the
accumulated carry-in from bits seven to four of lower oxrdered

25 output 122, bits seven to four of the output 123 are the
accumulated carry-in of the sum for bits nine to six of the
fourteen input numbers and will be sent to the higher ordered

output 124 as carry-in.



I'owest ordered to highest ordered. Adder tree 111 has fourteen I nput
termnals for receiving bits zero to one of the fourteen | nput nunbers.
Simlarly, adder trees 112-115 each have fourteen 15 input termnals for
receiving bits five to two, bits nine togsix, bits thirteen to ten and
bits eighteen to fourteen, of the fourteen i nput nunbers. The

inputs to gager tree hhk Mhichnarfithe Pids epe ?%&ﬁrdlrg,agoeti@ﬁ%:ﬁlgit

fourteen input nunbers, are fed to through path 1 Sim larly,

i nputs to belitpth te@r £d2, b¥bsChhafeedhierdi ténf b¥e fourteehwanphitt hembawst een
I nput nunbers, the inputs to adder tree 113, which are the bits nine to

six of theBftmrtleese i tiputero ofinblee soutet i DP4twild bBddasetlr ee fd4m Bhikeh
are the bits 25 thirteen to ten of the fourteen input nunbers and the

i nputs to thideen tta ¢enlods, thdiftinadr ereshd thof st ke giddini ¢ Hogeatthemenwatht he
fourteen input nunbers, are fed to through paths 102, 103, 104 and 105
respecti ¥efjfe accumulated carry-in from bits seven to fgur ofidewen exdétrédhas

an output 121 for providing a six-bit Iength sum for bits one to zero of
the fourt R Hpu23unbBisS Aevemerto four f ofr tided iowsmw: f 2341 mxe atber

111 nl its one to zero of the output, 121 will be used to form
L{Sg one,t%%9ﬁ§$ﬁ§ﬁe carry-in of the sum forpbits thirteen to ten of the

fourteen input numbers and will be sent to the higher ordered
output 125 as a carry-in.
10
Adder tree 115 has an output 125 for providing a nine-bit length
sum for bits eighteen to fourteen of fourteen input numbers.
Bits three to zero of the output 125 will be used to form bits
seventeen to fourteen of the final result of the addition
15 together with the accumulated carry-in from bits seven to four of
lower ordered output 124, only bits eight to four of the output
125 are the accumulated carry-in of the sum for bits eighteen to
fourteen of the fourteen input numbers and will be used to form
bits twenty-two to eighteen of the final result of the addition.
20 Addition stages 131-135 are adders and four of them, 132-135, are
implemented with Carry Select Addition. Addition stage 131 has a
first input terminal for receiving bits five to two of output
121. similarly, addition stages 132-134 each have a first input
terminal for receiving bits seven to four of output 122-124,
25 respectively. Addition stage 131 has a second input terminal for
receiving bits three to zero of output 122. Similarly, addition
stages 132-134 each have a second input terminal for receiving
bits three to =zero of output 123-125, respectively. Addition

stage 131 has a first output terminal 162 for providing bits five



"5 the final result of the addition directly. Bits five to two are t he
accunul ated carry-in of the sumfor bits one to zero of the fourteen

i nput nunbers and will be sent to the higher ordered out put 122 as a
carry-in. 10 Adder tree 112 has an qQutput 122 for providing an
ei ght-bit | ength sumfor bits five to two of fourteen input nunbers. Bits

three to tzeidioft M OWiRIE I2duit! bbenesaddieibar MRt saflye d@ditiow of
the final result of the addition together with the accunulated carry-in

from bi t stfdgee 18 -13a ebchongve eirdenedut dorminple UeXl-165Bfbs seyeding f our
of the output 122 are the accunul ated carry-in of the sumfor bits five

to two ofbittse niheurteemixnpubitsinmtdristeet Wwdl tlea,sebits o selventiegherto
order ed output 123 as a carry-in. 20 Adder tree 113 has an output 123
for provifivkesn ei ghspectivelyengfh them fimabi resulbe ofo Wik afidibieneen
i nput nunbers. Bits three to zero of the output 123 will be used to form
bits ni hédditionistage 4R3 hana seoomd ovtpPuheteuingbi dlofernproviiding he
accunul at ed carr¥-in_frpn]bits seven to four of |ower ordered 25 output
122, bit<$heevBrsto sharibicante Sitpef 12hear@uipiet 162cciFulat EFEET Y- i n
of the sumfar hits njnhe to six of th fourteen input nunbers apd wl
be sent _thEHE TGN A D & taossy L Dar 1364 e, A outbe tertitalt
152-154 for providing the most significant bit of the output 163-
165 to the next adder 133-135 as a carry-in. Addition stage 135
10 has only one other input terminal for receiving bits eight to
four of output 125 and has only one output terminal 166 for
providing bits twenty-two to eighteen of the final result of the

addition.

15 Combination computation 141 has six inputs, which are bits one to
zero from output 121, bits five to two from addition 131, bits
nine to six from addition 132, bits thirteen to ten from addition
133, bits seventeen to fourteen from addition 134 and bits
twenty-two to eighteen from output 135. This forms the final

20 result of the addition.

Adder tree structure 111-115 will now be described in greater

detail. Although the preferred form of the adder tree structure

has fourteen nineteen-bit input numbers with a sign bit in the
25 most significant bit position, the invention may be practised

with any integer input numbers and bits. Similarly the adders

illustrated here are not limited to certain type.

Fig.2 is a detailed sub-block of adder tree 111. There are seven

two-input adders 221-227 in the first stage of adder tree



8 ‘Adder tree 114 has an output 124 for providing an eight-bit | engt h
sumfor bits thirteen to ten of fourteen input nunbers. Bits three to
zero of the output 124 will be used to formbits thirteen to ten of the
final result of the addition together w 5 the accunul ated carry-in from
bits seven to four of |ower ordered out put 123. Bits seven to four of

the out putrcdedi Ay thiees o HBNUAE G FHuttidrnofi nfhe  siokes . biakiget-hbbieen
to ten of the fourteen input nunbers and will bé sent to the higher

ordered haitipud 1ApudStarmdhhlsi fior ¥eceivAgdebidLeord Sxdagend 68t puk
125 for providing a nine-bit length sum for bits eighteen to fourteen of
fourteen ifjat ningher siumberBiatls ahlr ket secatid Diputheumbguita2l28iwtilhrhe,
used to formbits seventeen to fourteen of the final result of the

addi tion aXexged3rer2ay tdacthéranc imd dingohtc eryniina lfer dorbiresessniag botsour
of  lower ordered output 124, only bits eight to four of the output

125 are fHneckenaeuPe@fcihey thirsf impats nurher B3 sard ghheefonsth input
fourteen of the fourteen iqﬁgg nunbers and will be used to form bits

twent y- t wiPHEPR gift e e rinpit mewier o6 eRd &be Sigkh ippukdavmpen
PR P TR L A NIRRT N o (13-
term nal féﬁergfg'ﬁiggngt%uf'g% % Eﬁ%(ghéngé%gh input number al0, the
eleventh input number all and the twelfth input number al2, the

10 thirteenth input number al3 and the fourteenth input number al4,
respectively. There are three adders 241-243 in the second stage

of adder tree receiving sums from the first stage. Adder 241 has

two input terminals for receiving the sum 231 from adder 221 and

the éum 232 from adder 222. Similarly, adder 242-243 each have

15 two input terminals for receiving the sum 233 from adder 223 and

the sum 234 from adder 224, the sum 235 from adder 225 and the

sum 236 from adder 226, respectively. Since there are only seven

sums generated from the first stage of the adder tree, the

seventh sum 237 from adder 227 will be passed through directly to

20 next stage of the adder tree. There are two adders 261-262 in the

third stage of adder tree receiving sums from the second stage.

Adder 261 has two input terminals for receiving the sum 251 from
adder 241 and the sum 252 from adder 242. Similarly, adder 262
25 has two input terminals for receiving the sum 253 from adder 243
and the sum 237 directly from adder 227 of the first stage. Adder
281 is the only adder in the fourth stage of adder tree and has
two input terminals for receiving the sum 271 from adder 261 and

the sum 272 from adder 262. Output 121, as shown in Fig. 1,



'121." Similarly, addition stages 132-134 each have a first input term nal
for receiving bits seven to four of output 122-124, 25 respectively.
Addi ti on stage 131 has a second input term nal for receiving bits three
to zero of output 122. Simlarly, additipn stages 132-134 each have a
second input termnal for receiving bits three to zero of output

123- 125, ﬁﬁgﬁg&éévgﬁybuépm&tf@wladdéﬂéﬁ}1.l3l has a first output term nal
162 for providing bits five 9 to

two of theihilsdlypesatiiesf tirbesalll2tlDh. efehi havéythedgaineoBtrucsu@gge as
132- 134 each have an output termnals 163-165 for providing bits nine to
Si X, bitsadder ttasze tId. X .eThebatidesevimttden fiiarst staget eErpddexs paetdsy allR -~ of
the final result of the addition. 5 Addition stage 131 has a second out put
term nal 158 fearchprvecding bitishefinst toi gpwdi chitsbinint tle sixpubité2 as
a carry-in. Simlarly, addition stages 132-134 each have an_ out put

t er m nafsthirgsen 150 frnproitdi sgohhecrode siguitesrant reppestivady output
163- ~ 165 to the, next adder 133-135 as a carry-in. Addition stage 135 10
has only %ﬂ%r%?%%r1?Pﬁﬁnn%W§§ﬁ§u§1‘ﬁ&#-rgb@i%@ﬁ@rﬁi%% %ﬁ?ﬂﬁo%ﬁﬁh stegisr o

outpul 120500 Dosegnini ongeoulput dertinal S8 10T o LY G RLLSen

input numbers and pass to addition computation 131-135 as shown
in Fig.1l.

10
Addition stages 132-135 will now be described. Fig.3 is a
detailed block diagram of addition stage 132, which implements
Carry Select Addition, to reduce timing delays. Adders 311 and
312 receiving bits seven to four of output 122 and bits three to

15 zero of output 123 are computed in parallel, with adder 311
having a hard-wired "one" carry and adder 312 having a hardwired
"zero" carry. Both outputs 321 and 322 are fed to selection logic
331. The most significant bit from the lower ordered portion of
sum out2[6] will also be fed into selection logic 331 on line 151

20 as a carry-in 323. The selected sum out3 based on carry-in 323
will be passed to combination computation 141 to form the final
result of the addition. The most significant bit of the selected
sum out3 will be passed to the next addition stage 133 on line
152 as a carry-in.

25
Addition stages 133 and 134 have the same structure as addition
stage 132. Addition stage 135 has the similar structure as
addition stage 132 except that there is only one input terminal

for receiving bits eight to four of output 125 for both parallel



* 15 Conbi nati on conputation 141 has six inputs, which are bits one to

zero fromoutput 121, bits five to two fromaddition 131, bits nine to
six fromaddition 132, bits thirteen to ten fromaddition 133, bits
seventeen to fourteen fromaddition 134 gnd bits . twenty-two to ei ghteen

fromoutput 135. This fornms the final 20 result of the addition.

Adder treedddnictai® &l Idarddb- M Idn Nawebasdesaki Baditogr eahge 135desathe
Al t hough the preferred formof the adder tree structure has fourteen

ni net een- Milgheyut ondedrerds pborhiansigh um,i ntheee 2bsnost  sagmy-iaanbibi t
position, the invention may be practised wi th any integer input nunbers
and bits. gs@maradrdd,. t he adders illustrated here are not limted to
certain type. Fig.2 is a detail ed sub-block of adder tree 111. There are
seven two-i nput adders 221-227 in the first stage of adder tree

10 receiving_bits one to zero of fourteen input nunbers. Adder 221

has two §rigut SeépRtABEs Bhe bikeisting ekl ofibzeo F&eo BPliowing fagkprs

i nput nunber al _and the second input. nunber a2. Simlarly, adders
222-227 edPHE PR ARSI GRS TS Mecei ving bits 5 one to zero of
the third input nunber a3 and the fourth input nunber a4, the fifth

I nput nunber a5 and the sixth input nunber

1. So that the computation of the adder tree can be
simplified and thus higher speed achieved, each bit slice cell

10 should preferably be of a length 2-5 bits.

2. The lengths of the bit slice cells should be similar
and generally increase from the lowest significant bit slice cell
to the highest significant bit slice cell. Adjacent bit slice

15 cells can be of the same length and increases in length are
preferably no more than a single step. This will result in
similar propagation delays in each adder tree, which will

optimise the speed of the binary addition as a whole.

20 3. The size of the two parts of the output sum from each
adder tree which are input to the addition stages are preferably
chosen so that the number of bits of the lower range part is the
same as that of the respective bit slice cell input to the adder
tree and so that the number of bits of the higher range part do

25 not exceed the number of bits of the lower range part of the
output sum of the next higher ordered adder tree, to simplify the

computation of the addition stages.

It should be noted while the invention has been described in the



‘a6, 'the seventh input nunmber a7 and the eighth input nunber a8, t he
ninth i nput nunber a9 and the tenth i nput nunber al QO the el event h i nput
nunber all and the twelfth input nunber al2, the 10 thirteenth input
nunber al3 and the fourteenth input nunber al4, respectively. There are
t hree adders 241-243 in the second stag# of adder tree receiving sunms
fromthe first stage. Adder 241 has .. two input_termnals for receiving
the sum ZPRtedmefddePreferned embodimeni 232 Widh Redapparentsty (thasg
adder 242-243 each have 15 two input terminals for receiving the sum 233
from addék1§§§daﬁ&1 the; Ruto RS 3P BAF SRRfer VRAL 1G7b MEMES FOR dhhert 4t

Gt R R (e R N
coventh SURATA LD 06T BT A | aBEcRaief ol ouOh il 20 et
o o0 AR SR ALRTRSSEONS AL o AL ROLITR N0
from addar 247 5 ] Yoa IR 1202 1125 JiRhel W2 LRBUEILEGEI nal S for

receiving the sum the sum Irectly from adder
227 of the first stage. Adder 281 is the only adder in the fourth stage
of adder tree and has two input termnals for receiving the sum 271 from

adder 261 and the sum 272 from adder 262. CQutput 121, as shown in Fig.
1,



‘provi des an out put for adder 281. Simlarly, adder trees 112-115 each
have the sanme structure as adder tree 111. The adders in the first stage
of adder trees 112- 115 each receive bits five to two, bits nine to six,
bits 5 thirteen to ten, bits eighteen t 4fourteen,.respectively, of
fourteen input nunbers al-al4. The adders’in the fourth stage of adder
trees 112-115 each output a portion of suns of fourteen | nput nunbers
and pass to addition conputation 131-135 as shown in Fig.1. 10

Addi tion staggesrkgd2-135 will now be described. Fig.3 is a detai |l ed bl ock
di agram of addition stage 132, which inplenents Carry Select Addition,
to reduce ti mng del ays. Adders 311 and 312 receiving bits seven to four
of output 122 and bits three to 15 zero of output 123 are conputed in
paral l el , wthppdadetuslior bhadirpgaddheton womslrioief: carry and adder 312
having a hardw red "zero" carry. Both outputs 321 and 322 are fed to

sel ecti o | ogi ca raBlordéeedmysiursildiyf bfaparsllel rommnéectddeeidenr deeed,
portion of sumout2 [6] will also be fed into selection |logic 331 on
line 151 eachsofi saidyaddeB2Aeckheprovidingdasparbiad Hamef on pemtripn @£323
w || be passed to_conbination conputation 141 to formthe final resul t
of the addft PoHTra¥hEYnest 18Pyhi prakers e ke addediel ect ed sumout3 wl |

be passed to the next addition stage.133 on |ine
P a rank ordereg p&ugal%ty o% parallel connected addition

stages connected to the adder trees, each addition stage
10 providing a portion of the final result of the addition and a

carry-in to a higher ordered rank addition stage; and
means for combining said portions of the final result of the

addition together.

15 2. Apparatus as claimed in Claim 1 wherein the size of each
portion of the plurality of input numbers is in the range 2-5

bits.

3. Apparatus as claimed in Claim 1 or Claim 2 wherein the size
20 of the portions of the plurality of numbers input to a said adder
tree is less than or equal to the size of those portions input to

the next highest ranked adder tree.

4, Apparatus as claimed in any one of the preceding Claims
25 wherein each adder tree comprises a rank ordered plurality of
first stage adders, each of said first stage adders receiving
said portion of two said input numbers and providing a sum
output; and a plurality of further stages of adders, each adder

of each further stage receiving the sum output from two adders of

-



"152'as a carry-in. 25 Addi tion stages 133 and 134 have the sane
structure as addition stage 132. Addition stage 135 has the simlar
structure as addition stage 132 except that there is only one input
t erm nal for receiving bits eight to four of output 125 for both
par al | el adders and a carry-in

o ne 1 pfeyRAdL! R Aty %?otrfdh{x‘g e Auwghﬁatgetd%f ° PRLbLRANGh:

sum there Ig no carr enera eCtI ng
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1. So t hat e conputatlon the adder tree can be

t hus h|gh;ﬁdM%E%héugafauﬁgrgygjtgﬁﬁ slice cell 10 should preferably be of
a length 5 bits . The |l engths of the bit slice cells should

be simlar and generally increase fromthe | owest significant bit slice
cell to the highest significant bit slice cell. Adjacent bit slice 15
cells cap e ofaggersmane henglhimsd iifCrafsesSnenofentid preceding Claims

wherein at least one addition stage receives a part of the

partial sum from two said adder trees.

6. Apparatus as claimed in Claim 5 wherein the parts comprise
10 a first part from a lower ordered adder tree and a second part

from the next higher ordered adder tree.

7. Apparatus as claimed in Claim 6 wherein the second part is
the same bit length as the portions of the numbers input to the

15 adder tree from which the second part is output.

8. Apparatus as claimed in Claim 6 or Claim 7 wherein the first
part has a bit length less than or equal to that of the second
part.
20
9. Apparatus as claimed in any one of the preceding Claims
wherein at least one addition stage comprises:
first and second binary adders having a presumed "one" carry
and a presumed "zero" carry respectively and each providing a sum
25 output; and
selection means for receiving a carry in from a lower rank
ordered addition stage and for selecting the sum output of one of
the binary adders as said portion of the final result based on

the carry-in. e e e e

R O A6 e



*preferably no nore than a single step. This will result in simlar
propagati on delays in each adder tree, which wll optim se the speed of
the binary addition as a whol e. 20 3. The size of the two parts of
t he out put sum from each adder tree which are input to the addition
stages are preferably chosen so that i6he nunber of bits of the | ower
range part is the sane as that of the respective bit slice cell input to
t he adder tree and so that the nunber of bits of the higher range part
do 25 not exceed the nunber of bits of the |ower range part of the

out put sABDFRAGR next higher ordered adder tree, to sinplify the
conputation of the addition stages. It should be noted while the

i nvention has been described in the

13 context of a preferred enbodinent, it will be apparent to those
skilled iHFEMATYS ?QEHB¥NQB¥NQRR}EIQ%vention may be nodified in nuner ous
way's ang may assune many enbodi nents ot her than that specifically set out
and destri bed above. Accordingly, it is 5 intended by the appended cl ai nms
to cover all nodifications of the invention which fall within the scope of
t he cl ai ns.

An N-input m-bit high-speed adder tree circuit, where N and m are
integers, employing Carry Select Addition and bit-sliced design.
configuration, is disclosed. The m bits of each input are split
10 into bit slice cells of predetermined length, which is determined
according to total number of bits of input, so as to minimize the
timing delay through the whole adder tree. Sum computation of
each bit slice cell is performed independently and combined
together to form the final result of the addition by implementing

15 Carry Select Addition.

Fig. 1
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CLAI M5
rank ordered plurality of parallel
adder trees providing a partial
"nunbers to be added,;
addi tion

1. Apparatus for binary addition conprising: 5 a

providing a portion of the final
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. the- next hi ghest ranked adder tree. 4. Apparatus as clained in any

one of the preceding Cains 25 wherein each adder tree conprises a rank
ordered plurality of first stage adders, each of said first stage adders
recei ving said portion of two said input nunbers and providing a sum
output; and a plurality of further stages of adders, each adder of each
further stage receiving the sumoutpu} fromtwo adders of
15 a previous stage and providing a sumoutput to a subsequent st age,
t he sum output of the adder of a last further stage. provi di ng said
partial sum 5 5. Apparatus as clained in any one of the preceding
d ai ns wheei n-at | east one addition stage receives a part of the
parti al sumgrﬁm Wo |41 d adder trees. 6. Apparatus as clained in
Claimb5 V\hergi—r\rﬂ"r'eapart\gs conprise 10 a first part froma | ower ordered
adder tree aénd a 32 dnd—park fy om t he next hi gher ordered adder tree.
7. Apparat us | Bifmed i n%CI aimé6 Wner.gi n the second part is
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*the*sanme bit length as the portions of the nunbers input to the 15 adder
tree fromwhich the second part is output. 8. Apparatus as clained in
Claim6 or Claim7 wherein the first part has a bit length | ess than or
equal to that of the second part. 20 9. Apparatus as clainmed in any
one of the preceding C ains wherein at |east one addition stage

conpri ses: first and second binary adders having a presuned "one"
carry and a presunmed "zero" carry respectively and each providing a sum
25 out put; and sel ection neapg for receiving a carry in froma

| ower rank ordered addition stage and for selecting the sum out put of
one of the binary adders as said portion of the final result based on
the carry-in.
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