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In digital computations, the representation of numbers has a significant
bearing upon the design of digital arithmetic circuits and therefore, upon their
performance and complexity. Integer operands are represented in binary forms
by ones and zeros in a base 2 number system. Three commonly used
representation methods are called: sign-magnitude, one’s complement, and two’s
complement.

Figure 1a shows numbers represented in sign-magnitude. In sign-
magnitude numbers, the most significant bit represents the sign (positive or
negative) of the number. A sign-magnitude number can be negated by
complementing the number’s sign bit. When adding two positive or two
negative numbers, the operation is straightforward. But, when the signs of the
operands are different, the number with the smaller magnitude should be
subtracted from the number with the larger magnitt.{de. This makes arithinetic
operations on sign-magnitude numbers cumbersome. The circuit for performing
arithmetic operations must include an adder circuit, a subtracter circuit and a
comparator circuit. Because of the complexity, and because of a serial
dependency upon a comparison to control the arithmetic circuitry, designers

have proposed other representation methods.
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Figure 1c. Figure_2 shows a 4-_b55t adder / subtracter for. nunbers represented
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stage complement representation, there is only one representation for zero. The
representation of a negative number can be determined by subtracting the
magnitude of the number from 2" where n is the number of digits used to
represent the number. For example, to find the representation of -7 in twos
compliment, 2'=16 is used, as in the calculation shown in 130 of Figure 1c.

Figure 2 shows a 4-bit adder/subtracter for numbers represented in twos
complement. A benefit of twos complement is that it reduces the complexity of
the adder circuit. A twos complement adder/subtracter can be simplified by
implementing twos complement negation as ones complement negation
followed by incrementation.

In an addition/subtraction operation, carry signals propagate from right
to left (less significant positions to more significant positions) until they reach a
final destination, which can include the leftmost digit of a result. The time it

takes for carry signals to propagate is directly related to the time it takes for a

digital arithmetic circuit to produce a result of an operation. The circuit of
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in Fig. 2 in U.S. Patent 4,890,127). Negation is simple but calculations are
somewhat complicated due to sign comparisons, and some calculations can
generate new carries, which must be allowed to propagate. Figure 5 shows a set
of rules to determine intermediate carries and sums, that avoids generating
problematic new carries but introduces some additional computational
complexity (from N. Takagi et al, “High speed VLSI multiplication algorithm
with redundant binary addition tree,” JEEE Trans. On Computes, 3¢ (Sept. 1963)
789-796).

Current microprocessors make use of pipelining to reduce the cycle tme
and exploit parallelism within instruction streams. In order to make pipelining
efficient, results from digital arithmetic circuitry are dypassed back to circuit
inputs as operands for the next instruction in a pipeline. This technique is
preferred over one of waiting until results could be written back to a register file,

and it provides for higher utilization of a pipeline’s parallelism.
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exanpl e of negati,on.. Figure hows a 4-bit ripple adder/subtracter for
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a bui | di ngBRIEF DESCRIPTION OF THE DRAWINGS

Figure 1a shows 4-digit numbers represented in the sign-magnitude
representation method.

Figure 1b shows 4-digit numbers represented in the one’s complement
representation method and an example of negation.

Figure 1c shows 4-digit numbers represented in the two’s complement
representation method and an example of negation.

Figure 2 shows a 4-bit ripple adder/subtracter for numbers represented
in two's complement.

Figure 3a shows a carry-lookahead adder circuit.

Figure 3b shows the circuits used to produce carry propagate and carry
generate signals and to propagate the carry signal in a carry-lookahead adder.

Figure 4 shows a signed-digit adder circuit of a prior art redundant
arithmetic method.

Figure 5 shows rules for a method of adding numbers represented in
signed-digit redundant form.

Figure 6 shows a prior art three input comparator using a custom carry-
save adder to add two inputs to an implicit constant and a carry-propagation

circuit to generate a result of the comparison.
-4



bl ock to construct a full adder circuit. Figure 7b shows a 3:2 co?geﬁ?ﬂ@rzﬁgq
or counter that can be used to formthe basic building block of carty
save adder. Figure 7c shows another inplenentation out of numerous possible
i mpl emeKP AH#BHS of a conpressor or counter device, this SREUFEMAYH
read-only menmory (ROV) circuit. Any of these numerous inplenentations can
be used to conEtguret7ashoars y hakfeeldaddizcuit Fivhintecsh bhaved as sduilvinsave adder
constructed from 3:2 conpressor circuits with the same functionality as
the circuipleckpRAntRuE ZiHbadRener®ure 7c. Figure 9a shows all of the

valid 3-digit reqr tall I ng_a _redundant ormw.th a carry bit and
a sumbit for eg‘f%ﬁg%?%asﬁlf Vggl]éls?'s %qngﬁegs%ru%% ur}tSFh?a‘lﬁaBL?FeuS@g OHBHE thEI of
the valid Bgsd {lﬂd{,@m@,ggra,tfgtga_gﬂsswme@. redundant formwth a carry bit
and a sumbit for each binary di‘git of the nunber negative three. Figure
10 shows a mappFiggire7cshoberamdthenimpitumaaation ept ©$ enhéirb0s poksibleng t hree
digits that corresponds to conplenmentati on by bitw se negation. Figure 11

shows one GHPIEHISTEAHORT Oha FRTHEETT C4gaERtasalayicaskig ane uspeg aead-only
subtraction . receiyed itn redundant form using one ssi bl.e
arithmeti cmgglp%arggf{ t@&gﬁgcghe‘ puEsglk g\eée Wh%auﬁm#%?ﬂfaﬂﬁnaﬁfﬁ&dﬁﬁfl Pnput .
Figure 12 sheweiceRRhRSTsAzRMHJreENt of a redundant adder being used to
perform subtracti on on operands received in redundant form using a second

possi bl e ari t hnEigure 8ppavet asampdane addenchpossited éram Bllocbrprazsewi di ng

adj ust nent i nput.,Fi gure 13 shows anot her enbodi ment of a redundant adder
bei ng usedfBLSpERP SRR amS MACHPBRALYRF thp sitaHits Sheva inddgure feaufitaure form
using a third possible arithmetic apparatus capable of accepting up to
three operands in redundant formand using a third possible nethod of

provi di ng adj uskigRré 9aisRBUs.alFbOiNes/alid RHFAt $41008er MROROSSIND LrdQGatlens to
tap results in redundant formfor bypassing. -5 2 2 JUN 2004 WO 01/46795
QCTI USOQ 4f21B5with a carry bit and a sum bit for each binary digit of the number zero.

Figure 9b shows all of the valid 3-digit representations using a redundant
form with a carry bit and a sum bit for each binary digit of the number negative
three.

Figure 10 shows a mapping of numbers in a redundant representation
having three digits that corresponds to complementation by bitwise negation.

Figure 11 shows one embodiment of a redundant adder being used to
perform subtraction on operands received in redundant form using one possible
arithmetic apparatus and one possible method of providing adjustment input.

Figure 12 shows another embodiment of a redundant adder being used to
perform subtraction on operands received in redundant form using a second
possible arithmetic apparatus and a second possible method of providing
adjustrnent input.

Figure 13 shows another embodiment of a redundant adder being used to
perform subtractions on operands received in redundant form using a third
possible arithmetic apparatus capable of accepting up to three operands in
redundant form and using a third possible method of providing adjustment
input. Figure 13 also shows two possible locations to tap results in redundant

form for bypassing.



Figure 14 shows anot her enbodi ment a redundant adder being used to (223[&0258
subtraction on operands received in redundant formwith a fourth 2) B 4
arithnetic apparatus and a detailed illustration of one possible nethod to
bypass%é%’iﬁg% in redundant form Figure 15 shows anot hgﬂ@%ﬂ%‘ﬁ%nt of a
redundant adder being used to performsubtraction on operands received in
redundant for m Rgureal4fstavs apatbet bindodiinthie tédumpparaides beapabbed e
accepting m agperands, each operand conprising n digits represented in
redundant POFHMEHERATHONET PREFands pesearrisin fadovndamns femmvoth afeurtvai ni ng
rn-i operands., Any..of the m opgrand an .pe ..,.b ssed.fromresults,. tapped
't edundanr o pfm e AL R AR BRSPS e phg poseRfeatepnd
simlar orgl '@dﬁrﬂggw%%ﬂm;i c apparatuses. Figure 16a shows

one enbodi nent” of circuit for conplenmenting a nunber received in a

si gned-di gi t reBigderts shaws imthaubmmdﬁ:heﬁta&a:mfcdjrrtgarttﬁddfeheyemi% HioeH ef
Figure 17. Figure 16b shows an enbodi nent of a circuit capable o

per f or ni ngPeRAANSBHT EHENATH PRranHs Bespeachin wesindian forve reith edditved i n a

signed-digit__.redundant.formor a_caryy-sumredundant form Figure 17 shows
2 hethod BrssuBRsT R o AR AP PG A ™ Spaends: S e gur o

18a shows i Bl : 3 €, .54 ]
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carry-generate sigha e produced I nsi an adder/car ogtc circuit
for use wbhm Hunhenofithe caneinisgm-i egardalst Awy of tid gusm:rilts shove one
possible circuit for generating an equality arison result using

co
car ry- pr opBipaseedfrairesylid tRpped yeadiingtast é@@hgpﬂw Mipesof eeeaf ri ng carry
ropagati on. . _H: shows.,on sible cirguit for generating carry-sum
Propaget | o84l 88, SISUR NS BESRLS-ELAGHL o i SEDSL LIRS, S
signed-digit regindantsa shawd orfd GHbEd HUN IS QNSRS DR RN A DAt a
carry-propagate signal and a carry-generate signal can be produced inside
an adder/ canmpef ogfesved ircabigriedrdigsteredwntianhforbrefcs subtsictinadcdogiihg to
redundant form -6 2? JUN 2904
the method of Figure I7.
Figure 16b shows an embodiment of a circuit capable of performing
addition and subtraction operations on numbers received in a signed-digit
redundant form or a carry-sum redundant form.
Figure 17 shows a method for performing subtraction in redundant form
atithmetic.
Figure 18a shows one possible way that a carry-propagate signal and a
carry-generate signal can be produced inside an adder/carry logic circuit for use
with numbers in carry-sum redundant form.
Figure 18b shows one possible circuit for generating an equality
comparison result using carry-propagate signals and carry-generate signals
without requiring carry propagation.
Figure 19a shows one possible circuit for generating carry-sum inputs for
the circuit of Figure 18a from a number represented in signed-digit redundant
form.
Figure 19b shows one possible way that a carry-propagate signal and a

carry-generate signal can be produced inside an adder/carry logic circuit for use

with numbers in signed-digit redundant form.
-6-




WO 01/ 46795 QCT/ USOCF 42165 Figure 20 shows a nethod for performng 621 ‘ by
addition or a subtraction in redundant formarithnetic and al so pgr (JIJHI %ﬁ
an equality conparison without carry propagation for any of the

oper at Wen&/46F5gur e 21a shows one enbodi nent of a circui tPGHYIE2FEdundant
adder being used to performaddition or subtraction on operands received

in a carry- sunkFigddrdaniowns Methbd (OPDSFENESNPASSAdd ¥idRYRassestrhsaip i m | ar
or dissimlar ~circuits, and also with conparé logic, simlar to that shown
in Fi gur e mghimndsaitdgrm esdtimesicpads dsorparfonyug an pqualntyssarsparisen hatitout
requiring carr)E/) 8ro a%?a{“on. Fiﬂgre 21b shows anot her enbodi ment of a
circuit wi fH AP ROEFRIET IOTAI0ER HEIORGTIHRUE: t 0 perform addition or

subtraction on ?%S{)r@’}% sﬁﬁﬁf?o‘fﬁ%ﬂﬁo@m&t%@% 3 L &fthead%é’a‘{&{&atnft%rd@ert he
oper ands possib ypasse romsimlar or issimlar circurts, and al so

Wi th conpapéinkagied toPefdran adl@itidiedr sbavdrtibn dnl EpErandSbeced@ddith HEeFL O
performan equality conparison without requiring carry propagation.” Figure

22 shows oftemagduadaphforot, the opgrarals possibénb ypagsed Srom shyylas or dessimularr y,
redundant arit.hmeti.c circyitry and conparjson circuitry adapted to perform
addi t i ons, S5 ABHIAY; Hecomdne q8§§gg‘fff1 teé%%‘-‘&l%%ﬂ Figuied5baaried  wit h
t he net hod I 4-h res: Lpvention: - =l PTI ON
The present>msentrann ar el o RO R o L oo e ot put

whi | e in redundBifurk Q1B showsarbthongthbeaineshtaifial diretit &igH 4 eathinddiat is
capabl e of adding or subtracting nunbers in redundant from and conparing a
resul t wi ddrribainguised hg periopageddianstr subitrgtien gnalperamds razpieveshivoai nent
of the inventi n,.an aritanetfitoc circuit s btracﬁ% nunbeé? recei vled in
redundant T&PFAAHE 58?#‘[5% 2Rt PR tﬂée_s?ﬂ’?mf_ s Roraiblydtyresped Ipsp sFmIARCBqual i ty
of Kto th@is%&ﬁ‘iﬂ&rci{;{‘xfifseéﬁ@%fsor@ﬁﬁ'c‘éﬁg:drglc{ﬁ?ﬂ%@iﬁ? td A0 shb¥n gnggu%@

embodi ment of the invenfion includes dgeneraing a conplenente m of at

| east one b, bamgusdibrespearipphiaecdualitheoapatibom tdithowtirequiring tarrgdundant
form It also includes providing adjusting input to the arithnmetic circuit
t o augmentPERRESHPR- produced through the arithmetic circuit to -7. 2 2 JUN
2604 Figure 22 shows one embodiment of a digital system comprising bypass
circuitry, redundant arithmetic circuitry and comparison circuitry adapted to
perform additions, subtractions and non-propagative comparisons in accardance

with the methods and teachings of the present invention.

DETAILED DESCRIPTION

The present invention provides an efficient method for bypassing outputs
while in redundant form to an uncomplicated arithmetic circuit that is capable of
adding or subtracting numbers in redundant from and comparing a result
without requiring propagation of carry signals.

For one embodiment of the invention an arithmetic circuit subtracts
numbers received in redundant form and compares the result to a number K to
determine equality of K to the sum or difference received in redundant form.

For another embodiment of the invention includes generating a
complemented form of at least one of two numbers supplied to the arithmetic
circuit in redundant form. It also includes providing adjusting input to the

arithmetic circuit to augment a result produced through the arithmetic circuit to
7.
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of the result. @%g%?lcr%?save adder operates on nunbers represented In a

redundant fOPH §rt2Ebsi tion has a sumbit and a carry bit. \Wen

adding two of thgse St .. Clrcuits.simlar to traditional half

adders and 3:2 com?essgﬁgggéﬁgﬁ%ﬂ%{si%%.ra{—&isg éle?‘égé’ﬁé%%“g RECPRERAS IBNal

hal f adder rednddbhgtiren cZlbe Revmplished] £RBYRLI5Ms ﬂ(?[dfdﬂ‘é Ao gan be used
er,

to formthe basic building block of a carry save a acco .(Bﬁ"ng to one
enbodi nent BPEIsEORENdgualityivempagisonsi gure 8 shows how a carry save adder

can be constructed fromthe 3.2 .conpressor circuit of Figure 7b. If the B
i nputs were deri@gﬁr?é)‘b‘ﬁﬁﬁ%f‘ttfg?ﬂgth%ﬁﬂﬁé%ﬂrf@’ﬂ@ﬁ#%@@ﬂ@gf&smadlthnﬁﬁcthen t he
resul ts prosueed (R¥s b Rediggh tal ARS TN i rcui,t .of Figure 8 will be one
of the valid repr esent a?isuon "of" Kl%ai n a “C%’?f;?!gﬁ‘m ‘F‘&Ih#o‘%ﬁtbmﬁ?ym But if a

redundant freprasenfuteseot ahintbesfA B AR UBbS ShoRd NGE8IEEkta IR @ QNVeEr Si on
to two's conpl.enent requires propagation of B's ’
particular redundant form representation permits numbers to be added together

using a carry-save adder.

The carry save adder has a structure very similar to that of a traditional
adder except for eliminating the need to propagate carry signals along the length
of the result. A carry save adder operates on numbers represented in a
redundant form. Each digit position has a sum bit and a carty bit. When adding
two of these numbers together, drcuits similar to traditional half adders and 3:2
compressors can be used. Figure 7a shows the traditional half adder, and Figure
7b shows a 3:2 compressor circuit that can be used to form the basic buildin g
block of a carry save adder, according to one embodiment of the current
invention.

Figure 8 shows how a carry save adder can be constructed from the 3:2
compressor circuit of Figure 7b. If the B inputs were derived from a twos
complement representation of -B, then the results produced by the digital
arithmetic circuit of Figure 8 will be one of the valid representation of A-Bin a
carry-sum redundant form. But if a redundant form representation of B needs to

be negated, then a conversion to two's complement requires propagation of B’s
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-a 2 2 JUN 201 04 WD 01/46795 PCTI US00/ 42165 carry bits. The presgdt jUN 204
i nvention provides that at |east one valid carry-sum representation of -B
can be prepuced fromany valid representation of B in cagfyssgumésedundant
form In a twos conpl enent binary representation, where n is the nunber of

bits used to r esent the nunber. each specific nunmber, from-2"" to 2'*'-
I, has  exdTFyPibnel FeBIEEBNTRENGAR PRAY Sl dnet fuiorry ansl YO T skryur o 2c.

[n a1 edundaglosef GHCASSNIERLL OBe ptiBE @AM LPLE r¥lebdnGaBRI i jons ¢ hat

can be use represent any n For exdanp en the nurnber, zero,

i S represerheg-swshirtbdanadayt forké and sum bits as described above, there are
2' redundant representations, where d is the nunber of binary digits in

t he nunmber. Thede adevosapnpkbardttitony fepreseataiarsiwieret sehdinginilserarfe shown

in Figure 9a. An.addition eratjon rformed on,any. two _yalid.,

repr esent a?’iltér‘ljé;eg)?o TEPIESeRt rﬁrﬁh?‘ée | SPEGUICTHRORE PSRy etotidarl. fiRf |
result in aht | 0N S ef.0 i
Fgure oa. Cracto gar PibrRel AAHS T LEPIARERh Al Tig it 2C Tis BRRUMAR. 1 ons

for a gi vermepruéiratiod, tHare agomultipleavdlididbangiomn!thdt éadbadasd to
representation of A and perform addition operations using a carry-save
adder upon repeeseml arhanugdier d For epsrmpim vehdrothegtumbenizeno,dacepreadritdd
representati.gn of zero fromFEi.gure, 9a.. For, exapmpl e, FEj,gure 9b shows all of
the valid PEOURREKE PER LSRN S HeSEHP TR PO KRIDET HEGATFIEdRRee (- 3)

usi ng t hr egedigidsitioREAWAEGANY id BRI ESRBLALI B %521- ) ' the
t wos conpl e?élr?t replroes'ent atiton of -3 (in bi ngr Il%lglrlg@eqﬁ]ds%%?i%&& for
each di gi t répreaertutibing forThearn ustagtidentdigepsestrivah LoRiARE Jaambeddirm ved
by addi ng the redundant zero representation 917 to the redundant -3

r epr esent aPPEFRITIVPETRRHUAM Mt 2kt @ yehd aepimsenztions of peraidromdig e Widi ng

h dund N 2 h dynd .23 '
027. ' ReduhdAlRE FUbY ERLRERErba 3o LA bRoer POER! BYF Kot AP R RBRORGant

zero repr @@teigratshga,&i};pitggrélgg_ redundant -3 representation 927. Redundant
representation 923 can be derived by adding the redundant zero

represent ati on I9bdd¢mntot deyiveallinddmnt podile pedsndinit iepre@Tatidredondagiten

representation 924 can be  deriv by addi ng t he redundant zero
r egr esent appﬁ'ﬂjegfg &;\etqq)éxlgi éEﬁfﬁ&’gﬁY og%val?d regdunc?ant representation of A, and

perform addition operations using a carry-save adder upon the initial valid
representation of A, with each valid representation of zero from Figure 9a. For
example, Figure 9b shows all of the valid redundant representations of the
number negative three (-3) using three digits. Redundant representation 927
can be derived from the twos complement representation of -3 (in binary 101) by
inserting Os for each digit’s carry bit. Then redundant representation 920 can be
derived by adding the redundant zero representation 917 to the redundant -3
representation 927. Redundant representation 921 can be derived by adding the
redundant zero representation 912 to the redundant -3 representation 927.
Redundant representation 922 can be derived by adding the redundant zero
representation 911 to the redundant -3 representation 927. Redundant
representation 923 can be derived by adding the redundant zero representation
914 to the redundant -3 representation 927. Redundant representation 924 can be
derived by adding the redundant zero representation 913 to the redundant -3

representation 927. Redundant representation 925 can be derived by adding the
9.



representation 927. Redundant representation 925 can be derived b{ofo‘l'dii ng,m’
the -9. 2 2 JUN2 00 4 W 01146795 PCT/ USOO /42165 redundant ze dN

repr esgipb alkabs 916 to the redundant -3 representation 92 Lhal ly,
redundant representation 926 can be derived by addi ng thécT@g{]fﬂ%éﬁ{ zero

representation %15 to the redundan% -3 representation 927. Thus each valid
r edundant f%%r”% Nt APOTPEFSER A P it nthebed undanbed repaesardation 827 any ot her

valid represgn ' ' b erform ditjon operations
usi ng a carry-ggggagﬂgg@\g\%%%mﬁﬂ\%%? C%lrégﬁr‘?&élr‘(?drﬁg’eﬁ“gggﬁbﬁf?‘g%d%‘?t a
second nunberg reprevértadohl s tbhﬁefrécﬂéﬁdﬁwﬁ?y%p?&gntaqﬁn gpcond number sumto
produce the desired nunber. Since it is known in the art, that a

carry-save adderdipssisbeslid vedtirdiane sepresdrantian slhtderbd qrureparaimn i f the

nunmber bei gg Ssuhbtract ed S neg?ﬁ; ed in the twos conpl ement representation
met hod, t hECHEEGFHTAESBNY BHRS Y alick GPResentatianmef 2 fisst armbersyyperiddeingr oduces

val i resubligidl opblagldier hedundant Leprrsetaly ons of Lhe nurber to be

subtracted. The present 1 nvention 8P det er mi ni ng

a correct r¢mdsattations esebhad eRb&OpFRIBONh NGhE ¢irdr NEYRL] each
valid redunﬁgnt representation of a n{)mber to behé(gltg?tr act g%%%?&?ri ng

once agai nSe@NFi GumdsT Samahel poi uertbe dasired semmieerf Saimetibe kablsn L awn
that the rgﬂ_ﬂt@ndant reﬁre ntation for the nunber zero, 910, if
conpl enent S ESTNE BRY WPEEChPGRE 1 2 Wisdigsek fone snbiasteemopempioesiébtat i on

for the nu | , iLkewi,se, the coppl enment of redundant
repr esent a??gﬂj,qu%%?g %}SEE UE%? vg?%QF%JFFy T hE %%WH?W%FSE%FQWW 921,

and so on frethedcthevildvd d@guptionlinfetR{sQECh At O rf-sF6L 243 dueekigure
9a. Therefore, any subtraction of zero using a carty-save adder woul d

produce a Viled gegulisfer allasthencedurdinthypeesenfations ot ehofiumbaets yet hr ee i f

t he redundarﬁttﬁaecrtg@(r)ﬁ%l%nt ation._ of H‘g%atl \/_ggzero wer e produced using bitw se

negation a3d dIRSATTt BYPPRER Prevides peeffi¢ienioyry obdetasmiatiga by

addi ng anyctaédtded18RE j ; ck into the sum produced by the
carry-save adder. %ﬁﬁgﬁiﬁé@%&%xﬁgng 5@?‘%‘%’?‘?‘?‘gttf’c?n’}e%ﬁé’ﬁ‘? rﬁagﬁggﬁﬁecti on
met hod wor feslufnglant oepresahtaioredimdantber epbesepiratie@n of a nunber is al so
works for all valid  redundant representations of that nunber. Figure 10
shows a nappi ngﬁF g once again to rigures 9a and 9b, one can observe from the tables

shown that the redundant representation for the number zero, 910, if
complemented using bitwise negation, produces the redundant representation
for the number negative three, 920. Likewise, the complement of redundant
representation, 911, produces similarly the redundant representation, 921, and
so on for each valid redundant representation of zero shown in Figure 9a.
Therefore, any subtraction of zero using a carry-save adder would produce a
result that was incorrect by a difference of exactly three if the redundant
representation of negative zero were produced using bitwise negation as the
complement. Further, that result could be corrected by adding any valid
representation of three back into the sum produced by the carry-save adder.
As seen in the above description, when this correction method works for
one valid redundant representation of a number is also works for all valid
redundant representations of that number. Figure 10 shows a mapping from
valid three digit redundant represenéations of numbers from negative four (-4)

through three (3) into valid three-digit redundant representations for the same
-10-




valid three digit redundant representations of nunbers from negati ge fjoiir 2604
(-4) through three (3) into valid three-digit redundant representations

for thgsaMRssla 2 2 JUN 2604 WO 01146795 PCT[ USOQ 4216Fcingdugaz s nunbers.
Fromthe table, it can be seen that the conplenent of a nunber N

represented in redundant formis va{id redun n% represent at i an of -N3
modul 0t he BRSO TRITRE Sk o5 S DAY o TRLIEEERL A" LI CTRE R S hown by
Figure 10, ;ihg&84 ré%fe%eh%cﬁiﬁ%@%lmdm@fdﬁ{ R0y RS FH BRAROY EesERLation of

subtracting two nunb , , represented in redundant’ form having
vectors of —pabmyodhlostheGize @fittieGet obmumbesakprsenteds{imthe tase ShvanthyS. , can
be expressed as follows: A-B =(SA+ 2CA) - (S. +2C) = (SA+ 2CA) +
(-S, - 2C, Fjgure(®, rhe setaize isefghtys. +1)+ 2(-C, +1)) = (SA+ 2CA) + (-S. +

2(-C,, 3) wh bj,t wi | t ti. i s indiicated b h
sglnbol ) 'T'h_Ls aﬁr %’8% S‘Feﬁéﬁﬂ’gg a?:gﬁ Qé%ﬁ%@&%chégaﬁoeégﬂﬁgﬁ%% éﬁ\ﬁeieﬁt ation
cor r espondi g ok oneREnNEEBHLIRL Rfrnf HAY Y GRIgTeA wd, 1 rduadanty form

and for correcting that representatio rough usé of "'a’carry-save adder
circuit tovepiooslofeurn bitd Bdanesyl tan e exgaessdants fbllowscor responding to a
subtraction operation is herein_disclosed. One enbodi nrent of the present
i nvention uses & cBrculs i hg(SétiAcitonality similar to the one shown in

Figure 7b or Figure 7c, 40 nstruct carry-save adder structure like the
one shown in Figure S'.(érm g@aﬁﬁé%cg%l)et es the addition operation in two

stages. Stage one, 810 regei ygﬁg_@qp.p;(t_EBLW ee input bits for each digit
in the representation of the*hunber's to be " added and outputs two bits for
each digit to stage tans, +820, ) Edef, s2&de, )is3)a regular structure
constructed of blocks |ike the one shown, 801, g/ni ch performthe functions
of the cir&diare sHutISEFORRIEFEnY BPemtioges (R catgd by thecemlel as- ™ i nputs the
internedi ate sum,and carry re . I eceives a
fourth input bi :Ph +rém %@E%“é@?%ggff &E)géeﬂ%%&?ﬁSglgﬁﬁﬂ(?g]gfpree?’g%(f?é@?ége t wo,
811,  prodesgsspodEgndant nkeRRSS &f b dunter tayiddgnfedsial e dRintdadftbran Gad Y i t

ror each for correcting that representation through use of a carry-save adder circuit to
produce a valid result in redundant form corresponding to a subtraction
operation is herein disclosed.

One embodiment of the present invention uses a circuit having
functionality similar to the one shown in Figure 7b or Figure 7c to construct a
carry-save adder structure like the one shown in Figure 8. This adder completes
the addition operation in two stages. Stage one, 510, receives as inputs three
input bits for each digit in the representation of the numbers to be added and
outputs two bits for each digit to stage two, 811. Each stage is a regular
structure constructed of blocks like the one shown, 801, which perform the
functions of the circuit shown in Figure 7b. Stage two, 811, receives as inputs the
intermediate sum and carry results from stage one, 810, and also receives a
fourth input bit from each digit of one of the input operands. Stage two, 811,
produces a redundant representation having 2 sum bit and a carry bit for each
digit of the resulting sum of the two input operands.

Figure 11 shows a carry-save adder structure, like the one described in

Figure 8, being used in one alternative embodiment of the invention to perform
-11-




digit of the resultm g sumof the two input operands. Figure 11 shp\s jaN 70k
carry-save adder structure, |like the one described in Figure 8, being used

in one@&g‘rg%ti ve enbodi nent of the invention to perforgprudehadi JUN 20;
, 4 WO /i 9 PCTTUSOU 42165 a subtraction operation A-B, where Bis a

nunber represented by any ong of ,its_ possible valid redundant :
Fapr osent A GHECHR Saalond B YR TR Ra THIBL LTI GL IV orne BEER of
the carry r%stsfol@leig%auﬂ?a%%%tpgé‘ﬁxgéﬁogni %%raspwggganﬁgﬁ@%@%%bﬁg _0; B

are conpl enented and suppli carry-save ad ) en a resu
correct ed dperadeh)ghcroiablp datnybits ofd éduhasf.thdBum bits pes redirdan  Figure
11, by setting three carry bits, C,.,, C, and C,, to a logic value of 1.

Wien t he reprdsiensatianobb aréesmpi¢mentedand supnledatoetheaserreaveazdddre i nput s
provi ded i the carry-save der, circuit. at, in 1101, .input, 1102 and
Phout *T105hanage St G Phesd et thathea bt g, Shisa RaFfoeTieA &
confi gur ed; i n:F uces i, d. K -q%g@

repr esent gﬁlg‘(ﬁ)ﬁé JIi'g\rm:t %ée%ngg %ﬁ%ccg#gnbg%gg“a&@b‘n&&y % tgﬁéﬁglg é R(f)\}vs wé}r\l%? her

al ter nat e ahkedibmAationb! theel thva@ntdronbitd\sre Mcsivedsrdhaoness @oyidal ird
representation of the adjustnent value can be used to correct the

resul ti ng thamartypsadepdder txcui v, ingad 1181,gnpat TR anshinputslddd, tidreare bl ock
receives, along with the | eas ignificant.sumbits,of the input o ands,
L enst " SPEMFATERA R T U b G SERPEEE A APTE BTBHRILL 1201
The carry- r%%%eég%qidqleeshdahﬁetﬁ%%g@% g&te\ﬁé%eﬂqch 3 3pesh i fa-pant

digit, receives also a carry bi e correction value at input

1202. Thus the Eigueelil? shonwbiagiotiost alsnstie@nibodinddrgwt ehd thvealthm. paeduces a
val i d redundant representation for the subtraction operation A-B. By

sel ect i ng disdissedabaves ghhydlid reprgsentation @b teeedugtnent waldeanthepssed to

di fferent redundant adder desi .0t ossi pl.e for those having, skill in
the art i SoTEARGEr S SEP St nEiebts 1 R BRsCuBp Rt BT acr Vs el
produced ushag dddsves SRMRARNh tREURIS: Siphfflahnt slin bi%s 8f 8@ PR3 Pkeadd, USe the
met hod of the current invention to add and subtract nore than two

oper ands, lehwisighisingningourhbét, Sgdfarshaeotrevadneabre atahpes 1 2@ eSsaryrriyo
correct the results produced. ,Figure 13 shows another alternate enbodi nent

of the i nvaieidgler Mirdnthat RROBceTBa seonsURR It BRI IpRY digds TPEdEr R0 fin
redundant c]ca%[yn?)it%gf foqlthg%&r%@tion value at input 1202. Thus the circuit configured

as shown in Figure 12, also produces a valid redundant representation for the
subtraction operation A-B.

By selecting a different form of redundant representation and perhaps a
different redundant adder design, it is possible for those having skill in the art to
change the adjustment value necessary to correct a result produced using the
redundant adder circuit. It is also possible to use the method of the current
invention to add and subtract more than two operands, thus changing the
adjustment value or values necessary to correct the results produced.

Figure 13 shows another alternate embodiment of the invention, which
can be used to sum three operands received in redundant form. Control device
1304 is used to correct the resulting sum through an adjustrnent input to a 7:3
compressor circuit, 1301, or a 3:2 compressor stége, 1306, or both. In Figure 13, a
result can be tapped for bypassing as an operand of another operation while in

redundant form. If a result is tapped for bypassing after adder stage 1306 and
-12-



1304 is used to correct the resulting sumthrough an adjustnent ingug _ﬁm 504
7:3 conpressor circuit, 1301, or a 3:2 conpressor stage, 1306, or both. In
Figure 13, a result can be tapped for bypassing as an oper ,anot her

oper ati R W12 in redundant form If a result is tapped So%pgsési ng
after adder stage 1306 and -12 2 2 JUN 2GJ4 WD 01/46795 QCT1USO00/ 42165

bef ore a c&efgreprGPBORIPRARHIYHEage3P%?. asstshomnhylipe tap 1348, tHeB02, then a
bypassed o%eranddi ) avaidl.abl e. ibr].Fa redtﬁnd nt form having one carr it and
one sum bty PREFIRRTTENST AV AlFPIE 6 AHAE BT @ TThBRY I SdSsrisy O Aotke
needing to [ £ 4 Sl i ¥ Pk i : t pped
for bypassis}rllyg{ %1et SSS Iggt%%g%ggggﬂa%%ﬁﬁﬁkgpéﬁg%1%%%55? rq@é%c Ob[g %%E e,

t he operandot sariry paosaganivch. Bacda et chddnldme tgppedofoe dyipastingbedtrd one
sumbit per digit. The adder shown in Figure 13 is capable of accepting
two oper and&gen30Ri a5 Swsvndy tepdidihin Mgm cagfpcthe eperand i8gva eegengr ovi de
adj ustnent input ta either. circuit 301 ar circuit 1306 or Qoth,to correct
esul s whahTERR ORI B6 R TRY BTERER oA bR e HR AN Te
cireuit CO@Bb%riﬁci:igﬁrét@ma pfd Spé&eéﬁn AU §n%¥ﬁmqsfs@$mﬂant _
representation for two or three operan ag Ition/subtraction operations.
Figure 14 sbadusdantdbhey, anttenmal ¢ 304hadprenidealdjisttenn vepi i @eitheeldiduitg  a
bypass rrultigl exer, 1403, to receive, at input 1402, a result bypassed from
a tap, 140301 gprckmeitddPar beth trieerredragelts wien itphts are provided ether

| ect bet i d, . d b d 1402. 1f th
oper at i on T8 CRe RaPFRY niy Y BT rortiashe & ROR o DG S TR E0d,
al so sel ectgy;g reﬁ&ﬂaﬁﬁnge{jﬁ%r@%rﬂh'ﬁ@mfo? B8 BP R elcpeliied Babifstl / RfbAfdsh

stage, 1405, and sets ustnent input appropriately. In this case,
adj ust ment opemttoriss set as shown in Fig. 11. Figure 15 shows anot her

al ternate enbodi_nent of the invention, which accepts up to moperands in a
redundant form FigiFe nricveanoher Byiserats gmiadimert eb s Bvesfiog agkidyng

circuit 15 r..fr . r,ari I L LGHL T, Or |_I
regi ster fi(‘)illbél(%’ce)lrSg g‘;"mr}gir)?%%f/’ois offatogre‘“l.cte é%g%f§t&%§% anloeélulgtl ,ascsé%gﬁm%lggi t
i ncludi ng @aam0y, ¢ thead@putsfadalet staRY1408M0®ntrd] de@fcel Ne0Msepetsands (for

| between zero and in) nay be negated by conpl enenting the appropriate

i"2n between an input operand, D, and a bypassed operand, 1402. If the operation to
be performed is a subtraction, then Control device, 1404, also selects a
complemented output to supply to the B input of adder stage, 1405, and sets
adjustment input appropriately. In this case, adjustment input is set as shown in
Fig. 11.

Figure 15 shows another alternate embodiment of the invention, which
accepts up to m operands in a redundant form. The inputs can be bypassed
from a compressor stage of circuit 1501 or from some other arithmetic circuit or
supplied by a register file or by memory storage. Operands have n digits, each
digit including a carry bit and a sum bit. Any number, i, of the m operands (for I
between zero and m) may be negated by complementing the appropriate i*2n
output bits of multiplexer/inverter, 1503, under the direction of control, 1504,
and adjusting the result produced by crcuit 1501 by adding 3i via input, 1502,
which is also directed by control, 1504.

Figure 16a shows one possible circuit to generate a complemented form of

anumber received in redundant form. The number provided to the arcuit is
-13-



output bits of nultiplexer/inverter, 1503, under the direction of gahtjtl 204
1504, and adjusting the result produced by circuit 1501 by adding 31 via

i nput, 1502, which is also directed by control, 1504. Figure 16a shows one
possi bI¥P8I'#¥E8it to generate a conplenented formof a n POYELET ved in
redundant form The nunber provided to the circuit is -13 2 2 Jun 20-04 WO
01/ 46795 R@PTQB@@ﬁdZ’Il@Sigrr@Edgememdamtéoshgﬁ"edrdirgbetr geegunddrity fferm  The

nunber generated by the circujt is in a carry-sumredundant form and
conpl enent féemlnlsa}&@oﬁfaﬁéewﬁm#% fagm %@sma%]@é%ﬁnﬂ;ﬂ 41 3eq05dRIcs Bith he

sake of 1 |$UshiAld A reEOW 8 PR SNOMA SR NN A S ffder structure, Tike
%edd [ Eb |g$e ?f% rr%

t he one descri eing used in conbination with the

conpl enent i ng CFigaitkt16BfshBWaW €arryBave Adaspithertuad, 1RENAL bie deshgdédrant  of
the invention to performa subtraction operation A-B, where B is a nunber

r epr esent eldgbye &nyeiogeusef! intconposatibh evittathalcors plgmechtiigyiitcuiedURgare
representatjons. | orger to performthe subtraction opferati on, all but
the | east g 3IQLERE ALegrbireimRbodimans of die Wr@tioRdR REFIATARA SHREAFtPRg
sign-bits ] da W ' fi ' - hi ; al |l _but the
| east si gn(l5 elr?g% ‘?‘\éﬂéu térlﬁe? %gazgﬁ.{é&ei‘%ﬁr%?‘%t%ﬂ% Ias{j% %%n(gfeltégﬁgsssllgiﬁi ‘?all?lcc}ant

magni t ude-dihed ligRgad gddart iS00, GRrdYded  CpEffyrRithe s@b@astign bi ts in
a redundant representation of B are generated and supplied to the

car r y- saveopeadtier. alT e te leasusignificanbsigoeddut isynegdtiidngndreachlplisherent of
three. This is. perforned jn Figure 16b, by setting three carry bits, C'.,,
C5.1 and cf,e;“’”&H‘gSlBBgl?liS is AR DR P et eBRET RARE O1 1 thedsdlthitee
carry bits,ar I s i i cal-ky- save adder
circuit att,h gilﬁ%%s ?%g‘?g“t?‘tﬁp%{d?qi’égg%ﬁd Fﬁl‘ﬁé}ug 9%68%, IrelslﬁeS? a?léar?tﬁcor por at ed

into the r@aghitudéhisisthgated CThiis eenédgpleeferasd cahgWitsi dhdhgHnRtslihGD,
produces a valid redundant representation for the sSubtraction operation

A-B. |t shedradpat sppreserationaal B tee ganenued anereippligiddeltbe sarryaae vige

1%, Hh AT I i 1B et

purTer e M UL STt R o2 63 gy
value of 1. When the combination of these three carry bits are received at the
inputs provided in the carry-save adder circuit at, input 1601, input 1602 and
input 1603, they are incorporated into the result. Thus the circuit configured as
shown in Figure 116b, produces a valid redundant representation for the
subtraction operation A-B.

It should be apparent that the methods herein disclosed can be modified
in arrangement and detail by those skilled in the art without departing from the
principles of the present invention.

Figure 17 summarizes the method for subtracting numbers represented in
redundant form. The method comprises complementing, in 1702, at least one of
the operands received in redundant form, in 1701; and adjusting a result
produced by adding an adjustment value, in 1703, to produce a valid outcome of
a subtraction operation, in 1704, represented in redundant form. As was
discussed previously, and adjustment value thatis a multiple of three will
produce valid outcomes using carry save arithmetic and redundant digits

having one carry bit and one sum bit.




the operands received in redundant form in 1701; and adjusting a resuljtiy 72044
produced by addi ng an adjustnent value, in 1703, to produce a valid outcone
of a subtraction operation, in 1704, represented in req,ltqq?gggmf_,gsm As was
di scus&&PIFPEYi ousl y, and adjustnent value that is a nultiple of three will
produce valid outconmes using carry save arithnmetjc and redundant digits
havi ng one car r yRBITEeR Hel CORPage seBilts produced p 1 N8 SO AT E 78 35

PCTI USQO - 12165 order to _caonpar esul. L0 I8 R

qui ckly, | Ereaelerrahh 58 5T AaRa- BriRAtE cBRRALERE sh il CARTCEk VT
that the r%‘ﬂéﬁleﬁ?}i@ﬁto &lﬁﬁ?@@sagyﬂcm_G&tg@arayetmqm&adéseﬂbg@w@gﬁm@ et
al . have described an equality " conparison circuit for use with two's

conpl enent campdrisin drduit for aset withewdéntampeineritErathoeticon agf ardeB=K

Condi tions Wthout Carry Propagation,"” _f_ouniv_ i‘n | EEE Transact.i ons. on
Conmput er s, epditledq TEvajyatipn Oflr\)@vgﬁﬁeq:ml ns XVithgyt Garry diropaggtiedn Bengsed

to conpare .results in redundapt form_ Fi 8 5 a .t h

i nputs of d"stt tfr?nﬁ?ﬂloé"sc%ﬁ" Er}tﬁ?gflftefséEoggﬁgﬁé'egl’?gg‘é%g?b W'S‘Qi%gﬁgﬁt way
that a car rchgﬁﬁtod%%g@éﬁseﬂ _gfl@&r_n?aﬁc; fosGBE (Y redI@HIAYGT] gnal can be produced
inside an adder/carry logic cifcuit for use with nunbers in carry-sum
redundant form HFiggue 284 8o whavimlbaddqosihbhputsiof esum-boranpacpaty-pig tan
equal ity conparison result using carry-propagate signals and
car r y- generbgt addgdytpgeshery; Ting g 0?%&{ﬁYr‘¥‘ﬁga SPfBPS%‘%ﬁét 2 STV e ui t
1810 produces an equaliit C rl . 11Q e [JokTs :

repr esent atge@ﬁrn‘ S%réﬁltca}ll‘ bo gllgaﬁlﬁﬁ%gﬁsl%gn%fi%g\%\{ éaép; ?Hﬂ’lﬁeflgggg rcu%et Vsmth
produce resylhgefah @a6AsEhOdd BRIk fe¥m. The final conparison result is
collected into Z, without need for carry propagation. The circuit shown
provi des t he capaiité 1§b showsteaerpassinge Qih@lihglf genezatinghaeeqealivesul t equal s
K before identification of the result's si% 190 Qro%z}ilgation of. carry
signal s t o RPN 1eSEltipineg SPHNTRTIOPARR 55872 P BAY CAHYBREIRIS BERYS Fi gure

19a shows aDaLASE didifilelcal ff pRSNBLELRNTE SRLIVEBINBodEREAAEA AN T oM &

si gned-di gi t Tepresentat’i on. | ues produced ar sui tabl e“i nputs for
the circui tcoefflpﬁiiggj;l{ forifgit Thethefredantiet represgntativi ol digitel 48 nuererdlso be

used if the result to be conpared is in a sign-digit redundant _
Likewise, similar circuits produce results for each digit position. The final

comparison result is collected into Z, without need for carry propagation. The
circuit shown provides the capability of determining whether an arithmetic
result equals K before identification of the result’s sign, or propagation of carry
signals to the result’s most significant position can be completed.

Figure 19a shows another circuit for generating a carry-sum
representation from a signed-digit representation. The values produced are
suitable inputs for the circuit of Figure 18a. Therefore the circuit of Figure 18b
can also be used if the result to be compared is in a sign-digit redundant
representation.

Figure 19b shows a drcuit that could be part of an adder/carry logic
circuit generating a carry-propagate signal and a carry-generate signal suitable
for use with the non-propagative comparator circuit of Figure 18b. The sign and
magnitude values at a digit such as 1910 are input to a circuit 1911, which is
similar the one shown in Figure 19a. The results are combined using 3:2

compressor circuitry 1912 and half adder circuitry 1913 to produce carry-
-15-



representation. Figure 19b shows a circuit that could be part of an 22 JUN 2004
adder/carry logic <circuit generating a carry-propagate signal and a
carry-generate signal suitable for use with the non-propagati ve conparator

ci rcui VoL ¥ure 18b. The sign and magnitude val ues atP@HrYL ' %uch as

1910 are input to a circuit 1911, which is simlar the one shown in Figure
19a. The r gsnértase ane ceoyipropd gutd signdls Buitablyfvessowith tleuhbm-yrdPdgatdwne hal f
adder circuitry 1913 to, produce carry -Is 2 2 Jun 2004 WO 01/4679

PCT/ 1JS00 FOPPE5AtEE REFat Of igiiead®y - propagate signals suitable for use with

th - i t i it of Fi . Fi 20 sh
mothod 7o poc Eieife B flesfbd ol betforpith Thadiition adbhsaRRcsar iy °
arithneti Cfedﬁﬁiﬁhﬁoﬁh%ﬁﬁh@i@tﬂé@bﬂnfﬁf@@&'&iﬁ a1 gdrRdanh £alAHanafindl so

performng an equality conparison without carry propagation for any of the
requi red opadatsoopesforngngren 8daalhaemnmeriscenbittiboesdrrpfprapagatten for avy ch
can inplenent the _nmethod described in Figure 20 with a redundant adder
2103 bei ngoﬁgé‘deﬂb‘“eﬁ‘é?ﬁeé?ﬂ?%di tion or subtraction on operands received in
a carry-sum redundant,, form.and w th,input from contr.o}6 2102 in_accgrdance
with the cur ren? ‘et ﬁ'cl)a.sgoff’ﬁgmc?peer}‘%ﬁ%@%ﬁe‘)fﬁo‘gﬁ%i’_f/” hig §_§§éﬁ'ptlsffp8f]gﬁ‘eoypass
mul ti pl exeme2dOd deb@BedinFizake 00 Wt 8 irBlllAllarkd dfdér303 'B!eggg Sserflgy further
shows the current nmethod inplenented with a non-propagative conparator 2106
conpr i si ng paddemn/aghtitipn dr sgbtra2iod oanzpecanparezel vegl i 2405y-stherabopdire
logic 2105.is simlar to tégat shown in Figure 18b, and is being used to
per f or m an fguAN (it iRpia ireErconrelFd 2 in aginrARRAgE wath Yrepraprnyaneded. As
shown i n FiQur . [rY- erate and_carf.y-propagate

31 gnal s canBeBrB st Hs Y RePr b e B e R R TR o ¢

2104 wi t hogimingast digsinGRiricyrcRiOPRgaké 2Th AkIGH BoMPtHehMBeraNAbNd
enbodi nent of a circuit, which can inplenent the nethod described in

Fi gure 20 wiplemeented widlntnoandderpagbti¥emomuprase @106 copgrinngrdddi £ daory or

sub racti g, Bl LR, 00ELaNE d e ved L a0 g 0Lt edynaan

method.  The, AT ARES. AT BLPASE Db BYRATIE bet I-AUEN YRRS ML iRl exer 2111
without requiring carry propagation. As shown in Figures 18a, the necessary
carry-generate and carry-propagate signals can be provided from the redundant
result by adder/carry logic 2104 without need for carry propagation.

Figure 21b shows another embodiment of a circuit, which can implement
the method described in Figure 20 with a redundant adder 2113 being used to
perform addition or subtraction, this time on operands received in a signed-digit
redundant form and with input from control 2112 in accordance with the current
method. The operands are possibly bypassed through bypass multiplexer 2111
from similar or dissimilar circuits. Figure 21b further shows the current methed
implemented with a non-propagative comparator 2116 comprising adder/carry
logic 2114 and compare logic 2115. The compare logic is similar to that shown in
Figure 18b, and is being used to perform an equality comparison without
requiring carry propagation. As shown in Figures 19b, the necessary carry-
generate and carry-propagate signals can be provided from the redundant result

by adder/carry logic 2114, also without need for carry propagation.
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fromsimlar or dissimlar circuits. Figure 21b further shows the @uZrient 7204
met hod inplenmented with a non-propagative conparator 2116 conpri sing
adder/carry 1logic 2114 and conpare |logic 2115. The conpare logic is

sim | arWPIIRHRF shown in Figure 18b, and is being used PETREAH I an

equal ity conparison without requiring carry propagation. As shown in
Figures 19b, thélmecebsaas wer discigeateaildeapdrioahiyg, At ORAPALEH Si gnal s can
be provided fromthe redundant result by adder/carry |logic 14, al so

wi t hout nec8MRIH2EER IHtes, P aigat PyRassing o\operridls 19 5ed@Tdaisdorn2f65 Thus

what has b I osed;.enablies perform.ng, at very high conputation

rat es, eff?’ggé%tﬁ%y’%gf?&lﬁg agfiﬁb?fgrsé'%g‘?g}l ‘qFBalﬁ%I&% F%‘%R\aﬂéfm‘s 8per at i ons
i ncl udi ng aeldichii Rk arsPheRCbOn ' | f ndant
arithnmetic results ato anott her n?J%grrl@%rlégb%ﬁ%ggt@Ldee%fg%?r%grcg{ﬁﬁgéﬁ‘?ﬁure 22
shows anot her alRiguredtZestemimoatiothet abértdie einboeheanof erhoyadohn a digital

conputing system The jnstruction decoder, 2201, is capable of decoding
i nstruct i oSERIREEGHF AGliBt] GRERPYERE SEtfere Brplinstawtion wetodet, 2843, is

subtraction,_] ryctions, .coQ r.e instructions d branch,  instructions.
Veny of t ne e ar Lk e R R SR e bl ited RARAERR  form
ar | thimet] ¢ ifdeedildrisysutited ddnesRUt (O, b{a8 thdef, SR GAL AN di vi sion,
address generation, conparisons, addition and subtraction. I'n particular
redundant audderctio2d08/ans ebtheatigitdahindtmhsingay belimplerhéntedréahregubHract i on

in the mapner previously disclosed. Wen an instruction conpletes, the
resul ts ar &R GRRTEEA CHFBW B imdastbutgrahlinnited (hmdtiphication, abimisosi on

unit, 2204 Li-ten_j reqglster..file, 2-205,. If_a subtraction or
conpar i sonaflﬁis]%rs L@Xc% F%# O%I' 5%%&3%513,%%53%&6“8%3?5r‘?b‘,bggcpgguIhﬂ PRFITHIAT previ ous
i nstruct i ofeddriaritesidet, 188, Bes roMnAgsROfJr Fiedy aletpefr{i&fr% VLB YRS R ©S)

2207, under the direction of bypass routing control, 2203. The result may
be suppl i etheopaangr pfevibesly ghisdlosndal Winentas instrattios eomgdetedathie feuls are

representations, ntrol, 2202, directs the negation of the bypassed

oper and thf%vgerft‘?jgﬁ«g%ﬁ'qﬁﬁmz@&ﬁﬁ? ’E%tgh@?@ﬁkﬂ%ﬁf C?%Y%I%Tuﬂtsy G4 ands and
augnent i ngut-hed &4 fid t t -\ rection value
supplied as i nput #gégg%a%%nzt%gdter%@%}%@%ﬂg&ﬁgﬁjﬂlsnsmﬁlc\{lt%‘ bypassed
as  oper angsyiires| damdpstantpa reand froah areeRiustifsiraatidte the oA thdybe

redundant formfor subtraction operations. Results produced by rédundant

ari t hnet i cbypassed in redundant form via bypass(es), 2207, under the direction of bypass
routing control, 2203. The result may be supplied by any of the functional units
that use redundant form representations. Control, 2202, directs the negation of
the bypassed operand through generating complemented redundant forms of its
digits and augmenting the redundant arithmetic result with a correction value
supplied as input to redundant adder, 2206. Thus, results may be bypassed as
operands in redundant form and valid results may be produced in redundant
form for subtraction operations. Results produced by redundant arithmetic
circuitry and transmitted in redundant form can be compared to zero or to some
other number K in non-propagative compare circuitry 2208.

' The above description is intended to illustrate preferred embodiments of
the present invention. From the discussion above it should also be apparent that
the invention can be modified in arrangement and detail by those skilled in the
art without departing from the principles of the present invention within the

scope of the accompanying claims.
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circuitry and transmtted in redundant form can be conpared to zerz Zr,qi 9701
sone other nunber K in non-propagative conpare circuitry 2208. Th va LUt
description is intended to illustrate preferred enbodi nents of the present

i nvention- Fromthe discussion above it should al so be apparent that the

i nventionceamae nodified in arrangenent and detail by those skilled in the
art without departing fromthe principles of the present invention wthin
the scope of the acconpanying clainms. -17 2 2 11"A Hor"i CLAIMS 1. An

appar at us; conphi. Shigan@cd n%ant arithmetic circuit to perform an
arithnetic operat%#J%% c}ncarﬁ%#u ality of operands, one or nore of the

oper ands r ecei wegubgant hethmedtucidaitto peiformet hothoetcoperatibeion plusiyesfent ed i n

redundant for and sai d ithnmetic circuit. to geperat -valid first
ooult of PEHES PRk aE of Bpepaer ettt BaHRR Bfndu B e e
first resgdplestadd RGedund@@Torm, ah@rid hchiveticltighuit tapehetatd® silicsignichilcaint di gi t
a conparator circuit operativel ge&coupl ed wth the grith tic, ci rﬁ:uit to
recei ve t I8 Fitagtic pressfion epreiRdnastundrorthdrecBsh aat drvieere (fet al so to

recei ve agibhifisint @Remuedny@kighirRAgt digi® performan equality conparison of
the first fesult represented in redundant formto the first expected

val ue, and to georepaster crewibepsraiively senpied with theatrithgeticreireir trppctye tasafiret
equality  SQIPALLSPAn HRE SOERALALEY cifdufiGilblo ARBRE Ak Baleh SAGORM T esul!
i ndependent of any propagati on' pat o facilitate carry signal propagation
from the togmsforrsiagrihiltanemptirgod of the fine resntys¢preseynd i wdwidadi fpirt.to Zhe The

invention_recited.in claiml wherein said arithnmeti ration_is,.

subt ract | Ot &SP VBHCatlY QBCRAS 6a§§8?r§fsre?"ﬁrr gt tﬁf)%?@egft SRR S’ng
circuit (r]I yBcﬁrﬁ)paﬁi@mrtgé Qg&lpﬁﬁfﬂﬁ! @ﬁmmtggdern@cgummgcohorrgama inaépe{cnéastofomg' oper and
recei ved by the redundant, arithnetic circuit. in redundant form and a
control uPicPagRdoRyPAR LR ?aé’&faffsiaﬁ?érﬂgn?]rﬂfﬂﬁag?t@“t%“ ﬂ@d%ﬁﬁﬁ?‘h%ﬁnf fi'rgﬁé?irgr&ﬂ circuit
to adj us;m@tsqﬁﬁ@ahtmf@gduced t hrough the arithnetic circuit to generate
said valid first result of the subtraction operation represented in
redundant form 3. A nethod conprising: receiving a plurality of operands

in redundant fepm;, DeriAr fehch 8 Aikd NMelefeiPREIALLAMAE bigadl i@l ty of
operands, the arit et i c
subtraction operation and said apparatus further comprises:
receiving circuitry to generate a complemented redundant form of at least one operand
received by the redundant arithmetic circuit in redundant form, and
a control unit to direct adjustment input to the redundant arithmetic circuit to
adjust a result produced through the arithmetic circuit to generate said valid first result of the

subtraction operation represented in redundant form.

3. A method comprising:
receiving a plurality of operands in redundant form;
performing an arithmetic operation on the plurality of operands, the arithmetic
operation consisting of
generating a complemented redundant form of at least one of the plurality of operands
represented in redundant form and

providing adjustment input to an arithmetic circuit to augment a result produced

-18-




operation consisting of generating a conpl enented redundant form of, gt ;;,.; 9an
| east one of the plurality of operands represented in redundant chrZw!a—hﬁ 2634
provi ding adjustnent input to an arithnetic circuit to augnent a result
produced - Is 2 2 JUN 20184 through the arithnetic circuit to generate a

val i d out gRieh kRREeSRAE eidcuitno Ledtbndandlidf Rt Seplesert@Si | rédubdang fosmlk mact i on
operation if the arithnmetic ogperation is subtraction, otherw se generating

a valid oWtWiehd syhupstion epgraipnitlihg FHUTRYIS APCTHISR i SHRITEUGN QeSS an additi on

operati on; ar'dgeeh@[%ﬁngtg URRY diDrle Ve &Rl tin FeBurfdiafd thh oy 2hdd6le BB Sidtion
non- propagati ve conparator to determne equality or inequality of the

resul t toopehadiohj asttheml ue. 4. The invention recited in claim3 wherein said
first value is_an_input t he.non- _pr.o ive ¢ r re ted in
two's conpl ene%cimpfag?é)#'e 5?5&}3}00"? Euisfgallueg‘glﬁ’gﬁ% %ﬁ'gyogﬁ%a@g%)n&@tan%hr & %ré%%ﬁ

ari t hrret i euai@y beieedualitgadeitha wstietoshd firstavaluedundant form bypass circuitry to
bypass results in a redundant formas input to the arithnetic device, a
conpl ementing device to conpl enent at | east one nunber supplied to the

arithmetig deyhe et Rci@h MimNivheded @id 86t vad UsdnRpht toNRdthod-0 t he
arithnmetic device to adjust a result produced by adding to generate a

val i d out ProPaRalfe cAMEYBIOF Kpieseaied dpeoacpBplemalf@gented in a redundant form a
non- propagati ve conparator circuit to determne equality or inequality of a
first value to the outconme represented in redundant form 6. The invention
recited i i cl abnligitaldhemegitngsisttnf ¢amgprisieg:ue is an i nput to the non-

propagati ve conparat.or., represent.ed i.n . s conplenment form 7. The

i nventi onar}aélmn%a dfﬁcectf)gfsdrjﬁ“{n ﬁﬁé?%feﬁu%%aﬁﬁo%’rst expected value is an input
to the chyypsaratory oibypdss fesule presdmiad fonn ab inpltso theahmeent form 8. The
invention recited in claim2 wherein the conpl enented redundant formis a
carry- suflif*8dundant form 9. The invention recited in claim8 wherein the

adj ust nent i npaléordferidifing dekPe to complement at least one number supplied to the arithmetic
device, and
a control unit to direct adjustment input to the arithmetic device to adjust a result
produced by adding to generate a valid outcome of a subiraction operaton represented in a
redundant form
a non-propagative comparator circuit to determine equality or inequality of a first value

to the outcome represented in redundant form.

6. The invention recited in claim 5 wherein said first value is an input to the non-

propagative comparator represented in two's complement form.

7. The invention recited in claim 1 wherein said first expected value is an input to

the comparator circuit represented in two's complement form.

8. The invention recited in claim 2 wherein the complemented redundant form is a carry-

sum redundant form.

9. The invention recited in claim 8 wherein the adjustment input to the
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22 JUN 2004 redundant arithmetic circuit adjusts the result pr oducgd2 bly.._JB 950k
to generate said valid first result of the subtraction operation £ ¢ Juid LU
represented in redundant form 10. An apparatus for conparing nunbers
represented in redundant form conprising: a redundant arithmetic circuit to
per f or m arIuiiahasdhRbicoRRhiahdj @R B refulPprbdiRéd b3 &f genBBRAAISld A&t NOre of
t he operands received by the redundant arithmetic circuit being

r epr esent elfhg subiractiomensration epivsented dn sdundanifdrmMhmet ic circuit to generate a
valid first result of the subtraction operation represented in redundant
form the first result having a least significant digit and a nost
significamt di ghbppasancdop@mptdrg mimben rdprasantqplan feadnmdaanforgcrahpirisipgconpar i son
of the first resujt regr. sent ed irl? redundant formto .a first1 val u and to
generate a secdAt P PEOPFRHFTGHE iplg&?m‘r BSHPPCHMGPREEFPRG™ & REAMutth of

sai d equabpetdnds QAP @K i@ of tRCoRANPA RS 1§ the Ukdungei SFitiiriefid cBaittbegcond
result dependent. upon no propagation path to facilitate carry si gnal
propagat i GRrEriseh iR Frdupdepisiorm.angd aid pathmeticringiit torgsngrafe a ryalick fush reigtraf Eignt

di git. 11¢,M&ioh B¥ERdnIBprbRAtkd GfrelithdbrtdbiA, 42 MOELLAasiRL § 1d&:bd Sdnifkghue s an
input to the conparator circuit represented in tw's conplenent form 12.
The i nventigornnd echasesighiticentadignt; 10 wherei n sai d apparatus further conprises:
circuitry to er . : per ands
received inr e%ga aa?ﬁtt&fc %‘ﬁ%ﬂ%é‘?ﬁﬁ%gﬁ}gﬁ% gzrl]ns?%g%tﬁ gg&f '%&?Irglr?%%‘tilgd \%her ein

t he conpl sxdenmkedofmotom fist @heasmdyte gerrrate 2gboordaadultffoumrthe Hidst refieindiowtengt | on

recited in clgiml1l2 wherein sai.d apparatus further conprises: control
Uni t to dffedei SR FRENY SompRTeoRo T RamRFTeh R e e G
resul t g@é’p@rﬁc&hteﬁbdnhﬁ(ﬁggiﬂagah@ ahith ttbnfedilitete Gafr¢ Wighalt propRAehafrémtthe laasd i d
first result of the subtraction aqperation represented in redundant form
15. The i Agafiembdick tthe wgstisignifcat is¥4 wherein the adjustment input to the
arithnmetic circuit adjusts the result by adding a nmultiple of 3 to
generate said valid first result of the subtraction operation represented
in redundaht f Ghemnvengon mgited An dlpigt thwhesayrrpaid fimgvalipds RMnpW i e SPmMpRratei

arithneti gi{&%\éje r%sén‘?ec?iqu%'s%wﬁ?énj:etnh&)%. nunbers i n redundant forn  bypass
0 by [

circuitry ass a result a redundant formas input to the arithnetic
device; a receiving circuit to receive the result fromthe bypass circuitry

and to gener at Thinvention recited in claim 10 wherein said apparatus further comprises: circuitry to

generate a complemented form of at least one of the operands received in redundant form.

13. The invention recited in claim 12 wherein the complemented form is a carry-sum

redundant form.

14, The invention recited in claim 12 wherein said apparatus further comprises:
a control unit to direct adjustment input to the arithmetic circuit to adjust a result
generated through the arithmetic circuit to generate the valid first result of the subtraction

operation represented in redundant form.

15. The invention recited in claim 14 wherein the adjustment tnput to the arithmetic
circuit adjusts the result by adding a multiple of 3 to generate said valid first result of the

subtraction operation represented in redundant form.
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conpl emrented redundant form of at |east one number supplied to the? 7 V"' 204

NIURY

arithnetic device; a control unit to direct an adjustnent input to the
arithnmetic device to adjust a result produced by adding to generate an
outcone of a subtraction operation represented in a redundant form and a

non- propagative uﬁ@iﬁﬁ)@bﬁg@tﬁng@yﬁt@m&nﬁpﬂsiﬂgt ermne, prior to conpleting carry
propagation for said subtraction oPeratlon, equality or inequality of the
outcone to an &xpemetic dedreta add 7 plugliey phverherson redsadanemn cl ai m 16

wher ei n t%?pés?&%ﬂéxﬁt&t%b?/g&%%sr ltiiﬁ‘a?edﬁﬁ‘&afn)/fo?éd% ir{gﬁ%rlﬁ@é}hrrﬁl%cm 18. The

i nvention fecited 1'n cl’'aim 16 wherein equality or 1 nequality of the outcone
and the @rpexted value is determ ned before a sign of the outcone can be
generated. 19.. The inventiq cl ai m erein said expected

: ceiving circult tQ receive Ee Te§it tif%oedt i SC .1655¥Yn gene : -
val ue is ARCPYIBBETTY S FESHoRe Rt dPayhe PYPass EHminy A Y SXFPEAi t represent ed in
two' s combepeidntddeédimdant form of at least one number supplied to the arithmetic device;

a control unit to direct an adjustment input to the arithmetic device to adjust a result
produced by adding to generate an outcome of a subtraction operation represented in a redundant
form; and

a non-propagative comparator circuit to determine, prior to completing carry
propagation for said subtraction operation, equality or inequality of the outcome to an expected

value.

17. The invention recited in claim 16 wherein the result is bypassed in a carry-sum

redundant form.

18. The invention recited in claim 16 wherein equality or inequality of the outcome and the

expected value is determined before a sign of the outcome can be generated.

19. The mvention recited in claim 16 wherein said expected value is an input to the non-

propagative comparator circuit represented in two's complement form.
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