PRE- SATURATI NG FI XED- PO NT MULTI PLI ER FI ELD [ 0001] The

present disclosure relates generally to the field of
waele@rosdoizircuits and in particular to a PCT/US2007/060816

pre-saturating, fixed-point multiplier. BACKGROUND

[0002] Fixed-point multiplication is a fundanental

arithnetic operation perfornmed by digital

conmputational circuits, such as processors. Most

processor instruction set architectures include a

variety of fixed-point multiply instructions. A known

hazard of fixed-point nmultiplication is that under

some conditions (as nore fully described herein), a

product may eRRESATHRATING F%‘Wﬁ’é”?%‘t"—'ﬁ'gh'

represented in the available bit wdth, a condition

known as overflow. In this cgﬁg,Dto avoid a gross

m srepresentation of the pro uc%, a multiply

instruction will specify a "saturated" output, which
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in the available bitfield -in effect, the cl osest

Rppicler i PEsHYEding) xedePaimfendiRli®al product. This is

known as a saturating fixed-point multiply

i nstruction. Such instructi feally specify a bit

wi dth for the product thanggé?&%gg%?he bit width of

t he operands. [0003] Both integer and fractional
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conpl enent representati-on, binary arithnetic

of the product, a multiply instruction will specify a "saturated” output, which is the
largest numerical value that can be represented in the available bit field — in effect, the
closest approximation possible to the actual product. This is known as a saturating
fixed-point multiply instruction. Such instructions typically specify a bit width for the
product that is twice the bit width of the operands.

[0003] Both integer and fractional values can be represented in fixed-point digital
form, depending on the convention used. Commonly all modern processors use the
two's complement format to represent positive and negative integers in fixed-width
digital representations. Thé two's complement format is common. In two's
complement representation, integers are "signed." That is, whether an integer is
positive or negative may be determined by inspection of the Most Significant Bit (MSB),

or the "sign bit." Additionally, in two's complement representation, binary arithmetic

operations on signed integers yield the correct two's complement results.



operations on signed integers yield the correct tw's

conpl enent results.[0004] Positive two's conpl enent
woovhes®1are represented in sinple binary for mPCHMB100A060816

zero sign bit. Consequently, the | argest positive

nunber that can be represented in twd's conpl enent

format is 2n 1-1, where nis the bit width of the

digital representation. Negative tw' s conpl enent

nunbers are represented as thesbinary nunber that when

added to a positive nunber of the sane magnitude

equal s zero. Negative two's conpl enent nunbers have a
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representation of negative nunbers may utilize all n
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of the correspondi ng positive nunber (which is the
opmplemEntfiirinakist2"f ovhicbfis ealargsydh triageitydentban thelasoest gositive
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thé so-called Q format notation. In Q. x formt

Y Bihb§repiddeniitids obtheaovrabpeh diEpoditives minsiie@ @which is the one’s
compliment form of that positive number) and add one. The sole exception to this
algorithm for negation is the largest negative number than can be represented.
Performing a two’s compliment negation on that number results in the same number,
which is an overflow error. Note also that negating the two’s compliment of zero yields
zero — inverting all the bits yields all ones, and adding one yields zero (when the carry
out is discarded).

jo006] Fractional values may be represented in fixed-width digital form using the
so-called Q format notation. In Qn.x format notation, the bits of a value are interpreted
as: one sign bit, n integer bits and x fraction bits. A common Q format for digital signal
processing is Q0.x (or simply Q.x) indicating that there is one sign bit, no integer bits

and x fraction bits. A number in Q.31 notation would be expressed in 32 bits and would

have values ranging from -1 (0x8000 0000) to 1-2"*' (ox7FFF FFFF).



as: one sign bit, ninteger bits and x fraction bits.

A common Q format for digital signal processing is
w@xnog/0§012 si nply Q x) indicating that there i SPORESHIYO0816
bit, no integer bits and x fraction bits. A nunber in

Q3 1 notation would be expressed in 32 bits and woul d
have val ues ranging from- 1 (0x8000 0000) to 1-2 31
(ox7FFF FFFF).[0007] When multiplying nunbers in Q
format, it is inportant to accgunt for the binary

poi nt. For exanple, multiplying a Q15 tines a Q 15

will yield aresult in @Q.30. However, it is desirable
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sign bit with all ones in the other bit positions.

In this example, the two operands are each the largest negative number that can be
represented in 186 bits in two’s complement format. Their product should yield a large
positive value. However, the actual result of the doubling multiply instruction is the
largest negative value. Hence, a ‘1’ must be subtracted from this value to obtain the
saturation value of 0x7FFFFFFF — a zero sign bit with all ones in the other bit positions.
[0009] Conventional saturating multipliers detect an overflow condition only after
the multiplication is performed, and must then take steps to correct the overflow
condition by saturating the output. In some implementations, this may require halting
the processor, such as by causing an exception. This adversely impacts processor
performance and causes increased power consumption. Even where the overflow is
saturated in hardware, doing so after the multiplication completes adversely impacts

performance.



[ 0009] Conventional saturating nultipliers detect an

overflow condition only after the nultiplication is
w@eeoossoeri, and nust then take steps to correcPCT/0i82007/060816

overflow condition by saturating the output. In sone

i mpl ementations, this may require halting the

processor, such as by causing an exception. This

adversely inpacts processor performnce and causes

i ncreased power consunption. Eygen where the overfl ow

Is saturated in hardware, doing so after the

mul tiplication conpl etes adversely inpacts

per f or mance. SUMMARY [ 0010] $¢ddtARRYig to one or nore

enbodi nents, a pre-saturating nultiplier inspects the
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met hod of performng a fixed point saturating nmultiply
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operands, conprising a nultiplier and a nultiplicand,

wietdctezi tiscowdpuioafdind hawtiptieds iforced) teapredsterotmedideuration value.
operands that will cause an overflow are detected _
B001@1 t oOpercimpradimentaelatasipta peihod pé partfproring ariefed point saturating
saturated result is output without multiplying the o
Splinky, @geration for which at least one known set of operands, comprising a multiplier
and a multiplicand, will cause an overflow requiring saturation. The operands that will
cause an overflow are detected prior to performing any multiply operation, and a
saturated result is output without multiplying the operands.

[0013] Another embodiment relates to pre-saturating multiplier that includes a
multiplier circuit operative to multiply two operands, comprising a multiplier and a
multiplicand, and to output their product. The pre-saturating multiplier also includes an

overflow pre-detect circuit operative to detect operands that will cause an overflow in

the multiplier circuit.

BRIEF DESCRIPTION OF DRAWINGS

[0014] Figure 1 is a functional block diagram of a pre-saturating multiplier

according to one embodiment.



[0013] Anot her enbodinent relates to pre-saturating
multiplier that includes a nmultiplier circuit
wop@rasiove to nultiply two operands, conpri si NnBCHUS2007/060816
multiplier and a multiplicand, and to output their
product. The pre-saturating nmultiplier also includes
an overflow pre-detect circuit operative to detect
operands that will cause an overflow in the multiplier
circuit. BRI EF DESCRI PTI ON OF RRAW NGS [0014] Figure 1
is a functional block diagramof a pre-saturating
mul tiplier according to one enbodi nent.[0015] Figure 2
i[80BSIf unEigum 2lis bifwtitiodalddpckdiagram qfreepressaturatinguguitiplier
mul tiplier according to another enbodi ment. [0016]
Ficgardingzioj another legihodimagitam of a nethod of perfornming a

turating . nultiply operation. DETAILED )
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val ue. In one enbodi mesETAILES g@ééhm-ﬂ%w out puts a
saturated value by altering the operands in such a way
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recoding) is a technique for reducing the nunb

pasdli inlth@sadrtés vilge be tirdiedutin MQirearddpigds a pﬁ@dséﬂuﬁétng multiplier
operation. Rather than consider each bit in the

A0l ddcpidirgg todhid eperelirmeat. A GER regeTdi2ngnsdind tnediplier (MR) and
partial product conprising either the multiplicand or
Feyltplicape (MD) operands. The multiplier is input to a Booth recoder circuit 44.
[0018] Booth recoding (sometimes referred to as modified Booth recoding) is a
technique for reducing the number of partial products to be added in performing a
multiply operation. Rather than consider each bit in the multiplier and generate a
corresponding shifted partial product comprising either the multiplicand or zero, the
multiplier bits are considered in groups, and shifted partial products comprising +/-
multiples of the multiplicand are added. This technique reduces the number of partial
products to be added. For example, in radix-4 Booth Recoding, the multiplier bits are
considered in groups of two, along with the MSB of the previous group (with a zero

appended to the first group). Partial products are then generated based on the value of

the bit groups, according to the following table:



multiplier bits are considered in groups, and shifted
partial products conprising +/- nmultiples of the
woredorogdoizand are added. This techni que reduceBRCT/I82007/060816
nunber of partial products to be added. For exanple,
in radi x-4 Booth Recoding, the nultiplier bits are
considered in groups of two, along with the MSB of the
previous group (with a zero appended to the first
group). Partial products are tlgen generated based on
the value of the bit groups, according to the
followng table:Bit Goup Partial Product 000 O 001 1
X multiplicand 010 1 Bitiarbap pPachrdiutl 2 x
mul tiplicand 100 -2 xggal tiplpcand 101 - 1 X |
mul tiplicand 110 - Itlpllcang 111 O Table 1:
Radi x- 4 Boot h RecodanOF8019] uligi9enBoot h r ecoded
bit group in the nul t®fdier, thenuitiblidepdi cand is

mul tiplied by the indp¢ated fgsa@ﬁmpmﬁﬂdthe resul ting
partial product is sh ed to n of the bit
group within the nul t:lé(?l er. T%Q%Lﬁ)t%?l é+°oproduct s are
then summed to yield ﬂ‘fﬂe pr odot¥ m‘W‘F%'ﬁa'i'ﬁJI tiplying

si gned val ues, radix-#1@oot h rerotdiltigicamy reduce the
nunber of partial progycts bygup to half. [0020] In

this inplenmentation, the out puts of the Boot h recoder

44 select partial p : ¢4 £ SIS Tree 50 (or
ot her adder) via Booth nultlplexers 48 The Boo

k9131 p) e%@?%aoﬁ‘sB%Cé'P é%‘%Od?H@'t&gS%%ﬁ‘rth%f"éi'%P“ﬁb&“? F@H'p"cand is

mulﬁpl% b%/qﬁed mdecoartT(l,ds %ozc}r/e;nrgivtﬁe resu?tgng par? al product is shifted to the

position of the bit group within the multiplier. The partial products are then summed to
yield the product. When multiplying signed values, radix-4 Booth recoding may reduce
the number of partial products by up to half.
[0020] In this implementation, the outputs of the Booth recoder 44 select partial
products for the Wallace Tree 50 (or other adder) via Booth multiplexers 48. The Booth
multiplexers 48 select the appropriately modified multiplicand from shift/invert logic 49,
and each mux 48 is aligned to the recoded bit group position in the muliiplier. The
shift/invert logic 49 generates the modified multiplicands specified in the Table 1 as
follows:

¢ 0 substitutes all zeros for the multiplicand bits;

e x1 passes the multiplicand bits directly;

o X2 left-shifts the mu!tiplicand bits one bit position; and

e anegation performs a bit-wise invert (one’s compliment) on the muitiplicand,

shifted multiplicand, or zero value.

[0021] Note that the negation is not complete until a ‘1’ is added at the LSB to the
partial products within the Wallace Tree 50 (per the two’s compliment rule for negation:
one’s compliment + 1). The Wallace Tree 50 sums the partial products, outputting a

sum and carry, which are added in a carry propagate adder 52, and the product is



and each nmux 48 is aligned to the recoded bit group
position in the nmultiplier. The shift/invert |ogic 49
w@eoensitoes the nodi fied nmultiplicands specifi ePICT/HS100E060816

Table 1 as follows: O substitutes all zeros for the

mul tiplicand bits; x 1 passes the multiplicand bits
directly; x2 left-shifts the nultiplicand bits one

bit position; and a negation perfornms a bit-w se

invert (one's conplinent) on the nultiplicand, shifted

mul tiplicand, or zero value. [0021] Note that the
negation is not conplete until a '1" is added at the
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(per the two's conplinent rule for negation: one's
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roducts, outputting a sumand carry, which are added
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of the operands that will result in an overflow

Bagighakghs AVallat iTese 50\ eaich the sehmatioy ef harts préducts, in such a
detected, the overflow detect circuit 56 signals the
Beytthatrtbe ouedplidperaticn Wélrre:{slh’einr%&:‘adlaﬁat@ oflue fog the product. This is
multiplier bits, and signals the Wallace Tree 50 to

fgasihle bﬁ@a@@rﬁ‘rﬁﬂl‘f%mﬂﬂb%ﬂf oparangs edilbeause anoveiiiaw. anddlese
that the nmultiply operation will result in a saturated
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saturation. When this condition is detected, overflow detect circuit 56 directs a signal
to the Booth recoder 44 to alter the Booth recoding. In response, the Booth recoder 44
madifies the least significant Booth recoded bit group (which, having a value of 000,
would normally select a zero) to select negative zero. The shif/invert logic 49 provides
the one’s compliment of zero (i.e., all ones), and signals the Wallace Tree 50 to add a
‘1’ to the partial products. The overflow detect circuit 56 additionally directs a
suppression signal to the Wallace Tree 50 to suppress adding the ‘1’ associated with
the negation of zero (note that in a pipelined implementation, the “suppress +1” signal
would be latched). Accordingly, the sign-extended one’s compliment of zero (0xFFFF
FFFF)is added as a partial product, but the corresponding ‘1’ is not — effectively

subtracting a ‘1’ from the result. For example:

i

0x8000 x 0x8000 = 0x40000000 Multiplication of two most negative values

0x40000000 x 0x2 = 0x80000000 Doubling

0x80000000 + OxFFFFFFFF = . qr
OX7FFFFFFF Saturated Result (effectively subtract *17)



mul ti plicand both conprising the |argest negative

value will cause an overflow requiring saturation.
wOb@n/osdis condition is detected, overfl ow detBCI/US2007/060816

circuit 56 directs a signal to the Booth recoder 44 to

alter the Booth recoding. In response, the Booth

recoder 44 nodifies the | east significant Booth

recoded bit group (which, having a value of 000, would

normal |y select a zero) to sel gct negative zero. The

shift/invert logic 49 provides the one's conplinent of

zero (i.e., all ones), and signals the Wall ace Tree 50

{024dd aThistsaturated pasull ia buipubbyttescarfhwropagsté ladder 52, and latched

detect circuit 56 additionally directs a suppression
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two nost negative val ues 0x40000000 x Ox2 =
Qﬁ&ﬂQ@QQ@gu@@ubllng 0000000 + OXFFFFFFFF = Saturat ed
Result (effectjve|ly subtract U )[0024] This saturated
[@0RH]t | Bigutd Pdbpibys drivthes @hibodpriefiag atpee-adestirgmuldpibr 40,
| at ched as the product at 54. According to this
affrieozin wemespdridangtdomiprgeofs drh@usdeurdddaeglimglyt irpthjs embodiment,
operation is the sane as that for operands that do not
sruceriow getact Figanitednemitess thequiitiplies andrmagliplisang detecting the
particular, no delay is added to the output of the
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conponent$ are nu accordrngly. In

%rﬂ?@%tﬁ'ﬁﬂlhed saturation output in lieu of the output of the carry propagate adder 52.
The predetermined saturation output may comprise a hard-wired value (i.e., with bit
positions tied to high or low voltage rails), or alternatively may comprise the output of a
storage location such as a register. In an embodiment where a plurality of operands
may cause overflows requiring different saturation values, the overflow detect circuit 56
may output a multi-bit multiplexer select signal, which chooses between a plurality of
predetermined saturation values and the output of the adder 52. The overflow detect
circuit 56 output may be latched in a pipelined implementation.

[0026] In this embodiment, the multiply operation may be suppressed (that is, the
Booth Recoder 44, logic block 49, Wallace Tree 50, carry propagate adder 52, and
other multiplier circuits may be disabled) to reduce power consumption. Alternatively,
the multiplication of the operands may be allowed to proceed through the multiplier 40,

and the result simply discarded, as the saturated result is latched at 54 instead. In this



the overflow detect circuit 56 nonitors the nmultiplier

and nultiplicand, detecting the known operands that
waowdoz/oswsul t in an overfl ow requiring saturatiPCT/USYTI060816

t hese operands are detected, the overfl ow detect

circuit 56 outputs a signal that substitutes a

saturated result for the multiplier 40 product output.

For exanple, the overflow detect circuit 56 nmay out put

a multiplexer select signal that directs the

mul ti pl exer 60 to select a predetermnned saturation

output in lieu of the output of the carry propagate

Fickeadirgent tiye delay @f theempitinledesd @r@tdued o everpuultiply operation

conprise a hard-wired value (i. th bit positions

tResigroed ky gie @P't'PB‘W%Ia{"'&‘Q@hrtBisld?jay raay B mitigried PrLging an
s B 2 wg%ra@ﬁ%se%ﬁsﬁ%%&a@ab°ﬁ$t by o 3%%2h%3ues nown

fl
IR TR BT SR EOn bl o BTML uy Bt r] P seigy to selecta
Qb ReaRallidl it hoPbdrt P?Jtlhta'oﬂ I(,ecﬁg)%thsel ect signal, which

chooses between a plurality pr edet er m ned

Jeb2mat i eRyureBURDICRNE niddo RS dorih gt keGSR s%?urat-ﬂmeultlply

overflow detect circuit 56 output may be latched In

Ripeedtion €6t wiiph atmeatedriethownbE 6} opdrahéd wileszedi |aﬁQ)K}brﬂow requiring
the nultiply operation nmay be suppressed (that is, the

BabtratidRe doitielly 44,, priogtocpdrfonmiagdkhy ridlkipioadiony, ¢& Gikrands are
carry propagate adder 52, and other nultiplier

dnm@teds(bgvﬁy 78k thesapdredys ars samprced pokmawroaisemipet will.cause an
Al ternativel the nultiplication of the operands nmay
[ediowdRiogk v )-pF fc@nRI® iR seMetgasesmil kqth ppaiands compgse the

el S s e 505 e R o v
LB B3 Bt ek B b R e
tnlﬂulﬁplfés i lsr@ffonﬁe{"ghb gr?et r%gullf’s}’arlé%r%'t}gjt? Hﬂ?’f}?qf %@Eip%ng the

an exli sting mul t1 Xer, usin

FpBRIndS Qﬁlhfés@ﬁ‘ﬁﬂgark BQMO\!Nrﬂe&lhﬁngjigéturaTBﬁ QY& f%)omen according to
condition is determ ned very early, the eci si on

toneeeet etbbairisrias afle éaluvsted Sediftlis @atfpht Whthdl énultiplying the original
critical path. [0027] Figure 3 depicts a nethod of
peefaodri(igcla7é). xed- poi nt saturating multiply

[0028] In one embodiment, this comprises altering parameters generated from the
operands in such a manner that performing the multiply operation on the altered
parameters results in the saturated value as the product of the multiply operation. In
another embodiment, outputting the saturated result comprises selecting a
predetermined saturation value as the output in lieu of the product from the multiply
operation.

[0029] In both embodiments (j.e., those depicted in Figures 1 and 2), the operands
that will cause an overflow are detected early, and the multiplier 40 outputs a saturated
result directly. This represents a significant performance improvement and power

savings over the conventional methodology of only detecting the overflow by inspecting

the product, and subsequently substituting a saturated value for the product. The



operation for which at |east one known set of operands
W Il cause an overflow requiring saturation. Initially

W@ 2oog/ogsopz i or to performing any nul tiplicati onpCT/UR®07/060816
operands are inspected (block 70). The operands are
conpared to known values that will cause an overfl ow
(block 72). For exanple, in sone cases, if both
operands conprise the | argest negative val ue that my
be represented within the opergid bit field, an
overfloww |l result. If nultiplying the operands w |
not cause an overflow (block 72), the nmultiplication
insulifptief 40 mecbreing to lvee ceswiré smbodinmantpdisciobedidreind} pattfcularly
mul ti plying the operands will result in an overfl ow
ﬁéiiﬁﬁ %%@hsme@dawmse@l ard(oTRpcesspENWRRIEIPHIRYer §OBFENPtion is a

nmore enbodi nents, the saturated result is qutput

R R e we@%mﬂ%?'&ﬁm@ﬁ'? BPYERS-76) .

k&&%ﬁet ::_\n gﬁglggﬁg g%g%%?gl}f??twgs@glg? t%!g%?? Heg gﬁsc‘gl%ed herein with
g?{&%{t t&%cﬁaerrfeg{umsng uﬁgn{ﬁs gl% {-}h@ ésflaoé?w?g ﬁtelaa F\Wlll apparent that

par aneters ura

tnlﬂ e’?&l&%’a‘ﬁatl&ﬁs |ﬁﬂék15h£|a\ﬁd%%r%rﬁ 1m!er'ﬂs %p@bgsesrble within the

odi ment, out'putting the saturated result conprises
%%eﬁﬁédobg A tHY Q8L I8 dMAthsS atHel srbE&H evodenéfts bRCtherefore to be
output in lieu of the product fromthe rmultiply
@pAstaldddn all[28p2&}% ak Miueativecsruoshtresitistiviel an@. all dhaages coming within
depicted in Figures 1 and 2), the operands that w |
tleeiseaning@ndrddupsaleancy raletecuftiieel apperided daids taheintended to be
multiplier 40 outputs a saturated result directly.
Embsagashiheimt s a signi ficant performance i nprovenent
and power savings over the conventional nethodol ogy of
only detecting the overflow by inspecting the product,
and subsequently substituting a saturated val ue for
the product. Themultiplier 40 according to one or nore
enbodi nents di sclosed herein is particularly suited
for high-speed processors, and/or processors where | ow
power consunption is a critical factor, such as for
battery-powered portable el ectronic devices.



[ 0030] Although the present inventive concepts have
been described herein with respect to particul ar
w0 e@v8®s2 aspects and enbodi ments thereof, itP@I/UE200E060816
apparent that nunerous variations, nodifications, and
ot her enbodi nents are possible within the broad scope
of the present teachings. The present enbodi nents are
therefore to be construed in all aspects as
illustrative and not restrictiye and all changes
com ng wthin the neani ng and equi val ency range of the
appended clains are intended to be enbraced
therein. CLAIM5S What is clainmed is: 1. A nethod of
performing a fixed point sat®AWM$g nultiply operation
for which at | east one known set of operands,
voigns Shingedisiul tiplier and a nultiplicand, will cause
an overflow requiring saturation, conprising:
det ectA mgtholdeof ppefoamidg atfixat peint battisating nautipy epétatinn for which at
prior to performng any nultiply operation; and
aaspane knevraseiaaf wpateadsr exsuprising 2 hutticlienand phydltinjcant will cause
operands. 2. The nmethod of claim1 wherein the
SpEVaARY reRuifingispiurztions EORATYVEr f | ow are the | argest

negative nunmbers tha an pe represented in the ,
oo I Tastiig P Gperandsriat WEkRUSS B CLP I ALY i betyming any

conpri si ng: j,usting one or nore paraneters derived
fromthe oﬁ@@%ﬁ&gpgggpﬂbﬁmg mul tiply operation wll

gener %3) il asé‘ét’dFafi‘éc?ﬁ]sruﬁ%Hﬂtht rﬂ[]fﬁglg%gftﬂé %Q&n@s.

mul ti pl ration w t he adj ust araneters. 4.
The nethod of claim 3 wherein adjusting one or nore
paraneters derived fromthe operands conprises

al t er iMhe Ao bf BaIne 1 Barirdin tigs os@dnds thagwiluRsisdaniovediow are the
fromthe nmultiplier.
largest negative numbers that can be represented in the operand bit field.

3. The method of claim 1 further comprising:
adjusting one or more parameters derived from the operands so that a multiply
operation will generate the saturated result; and

performing a multiply operation with the adjusted parameters.

4. The method of claim 3 wherein adjusting one or more parameters derived from
the operands comprises altering one or more Booth recoded bit groups derived from

the multiplier.

5. The method of claim 4 wherein altering a Booth recoded bit group comprises
changing the selection of a Booth recoded bit group from zero to negative zero and
suppressing the addition of the value 1 to partial products derived from the

multiplicand.



5. The method of claim4 wherein altering a Booth

recoded bit group conprises changing the sel ection of
W@2®0083012 ecoded bit group from zero to negat i REI/E82007/060816

and suppressing the addition of the value 1 to partia

products derived fromthe nultiplicand. 6. The net hod

of claim3 wherein adjusting one or nore paraneters

derived fromthe operands conprises adding the val ue

negative one to partial producys derived fromthe

operands. 7. The nmethod of claim 1l wherein outputting

the saturated result conprises forcing the output of a

Bul t i pThe ropibod tof olairt 8 veheseih wditstidg pes v thore garadhaeters defived from

the product of the nultiply operation. 8 The nethod

&1e epipRfls conprisaspddIcihp yaluganagatiysuenaio rerialipregiojs derived from

operation to a saturated result conprises selecting

et WA He multiply operation output and the

saturated result in response to detecting the operands

that will cause an overflow. 9. A pre-saturating

[ tiphd rislng; Jrul tipl circuit operative .

To. muttieanerrEReF Sl ol bl RilehoBalfttel sPRE Aipies foreing

%é'rylljf?)hpé)ﬁ acﬁ"ﬂgipl r&tfonQH R RRI BsRE %%lé?léssa&qhéﬂrod uct of the

overflow pre-detect circuit operative t et ect

PnptiRPeperahigh. Wi I | cause an overflow in the multiplier

circurt. 10. The multiplier of claim9 wherein the

overfl ow pre-detect circuit detects the | argest

negati ve val ues that can be represented in the operand

Bi t f iTdledvethdd of Fham Mwhearghifencingfthe batput 8f avhresttigilynogehation to a

multiplier circuit conprises a Booth recoder operative

saturaied desutromnailses pelesting brtwepn theymuliiply, opeazifpngutput and the

group selecting a positive or negative nultiple of the

FaiurRisriresuidn sesrenpaiq fdefectinadhacperande theg otith causeqriepverflow.

further operative to alter one or nore bit groups to

produce a saturated result in the nultiplier,

9. A pre-saturating multiplier, comprising:
a multiplier circuit operative to multiply two operands, comprising a multiplier
and a multiplicand, and to output their product; and
an overflow pre-detect circuit operative to detect operands that will cause an

overflow in the multiplier circuit.

10. The multiplier of claim 9 wherein the overflow pre-detect circuit detects the

largest negative values that can be represented in the operand bit fields.

11. The multiplier of claim 9 wherein the multiplier circuit comprises a Booth recoder
operative to recode the multiplier into bit groups, each bit group selecting a positive or
negative multiple of the multiplicand as a partial product, the Booth recoder further
operative to alter one or more bit groups to produce a saturated result in the multiplier,

in response to the overflow pre-detect circuit.



in response to the overflow pre-detect circuit.12. The

multiplier of claim1l wherein the Booth recoder is
wop@rasiove to force the | east significant recoRPerulion7/060816

group to select negative zero in response to the

overfl ow pre-detect circuit. 13. The nultiplier of

claim 1l further conprising a parallel adder operative

to add the partial products and to add the val ue one

for negative partial products gglected by the Booth

recoded bit groups, the parallel adder further

operative to suppress the addition of the val ue one

flér a Tegatitipkerad caim i 1vdspeindiee Boothirecadaziid bpavative to force the

pre-detect circuit. 14. The nultiplier of claim9

Werst sigRificRet reepdeddit goupite selpet Negatyrezetpiiy eesponse to the overflow

subtract the value one fromthe product in response to

PR IGIPST FirWt pre- detect circuit. 15. The nmultiplier of

claim9 further conprising an output selector

operative to output either the product fromthe

%I_ ti plLHeeﬁlulﬁt)IgeCr#ﬁélag@ élﬁ ff{?%lfv Sctroe pﬁg{ﬁggat Eaar%h‘é aaltdﬁgr cgpeesrelzjtlivte to add

in response Circu
the partial products and to add the value one for negative partial products selected by

the Booth recoded bit groups, the parallel adder further operative to suppress the

addition of the value one for a negative zero in response to the overflow pre-detect

circuit.

14. The multiplier of claim 9 wherein the multiplier circuit is operative to subtract the

value one from the product in response to the overflow pre-detect circuit.

15. The multiplier of claim 9 further comprising an output selector operative to
output either the product from the multiplier circuit or a predetermined saturated result

in response to the overflow pre-detect circuit.



