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to data processing systenms, and nore particularly to apparatus for t he
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Background of the Invention In floating-point operations, the conputer is
limted by the nunber of bits it can store for a particular nunber.
Rounding is therefore necessary to adjust a nunber so that it is accurate
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Field of the Invention _

The present invention relates to data processing systems, and more particularly to
apparatus for the computation of sticky bit in the floating-point unit of a
microprocessor. o

.Bacl\ground of the Invention

In floating-point operahons. the computer is lxmxted by the number of bits it can
store for a particular number. Rounding is therefore necessary to adjust a number
so that it is accurate to a certain speciﬁed precision consistent with the capacity of
the computer to store the number. For example, rounding to even is accomplished
by adding one-half of the least-significant digit position of the desired precision {o
the most-signiﬁéant digit of the portion that will eventually be discarded. For
example, consider the number 38.5XXX (where XXX are additional digits in the
number). If XXX > 0 (case 1) the rounding is correct to the number 39, because 39
is nearest to 38.5XXX. Butif XXX = o (case 2) the rounding is incorrect because it
is a tie situation which reé;uires the result to be rounded to even (38). Dne bitis
used to distinguish between case 1 and case 2 and is the logical OR of the bits XXX.
This bit is called the sticky bit and is given a value of 1 for case 1 and a value of 0 for
case 2. The sticky bit is used to distinguish between these two cases where a
number, such as 38.5, is rounded to the nearest whole number. The examples above
are taken from the book "Introduction to Arithmetic for Digital Systems Designers,”
by Waser and Flynn, 1982, CBS College Publishing. o

In a multiply operation ordinarily.the'sticky bit cannot be calculated until the result
~of the multiply has been determined. This results in the need for additional clock
cycles to be taken during a multiply operation to determine the sticky bit in senatlm

with the calculation of partlal products -
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~the nost-significant digit of the portion that will eventually be

di starded. For exanple, consider the number 38.5XXX (where XXX are
additional digits in the nunber). If XXX > 0 (case 1) the rounding is
cdrrect to the nunber 39, because 39 is nearest to 38.5XXX. But if XXX = o
(case 2) the rounding is incorrect because it is a tie situation which
requires the result to be rounded to even (38). A single bit is used to
di stingui sh between case 1 and case 22 This bit is the | ogi cal OR of the

bits hj s bit. IIedtest bit ,and I ven ue of 1 for
case 1 andI%t‘s\?é'l C‘Hf°f8  Bresegsven '%go Heedlp %’Ft”géat ?axr ?2{°&F'§E|H?g@ﬁ sh
bet ween thaaﬂt;phmm&bysondpehegahmslmrb;t is e parndleB®ith partialrprodeletd to t he
near est whal e ryfngﬁ The exanpl es above are taken from the book

"I nt r oduct B§ACY' rlthrretlc for Digital Systems Designers." by Waser and
Fl'ynn, 1982, CBS College Publishing. In a nultiply operation ord| narily the

sti cky bit cannot be cal cul agefIMERY CFEHESINVENTION
Briefly, the above object is accomplished in accordance with the invention by a
multiply logic in which a sticky bit is computed in parallel with partial product
generation and reduction for three different rounding precisions and two different
operand ranges. Two sticky bits need to be calculated during the parallel operation
because the result can be anywhere between 0 and 4 and it will not be known which
is correct until after the result of the multiplication has been calculated. If the result
is between 0 and 2, then a first sticky bit is generated. When the result is between 2
and 4, a second sticky bit is generated. It is not known which sticky bit is the correct
one to use until the final addition is performed. Once the results of the final
addition is known, the correct sticky bit is selected using a carry out from the adder,
the overflow bit. If the overflow bit is a 1, then the first sticky bit is selected. If the
overflow bit is a 0, then the second shcky bit is selected.

Brief Description of the Drawings : ‘

- The invention will be apparent from the following more particular description of the
preferred embddiment of the invention as illustrated in the accompanying drawings,
wherein:

FIGURE 1is a block dxagram of a floating point multiply unit in which the invention
is embodied;

FIGURE 2 is a diagram of a the sticky bit generator shown in FIGURE 1; and,
FIGURE 3 is a flow diagram of sticky-bit generator is shown in FIGURE 2. |

DESCRIPTION OF THE PREFERRED EMBODIMENT

Floating Point Multiplier
Refer to FIGURE 1. The floating point multiplier unit computes the product of a
67-bit multiplicand and a 64-bit multiplier

The floating poiat multiplier is capable of generating rounded results
in single, double, and extended precision in three clock cycles that conform to the
/"’
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of the nultiply has been determined. This results in the need for

addi ti onal

clock cycles to be taken during a nultiply operation to.

determ ne the sticky bit in seriatimwith the calculation of parti al

pt oduct s.

3 I|EEE standards. It is also capable of performing 32-bit by

32-bit signed/unsigned integer multiplication. The latency of the nultiply
operation is three clocks. The throughput on nultiplies, however, is two
cl ock cycles. The floating point nult?plier is heavily pipelined and able
to achi eve jERESQaR@4rder IS absof dagbRSofPerftiiniag 32-pirtyl I2ebit sightd flrisizatd on
techni que and a no '

integer muYtlerl)lic%.%%h.b thheqcaj.ge%rcy of the multiply operation is three clocks. The
throughput on multiplies, however, is two clock cycles. The floating point multiplier
is heavily pipelined and able to achieve these performance figures by using a
parallel multiplication technique and a novel 129-bit adder.

X1 Stage _ | _

In the X1 stage, the floating point multiplier generates 22 partial products by booth
encoding the 64-bit multiplier. In the X2 stage, the partial products are fed into a
4:2 Carry Save Adder (CSA ) tree (112) for further reduction, eventually producing

~ two vectors called the sum and carry vectors. In.the WF stage, these sum and carry

vectors are added to compute the final product. Also, rounding is performed
(depending on the precision control and rounding mode) using a dedicated rounder
(134). The rounded result is then written back onto the result bus (FMMZBUS) at
end of WF clock.

The X1 stage consists of booth encoders (110), and partial product generators(108).
The inputs to these blocks are the 67-bit multiplicand (100) and 64-bit multiplier
(102). ' '

X2 Stage .

The X2 stage consists of a 4:2 CSA tree (112) and a sticky-bit generator (114). The
inputs to the CSA tree are the partial products. The sticky-bit generator computes
the sticky bit for different precision in X2 stage. “Two different sticky-bit values are
computed, one (FMWEFSTKA) when the value of the unrounded product is between
2 and 0, and the other (FMWFSTKYV) between 4 and 2, inclusive. The output of
this block (114) is the actual value of sticky bits to be used in WF stage.

WF Stage
The WF stage logic consists of a 129-bit summation block(112), a normalizer, a 64-

_ bit incrementer (130), two different mux blocks, and rounding logic (134). The 129-

bit summation unit {112) computes the 129-bit sum using the output of the group
generate/ propagate (116) block, which is latched (118) at the rise of WF clock.
The normalizer is a 1-bit right shifter (124) that shifts the rounded result if the value
of the unrounded result is between 4 and 2, inclusive. The 64-bit incrementer -
generates a result equal to the unrounded result plus one. One of the mux blocks is
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X1l Stage In the X1 stage, the floating point nultiplier generates 22
partial products by booth encoding the 64-bit nultiplier. In the X2 stage,
the partial products are fed into a 4:2 Carry Save Adder (CSA ) tree (112)
fsor further reduction, eventually producing two vectors called the sum and
carry vectors. In.the W stage, these su@ and carry vectors are added to
conpute the final product. Al'so, rounding is performed (depending on the
preci si on costd t rwerfbgMﬁgnﬁ%ﬂé'l)ca{!fsblgg‘oéh@im%&f the instemaenter wighjoneghe

rounded res L;;edéniwewsi(;ﬁﬁed@a?he%ma rhﬁl@bl%@l@b@ﬁla@d%é FAW@BH&?%mﬁEarﬁ”d of
WF cl ock. The X1 stag onsi st

syalized re ui { zOOts encgd cision e gﬁ'@ oati

product genért&t‘%ﬂ?(‘l Tyalizen &eg tp‘l’ﬁ‘cg geos PRsedon s, ‘éPé‘ mppge ghyths;floating

mul ti pli cangofskGRMitiphdogetatibh. THe rowdding Idgidikluates round condition based on
the precision and round mode, sign of the floating point multiplier result, value of
least significant bit (LSB), round and sticky bits, and type of multiply operation.
The signal FMMROVFNN indicates rounding overflow. The 3:1 mux (132) at the
ou’q;vut of the WF stage logic selects either the normalized result from 2:1 mux (126)
or the incremented result from incrementer (130) or the result (FRMZBUS)
delivered over the result bus from logic (not shown) that performs the rounding and
normahzatxon for add and divide logic.

Refer now to FIGURE 2 whichis a dfagram of a the sticky bit generator (114)
shown in FIGURE 1. FIMXBUS is the multiplicand source bus and FIMYBUS is
the multiplier source bus which drive the trailing zero encoder (200) and the trailing
zero encoder (202), respectively . The output of the trailing zero encoder (200) and
the output of trailing zero encoder (202) are latched in a latch (204). The result of
the multiplication that takes place in the logic of FIGURE 1 can be anywhere
between 0 and 4. There are two operand ranges involved. When the operand is
between 2 and 0, then there is one kind of sticky bit which is used to compute the
final result. When the operand is between 2 and 4, then there is another kind of
sticky bit which is used to compute the final result.

The Intel 80486 microprocessor stores real numbers in a three-ﬁeld binary format
similar to exponential notation. The significant bits of the number are stored in the .
significand field. An exponent field locates the binary point within the sigrﬁﬂcant
digits to determine the number’s magnitude. A sign field indicates whether the
number is positive or negative, There are three different types of precision in
floating point, single precision, double precision, and extended precision. In the
single-precision case shown below, the relative positions of the least significant bit of
the mantissa before rounding (L), the round (R), and sticky bits (s) are shown.

over-

flow  binary _
bit point mantissa sticky bits -
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X2° Stage The X2 stage consists of a 4:2 CSA tree (112) and a sticky-bit
generator (114). The inputs to the CSA tree are the partial products. The
sticky-bit generator conputes.the sticky bit for different precision in X2
stage. Two different sticky-bit values are conputed, one (FMAFSTKA) when

t he val ue of the unrounded product is between 2 and 0, and the other
(FMAFSTKV) between 4 and 2, inclusive. ThRe output of this block (114) is
the actual value of sticky bits to be used in W stage. W Stage The WF

Zzagg |t09' Cfﬁ@ﬂ%kﬁbit@)xﬁcdraﬁuﬁédtm Pamz with thé@@ﬁ O(leharda'al‘E)r'_Fﬁéi a

it increnentér eren ocks ngi pgi C
o D1 eSS e b St ST Sl oty FBSmobi e gl |
out put of tﬂnaclgheumeg;anleyhhe\/asmpnmgadefte(r]lhe)'einlbwts carhpuled,; the loatpited (118)
at the risepofs W §iQeker of FIGURE 1.

Sticky-Bit Generator

The sticky bit is generated in the floating point multiplier by looking at the trailing
zero count of the multiplicand and multiplier. The block diagram of the sticky-bit
generator is shown in FIGURE 2. The 3:1 mux (208 or 210) selects the correct
constant.to compare with the trailing-zero count-sum depending on the precision
chosen to determine the sticky bit.

Two sticky bits need to be calculated during the parallel operation because the
result can be anywhere between 0 and 4 and it will not be known which is correct
until after the result of the multiplication has been calculated. If the result is
between 0 and 2, then the output line FMWFSTKVA is generated. When the result

" is between 2 and 4, the output line FMWFSTKYV is generated. It is not known
which sticky bit is the correct one to use until the final addition is performed. Once
the results of the final addition is known, the correct sticky bit can be selected. The
carry out from the adder (12ﬁ). the overflow bit FMSOYV, is used to select the sticky
bit by energizing the 2:1 muitiplexer (220). If the overflow bit is a 1, then the
FMWEFSTKYV bit is chosen. If the overflow bitis a 0, then the FMWFSTKA bit is
chosen. The final sticky bit FMWFSTK is then taken from the output of the 2:1
multiplexer.. ' '

Principle:

The number of trailing zeros in the product is exactly equal to the sum of the trailing
zeros in.the operands for any representation in which the base is prime (for
example, base two).

The trailing-zero count of both multi_pli_cand and multiplier are summed up in adder
(206) and compared in comparators (121 and 214) against a constant based on the
precision control. This constant is determined from the number of bits to the right

'\
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The normalizer is a 1-bit right shifter (124) that shifts the rounded
result if the value of the unrounded result is between 4 and 2, incl usive.

The 64-bit
pl us one.

i ncrementer generates a result equal to the unrounded result

One of the mux blocks is 5 The sticky bit (S) is conputed in.

parallel with the rest of the hardware, The | ogic does not wait until the
final result is avail able as shown in ﬁl GURE 1. In the prior machines the

sticky bit

&ﬂ&e&ﬁﬂmlbﬁdRaf Hethe iohéconesefl the wampads@uisache, thea thatsficky it ist he

3:1 nultipl exero?ﬂ‘enMS sjnck§tmt 1kXﬁ§i t Generat or

Example: (Singe-Precision Case)

Constant := sum of trailing-zero bits + 3 (to account for additional 3 trailing

bits in the multiplier)
=105 + 3
= 108
If (trailing-zero sum > constant) then
sticky =0
else
sticky =1

Two different constants are needed for the same precision.
(i) constant_1:2.0 < unrounded product < 0
(i1) constant_2 : 4.0 < unrounded product < 2.0
constant_2: = constant_;l +1

‘Method of Sticky-Bit Generation
"The flow diagram of sticky-bit generator is shown in FIGURE 3.

(Step 302) The trailing-zero count (200) of multiplicand and the trailing-zero count
(202) of mﬁltiplier are latched (204) and summed up in adder (206) to provide a
first sum (FMTZTC). '

(Step 304) a first 3:1 mux (210) selects the correct constant to compare with the
trailing-zero count-sum depending on precision chosen to determine the sticky bit;
and a second 3:1 mux (210) selects the correct constant to compare with the trailing-
zero count-sum depending on precision chosen to determine the sticky bit.

(Step 306) The first sum (FMTZTC) is compared in a comparator (121) against a
first constant (FMTZCSTV).

(Step 308) If the outcome of the first comparison is one, then

(Step 310) a first sticky bit (FMX2STKA) of one is generated, othem:se,

(Step 312) a first sticky bit (FMX2STKA) of zero 1s generated.

(Step 314) The second sum (FMTZTC) is compared in the second comparator
(214) against a second constant (FMTZCSTA)

(Step 316) If the outcome of the second comparison is one, then

(Step 318) 2 second sticky bit (FMX2STKYV) of one is generated othem ise,
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The sticky bit is generated in the floating point nultiplier by |Iooking at
the trailing zero count of the multiplicand and nultiplier. The bl ock

di agram of the sticky-bit generator is shown in FIGURE 2. The 3:1 nux (208
or 210) selects the correct constant. either a first constant (H6E, H51, H46)
or a second constant (H6D, H50, H45), to conpare with the trailing-zero
count - sum dependi ng on the precision- chos?n to determne the sticky bit.

Two sticky bits need to be cal cul ated durfng the parallel operation because

the result dest Z\wpﬁﬁgﬁﬁ%%qe;&s%hémm be known which

is correct n r e result of tion hagabeen

cal cul at ed. (S‘feptm) Ifetéemnrpgn%% skl of t%ﬂﬁf’dﬂm‘% Rdetvern 6app gt thenne
FMAESTKVA i ¢ r@ﬁg‘“@ﬁrs‘{\bﬁ&y‘ﬁﬁ th@%ﬁiﬁut'hﬁe Wméiﬁdelécteﬁhe output |ine

FMAFSTKV i s St bi t t,he correct one
to use unti theméb% Eﬁ‘ﬂ"eé‘HHPPPg?#T B\g}#&?‘éﬁ“ cen 2 afd 4, hedn

(Step 330) the second sticky bit, the output line FMWESTKY, is selected.

While the invention has been particularly shown and described with reference to
preferred embodiments thereof, it will be understood by those skilled in the art that
the foregoing and other changes in form and detail may be made therein without
departing from the scope of the invention.
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the results of the final addition is known, the cMan be

setected. The carry out fromthe adder (122) the o
used to select the sticky bit by energizing the 2: “ m Me I
the overflow bit is a 1, then the FMAESIKV bit is dverflow

bit is a 0, then the FMAFSTKA bit is . The final stlcky bit FMAFSTK
is then taken fromthe g put of the lti.p Iexte Princip The nunber
of trailing zeroslift 3 Y%’r“o%ﬁf@fatpé ’%&QE%‘HB Ry tWI‘FHQPS‘EﬁH“@f“"ﬁ}H‘éa

trailing ZeEH§sdr{brteEﬁ§|dhpl©ﬁﬂ0dEpI§ ﬁbaﬁxﬁ\y SIAPIARBEYs %bm@ﬁséd\ oMb intdntisaefilb@se i s
Bnd multp ?ﬁ?“ﬁ‘é'répgnﬁwifadﬁ”@Wegﬁt&é?%&& el i hgleat rRDgHi A dhe
(212 and 214k)aragaa beforarcamdingatre basent bih(R)@nd sticky bits (S) comprising:
means for adding a multiplicand trailing-zero count and a multiplier trailing-
zero count to produce a trailing-zero count-sum; _
'means for selecting a correct constant to compare with said trailing-zero
count-sum ciepending on a precision chosen to determine a sticky bit; _
first comparator means for comparing against a first constant based on said
precision control for generating a first sticky bit having a value of zero upon the
condition that the output of said comparator is one and having a value of one upon
the condition that the output of said comparator 1s zero;
second comparator means for comparing against a second constant based on
said precision control for generating a second sticky bit having a value of zero upon
the condition that the output of said comparator is one and having a »alue of one
upon the condition that the output of said comparator is zero;
said first and second constants being determined from the number of bits to
the right of the round bit; and,
means responsive to said overflow bit for selecting said first sticky bit and
alternatively for selecting said second sticky bit. g

2. A method of generating a sticky bit in a floating point multiplier
ofperating within a chosen precision to multiply floating point numbers comprised of
a mantissa filed and an exponent field wherein the relative positions of the least
significant blt of the mantissa before roundmg are a round bit (R), and sticky bits .

- (S) compnsmg the steps of:
A. summing a trailing-zero count of multiplicand and a trailingzero count of
multiplier to provide a first sum (FMTZTC);
B. selecting in a first 3:1 mux, a first constant to compare with said trailing—zero
count-sum dependmg on precision chosen to determine a first sticky bit and in a
second 3:1 mux a second constant to compare with said trailing-zero count-sum
depending on precision chosen to determine a second sticky bit;
C. comparing said first sum (FMTZTC) in a first comparator agéinst said first
constant (FMTZCSTYV);
D. generating, if the output of the first comparator is one, a first sticky bit
(FMX.STRA) of one, otherwise, a first sticky bit (FMXZSTI\A) of zero;
E. comparing said second sum (FMTZTC) in a second comparator against a second
constant (FMTZCSTA);
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precision control. This constant is determ ned fromthe nunber of bits to
the right 6 of the round bit (R). If the outcone of the conparison is
one, then the sticky bit is zero. Qherw se, the sticky bit is oneb .
Exanpl e: (Si nge-Precision Case) Constant : numm u w “l its +
(to account for additional 3 trailing bItS inth m mg ﬂﬁ 05 + 3 : =
108

9
F. genera'ting if the output of the second comparator is one, a second sticky bit
(FMX2STKYV) of one, otherwise, a second sticky bit (FMX2STKV) of zero;
G. selecting, if an unrounded result of the addition is between 0 and 2, said first
sticky bit, the output line FMWFSTKA, and, '

H. selecting, if an unrounded result of the addition is between 2 and 4, said second
sticky bit, the output line FMWFSTKYV.

3. A sticky bit generatbr in a floating point multiplier
operating within a chosen precision to multiply floating point numbers
comprised of a mantissa filed and an exponent field wherein the
relative positions of the least significént bit of the mantissa before
rounding are a round bit (R), and sticky bits (S) substantially as
hereinbefore described with reference to the accompanying drawings.

4. A method of generating a stiéky bit in a floating point
"multiplier operating within a chosen precision to multiply floating
point numbers comprised of a mantissa filed and an exponent field
wherein the relative positions of the'least,significant bit of the
mantissa before rounding are a round bit (R), and sticky bits (S)
substantially as hereinbefore described with reference to the
accompanying drawings.
~\\\\\h\\\\\5\\\\\;\\\
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Lf (trailing-zero sum> constant) then sticky = 0 else sticky

Two different constants are needed for the sane preC| sion. (i) constant 1 X
2.0 < unrounded product < O (ii) constant_2 :4.0 < unroundbdsS dthsBeen l!laC}%d
2.0 constant_2: = constant_1 + 1 Method of Stlcky Bi t Gener
di agram of sticky-bit generator is shown in Fl GURE 3. (Step
trailing-zero count (200) of nultiplicayyd and the trailing-zero count (2
of multiplier are latched (204) and sunmed up in adder (206) to provide a
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Lirst> sum (FMIZTC) (Step 304) a first 3:1 nux (208) sel ects the cor.rect

.constant to conpare with the trailing-zero count-sum dep _on precision
chosen to determne the sticky bit; and a second 3:1 WXM
torrect constant to conpare with the trailing- zero count- ggendi ng
preci sion chosen to deternmine the sticky bit. (Step 306) T B
(FMITZTC) is conpared in a conparator ?pggai nst a first c l‘m

the first .conparison

/ laceq
(FMrzZCstv). (Step 308) If the outcone o lr/ﬁ!ﬂhen

(Step 310) a first sticky bit (FMX2STKA) of one is generated, otherw
(Step 312) a first sticky H FMX2STKA) of zero is ﬁgat ed. (Step 314)
The second sum ( FMIZTC) i B ared in the second c tor (214) agai nst
a second constant (FMIZCSTAY 68 ?68

TRAIING ZERO |,.200 TRAILING ZERO ],202
ENCODER - ENCODER
,1/ 7 . ) // 7
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FMAFSTKY,

t he out put

is between 0 and 2,
i ne FMAFSTKA i s sel ect ed,

(Step 316) If the outcone of the second conparison is zero, then (Step 318)
a-second sticky bit (FMX2STKV) of one is generated, otherw se,
320) a second sticky bit (FMX2STKV) of zero is generat ed.
unrounded product of multiplicand and nultiplier
(Step 324) the first sticky bit,
(Step 326)-1f the unrounded product of M iplicatand and nmultiplier is

7 (Step
(Step 322) If the
t hen

330) the second sticky bit, the output line

is sel

)

ADD TRAILUNG ZERO
COUNTS OF ”
MULIPLICAND AND
MUUPUER TO
PROVIDE A SUM AND
OVERFLOW

302

SELECT A FIRST AND
A SECOND CONSTANT |-
[EACH HAVING A VALUE
DEPENDING UPON

304

DESIRED PRECISION

| ]

"COMPARE FIRST
CONSTANT WITH
S

(305

312

Z

GENERATE
| FIRST
STICKY

GENERATE
FIRST STICKY
BIT =1

)

COMPARE SECOND |/
CONSTsQM WTH

314

BIT =0

between 2 and 4 St3en
eSTARY. ile the invention has been particularly shown and
described with eto ' :

PRODUCT OF

PRODUCT OF
MULTIPLIER
BETWEEN 2
ANE 4

YES

MULTIPLICAND AND

MULTIPLICAND AND

SELECT SECOND
STICKY BIT

330

320
Z
GENERATE
SECOND STICKY
BIT =0
GENERATE | 318
SECOND STICKY |
BIT =1
322 324
UNROUNDED £

SELECT FIRST
STICKY BIT

328

1
END

FIG. 3

332



prefearred enbodi nents thereof, it will be understood by those skilled in
‘t'he art that the foregoing and other changes in formand detail may be nade
“therein w thout departing fromthe scope of the invention. CLAI M5 1.

A sticky bit generator in a floating point nmultiplier operating
"wWithin a chosen precision to nultiply floating point nunbers, each nunber
conprised of a mantissa field and an exponent field wherein the | east
significant bits of the manti ssa before rounding are a

ABSTRACT

COMPUI‘ATION OF STICKY-BIT IN PARALLEL WITH PARTIAL PRODUCI‘S
IN A FLOATING POINT MULTIPLIER UNIT

A floating point unit multiply logic in which a sticky bit is computed in parallel with
partial product generation and reduction for three different rounding precisions and
" two different operand ranges. Two sticky bits need to be calculated during the
parallel operation because the result can be anywhere bétween 0 and 4 and it will
not be known which is correct until after the result of the multiplication has been
«calculated. If the result is between 0 and 2, then a first sticky bit is generated.
When the result is between 2 and 4, a second sticky bit is generated. It is not known
which sticky bit is the correct one to use urtil the final addition is pefformed. Once .
the results of the final addition is known, the correct sticky bit is selected using a
carry out from the adder, the overflow bit. If the overflow bit is a 1, then the first
sticky bit is selected. If the overflow bit is a 0, then the second sticky bit is selected.

(Figure 3)



-f——*ﬂ

4 Y e L s

réund bit (R, and sticky bits (S): co
adding a multiplicand trailings zero

t:r ai | i ng-FRigUs tooueplacemph

AL03472—~5 TVOS

ri sFRGLACErst nmeanshd or 55

count and |all! Dpagkiptieh | proad ... 0 230d ...
a trailing-zero {cBuitis@n segpdd..nsapsgficr..
sel-ecting a 'pair of constants to conpare with sgi & Traiihgby: zered . Bowonpegdndfz

dependi ng on a plgw vision control to deteriningsarsti ckysgdeiit.,... fd £sfed .....
conpar at oDﬁ@an@?ﬁﬁﬁgc ed to said first jf®ans & -

conparing said trailing-zero count-sum agai nst- g

Sero hon the oo L RyEELE/ i, " loeet
_ 188

68
’ 106

CLK —=1 LATCH

LATCH

X1 T 108

10

PARTIAL PRODUCT
GENERATORS

7% 22

800TH
ENCODER

X221 122

o

1

4:2
CSA
TREE

1129 1129

116

GROUP GENERATE/PROPAGATE

T 201
118

FITZX/6:0 /FITZY6.0

7 X7

ClK —

LATCH

N4 5 3

STICKY

BIT
GENERATOR

120
\

41 1’1

LATCH

CLK - LATCH
FMWFCPCra01 122
) Z

129 - BIT
Y ADDER

4 1Y
__ | | 1 -8

S RIGHT — SHIFTER
(67 54

2L

LY

FMWFSTKA 1
FMWFSTKY 1

1.1

rd

3 ——\ 2/

0— 64

L

{[128

N

130 ¢

64 - BIT
INCREMENTER

465

1 p1

‘1’5.8 1 3 °

13, 1% {68

o130 FRMZBUS /67:0°

N\ 31

68

68
. FIG. 1

FMMZBUS /RESULT-

ROUNDING
LOGIC -

FMMROVINN



ﬁé said first conparator is at a first logic state indicating that the
tralllng zero count-sumis less than the first constant -and having a val ue
iof* one upon the condition that said output of said first conmparator is at a
second logic state indicating that the trailing-zero count-sumis greater
than or equal to the first constant; second conparator means connected to
said first nmeans and to said second neag3for conparing against a second
constant based on said precision control for generating a second sticky
bit having a value of zero upon the condition that. said out put of said

second conparator is at thﬁxédgsn | ogic state |nd|cqﬁ“f§%5that

)(sa ,t'sa
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“thre trailing-zero count-sum is l|less than the second congvaﬁfdﬁlgs
haV|ng a val ue of one upon the condition that said output of said second
compar at-or is at the second logic state indicating that the trailing-zero
count-sumis greater than or equal to the second '-9- constant; said
first and second constants being determ ned fromthe nunmber of bItS to t he
rlght of said round bit;

1

COMPUTATION OF STICKY-BIT IN PARALLEL WITH PARTIAL PRODUCTS
IN A FLOATING POINT MULTIPLIER UNIT

REPLACEMENT SHEETS  SG
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Field of the Invention '
The present invention relates to data processing systems, and more particularly to
apparatus for the computation of sticky bit in the floating-point unit of a

- microprocessor. ' '
Background of the Invention
In floating-point operations, the computer is limited by the number of bits it can

. store for a particular number. Rounding is therefore necessary to adjust a number
so that it is accurate to a certain specified precision consistent with the capacity of
the computer to store the number. For example, rounding to even is accomplished
by adding one-half of the least-significant digit position of the desired precision to
the most-significant digit of the portion that will eventually be discarded. For
example, consider the number 38.5XXX (where XXX are additional digits in the
number). If XXX > 0 (case 1) the rounding is correct to the number 39, because 39
is nearest to 38.5XXX. But if XXX = o (case 2) the rounding is incorrgct berlaéuse it
is a tie situation which requires the result to bq.ﬁou%dted to even (38). POne bit1s -
used to distinguish between case 1 and case 2;é’iad 1s the logical OR of the bits XXX.
This bit is called the sticky bit and is given a value of 1 for case 1 and a value of 0 for
case 2. The sticky bit is used to distinguish between these two cases wherea
number, such as 38.5, is rounded to the nearest whole number. The examples above
are taken from the book "Introduction to Arithmetic for Digital Systems Designers,”
by Waser and Flynn, 1982, CBS College Publishing. '

Ina md!liply operation ordinarily the sticky bit cannot be calculated until the result
of the mulliply has been determined. This results in the need for additional clock
cycles (o be taken during a multiply operation to determine the sticky bit in seriatim

acement shest

with the calculation of partial products.
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and, third neans responsive to an overflow bit generated as a result of

hul ti plying said multiplicand and said multiplier, said third neans for
selecting said first sticky ' bit and alternatively for selecting said second
sticky bit. 2. A nmet hod of generating a sticky bit in a floating point
mul tiplier operating within a chosen precision to nultiply a

mul tiplicand by a multiplier, 3said nmultiplicand and said nultiplier

each bei ng ﬂlsgb%ﬁﬂdlgdé?% B altl epRbI N Perict g3 2-Bit B?azibassegﬁea%&igm an
exponent f ! ?ﬁtegevn\'h xrexﬂl%lpﬂcatttpc?n. l'-ﬁ(lfjlesltatesnI 'of ];llxecr%mtip }l gpserghor;[ xj;?hree clocks. The
throughput on'multiplies, however, is two clock cycles. The floating point multiplier
is heavily pipelined and able to achieve these performance figures by using a

parallel multiplication technique and a novel 129-bit adder.

X1 Stage -

In the X1 stage, the floating point multiplier generates 22 partial products by booth
encoding the 64-bit multiplier. In the X2 stage, the partial products are fedintoa
4:2 Carry Save Adder (CSA ) tree (112) for further reduction, eventually producing
two vectors called the sum and carry vectors. Inthe WF stage, these sum and carry |
vectors are added to compute the final product. Also, rounding is performed
(depending on the precision control and rounding mode) using a dedicated rounder
(134). The rounded result is then written back onto the result bus (FMMZBUS) at
end of Wf clock.

The X1 stage consists of booth encoders (110), and partial product generators(108).
The inputs to these blocks are the 67-bit multiplicand (100) and 64-bit multiplier
(102). ' : ' :

X2 Stage

The X2 stage consists of a 4:2 CSA tree (112) and a sticky-bit generator (114). The
inputs to the CSA tree are the partial products. The sticky-bit generator computes’
the sticky bit for different precision in X2 stage. Two different sticky-bit values are
computed, one (FMWFSTKA) when the value of the unrounded product is between
2 and 0, and the other (FMWFSTKYV) between 4 and 2, inclusive. The output of
this block (114) is the actual value of sticky bits to be used in WF stage.

The WF stage_ldgic consists of a 129-bit summation blockﬁ:ﬁ}, a normalizer, a 64-

bit incrementer (130), two different mux blocks, and rounding logic (134). The 129-
bit summation unit,&%f;omputes the 129-bit sum using the output of the group
generate/ propagate (116) block, which is latched (118) at the rise of WF clock.
The normalizer is a 1-bit right shifter (124) that shifts the rounded result if the value
of the unrounded result is between 4 and 2, inclusive. The 64-bit incrementer
generates a result equal to the unrounded result plus one. One of the mux blocks is

This is the replacement sheet
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manti ssa before rounding include a round bit (R, and sticky bits (S)

conprising steps of: A summng a trailing-zero count of said

mul tiplicand and a trailing-zero count of said nultiplier to provide a
first sum B. selecting a pair of constants depending on the chosen .
precision to determne first and second sticky bits; C conparlng sai'd
first sum in a first conparator against a first constant; D

generating, if an output of said first c®nparator is at- a. flrst | ogi c

state indicating that the
The sticky bit (S) is computed in paralle! with the rest of the hardware. The logic

" does not wait until the final result is available as shown in FIGURE 1. In the prior

machines the sticky bit was computed after the result was computed, the output of
the 3:1 multiplexer of FIGURE 1.

Sticky-Bit Generalor

- The sticky bit is generated in the floatmg point rnulupher by looking at the tranlmg
zero count of the multiplicand and multiplier. The block diagram of the sticky-bit
generator is shown in FIGURE 2. The 3:1 mux (208 or 210) selects the correct
constant gither a first constant HS51, Hi6) or a secoxd constant H50, HAS
-~ to carpare with the trailirg-zero cont-sum depending on the precision chosen to
determmine the sticky bit.
Two sticky bits need to be calculated durmg the parallel operation because the
result can be anywhere between 0 and 4 and it will not be known which is correct
until after the result of the multiplication has been calculated. If the resultis
“between 0 and 2, then the output line FMWFSTKVA is generated. When the result
is between 2 and 4, the output line FMWFSTKYV is generated. It is not known
which sticky bit is the correct one to use until the final addition is performed. Once
the results of the final addition is known, the correct sticky bit can be selected. The
carry out from the adder (122), the overflow bit FMSOV, is used to select the sticky
" bit by energizing the 2:1 multiplexer (220). If the overflow bitisa 1, thenthe .-
FMWFSTKYV bit is chosen. If the overflow bit is a 0, then the FMWFSTKA bit is

chosen. The final sticky bit FMWFSTK is then taken from the output of the 2:1
multiplexer.

Principle:

The number of trailing zeros in the product is exactly equal to the sum of the trailing

zeros in the operands for any representation in which the base is prime (for
example, base two).

The trailing-zero count of both multiplicand and multiplier are summed up in adder

(206) and compared in comparators (/\ $21 and 214) against a constant based on the
precision control. This constant is determined from the number of bits to the right
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first sumis less than the first constant, a first sticky bit of one, or
€lse-a first sticky bit of zero; E conmparing said .first sum in a
second conparat or agai nst a second constant; F. generating, if-sald
dut put of said second conparator is at the first logic state indicating
that the first sumis less than the second constant, a second 5ticky bit of
one, or else a second sti.cky bit of zego; 10°

of the round bit (R). If the outcome of the comparison is one, then the sticky bit is
zero. Otherwise, the sticky bit is one.

Example: (Singe-Precision Case)

‘Constant := sum of trailing-zero bits + 3 (to account for additional 3 trailing
bits in the multiplier)
=105+ 3
:= 108 .

If (trailing-zero sum > constant) then

sticky =0
else

sticky =1

Two different constants are needed for the same precision.
(1) constant_1: 2.0 < unrounded product < 0
(ii) constant_2 : 4.0 < unrounded product < 2.0
constant_2 : = constant_1 + 1

‘Method of Sticky-Bit Generation

“The flow diagram of sticky-bit generator is shown in FIGURE 3.

(Step 302) The trailing-zero count (200) of multiplicand ard the trailing-zero count
(202) of multiplier are latched (204) and summed up in adder (206) to providea -
firstsum (FMTZTC): (508 -
(Step 304) a first 3:1 muxkﬁ-}:G} selects the correct constant to compare with the
trailing-zero count-sum depending on precision chosen to determine the sticky bit;
and a second 3:1 mux (210) selects the correct constant to compare with the trailing-
zero count-sum depending on precision chosen to determine the sti it.

(Step 306) The first sum (FMTZTC) is compared in a comparator w‘%} againsta
first constant (FMTZCSTV). "

(Step 308) If the outcome of the first comparison isﬁe%hen :

(Step 310) a first sticky bit (FMX2STKA) of one is generated, otherwise,

(Step 312) a first sticky bit (FMX2STKA) of zero is generated.

(Step 314) The second sum (FMTZTC) is compared in the second comparator

- (214) against a second constant (FMTZCSTA). |
(Step 316) If the outcome of the second comparison isﬁeﬁ%hen
(Step 318) a second sticky bit (FMX2STKV) of one is generated, olherwise._'

This is the replacement sheet
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G- . selecting, if an unrounded product of said multiplicand and said

miltiplier is between 0 and 2, said first sticky bit, and H. sel ecti ng,
i f- an unrounded product of said nmultiplicand and said nultiplier is between
2 and 4, said second sticky bit. 3. A sticky bit generator in a

floating point multiplier operating within a chosen precision to
mul tiply floating point nunbers, each ngnber conprised of a mantissa field
and an exponent field wherein the |east significant bits of the mantissa

before rouggiepB20y £ sécondstidkypbit (FWE ! |§eg%s geﬁfe'aﬁeS) conpri si ng:
(Step 322) If the unrounded ; 1s between 0 and 2, then

(Step 324) the first sticﬁé bit tge n‘,’“ﬂ’“ iléﬁﬁ A'-'MVXFSTK‘{A. l|es selected,
(Step 326) If the unrounde is befween 5 and 4, then

(Step 330) the second sticky bxt the output line FMWFSTKY, i is selected.

While the invention has been particularly shown and described with reference to
preferred embodiments thereof, it will be understood by those skilled in the art that
the foregoing and other changes in form and detail may be made therein without
departing from the scope of the invention.
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an_ adder for adding a nmultiplicand trailing-zero count and a nultiplier
trailing-zero count to produce a trailing-zero count-sum a first nmux for

sel ecting correct constants to conpare with said trailihrg—zero—count=sum

dependi ng on a chosen precision to detgrgiqp a sticky bit: a fi :
conpar at of connected to said mux and for “comparing agamuﬂ‘g“‘ummm;“%“‘
constant | based on said precision for generating a filik L *
havi ng a fjal ue of zero upon the condi t¢pargdat an out put of said first
conparatof .is at a first logic state indicating that the trailing-zero

count-sunjis less than the first
1. A sticky bit generator in a floating point

multiplier operating within a chosen precision to
multiply floating point numbers, each number comprised of
a mantissa field and an exponent field wherein the least
significant bits of the mantissa before rounding are a
round bit (R), and sticky bits (S); comprising:
first means for adding a multiplicand trailing-
Zero count and  a multiplier tfailing-zero count to
produce a trailing;zero count-sum;
second means for selecting a pair of constants to
compare with said trailing-zero count-sum depending on a
chosen precision control to determine a sticky bit; '
first comparator means connected to said first
means and to said second means for comparing said’
trailing-zero count-sum against a first constant based on
said precision control for generating a first sticky bit
having a value of zero upon the condition that an output
of said first comparator is at a first 1logic state
indicating that the trailing-zero count-sum is less than
the firsg'constant and having a value of one upon the
condition that said output of said first comparator is at
a second logic state indicating that the trailing-zero
count-sum is greater than or equal to the first constant;
second comparator means connected to said first
means and to said second means for comparing against a
second constant bhased .on said precision control for
generating a second sticky bit having a value of zero
upon the condition that said output of said second
comparator is at the first 1logic state'inqicating that
the trailing-zero count-sum is less than the second
constant and having a value of one upon the condition
that said output of said second comparator is at the
second logic state indicating that the trailing-zero
count-sum is greater than or equal to the second
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cpﬁstant and having a value of one upon the condition that said output of
said-first conparator is at a second |ogic state indicattng that—the

grailing-zero count-sumis greater than or equal tot ' ;o a
second conparator connected to said nux for conparing m mm Wﬁm
constant RQased on said precision for geﬁéPaFing a sec K s Vi ng

a value of] zero upon the condition that said output of said second
conparatop|5§6Hségﬁifirst l ogic state indicating that the trailing-zero
IS

count - sum ess thah the second constant _and havin val ue _.of one upon

t he conditlion sagd f%rst and second cons ané%é%efhg degermgne
from the number of bits to the right of said round bit;
and,

third means responsive to an ‘overflow bit
generated as a result of multiplying said multiplicand
and said multiplier, said third means for selecting said
_first sticky bit and alternatively for selecting said
second sticky bit.
2. A method of generating a sticky bit in a floating
point multiplier operating within a chosen precision to :
multiply a multiplicand by a multiplier, said
multiplicand and said multiplier each being a floating
point number comprised of a mantissa field and an
exponent field wherein the least significant bits of the.
mantissa before rounding include a round bit (R), and
sticky bits (S), comprising steps of: |
A. summing a trailing-zero count of Said_
" multiplicand and a trailing-zero count of said multiplier
to provide a first sum;

B. selecting a pair of constants depending on:
the chosen precision to determine first and second sﬁicky
bits; _ ' ' '

c. comparing said first sum in a first

'comparator against a first constant;

_ D. generating, if an output of said first
comparator is at a. first logic state indicating that the
first sum is less than the first constant, a first sticky .
bit of one, or else a first sticky bit of zero;

. E. comparing said first sum.. in a second
comparator against a second constant; '

F. generating, if said output of said second
comparator is at the first logic state indicating that
the first sum is less than the second constant, a second
sticky bit of one, or else a second sticky bit of zero;
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-I1- that said output of said second conparator is at-the second lagic
sfat.e indicating that the trailing-zero count-sumis greater than or equal
to the second constant; said first and second consta “llm'mmumr
from the nunber of bits to the ri ght  of |d round

responsive to an overflow bit generated]a a result’ of mil ti*pl §i ny sai d
mul ti plijcand

G. selecting, if an unrounded product of said
multiplicand and said multipller is between 0 and 2, said
first sticky bit, and

H. _selectlng, if an unrounded product of said
multiplicand and said multiplier is between 2 and 4, said
second sticky bit.

3. A sticky bit generator in a floating point
multiplier Yoperating within 'a chosen precision to
multiply floating point numbers, each number comprised of
a mantissa field and an exponent field wherein the least
significant bits of the mantissa before rounding are a
round bit (R), and sticky bits (S); comprising:

an adder for adding a multiplicand trailing-zero
count and a multiplier trailing-zero count to produce a
trailing-zero count-sum; _ |

a first mux for selecting correct constants to
compare with said'trailing-zero count-sum depending on a
chosen precision to determine a sticky bit;

a first comparator connected to said mux and for
comparing against a first constant based on said
precision for generating a first sticky bit having a
value of zero upon the condition that an output of said
first comparator is at a first logic state indicating
that the trailing-zero count-sum is less than the first
constant and having a value of one upon the condition
that said output of said first comparator is at a second
logic state indicating that the trailing-zero count-sum
is greater than or equal to the first constant;

a second comparator connected to said mux for
comparing against a second constant based on said
precision for generating a second sticky bit having a
value of zero upon the condition that said output of said
second comparator is at the first loglc state indicating
that the trailing-zero count-sum is less than the second
constant and having a value of one upon the condition




and .said nultiplier; said second nmux for selectlng sa
and alternatlvely for selecting said second stick

rTrfTTsT—s%+eky—b¢L_
bi't s generator, substantially as hereinbefore de%cﬂmmj 'mwm,”",
teferenCﬁr to t he acconpanyi ng drawgsr 5.
generati g a sticky bit, substantially as hereinbefore descrl%ed W th

referencq to the acconpanyi ng draw ngs. ]
® that said output of said second comparator is at the

second logic state indicating that the trailing-zero
count-sum is greater than or equal to the second
constant;

said first and second constants being determined
from the number of bits to the right of said round bit;
and, :

a second mux responsive to an overflow bit
generated as a result of multiplying said multiplicand'
and said'multiplier; said second mux for selecting said
first sticky bit and alternatively for selecting said
second sticky bit.

4. A sticky bit generator, substéntially as
hereinbefore described -with ' reference to the
accompanying drawings.-

5. A method =~ of generating a sticky bit,
substantially as hereinbefore described with reference
to the accompanying drawings. '

This is the replacement shest

Date: 9 9 geT 1998



