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The invention pertains to the field of floating-point arithmetic

5 processes and more specifically to the detection of mantissa leading zeros

and the generation of gate signals for the control of left shift normalization

apparatus.

KGRQUN THE INVENTION

An important application for leading zero detection is in the

10 normalization of the mantissa that results from the true subtraction of two

floating-point numbers, particularly when the normalized mantissas of the

operands have associated exponents that differ by no more than one bit.

Clearly, the closer the magnitudes of the operands, the greater number of

leading zeros that obtain in the resulting difference of the normalized

15 operand mantissas. The floating-point result is normalized by left shifting the -

mantissa. For example, if the un-normalized result of the subtraction yields

0.0001XXX...X, the normalized result would be 0.1 XXX,..X000 or

1.XXX...X0000, depending on the floating-point convention that is used. In

the former cass. the mantissa is left-shifted by 3-bit positions, causing three

20 zeros to be appended and also causing the associated exponent to be

decremented by 3; in the latter case, with the binary point to the right of the

leading one (or hidden "1"), the normalization operation required a shitt of

4-bit positions and decrementing the associated exponent by 4, Regardless

of the convention used, a means for detecting the leading cne (or number of

25 leading zeros) is required for control of the post subtraction normalization

unit.

Figure 1 is a block diagram of a typical state of the an leit-shiit

normalization unit. The normalization unit consists of a leading zero

enceder (LZE) unit 20 that controls left-shift normalizing unit 60. Input data is

30 supplied from subtractor 10 which produces at its output an un-normalized

marntissa corresponding to the absclute difference of the operands. (The



10 normal i zati on of the mantissa that results fromthe true subtraction

of two fl oati ng- poi nt nunbers, particularly when the normalized

manti ssas of the oper ands have associ ated exponents that differ by no
nore than one bit. Clearly, the closer the magnitudes of the
operands, the greater nunber of Iegdlng zeros that obtain in the
resulting difference of the normalized 15 operand manti ssas. The
floating-point result is nornmalized by left shifting the mant i ssa.

For exanple, if the un-normalized result of the subtraction yields
0.0001 XXX...X, the nor

1. XXX. . . X0000, dep%ﬁﬁ‘bl[“dg?El cS’Pma%'P'l’méCfaf”SStaFﬁgseB%raﬁts“-‘&o%\)/Xﬁg'(?Sr?"{%%f"%s used. In

t he forrrer case. ti};@ué{ﬂ@%btﬁﬂia@ dnefshitededf ted by 3-bit positions, causing
three 20 zeros to be appended and al so causing the associ ated exponent to
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operation require 031 T ons and t he
associ at ed exposientiglry 24s a e 2 088 16-bit inpuuéft tsﬂim neoTVERg ummmsed a nmeans
for detecting the | eading one (or nunber of | eadi nquﬁzeros) I's required

for control of theWpest ﬁmse%fef?fawfmah%x ?%%ﬂaé’h”“‘t S0. ThgrRit shift code
Figure 1 is a bl ock i 0548 Hnafis hymiraed op Lot Gnitdo.t HR Bhdry L&kl ft

ccde is applied to barrel shifter means 30 and 40, while the zeros {active if
the difference is zero) is applied to zero-mask unit 50 forcing zercs (Z) in all
10  bit positions.

The reason for using two bariel shifter units (30 and 40) in normalizer
8Qis because. of the circuit complexity that would obtain if the total shift were
to be accomplished in a single stage. This may be best understcod by
reference to Figure 3, a block diagram of a 3-bit left shifter cperating on an

- 15 input string of 16-bits. The two_l-bit binary enccded shift input signal is
applied to gate decoder 35 that decodes the 4-state input signal and
activates one out of four output lines 47. Each of the four output lines is
applied to 16 shift cell units 45 as an input to one of four corresponding
two-input AND-gates 37. The other input to each of the AND-gates 37 was

20 provided from the input resultant data bit string, {A15 - Ag], as shown. For
example, line 0, corresponding to a zero shift is connected to the lower set of
AND-gates 37 so that when line 0 is active, outputs 15-0 correspend to [Aqs -
Agl. Similarly, lina 1, corresponding to a one-bit left shift is applied to the set
of gates having [A14 - A.1] connected as inputs causing the input string [A14 -

25  A.q] to appear at outputs 15-0. Activating line 2 or 3 would cause input string
[Aq3 - A.g] or [A12 - A.3] to appear at output 15-0. Because decoder 35
selects one out of four output lines, 4-input OR-gates 39 provide the
multiplexing required to feed the selected bits to the output terminals.

If input bits [A.1 - A_3] are cennected to [A1s - Ay3] respectively, the

30  shift operation pr;:duces and end-around rotation cr barrel shift of the input _

string [A1s - Ag): if [A.1 - A.3] are forced inactive, zeros would be appended to

“he ghifed string.
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normal i zation unit. The normalization unit consists of a | eading zero
encoder (LZE) unit 20 that controls left-shift normalizing unit 60. I|nput
data is 30 supplied fromsubtractor 10 which produces at its output an

un-normal i zed mantissa correspondjng to the absolute difference of
t he operands. (The - 2-

signuminformation is carried as a separate sign bit). This n-bit result is
applied to both LZE 2% and 3xhi fter. ﬁg d,Lref t {shi ft .tgnit 60
typical |y conprises baffe&fsedRAERNRELRSSEE 3™ A694'D M2 1S58 Wit ating t he

i nput bit string gngitsAo?Rbm) BREKERE aRS!ROuI FRARENGI gadiZ@dI@Svouid  Figure
2is atruth table for a 16-bit input left-shift normalizing unit 60 in

whi ch "Z" represeffagireét snitt AeloHHARS IHECH BRG0HEANERIeS §T7.a of44086t shift

ggggd shi ffmd 1- biAnt\lD-Zg%fe%§ to@iegi@?\!vitri the g@&ﬁﬁp@%ﬁﬂg Weréu%ﬁea%inﬁ c:gr(r)t'rol-rhe bi nary

5 complexity. Censequently, the shift process is usually done in two stages as
shown in Figure 1.

The first stage shifter 30 may typically accommedate shifts of -7 bits
while the secand stage 40 has 8 shift cells and provides shifts of 0, 8, 18, 24,
... 58. A similar cell structure to that descriced above is used except that

10 each AND-gate accommodates 8 bundles of 8 input data bits. For a
discussion of these techniques, see "S.ntroduction to Arithmetic for Digital
Systerns Designers,” Waser, S., and Flynn, M.J., Holt, Rinchat and Winston,
1982, pp. 106-123.

Referring back to Figure 1, it should be noted that shift units 30 and 40

15  are designed to accept binary coded shift instruction from LZE 20. As
shown, the k-bit shift instruction is split in{o an I-bit and m-bit field where |
corresponds to the group of lower order bits while m corresponds to the
higher order bits. Decoder 31 and 41 of units 30 and 40 respectively
decode this information to activate 1 out-of 2! or 1 cut-of 2M gate control

20 lines. Similar decoding of k-bits occurs in zero mask unit 50.

Figure 4 is a truth table for a 32-bit input LZE 20 unit. The input data
bits are numbered {31-0] along the top. The qutput binary shift count of
leading zeros is enumerated vertically along the right side. Also, an
additional input contrel bit, Ej, is shown at the extreme left. Ejis an enable

25 control bit that, togetner with Eg, is used to cascade standard modular LZE
networks to accommodate longer bit strings. '

Each horizontal line of the table shows the position of the leading 1
and the resuiting leading zero count. The symbol X foliowing the leading
one indicates that the value may be arbitrarly 0 or 1. Also, note that if all

30 input bit patierns are zero, Ep is made active while the shift cocunt is made
zero (z=0) indicaling a zero valued input. 1f Ej =0, the output is disabled.

Figura 3 shows g pregrammadie 'cgic array (PLAY implemantation ¢f
a 32-bit input LZE 20. Data input bits [Az1 - Ag] &nd their ccmplemenis [Azq -

~



code is applied to barrel shifter neans 30 and 40, while the zeros (active

i'f the difference is zero) is applied to zero-mask unit 50 forcing
zeros (2) in all 10 bit positions. The reason for using two
banel shifter units (30 and 40) in normalizer 60 i s because of the
circuit conplexity that would obtain if 4t he total shift were to be

acconplished in a single stage. This nmay be best understood by

reference to Fi o Sro oM PLind RANAM ADHafitad iRfidaieliby IglpRRy ating on

an 15 input strin Its. e two- I nary encoded shift 1 nput
signal is appl the totimniph tiresdestigethe §&es.hbite chevpbelesnts bee ghnstatede | nput
si gnal and act.ivates one qut_of four. output |ines 47. Each of the
four output |ines J¥nventing b“?fﬁﬁpﬁ'efd‘st%‘ e_[‘é{;'g’ﬁi"?‘{z‘t ihéi o UGRS 195°3483% 5 an i nput

to one of four corhesRaNdiENGits. The ANDRtd RABuS PR BALLS imdifidulieadet her i nput
to 'each of the AND-gates 37 was 20 provided fromthe input resultant data

bit string, [A[®rréxclusixplgrectateddd oyhe)\dR) inRgeordance widnthenfliewingibaelegn
corresponding to a Z%%ioﬁgj ft is connected to the | ower set of
AND- gates 37 so t haY when-line 0 is active, outputs 15-0 correspond to

[Alerr] - Alerr]]. Simlarly, line 1, corresponding to a one-bit left
shift is applied to the setP31 = Ei of @ates having [Alerr] - Alerr]]
connected as inputs causi nfPhhe BnputAstrifag [Alerr] - 25 A Jferr]] to

appear at outpt®s 15-0. Actdewat«i g |t Ae1 2 Aap *3A2oul d cause input string

[Aferr] - Alerr]] or [Alerr] -_Af 1 1]t o appear at tpyt 15-0. Because
decoder 35 sel ects on::'lg1 olt gdf ¥§§? .ﬁéﬂp.ugzgl i'he% A%—i‘npu% OR-gates 39
provi de the mul ti pl exihg™reduir 't 6 Peed fie S2l'elfed Bits to the
out put term nals. [f input bits [Alerr] - Alerr]] are

connected to [Alerr] - Thpss edrfessigspastimplengnied ndigB®S englrefthat@per ati on
produces and eng-afound: rQRb48%1 AtpBRRL 3 adilb by Rine MwbRRY Enabled
(E; = 1) and Ak is active while all An n > k are inactive.
OR-gates 73 logically combine selected combinations of AND-gates
71 as indicated by the X-mark <;n the OR-gate input lines.' The output bits,
[C4 - COJ] are supplied by tri-state buffers 77 which are controlled by the
20 output of OR-gate 79. If the network is enabled (Ei = 1) and all input bits
[A31 - AQ] are low AND-gate output Z1 is active indicating all inpuf bits are
zero. Also, AND-gate output Z2 is active if E1=0. Either of these two
conditions will float output buffers 77. This latter feature is useful for
cascading two (or more) LZE units as shown in Figure 8.
25 Two LZE 70 units may be connected to accommodate a 84-bit input
data string. LZE #1 accepts bits [A63 - A32] while LZE #2 accepts bits [A31 -
AQ]. Enabie output, EOQ, from LZE #1 enables LZE #2 when all higher order
bits are zero and also asserts output bit C5 indicating that none of the 32-
higher order bits active high. The encoded output bits [C4 - CO] of LZE #2,
30 wired-OR with the corresponding disabled outputs of LZE #1, provided the
five lower order bits. LZE #2 provides EO active to indicate that all 64 bits
are low.

Some earlier implementations of LZE units used &-bit pricrity encoder

-

n
(31}

-Zit grier . encosar such as

ICs. Figure 7 shows the legic dlagram ©f

35 the Moicrola 74L8148 or the logically eauivalant Natura! Semicorductor



string [Alerr] - Alerr]]; if [Alerr] - Alerr]] are forced inactive, zeros

woul d be appended to the shifted string.

- 3- Because fl oating-point processors accommodate nantissas

W th 64-bits (or nore), extending_.the structure of Figure 3 to 64-bit

shifts would require 64 shift celT 2units 45, each havi ng 64 AND- gates
" (or a total of 4096 AND- gat es) together with the acconpanyi ng

i nterconnect and control 5 conpl exity. Consequently, the shift process

is usually done in two stages as shown in Figure 1. The

first stage shifter 30 may typi cally accomodate shifts of 0-7 bits
while the second stage 40 has 8 shift cells and g rg\? ES shifts of
to

16, 24, CM@§, 4N%i4ﬁ|ﬁm13@aqp|hasst$¢r@www é@@pr%@e%bwéa |s
used except that

outputs LCZ - COJ. Also, input enable, Ei, output enable, Eo, and é; the

complemented zero indicator is pravided. Figure 8, the corresponding truth
table, clearly shows that these 8-bit priority encoders are the cecmplemented
5 equivalent of the LZE described above.
Cascading of these units may be accomplished as indicated in Figure

9 and extended in multiples of 8-bits.



1.0 each AND-gate accommopdates 8 bundles of 8 input data bits. For a
di scussi on of these techniques, see "Introduction to Arithnetic for D gital
Systens Designers," Waser, S., and Flynn, MJ., Holt, Rinchat and W nston,

1982, pp. 106-123. Referrl back to Figure 1, it should be
noted that shift units 30 and 40 1 5 are designed to accept binary coded
shift instruction fromLZE 20. As shown, the k-bit shift instruction
is split into an I-bit and mbit field where | corresponds to the
group of lower order bits while mcorresponds to the hi gher order
bits. Decoder 31 and 41 of units 30 and 40 respectively decode this
information to activate 1 out-of 21 or 1 cut-of 2[err] gate control 20
lines. Simlar Q' -q s in zero mask unit 50.

Figure 4 is a't i nput LZE 20 unit. The input data

L, e, et o, Ao Tt B, ©

| eadi ng zeros i's enuner verti ca ong

addi tional inpufn 1aemdMiss®iot a bR bom't sumberne ddschib&d. eKéécﬁﬁ@zE:"oﬁ Elerr]
is an enable 25 control bit that, together with E[err], is used to

cascade st andar deteotbr compr&EEs several ISedpsoItke sbgmanuaﬁmdateemhm‘mrmtbl
strings. Each horizontal line of the table shows the position
of the |eadifhg Bytes {or maiRansealiydsia aHps P3N Ng! 26) 00BJnabf thenkitssipnbol - X

oL 03t 19,1 | Eadh 0o R Y S5p0Eh LA Boiid % L1
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Fi gure 5 shovwssegmpengpawesdihg theogiost exrghmyarﬁtl?ioﬁ)zdrmbgmeﬁi &t daBrfhe the
position of the most significant non-zero bit and activating an output line

10  corresponding to the most significant bit position within the selected
segment. This process results in two sets of fully decoded gate signals
(segment and bit level) for controlling multi-stage left shift units.

This multi-stage leading zero detector is combined with a multi-stage
left-shift unit to form a left-shift normalization unit.

15 One object of the invention is to simplify the left-shift normalization
process by providing fully decoded gate thereby eliminating encoding and
decoding apparatus in the leading zero detection unit and left shift unit
respectively.

Another object is to provide higher processing rates by use of

20  multi-stage left-shift process by first detecting the most significant non-zero
segment causing a course left-shift, followed by detection of the most
significant non-zero bit causing a fine left-shift. Thus, timing of zero

detection more closely matches timing of the left shift apparatus.



a 32-bit input LZE 20. Data input bits [Alerr] - Alerr]] and their

conpl enents (Alerr] - - 4-
Alerr]] are applied to the multi-input AND-gates 71 as indicated by the
X- mar ks on the horizontal lines_feeding the gates. The conpl ements
are generated by inverting buffers 75. Ei is an enabling input that
Is used to cascade nmodul ar LZE units. The AND-gate outputs Po - P21
are individually and 5 exclusively activated (1 out of 32) in
accordance with the foll ow ng bool ean expr essi ons:

Ri ION HE DRAWI

Figure 1 is a block diagriam of a floating point subtractor unit and
left-shift normalization point subtractor unit and left-shift normalization unit.
Figure 2 is the truth table of a 18-bit left-shift normalization unit.
5 Figure 3 is a block diagram of a 3-bit left shifter.
Figure 4 is a truth table of a 32-bit leading zero encoder.
Figure 5 shows a block diagram for a programmable logic array
implementation of a 32-bit leading zero encoder.
Figure 6 is a block diagram of two 32-bit leading zero encoders
10 cascaded to form a 64-bit unit. A
Figure 7 is a logic diagram of an 8-bit priority encoder.
Figure 8 is the truth table of an 8-bit priority encoder.
Figure @ shows a method for cascading two 8-bit priority encoders.
Figure 10 is a block diagram of a preferred embodiment of a
15  multistage leading zero encodgr.
Figure 11 is a programmable logic array implementation of a leading
zero gate signal generator.
Figure 12 is the truth table of a 5-bit input leading zero gate signal
generator.
20 Figure 13 is a logic diagram of a 9 to 1 multiplexer unit.
Figure 14 is a block diagram of a three stage left shift normalization

unit.



P31 = Eferr] . Aerr] P30 = FEferr] . Alerr] . Aerr]

10 P29 = E[err] . Alerr] . Aerr] . Aerr]

Plerr] = FEerr] . Alerr] . Aerr]. Alerr] ... Alerr] . Aerr]

Plerr] = FEerr] . Aerr] . Aerr] ._A[Eﬁr__r] ... ANerr] . Alerr] . Aerr]
These expressions, as inplenmented in Figure 5 ensure that a 1 5

particular AND-gate 71 output, P[err], is active only if the network in

enabl ed (E[ = ' e all An n > k are
| nactive. {A] e R F NN I ne sel ected conbi nati ons
of AND- gat es 7 1aia8udinthedaitoathdyisdubsionlofitag reenttilenid: igataetgaput

| ines. The output bits, [C4 - CO] are supplied by tri-state buffers
77 which are cont rapyedndireiared Saoodigisnpefia WP SR RRANIASC $9cotre tidt wor k i s
enabled (B = 1) apdoal Lleéﬂﬁ&&ﬁh@fﬁe%_ent inventioni§Adt mité¥lo %estég%@’bm;?écgat e
output Z1 is active indicating all 1 nput bits are Zero. SO,

AND- gat e out put5 Z2appliesac appeatus ugitg-Orecrtrhare sefes. hse thanpreferred condi ti ons

et oo o Pt SRR e LS AP0 B A e e 1
LZE 70 units may bggmemgected to accommodate a 64-bit input
The preferred embodiment of a two stage leading zero decoder (LZD)
200 in Figure 10, comprises first stage byte level decoder 201 and second
10  stage bit level decoder 202. It is designed to accommodate a floating-point
processor with an extended internal precision mantissa of 69 bits supplied
on input data lines 101. This input d=ata is fed to a group of eight 8-bit input
OR-gates 103 and a single 5-bit input OR-gate 120. The extreme left
OR-gate 103 accommodates the most significant byte comprising the eight
18  most significant bits (msbs); the second from the left, the next most significant
byte of eight pits and so on dov;/n to the least significant byte (Isbs) of five bits
applied to OR-gate 102. The output of each OR-gate is asserted if its input
byte contains at least one asserted bit.
The set of eight output bits from OR-gates 103 are applied to
20 NOR-gate 107. Gate 107 output, FALSZERO, is asserted only if all eight of
its input bits is zero (unasserted), and is used to control the output stage of
the normalization left shift unit.
The set of nine output bits from OR-gates 103 and 102 are provided to
the input of the 8-bit fully decoded prioritizer unit 105. The output of
25  prioritizer unit 105 activates 1-out-of-9 output lines rather than provide a 4-bit
binary coded output. The activated output line corresponds to the highest
level byte having at least one bit as indicated by the outputs of OR-gates 103
and 102. The output is a fully decoded output which is applied directly to
selector 109 and made available to the first stage of a three stage left shift
30 normalization unit as BYTSEL.
The operation of the fully decoded 9-bit prioritizer unit may be best
unczrsteed by reference to Figure 11 showing the lcgical struciurs cf 2~ m-

bit prioritizer unit suitable for implementation of unit 105. The prioritizer



data string. LZE #1 accepts bits [A63 - A32] while LZE #2 accepts bits [A31l
- AO]. Enabl e output, EO, from LZE #1 enabl es LZE #2 when all higher
or der bits are zero and al so asserts output bit C5 indicating that
none of the 32- hi gher order bitsgzactive high. The encoded out put
bits [C4 - C0] of LZE #2, 30 wired-da?with t he correspondi ng di sabl ed
out puts of LZE #1, provided the five lower order bits. LZE #2

provi des EO active to indicate that all 64 bits are |l ow._

Sore earlier inpl gwemsaf inpRDito O ZEDOTTbinsingise doBplbinkntet jnt,x—&(})qoder

ICs. Figure 7 shows the logic diagramof an 8-bit priority encodér such as
35 the Mdtorol a FybeAss gwveting bhitegs t3. | Theayptawalfamed Natmeaaat oSem conduct or

"o AND-gates 133. (Note that the AND-gate 133 labelled Pm.1 simply ANDs
the single input with itself thus acting as a simple buffer). As in the case of
5 the PLA implementation of Figure 5, the "x” indicates connections to the
input of the AND-gate associated with that particular horizontal line. In this
manner, only 1-out-of-m output lines are activated corresponding to the most
significant bit position in the input bit set [Dm.1 -Do), satisfying the following

logic expressions:

P D
m-1= m-1
Pr-2- Pm-2"Pm_q
?m—3= [?m—'a' m—z'Dm—1
10 PO = Do°D1'D2"'Dm-2-Dm—1

Thus, Pmx is active only. when Dk is active and no higher order
input bit, Dm.kn, is active for n > 0. In the preferred embodiment m=9.
Figure 12 is, by of example, the truth table for a 5-bit input fully
decoded prioritizer unit. The five input bit states are shown in the left while
15  the state of the five output lines are shown on the right. The position of the
leading active input bit on the right corresponds to the activated line on the
right independent of the state of the lower order input bits. Also, note that if
all input bits are inactive, all output lines are inactive.
Referring back to Figure 10, the fully decoded 8-bit prioritizer 105
20 output lines, BYTSEL, are applied to multiplexer (MUX) unit 109 as control
lines. The purpose of multiplexer unit 109 is to select one-out-of-nine input
data bytes each composed of eight contiguous bits except the least
significant byte [Ay - Ag] having only 5 bits. _
Figure 13 is a logic diagram of a multiplexer unit 109. The nine input
25 lines [P8 - PO} each control a byte selector 153 each comprising a sst of
8-AND gates. Whenever an input line [P8 - P1] is activated, it selects a
group of data lines [AB8 - AB1], [A3C - AS3]. [A52 - A43], [A44 - A37], (36 -
A28), [AZ8 - A21], [A20 - A13] 07 [A12 - A3]. The 5-5it byte [A4 - A0]is



CMOS 74HC1 48. This chip has 8-input lines [err] and produces at
outputs [err].

t he

corresponding truth table, clearly shows that these 8-bit priority

encoders are the conplenented 5 equTvb@eﬁt of the LZE descri bed above.

Al so, input enable, [err] output enable, [err], and [err],

conpl emented zero indicator is provided. Figure 8, the

its

Cascadi ng of these units nay be acconplished as indicated in Figure
and extended in multiples of 8-bits.

-6-

10

15

20

25

30

selected by means of the AND-gate set 151 controlled by activating PO.
(Compatibility of byte size requgres that three lower order zeros be
appended to [Ad - AQ] in order to complete the eight bit byte string.) Each of
the byte selectors (151 or 153) outputs are OR-ed by the 8 output channel
OR-gate unit 155. The output represents the 8-bit byte containing the
leading one. Hence, the output of MUX 109 has to be processed by the
sacond level 8-bit input deccded prioritizer unit 111 of Figure 10 to indicate
the bit position in the previocusly selected byte that contains the leading one.

Decoder prioritizer count 111 is logically constructed as shown in
Figure 11. The eight bit byte is applied to terminals [D7 - DO]. One-of-eight
cutput lines (PO - P7], is selected to indicate the pesition of the leading one.
The output signal, BITSEL, is providec to the second stage of the left shift
normalization unit.

Figure 14 is a block diagram of the left shift normalizing unit
comprising LZD unit 200 and normalizing unit 300. The first stage 301 of
unit 300 shifts the data by 0, 8, 16, 24, 32, 40, 48, 56 or 64 bits depending
upon the nine most significant lines of byte control signal BYTESEL [8-0]
provided by first stage LZD unit 201 of Figure 10. The second stage left
shifter 302 shifts the mantissa by 0, 1, 2, 3, 4, 5, 6, or 7 bits depending on the
state of the eight lines, BITSEL [7-0] supplied by prioritizer 111 of Figure 10.
No decoding of the left shift control signals by units 301 and 302 is required
because BYTSEL and BITSEL are fully decoded, mutually exclusive control
lines.

The output of unit 300 is finally controlied by the n-channel output
AND-gate 173 controlied by FALSZERO generated by the first stage LZD
201 as shown in Figure 10. If all data bits [A68 - AQ] are zero, the output of
NOR-gate 107 is asserted, causing the inverted FALSZERO signal out of
buffer 174 of normalizing unit 300, Figure 14, to be deasserted. This causes
AND-gate 173 to create a zero valued output.

If should be noted that even though the preferred embodiment was
described using two fully decoded prigritizers 105 and 111 in Figure 10, it

may be cssiredie t¢ use standard largs scale integral

(1]

¢ chip

wn

uch as

[’H

previcusly described, as the prioritizer units. If so, the cutputs, BYTSEL and

9



SUMVARY OF THE | NVENTI ON An apparatus and net hod for detecting
~the nunber of |eading zeros in the mantissa of a floating point nunber
i s described. Leading zero detection conprises several steps: the
segnentation of the mantissa into 5 Py}es (or nore generally into groups
of 2N, N=1,2,3); ORing of the bits T each segnent to detect the
nost significant segnent containing a non-zero val ued bit; activating
a line corresponding to the nost significant non-zero segnent ;
processi ng the nost significant non-zero segnent to determne the

position of the nost significant non-zero bit and activating an output |ine
10 corresponding to the nost significant bit position wthin the

sel ected BITSEDMedth thelhisS apd @eesid §2guk LI 20 Wenidsrt singfy drdokgddecoded
gate signals (segnment and bit level) for controlling nulti-stage |eft

shift units. requiring a decoddhieanmin e pomualizadiadiung a3 showden E@ue i s
combined with a nulti-stgggmfor tiIeft-somfitiuniejt to forma left-shift
nor mal i zat i on &7ig decogs m EHERIBE OS¢ Figee Wyention is to sinplify
the left-shift nor 'K?sloi, ghaetﬁrgperred embodiment used two LZD stages (201, 202) as
5 shownin Figure 14. However, it should be clear that three or more LZD
stages may be used to detect the leading zero. Figure 15 is an example of a
three stage LZD. A 128-bit mantissa is assumed to be separated into 4
bundles of 32-bits each and applied to four 32-input OR-gates 113.
Prioritizer 115 detects which 32-bit bundle has the most significant bit and
10  activating an output line that controls selector 117. The selected segment of
32-bits is applied to eight 4-input OR-gates 123 and {o selector 121. The
output of prioritizer 118 causes sealector 121 to select the 4-bit segment
having the most significant bit.

These and other variations would be apparent to one skilled in the art.



process by providing fully decoded gate thereby elimnating encoding and
decodi ng apparatus in the |leading zero detection unit and |eft shift unit

ettt 11 (T T I e RN AR U A

nost signtficart flonzero segnent~<ausi ng a course left-shift,

foll owed by detection of the npst significant non-zero bit causing a
fine left-shift. Thus, timng of zero detection nore closely matches
timng of the |eftoighibt apparat us.

-7- BRI EF DESCRI PTI ON OF THE DRAW NGS

1. Aleading zero twe-stage detector unit for detacting the number of
leading zeros in the mantissa of a floating-point number comprising:

5 (a) first stage decoder means capable of accepting an unnormalized
binary coded mantissa, segmenting said mantissa into contiguous muitibit
non-overlapping segments arranged in descending order of significance,
detecting the presence of a non-zero value in any of said bytes indicated by
an ordered sat of bits, one for each said bytes;

10 (o) first stage segment priority detector means connected to said
ordered indicating bits for determining the position of the most significant
byte containing an asserted bit, providing an output signal indicative of said
most significant byte;

(c) selector means cantrolled by said first stage priority detector

15  output signal for selecting said most significant segment from the string of

input bits representativ'e of said uﬁ-normaﬁzed mantissa; and

{d} second stage bit priority detector means connected to said
selector means for determining the position of the most significant asserted
bit from said selected most significant segment, providing an output signal

20 indicative of said bit position.

2. A leading zero detector unit as in Claim 1 wherein said first and
second stage priority detectors are priarity encoders providing binary coded
signals indicative of the positions of said most significant first stage segment

25 and said second stage bit, respectively.

3. A leading zero detector unit as in Claim 1 wherein said first and
second stage priority detectors are fully decoded priority detectors providing
one output segment line for each said crdered segmants and one bit line for

30 each bit representative of said selected most significant segmant, asserting
cnly the cutput segment line corraspending to said most significant segment
and assening ¢only the bit line cerresponding tc said most significant it

ocsitien.



Figure 1 is a block diagramof a floating point subtractor unit and

LT L T, 52 B e L b

normalizatién tnit. S5* Figureglsablock diagram of a 3-bit left
shifter. Figure 4 is a Truth table of a 32-bit |eadi ng zero
encoder. Figure 5 shows a bI ock di agramfor a programrabl e

| [ f at
Foure 6 13 a bl ock ik BPAREGSTD REoSRAT: A AL S B BRI 10
cascaded to foryn.8484n géﬁs Bhbrises a multnphlgty of ﬁbgﬂi.ngu‘?geﬁ?é‘telso %d@\gr am of

an 8-bit priority enco ure ruth of an

8-bit priority SReaeLhssigned to a specific Huﬂlﬁllz eRciBBRYSseq niit hpd cfr@ére@ascadl ng
two 8-bit priority encoders. igure 10 is a bl ock di agram of a
pref erred eBbodiutmritof skiddOR-gates being representative of the non-zero state of each

said segment.

5. A leading zero detector unit as in Claim 1 further comprising
means for detecting a zero valued mantissa by logically OR-ing said

10 segment output lines.

'6. A leading zero multi-stage detector unit comprising:
(a) two or more decoder - selector stages comprising:
(iy multiplicity of multiple input OR-gates, each connectedto a
15  distinct contiguous bit segment'of the input bit string, coupled into a
prioritizer for detecting the most significant sub-field and producing an output
control signal;
- (ii) selector means for selecting said most significant segment
of bits, controlled by said prioritizer output control signal;
20 said decoder - selector stages connected in tandem for producing an
output but field containing the most significant leading non-zero bit; and
(b) terminal prioritizer unit for detecting the pesition of said leading
nen-zero bit by prioritizing said output bit field and producing an output

signal indicative of said position.

25
7. A floating-point left shift mantissa normalization unit comprising:
(a) leading zero two-stage detector unit for generating multi-stage left
shift control signals indicative of the number of leading zeros in the
mantissa; and
30 (b) left shifter unit for left shifting said mantissa in accordance with

said left shift control signals.



15 nultistage Ieading zer o encoder. Figure 11 is a

pr ogr ammabl e Io |rrpl enentation of a | eading zero gate
S|gnal “&“ \S Figure 12 is the truth table of a 5-bit

I nput si gnal eperator. 20 Figure 13 is
aloglc dﬂagfrar‘h a9tol mltiplexer-unit. Figure 14 is a

Pl ?Ck diagram of a t tE’.e/-?floatnngq-pomtq(];é shu#Irnfa%mnsgrnrg?mahzgnon it as in Clalmuf“ t.

wherein said left shifter unit has at least two stages.

9. A method for detecting the number of leading zeros in the mantissa
5 of a floating point number comprising the steps of:
(a) accepting a binary number representative of 2 mantissa;
(b) segmenting said mantissa into contiguous non-overlapping
segments arranged in descending order of significance;
(¢} detecting the presence of a non-zero valued bit in any of said
10 segments;
{d) assigning a non-zero value indicating bit 10 each segment and
asserting said bit when a non-zero valued bit is detected in said segment;
{(e) determining the most significant non-zero value indicating bit that
is asserted,;
15 (f) asserting a two-state output line corresponding to said most
significant indicating bit;
(g) selecting the most significant segment corresponding to said most
significant indicating bit;
(h) determining the most significant non-zero bit of said most
20  significant segment; and
(i) asserting a two-state output line corresponding to said most

significant non-zero bit of said most significant segment.

10. The method as described in Claim 8 wherein said detecting of the
25 presence of a non-zero valued bit in any of said segments is accomplished

by logically OR-ing all bits of each said segments.

11. A leading zero two-stage detector unit for detecting the number
of leading zeros in the mantissa of a floating-point number substantially

as hereinbefore described with reference to the accompanying drawings.

12. A floating-point left shift mantissa normalization unit
substantially as hereinbefore described with reference to the accompanying

drawings.

13. A methed for detecting the number of leading zeros in the

mantissa of a floating point number substantiallv as hereinbefore described



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Al t hough the foll ow ng

di scussion of the present invention is centered around the preferred
enbodi ment of a two stage |eading zeropggcoder, it wll becone cl ear
that the present invention is not Iimted to two-stages but also 5
applies to apparatus using three or nore stages. Al so, the preferred
enbodi nent uses byte (8-bit) segnents but clearly is not limted to byte

si ze seg nents. The preferred enbodi nrent of a two stage

| eadi ng zero decoder (LZD) 200 in Figure 10, conprises first stage
byte | evel decoder 201 and second 10 stage bit |evel decoder 202. It is
desi gned to accommobdate a fl oati ng-poi nt processor with an extended
internal precision mantissa of 69 bits supplied on input data |ines
101. This input data is fed to a group of eight 8-bit input OR- gat es
103 and a single 5-bit input ORgate 120. The extrene |eft OR-gate 103

accommodat es the nost significant byte conprising the eight 1 5 nost
significant bits (nsbs); the second fromthe left, the next npst
significant Y X
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byte of eight bits and so on dowmn to the |east significant byte (Isbs) of
five bits applied to OR-gate 102. The output of each OR-gate is
asserted if its input byte contains at |east one asserted bit.

The set of eight output bits from OR-gates 103 are applied to 20

NOR-gate 107. Gate 107 output, FALSZERO is asserted only if all eight of
its input bits is zero (unasserted), and is used to control the out put

st age of the normalization left shift unit. The set of
nine output bits from OR-gates 103 and 102 apg gprovided to t he i nput
of the 9-bit fully decoded prioritizer unit 105. The output of 25
prlorItI%EH:Fﬁlt 1057actirvares IT-out-of -9 outfput -Fimes  rather " t'han provide-

a 4-bit 'brnary coded oquur"—Tﬁe*atTTvated-eutﬂu{nF1ne—eerres&onés—pa
t he hi ghest ——tevet uyL e traytng at—te: —pdi-cat ed—hy—the—
out puts df—- ' fgpéuﬁyﬁ_]___ﬁggp4_ 021 ut but i s a filly decaoded outiput
which is a;mLLgd_dLLgcfl\ ol 'sdl detlof 108 hnd imdel avai labl e tio t he |
first stdgd of ia‘threelstadeli éft shiiftt 301 inbrhalizationl urig: sl BYTSEL.|
The operadtijonof :theifull'y! decmdéd 9ant pﬂl@rltgzer'unlt may be'besi T
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understood by reference to Figure 1 1 show ng the |ogical structure of an
m bit prioritizer unit suitable for inplenentation of unit 105. The
prioritizer -9-

accepts minput bits [Derr] - DO] formng the conplenent set [err]

by means of inverting buffers 131. The output is formed by nmeans of

AND- gates 133. (Note that the AND-gate 133 labelled Plerr] sinply ANDs
the single input with itself thus acting a%1a sinple buffer). As in the
case of 5 the PLA inplenentation of Figure 5, the "x" indicates

connections to the i nput of the AND-gate associated with that
particul ar horizontal line. In this manner, only 1 -out-of-m out put
lines are activated corresponding to the nost significant bit

position in the input bit set [Derr] -Dlerr]], satisfying the follow ng
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| ogi c expressions: Plerr] = Derr] Plerr] = Dlerr] . Dierr]

Plerr] = Dlerr] . Derr] . Derr] 10 Plerr] = Dlerr]. [err]
Thus, P[err] is active only. when Derr] is active and no hi gher order
input bit, Derr], is active for n > 0. In the preferred enbodi mrent m=9.

Figure 12 is, by of exanple, the truth table for a 5-bit input fully
decoded prioritizer unit. The five input bit states are shown in the left
while 15 the state of the five output |i#$ are shown on the right. The

position of the | eadi ng active input bit on the right corresponds to
the activated Iine on the ri ght independent of the state of the | ower
order input bits. Also, note that if all input bits are inactive, all
out put |'_|-:\re3 at-e—ractive— e Referring har‘k 1‘0 Figure 10, the
fully de oded éb%%’ pv-mhf.—;ml 105 20!t oiit put “Lines.  BYTSEL, lare . appli ed:
to multipléxer (MD() LR g 109 Asicontrbli : i lines.:The, purposeiof ! i
mul tipl exg[ gnitt 1109°i $ tosel ect - (méwou:t ~0f » ni.ne lnput - ¢+ .data bytes

t cantiguous._ bt-ﬁg GX(:ept the | east Si ﬁrT"T"‘cah‘t“"
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- 10 - sel ected by neans of the AND-gate set 151 controlled by

activating PO. (Compatibility of byte size requires that three | ower
order zeros be appended to [A4 - AO] in order to conplete the eight
bit byte string.) Each of the byte selectors (151 or 153) outputs are
OR-ed by the 8 output channel 5 OR-gate unit 155. The output represents
the 8-bit byte containing the | eadi ng one. Hence, the output of MJX
109 has to be processed by the second |l evel 8-bit input decoded
prioritizer unit 111 of Figure 10 toﬂjgdicate the bit position in the
previously sel ected byte that contai 44t he | eadi ng one. Decoder

prioritizer count 111 is logically constructed as shown in 1 0O Figure 11.
The eight bit byte is applied to termnals [D7 - DO]. One-of-eight
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output lines [PO - P7], is selected to indicate the position of the |eading

. one. The output signal, BITSEL, is provided to the second stage of the
| eft shift normal i zation unit. Figure 14 is a block
diagram of the left shift normalizing unit 15 conprising LZD unit 200 and
‘normalizing unit 300. The first stage 301 of unit 300 shifts the data
by 0, 8,16, 24, 32, 40, 48, 56 or 64 bits dependi ng upon the ni ne nost
significant |ines of byte control signal BYTESEL [ 8-0] provi ded by
first stage LZD unit 201 of Figure 8fL4 The second stage |eft shifter

302 shifts the mantissa by 0, 1, 2, 3, 4, 5 6, or 7 bits depending on the
20 state of the eight lines, BITSEL [7-0] supplied by prioritizer 111 of

Fi gure 10. No decoding of the left shift control signals by units 301
and 302 is required because BYTSEL and BI TSEL are fully decoded,

mut ual | y—e evc!ha.vc bUHLIUI; — tinebl ; SRR output ot up|t 00
i's finally ¢ A—-ehahe ot S22 NE TI73STOm ed
by FALSZERQ dener atied b\[ tHe firet st :\gn LZD 1201103 o],\?-vm_i,.ﬁ.?.pp_gﬁp_e
10. If all _data bits fA68 - AQ)' Aré zera:. the m.fnm of 1 —NOR—gat-e—107

i's asserted, causing the inverted FALSZERO:signal out of .. huffer 17&
of normalTzing unit. 300 Figure 14,7 to:be dedssefted. Thrs causes '__s
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BITSEL, fromthe first and second stages LZD 20 woul d be binary encoded
requiring a decode neans in the normalization unit as shown in Figure 1

and a decode neans for nultiplexer 109 of Figure 10. Al so, the
preferred enbodi nent used two LZD stages (201, 202) as 5 shown in Figure
14. However, it should be clear that three or nore LZD stages may be
used to detect the | eading zero. Fi e 15 is an exanple of a three
stage LZD. A 128-bit nmantissa is aggﬁ%ed to be separated into 4 :

bundl es of 32-bits each and applied to four 32-input OR-gates 113.

Prioritizer 115 detects which 32-bit bundl e has the nost significant bit
and
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1. 0 activating an output line that controls selector 11 7. The sel ected
segnent of 32-bits is applied to eight 4-input OR gates 123 and to
sel ector 121. The output of prioritizer 119 causes selector 121 to
select the 4-bit segnent havi ng the nost significant bit.

These and ot her variations would be apparent to one skilled in the art.
CLAI V5 1. Aleading zero two-stage detector unit for
detecting the nunber of
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| eadi ng zeros in the mantissa of a floating-point nunber conprising: 5
(a) first stage decoder neans capabl e of accepting an unnornalized

bi nary coded mantissa, segnmenting said mantissa into contiguous nultibit
non- over | appi ng segnents arranged in descendi ng order of significance,
detecting the presence of a non-zero value in any of said bytes indicated
by an ordered set of bits, one for each said bytes; 10 (b)
first stage segnent priority detector means connected to said order ed
indicating bits for determ ning the positiangf the nost significant

byte containing an asserted bit, providing an output signal indicative of

sai d nost significant byte; (c) selector neans
controlled by said first stage priority detector 1 5 output signal for
sel ecting said nost significant segnent fromthe string of i nput
bits representative of said un-normalized mantissa; and (d)
second stage bit priority detector neans connected to said - sel ector

means for determ ning the position of the nost significant asserted
bit fromsaid selected npbst significant segnent, providing an output signal
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20 indicative of said bit position. 2. A leading zero
‘detector unit as in Caiml wherein said first and second stage
priority detectors are priority encoders providing binary coded

signals indicative of the positions of said nost significant first stage
segnent 25 and said second stage bit, respectively. 3. A
| eading zero detector unit as in Caiml wherein said first and

second stage priority detectors are fully degoded priority detectors

provi di ng one output segnent |ine for each said ordered segnments and
one bit line for 30 each bit representative of said sel ected nost
significant segnent, asserting only the output segnent |ine
correspondi ng to said nost significant segment and asserting only the
bit line corresponding to said nost significant bit posi ti on.

—t

I

2

z

[ ™~

'quuwz NE




4. A leading zero detector unit as in Caim1 wherein said first

decoder neans conprises a nultiplicity of nmulti-input OR gates, each said
OR-gate assigned to a specific nutually exclusive segnent, the ordered 5
out put of said OR gates being representative of the non-zero state of each

sai d segnent. 5. A leading zero detector unit as in Caim1l
further conprising nmeans for detecting a zero val ued mantissa by
logically ORing said 10 segment output |inegu, 6. A

| eadi ng zero nulti-stage detector unit conpri sing: (a) two or
nore decoder - sel ector stages conprising: ' (1)

multiplicity of multiple input ORgates, each connected to a
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15 distinct contiguous bit segnment of the input bit string, coupled into

o a prioritizer for detecting the nost significant sub-field and
produci ng an out put control signal; (ii) selector neans
for selecting said nost significant segnent of bits, controlled by

-said prioritizer output control signal; 20 sai d decoder -

sel ector stages connected in tandem for producingﬁz14 out put but
field containing the nost significant |eading non-zero bit; and

(b) termnal prioritizer unit for detecting the position of said |eading
non-zero bit by prioritizing said output bit field and produci ng an out put
signal indicative of said position. 25 7. A floating-point

| eft shift mantissa normalization unit conpri sing: (a)

| eadi ng zero two-stage detector unit for generating nmulti-stage |eft
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shift control signals indicative of the nunber of |eading zeros in the

manti ssa; and 30 (b) left shifter unit for left shifting said
manti ssa in accordance with said left shift control signals.

8. Afloating-point left shift mantissa normalization unit as in daim?7
wherein said left shifter unit has at |east two stages. 9. A
nmet hod for detecting the nunber of |eading zeros in the mantissa 5 of a
fl oati ng point number conprising the stepd36ks (a) accepting a

bi nary nunber representative of a mantissa;
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(b) segnenting said mantissa into contiguous non-overl appi ng segnent s
arranged i n descendi ng order of significance; (c) detecting the
presence of a non-zero valued bit in any of said 1 0 segnents;

(d) assigning a non-zero value indicating bit to each segnent and

asserting said bit when a non-zero valued bit is detected in said segnent;
(e) determining the nost significant non-gggp value indicating bit that

is asserted; 1 5 (f) asserting a two-state output |ine
correspondi ng to sai d nost significant indicating bit;

(g) selecting the nost significant segnent corresponding to said npst
significant indicating bit; (h) determ ning the nost

significant non-zero bit of said nost 20 significant segnment; and
(i) asserting a two-state output line corresponding to said nost
significant non-zero bit of said nost significant segnent.

128 128
i A - e MANTISSA

INPOT
32 32/{/ BL/}’
: LIZQ

A4 BIT NPT PrRIORITI2ER

ns
Buwds,  — ]
seLget 4 -
4 I - -
ﬂ' /— 117 v
. T3z ;

| _ T —
. 4 o 4

. e & & // 32
; { l { -. o

8 BIT INPUT PRLORITIZER
: l
SEE MEMT ) l 19

seeer ‘8

. 8// J .

—\ 8 ;‘-Izl
*4

4 8\T (VPUT prlouTIZER

125

BITSELECT

F\C[uve. &5.



16+ The nethod as described in Caim8 wherein said detecting of the 25
presence of a non-zero valued bit in any of said segnents is acconplished
by logically ORing all bits of each said segnents. 11. A
| eadi ng zero two-stage detector unit for detecting the nunber of
| eading zeros in the mantissa of a floating-point nunber substantially
as hereinbefore described with reference to the acconpanyi ng draw ngs.
12.. A floating-point left shift mantissa nornalization unit
substantially as herei nbefore described with reference to the acconpanyi ng
dr awi ngs. 13. A nmethod fofpcfgic@cting the nunber of I eading
zeros in the manti ssa of a fl oat+mg—poi nt nunber sub§§g@&g@11y as
her ei nbef ore descri bed MULTISTAGE LEADING ZERO DETECTOR AND GATE

GENERATOR APPARATUS

A multistage leading zerp detector for use in left-shift normalization of
floating-point mantissas is described. Detection of the leading one is
accomplished by segmenting the mantissa into non-overlapping segments.

5 The most significant segment containing a non-zero value bit is detected
causing the activation of an output line corresponding to the segment
position within the mantissa. A second level of detection selects the
designated most significant segment and detects the position of the most
significant non-zero bit within the segment causing activation of a line within

10 a second set of lines, each corresponding to a bit position within a segment.
This leading zero detector is combined with a multi-stage left-shified unit 1o

form a complete left-shift normalization unit.



