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A MULTISTAGE LE.~D!NG ZERO DETECTOR 
AND GATE GENERATOR APPARATUS 

FIELD OF INVENTION 

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. 

BACKGROUND TO THE INVENTION 

An important application for leading zero detection is in the 

1 o normalization of the mantissa that re~ults 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 floatiQg-point result is normalized by left shifting the 

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

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

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

the former case. 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 shift of 

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

of the convention used, a means for detecting the leading one (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 art left-shift 

normalization unit. Th~ norrpalization unit consists of a leading zero 

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

30 supplied from subtracter 1 O which produces at its output an un-normalized 

mar.tissa corresponding to the absolute differe:-:ce cf the operands. (The 
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signum information is carried as a separate sign bit). This n-bit result is 

applied to both LZE 20 and sh\fter 60. 

Left shift unit 60 typically comprises barrel shifter means 30 and 40 for 

rotating the input bit string and a zero mask means 50 for appending zeros. 

5 Figure 2 is a truth table for a 16-bit input left-shift normalizing unit 60 in 

which NZ" represents zero informal by zero-mask unit 50. The 4-bit shift cede 

and 1-bit zeros signal is generated by LZE unit 20: The binary coded shift 

cede 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 zeros (Z) in all 

1 o bit positions. 

The reason for. using two ban el shifter units (30 and 40) in normalizer 

60 is because of the circuit complexity that would obtain if the total shift were 

to be _accomplished in a single stage. This may be best understood by 

reference to Figure 3, a block diagram of a 3-bit left shifter operating on an 

15 input string of 16-bits. The two.·bit binary encoded 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 ANO-gates 37. The other input to each of the ANO-gates 37 was 

20 provided from the input resultant data bit string, [A1s - Ao]. 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 O is active, outputs 15-0 correspond to [A1 s -

Ao]. Similarly, line 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.1] to appear at outputs 15-0. Activating line 2 or 3 would cause input string 

[A13 - A.2] or [A12 • A.3] to appear at output 15-0. Because decoder 35 

selects one cut 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 connected to [A1s - A13] respectively, the 

30 shift operation produces and end-around rotation or barrel shift of the input 

string [A1s - Ao]; if (A.1 - A.3] are forced inactive, zeros would be appended to 
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Because floating-point prccessors accommodate mantissas with 

64-bits (or more), extending th7 struc:ure of Figure 3 to 64-bit shifts would 

require 64 shift cell units 45, each having 64 AND-gates (er a total of 4096 

AND-gates) together with the accompanying interconnect and control 

5 complexity. Consequently, the shift process is usually done in two stages as 

shown in Figure 1. 

The first stage shifter 30 m~y typicaily accommodate shifts of 0-7 bits 

while the second stage 40 has 8 shift cells and provides shifts of a. 8, 16, 24, 

... 56. A similar cell structure ta that described above is used except that 

1 o each AND-gate accommodates 8 bundles of 8 input data bits. For a 

discussion of these techniques, see "Introduction to Arithmetic for Digital 

Systems Designers," Waser, S., and Flynn, M.J., Halt, 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 ~oded shift instruction from LZE 20. As 

shown, the k-bit shift instruction is split into an !-bit and m-bit field where I 

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 21 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 (31-01 along the top. The output binary shift count of 

leading zeros is enumerated vertically along the right side. Also, an 

additional input control bit, Ei, is shown at the extreme left. Ei is an enable 

25 control bit that, together with Eo, 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 resulting leading zero count. The symbol X following the leading 

one indicates that the value may be arbitrarily O or 1. Also, note that if all 

30 input bit patterns are zero, Eo is made active while the shift count is made 

zero (z=O) indicating a zero valued input. lf Ei = 0, the output is disabled. 

a 32·bit inpt.:i LZE 20. Data input bits (A31 ·Ao! ar.d their complaments (A31 -
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Ao] are applied to the multi-input AND-gates 71 as indicated by the x-marks 

on the horizontal lines feeding 
1
the gates. The complements are generated 

by inverting buffers 75. Ei is an enabling input that is used to cascade 

modular LZE units. The ANO-gate outputs Po - P21 are individually and 

5 exclusively activated (1 out of 32) in accordance with the following boolean 

expressions: 

P31 = Ei . .&! 
P30 = Ei ·&i. ~ 

10 P29 Ei • A31 • A3o • Azg 

P1 = Ei ·Ail · ~ · A29 &.. • fu 
Po = Ei • Aa1 • Aaa • A29 A2 . A1 . AQ 

These expressions, as implemented in Figure 5 ensure that a 

1 5 particular AND-gate 71 output, Pk. is active only if the network in enabled 

(Ei =~}and Ak is active while all Ann> k are inactive. 

OR-gates 73 logically combine selected combinations of AND-gates 
< 

71 as indicated by the X-mark on the OR-gate input lines. The output bits, 

[C4 - CO] 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 - AO] are low AND-gate output Z1 is active indicating all input 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 6. 

25 Two LZE 70 units may be connected to accommodate a 64-bit input 

data string. LZE #1 accepts bits [A63 - A32] while LZE #2 accepts bits [A31 -

AO]. Enable output, EO, from LZE #1 enables LZE #2 when all higher order 

bits are zero and also asserts output bit CS 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 fewer order bits. LZE #2 provides EO active to indicate that all 64 bits 

are law. 

Some earlier implementations of LZE un!ts used 8-bit prior:ty er.coder 

35 the Motorola 74LS 148 or the logically eqt:iva~:;:nt Natural Semicor.ductor 
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CMOS 74HC148. This chip has 8-input lines l A7 - A0j and produces at its 

outputs l C2 - C0 j. Also, inpyt enable, Ei, output enable, Eo. and Gs. the 

complemented zero indicator is provided. Figure 8, the corresponding truth 

table, clearly shows that these 8-bit priority encoders are the complemented 

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. 
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SUMMARY OF THE INVENTION 

An apparatus and meth9d for detecting the number of leading zeros 

in the mantissa of a floating point number is described. Leading zero 

detection comprises several steps: the segmentation of the mantissa into 

5 bytes (or more generally into groups of 2N, N=1,2,3); OR-ing of the bits in 

each segment to detect the most significant segment containing a non-zero 

valued bit; activating a line corresponding to the most significant non-zero 

segment; processing the most significant non-zero segment to determine the 

position of the most significant non-zero bit and activating an output line 

1 o 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. 

1 5 One object of the inventi.on 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. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diag~am of a floating point subtracter unit and 

left-shift normalization point subtracter unit and left-shift normalization unit. 

Figure 2 is the truth table of a 16-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 

1 O cascaded to form a 64-bit unit. 

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 9 sh~ws a method for cascading two 8-bit priority encoders. 

Figure 1 O is a block diagram of a preferred embodiment of a 

15 multistage leading zero encod?r. 

Figure 11 is a programmable logic array implementation of a leading 

zero gate signal generator. 

Figure i 2 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. 
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DETAILED DESCRIPTION OF THE INVENTION 

Although the fellowing d:iscussion of the present invention is centered 

around the preferred embodiment of a two stage leading zero decoder, it will 

become clear that the present invention is not limited to two-stages but also 

5 applies to apparatus using three or more stages. Also, the preferred 

embodiment uses byte (8-bit) segments but clearly is not limited to byte size 

segments. 

The preferred embodiment of a two stage leading zero decoder (LZD} 

200 in Figure 1 O, comprises first stage byte level decoder 201 and second 

1 o stage bit level decoder 202. It is designed to accommodate a floating-point 

processor with an extenqed internal precision mantissa of 69 bits supplied 

on input data lines 101. This input d:.ta 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 

15 most significant bits (msbs); the second from the left, the next most significant 

byte of eight bits and so on down to the least significant byte (lsbs) 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 9-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 f~l!y decoded 9-bit prioritizer unit may be best 

uncerstccd by reference to F:gure 11 shewing the logical s:r;.;c:ur.a cf a": rr.­

bit prioritizer unit suitable for implementation of ur.it 105. The prioritize~ 
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accepts m input bits [Dm-1 - DO] forming the complement set l D m _ 1 - D 0J 
by means of inverting buffers 1 ;31- The output is formed by means of 

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 

10 

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 
m-1= 

p m-2 = 
p = 

m-3 

D 
m-1 

D ·D 
m-2 m-1 

D -0 -D 
m-3 m-2 m-1 

Thus, Pm-l< is active only. when Dm-k is active and no higher order 

input bit, Dm-k+n• 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 state_s are shown in the left white 

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 9-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 - Ao] having only 5 bits. 

Figure 13 is a logic diagram of a multiplexer unit 109. The nine input 

25 lines (P8 - POJ each control a byte selector 153 each comprising a set of 

8-AND gates. Whenever an input line [P8 - P1] is activated, it selects a 

group of data lines [A68 - A61], [A60 - AS3J. [A52 - A45J, [A44 - A37J, [36 -

A29:. [A28 • A21 J, [A20·A13] c; : . .:..12 • A5). The 5-::it byte (A4 - AO] is 
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selected by means of the AND-gate set 151 controlled by activating PO. 

(Compatibility of byte size requjres that three lower order zeros be 

appended to [A4 - AO] in order to complete the eight bit byte string.) Each of 

the byte selectors (l51 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 

leading one. Hence, the output of MUX 109 has to be precessed by the 

second level 8-bit input decoded prioritizer unit 111 of Figure 1 O to indicate 

the bit position in the previously selected byte that contains the leading one. 

Decoder prioritizer count 111 is logically constructed as shown in 

1 o Figure 11. The eight bit byte is applied to terminals [07 - DO]. One-of-eight 

output lines [PO • P7]. is selected to indicate the position of the leading one. 

The output signal, BITS EL, is provided to the second stage of the left shift 

normalization unit. 

Figure 14 is a block diagram of the left shift normalizing unit 

1 5 comprising LZD unit 200 and n~rmalizing 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 

20 state of the eight lines, BITS EL (7-0] supplied by prioritizer 111 of Figure 1 O. 

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 controlled by the n-channel output 

25 AND-gate 173 controlled by FALSZERO generated by the first stage LZD 

201 as shown in Figure 10. If all data bits [A68 - AO] 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 b.e deasserted. This causes 

AND-gate 173 to create a zero valued output. 

30 If should be noted that even though the preferred embodiment was 

described using two fully decoded prioritizers 105 and 111 in Figure 10, it 

may be ces:rable to use standard la~G; scale integ;a:::d chips, s:..:ch as 

previously described, as the prioritizer units. If so, the cu!puts. BYTSEL and 
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BITSEL, from the first and second stages LZD 20 wculd be binary encoded 

requiring a decode means in tre normalization unit as shown in Figure 1 

and a decode means for multiplexer 109 of Figure 1 O. 

Also, the preferred embodiment used two LZD stages (201, 202) as 

5 shown in Figure 14. However, it should be c!ear 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 b1.:nqle has the most significant bit and 

1 O activating an output line that controls selector 117. The selected segment of 

32-bits is applied to eight 4-input OR-gates 123 and to selector 121. The 

output of prioritizer 119 causes selector 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. 
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QLA!MS 

1. A leading zero two-stage detector unit for detecting the number of 

leading zeros in the mantissa of a floating-point number comprising: 

5 (a) first stage decoder means capable cf accepting an unnormalized 

binary coded mantissa, segmenting said mantissa into contiguous multibit 

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 set of bits, one for each said bytes; 

1 o (b) first stage segment priority detector means connected to said 

ordered indicating bits for determining the position of the most significant 

byte containing an as~erted bit, providing an output signal indicative of said 

most significant byte; 

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

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

input bits representative of said un-normalized 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 priority 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 ordered segments and one bit line for 

30 each bit representative of said selected most significant segment, asserting 

only the output segment line corresponding to said most significant segment 

and asse~i..,g only the bit line corresponding :: said mos~ sigr:::ica": bit 

pcsiticn. 
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4. A leading zero detec~or unit as in Claim 1 wherein said first . 
decoder means comprises a multiplicity of multi-input OR-gates, each said 

OR-gate assigned to a specific mutually exclusive segment, the ordered 

5 output of said OR-gates being representative of the non-zero state of each 

said segment. 

5. A leading zero detector unit as in Claim i further comprising 

means for detecting a zero valued mantissa by logically OR-ing said 

1 o segment output lines. 

6. A leading zero multi-stage detector unit comprising: 

(a} two or more decoder - selector stages comprising: 

(i) multiplicity of multiple input OR-gates, each connected to 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 

25 

output but field containing the most significant leading non-zero bit; and 

(b) terminal prioritizer unit for detecting the position of said leading 

non-zero bit by prioritizing said output bit field and producing an output 

signal indicative of said position. 

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. 
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8. A floating-point left shift mantissa normalization unit as in Claim 7 

wherein said left shifter unit hap 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 a mantissa; 

(b) segmenting said mantissa into contiguous non-overlapping 

segments arranged in descending order of significance; 

(c} detecting the presence of a non-zero valued bit in any of said 

1 O segments; 

(d) assigning a non-zero value indicating bit to 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; 

1 5 (f) asserting a two-state. output line corresponding to said most 

significant indicating bit; 

{g) selecting t~e 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 ~•ith reference to the accompanying 

drawings. 

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

mantissa of a floatin2 point number substantially as hereinbefore describerl 


