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(57) ABSTRACT 

A circuit calculates the exact biased resultant exponent 
before calculating the resultant mantissa of a division opera 
tion. The circuit includes a carry-save adder, a conditional 
sum adder, a multiplexer and a comparator. The conven 
tional carry-save adder receives the biased exponent of the 
dividend (e1), the one’s complement of the biased exponent 
of the divisor (~e2), and the bias. The conditional-sum adder 
receives the sum and carry resultants of the carry-save adder, 
outputting {er0=e1+(~e2)+bias} and {er1=e1+(~e2)+bias+ 
1}. The comparator controls the multiplexer to respectively 
select as the resultant exponent either erO or er1 When the 
fraction of the dividend is less than or greater than or equal 
to the fraction of the divisor. A circuit for determining the 
resultant exponent of a squareroot operation includes a 
conditional-sum adder, a multiplexer and a selection logic 
circuit. The conditional-sum adder receives 1/2 of e2 and an 
adjusted bias. The adjusted bias is 1/2 of the bias 
(incremented if e2 is odd), causing the conditional-sum 
adder to output {er0=1/ze2+adjusted bias} and {er1=1/ze2+ 
adjusted bias+1}. The selection logic controls the multi 
plexer to select erO, except in the case in Which all three of 
the following conditions exist: the fraction of the operand 
has no Zeros; (ii) the squareroot operand is even; and (iii) the 
rounding mode is rounding to positive in?nity. 

17 Claims, 3 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or adver 
tisement or the like may use the term patent, or any term 
suggestive of a patent, When referring to a statutory 
invention registration. For more speci?c information on 
the rights associated With a statutory invention registra 
tion see 35 U.S.C. 157. 
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FLOATING-POINT DIVISION AND 
SQUAREROOT CIRCUIT WITH EARLY 
DETERMINATION OF RESULTANT 

EXPONENT 

FIELD OF THE INVENTION 

The present invention relates to processors and, more 
particularly, to circuitry for performing ?oating-point divi 
sion and squareroot operations. 

BACKGROUND 

Many currently available processors are con?gured to 
perform ?oating-point arithmetic such as, for example, 
division and squareroot, in compliance With the IEEE Stan 
dard for Binary Floating-Point Arithmetic (ANSI/IEEE Std 
754-1985). Which is incorporated herein by reference. In 
these processors, the exponent of the result of the operation 
is generally calculated after the mantissa computation is 
completed. Thus, the calculation of the resulting exponent is 
in the critical path of the division and squareroot operations. 

Moreover, the mantissa computation can require tWenty 
or more processor clock cycles to complete When using 
double precision. Thus, calculation of the resultant exponent 
has a relatively long latency. As is Well knoWn, the resultant 
exponent can then be checked for over?oW and under?oW 
exceptions, Which are de?ned in the aforementioned IEEE 
standard. 

The relatively long latency of the resulting exponent 
calculation can become problematic in the so-called super 
scalar type of processor. In particular, because superscalar 
processors may concurrently execute tWo or more 

instructions, an instruction may complete after a later 
occurring instruction, Which can result in an error. For 
example, an error may occur if the later-occurring instruc 
tion overWrites a register before a prior ?oating-point divi 
sion instruction completes and an over?oW or under?oW 
exception occurs for a prior ?oating-point division opera 
tion. The error occurs because When an exception occurs 

during an instruction (i.e., the trapping instruction), the 
processor is required to abort all subsequent instructions and 
request a trap. After the trap-handler completes execution of 
the trapping instruction, the processor is restarted at the 
instruction immediately after the trapping instruction. Of 
course, the completion of a subsequent instruction that 
overWrites a register before the exception is handled by the 
trap-handler can cause an error in the program execution. 

Because the resultant exponent is not calculated until late 
in the instruction execution, a conventional solution to this 
problem is to make a prediction (before the next subsequent 
instruction completes) of Whether an over?oW or under?oW 
exception Will occur. In this conventional scheme, a pessi 
mistic prediction is performed to ensure that no over?oW or 
under?oW exceptions Will be missed by the trap-handler. Of 
course, pessimistic prediction Will result in unnecessary 
traps, Which decreases the performance of the processor. 
Thus, there is a need for a processor capable of early and 
exact calculation of the resultant exponent, Which both 
increases performance and alloWs exact prediction of over 
?oW and under?oW. 

SUMMARY 

In accordance With the present invention, a ?oating-point 
division circuit is provided that calculates the exact biased 
resultant exponent before calculating the resultant mantissa. 
In one embodiment, the circuit includes a carry-save adder, 
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2 
a conditional-sum adder, a multiplexer and a comparator. 
The conventional carry-save adder is coupled to receive the 
biased exponent of the dividend (e1), the one’s complement 
of the biased exponent of the divisor (~e2), and the bias (as 
de?ned in the aforementioned the ANSI/IEEE Standard for 
the precision format being used). The ANSI/IEEE Standard 
speci?es that the mantissas of the dividend and operand can 
be in normaliZed form. 

The conditional-sum adder is coupled to receive the sum 
and carry resultants of the carry-save adder and operates to 
output the sums {er0=e1+(~e2)+bias} and {er1=e1+(~e2)+ 
bias+1}. The sum er0 is the resultant biased exponent of the 
division operation When the resultant mantissa is in a 
normaliZed form after calculation. Similarly, the sum er1 is 
the resultant biased exponent of the division operation When 
the resultant mantissa is not in a normaliZed form. The 
comparator provides an output signal that controls the 
multiplexer to select the sum er1 When the fraction of the 
dividend is greater than or equal to the fraction of the 
normaliZed divisor. Conversely, When the fraction of the 
normaliZed dividend is less than the fraction of the normal 
iZed divisor, the comparator causes the multiplexer to select 
the sum er0. Because the operation of the carry-save adder, 
conditional-sum adder and the comparator is relatively fast, 
the exact resultant exponent is available for under?oW and 
over?oW detection before the next instruction completes, 
thereby eliminating the need for pessimistic prediction. 

In another embodiment of the invention adapted for 
determining the resultant exponent of a ?oating-point 
squareroot operation, the circuit includes a conditional-sum 
adder, a multiplexer and a selection logic circuit. The 
conditional-sum adder is coupled to receive the biased 
exponent (e2) of the squareroot operand, divided by tWo 
(i.e., right-shifted by one bit) and an adjusted bias. The 
adjusted bias is the exponent bias divided by tWo, Which is 
incremented if the exponent e2 is odd (i.e., having a least 
signi?cant bit equal to one). Thus, the conditional-sum adder 
outputs the sum {er0=1/ze2+adjusted bias} and the sum 
{er1=1/ze2+adjusted bias+1}. The resultant mantissa Will end 
up in normaliZed form after calculation, except in the case 
in Which all three of the folloWing conditions exist: the 
fraction of the operand has no Zeros; (ii) the e2 is even; and 
(iii) the rounding mode is rounding to positive in?nity (as 
de?ned in the aforementioned IEEE standard). The selection 
logic monitors these three conditions and causes the multi 
plexer to select er0 to output as the biased resultant exponent 
in all cases except When all three of the above-conditions 
occur. When all three of these conditions occur, the selection 
logic causes the multiplexer to select er1 to output as the 
biased resultant exponent. This embodiment determines the 
exact biased resultant exponent before the mantissa calcu 
lation is completed. Thus, unlike conventional squareroot 
circuits, the resultant exponent calculation is taken out of the 
critical path, thereby improving performance. 

In yet another embodiment, the circuit is adapted to 
calculate the biased resultant exponent of ?oating-point 
division, squareroot and multiplication operations. This 
embodiment includes a bias selection circuit, a ?rst 
multiplexer, a second multiplexer, a carry-save adder, a 
conditional-sum adder, a selection logic circuit and an 
output multiplexer. The ?rst multiplexer selects either e1 for 
multiplication and division operations or Zero for squareroot 
operations. The second multiplexer selects e2 for multipli 
cation operations, (~e2) for division operations or 1/ze2 for 
squareroot operations. The bias selection circuit selects the 
appropriate bias for the precision format (e.g., single or 
double precision) for division operations or the adjusted bias 
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(for single or double precision) for squareroot operations. 
The carry-save adder receives the selected output signals of 
the ?rst and second multiplexers and the bias selection 
circuit. The conditional-sum adder receives the carry and 
sum output signals of the carry-save adder and outputs the 
sums er0 and er1. The selection logic circuit then causes the 
output multiplexer to select either er0 or er1 as described 
above for the ?oating-point division and squareroot embodi 
ments. For ?oating-point multiplication operations, the 
selection logic circuit detects Whether the mantissa multi 
plication resultant is normaliZed or not normaliZed. If the 
mantissa is normalized, the selection logic circuit causes the 
output multiplexer to select er0 and, conversely, if the 
mantissa is not normaliZed, the selection logic circuit causes 
the output multiplexer to select er1. 

In a further re?nement of this embodiment, tWo conven 
tional over?oW and tWo under?oW detectors may be coupled 
to respectively receive the er0 and er1 signals from the 
conditional-sum adder so that the over?oW and under?oW of 
er0 and er1 may be determined concurrently With calculation 
of the multiplication mantissa resultant. The selection logic 
circuit is also implemented to select the output signals of the 
appropriate over?oW and under?oW detectors. This embodi 
ment alloWs the use of same resultant exponent circuitry 
(Which takes the resultant exponent calculation out of the 
critical path) for ?oating-point multiplication, division and 
squareroot operations. In addition, for the case of multipli 
cation and division operations, the biased resultant exponent 
is calculated signi?cantly faster, thereby eliminating the 
need for pessimistic prediction of the over?oW or under?oW 
of the resultant exponent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects and many of the attendant advan 
tages of this invention Will become more readily appreciated 
as the same becomes better understood by reference to the 
folloWing detailed description, When taken in conjunction 
With the accompanying draWings, Wherein: 

FIG. 1 is a block diagram of a computer system having a 
?oating-point processor With circuitry for calculating result 
ant exponents according to the present invention; 

FIG. 2 is a block diagram of a circuit for determining the 
resultant exponent of ?oating-point division operations, in 
accordance With one embodiment of the present invention; 

FIG. 3 is a block diagram of a circuit for determining the 
resultant exponent of ?oating-point squareroot operations, in 
accordance With one embodiment of the present invention; 

FIG. 4 is a logic diagram of a selection logic circuit, in 
accordance With one embodiment of the present invention; 

FIG. 5 is a block diagram of a block diagram of a circuit 
for determining the resultant exponent of ?oating-point 
multiplication, division and squareroot operations, in accor 
dance With one embodiment of the present invention. 

DETAILED DESCRIPTION 

FIG. 1 is a block diagram of an electronic system 100 
having a processor With resultant exponent calculation cir 
cuitry in accordance With the present invention. In this 
embodiment, the processor 101 is a standard 32-bit Sparc® 
type processor con?gured With the present invention, 
although the present invention may be incorporated into any 
suitable processor. For example, the present invention may 
also be incorporated into X86, Alpha®, MIPS®, HP®, 
Pentium® and PoWerPC® processors. 

This embodiment of the electronic system 100 is a com 
puter system having a memory 103 and interfaces 105 
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4 
connected to the processor 1 01. The interfaces 105 are in 
turned connected to peripherals 1071—107N, alloWing com 
munication betWeen the processor 101 and these peripherals. 
Each of the peripherals 1071—107N can be any suitable type 
of peripheral, such as a display, a keyboard, a memory 
device or any other input/output device. Of course, other 
embodiments of the present invention can be adapted for use 
in other types of electronic systems, including for example 
servers, Workstations and controllers. 

FIG. 2 is a block diagram of a circuit 200 for exactly 
determining the biased resultant exponent of ?oating-point 
division operations before calculation of the resultant man 
tissa is completed, in accordance With one embodiment of 
the present invention. As is Well knoWn, binary ?oating 
point division is equivalent to division of the operand 
mantissas and subtraction of the operand exponents. 
HoWever, because the exponents of the operands are biased, 
the subtraction of the exponents eliminates the bias, Which 
then must be added in again, as shoWn beloW in equation 1: 

operandl/operand2=(mantissal/mantissaZ)2611247”; (1) 

Where operand1 is the dividend and mantissa1 and e1 
respectively are the mantissa and the biased exponent of the 
dividend, and Where operand2 is the divisor and mantissa2 
and e2 respectively are the mantissa and biased exponent of 
the divisor. The circuit 200 implements in hardWare the 
calculation of the resultant exponent so that the resultant 
mantissa is in normaliZed form, as described beloW. 

In this embodiment, the circuit 200 includes a carry-save 
adder 202, a conditional-sum adder 204, a multiplexer 206 
and a comparator 208. The carry-save adder 202 is conven 
tional carry-save adder, Which are Well knoWn in the art of 
?oating point processors. In ?oating-point operations com 
pliant With the forementioned ANSI/IEEE Standard 754 
1985, each operand of a binary ?oating-point arithmetic 
operation can have a normaliZed mantissa and biased expo 
nent. The standard also speci?es the bias for each precision 
format (e.g., 127 for single precision and 1023 for double 
precision). 

The carry-save adder 202 is coupled to receive the biased 
exponent e1 of the dividend, the one’s complement of the 
divisor’s biased exponent (~e2), and the bias (as de?ned in 
the aforementioned the ANSI/IEEE standard for the preci 
sion format being used). The carry-save adder 202 generates 
sum and carry resultants, Which are received by the 
conditional-sum adder 204. The conditional-sum adder 204 
is a conventional conditional-sum adder, Which are Well 
knoWn in the art of ?oating-point processors. For example, 
the conditional-sum adder 204 may be implemented using 
the conditional-sum adder disclosed in the article “167 MHZ 
Radix-4 Floating Point Multiplier”, Proceedings of the 12th 
Symposium on Computer Arithmetic, Jul. 19—21, 1995, by 
R. Yu and G. Zyner. The conditional-sum adder 204 outputs 
the sums according to the equations: 

Where er0 is the biased resultant exponent of the ?oating 
point division operation When the mantissa calculation 
results in a non-normaliZed result, and er1 is the biased 
resultant exponent of the ?oating-point division operation 
When the mantissa calculation results in a non-normaliZed 
result. 

Equations 2 and 3 apply in this embodiment because the 
mantissas of both the dividend and the divisor are greater 
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than or equal to one and less than tWo (i.e., in binary form, 
the mantissa of each operand has an implicit or hidden “1” 
to the left of the decimal point). Accordingly, the mantissa 
of the resultant of the division operation must be greater than 
1/2 and less than tWo. Further, When the fraction (i.e., the 
portion of the mantissa to the right of the decimal point) of 
the dividend is less than the fraction of the divisor, the 
mantissa of the resultant must be greater than 1/2 and less than 
one. Therefore, in this case the resultant mantissa is non 
normaliZed (i.e., With a Zero to the left of the decimal point) 
and is right shifted once to be normaliZed. This right shift of 
the resultant mantissa requires that the resultant exponent by 
decreased by one. Further, the biased resultant exponent is 
the biased exponent of the dividend minus the biased 
exponent of the divisor. As is Well knoWn in binary 
arithmetic, subtraction of a number is equivalent to the 
addition of the number’s tWo’s complement. HoWever, 
because the resultant exponent in this case must be decre 
mented by one, the one’s complement of the divisor is used. 
Thus, equation 2 determines the exact biased resultant 
exponent When the fraction of the dividend is less than the 
fraction of the divisor. 

Conversely, When the fraction of the dividend is greater 
than or equal to the fraction of the divisor, the mantissa of 
the resultant must be greater than or equal to one and less 
than tWo. Therefore, the resultant mantissa (in binary form) 
has a “1” to the left of the decimal point as shoWn in the 
folloWing equation: 

1.xxxxxx...x (4) 

Where each “X” represents a either a “1” or a “0” (i.e., a 
“don’t care” bit). Thus, in this case, the resultant mantissa is 
already normalized. Consequently, because only the one’s 
complement of the divisor Was added, the resultant exponent 
must be incremented by one so that, in effect, the tWo’s 
complement of the divisor Was added. Accordingly, equation 
3 determines the exact biased resultant exponent of the 
?oating-point division operation When the mantissa of the 
dividend is greater than or equal to the mantissa of the 
divisor. 

The comparator 208 is coupled to receive the fractions of 
the mantissas of the dividend and divisor of the ?oating 
point division operation. The comparator 208 is a conven 
tional comparator that is con?gured to provide a control 
signal ge that controls the multiplexer 206 to select er1 or 
er0 as the exact biased resultant exponent er. The control 
signal ge causes the multiplexer 206 to output er1 as the 
biased resultant exponent er When the fraction of the divi 
dend is greater than or equal to the fraction of the divisor. 
Conversely, When the fraction of the dividend is less than the 
fraction of the divisor, the comparator 208 causes the 
multiplexer 206 to select er0 as the biased resultant exponent 
er. In this embodiment, the operation of the carry-save adder 
202, conditional-sum adder 204 and the comparator 208 is 
relatively fast (e.g., completed in about one processor clock 
cycle) and is calculated Without Waiting for the resultant 
mantissa calculation, thereby taking the biased resultant 
exponent calculation out of the critical path to increase the 
performance of the processor. 

Further, because the exact biased resultant exponent is 
available after about one processor clock cycle, a conven 
tional under?oW detector 210 and over?oW detector 212 can 
be connected to receive the biased resultant exponent er for 
under?oW and over?oW detection Well before the next 
instruction completes (e.g., an instruction typically requires 
at least four processor clock cycles to complete Thus, the 
need for pessimistic prediction of under?oW and over?oW is 
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6 
eliminated. Accordingly, no unnecessary under?oW and 
over?oW traps are executed, Which also increases the per 
formance of the processor. 

In a further re?nement of this embodiment, the bias 
received by the carry-save adder 202 may be con?gurable to 
provide a bias of 127 for a single precision mode and a bias 
of 1023 for a double precision mode. These bias values are 
de?ned in the aforementioned AN SI/IEEE Standard. In light 
of this disclosure, those skilled in the art of ?oating point 
processors can implement a multiplexer to select betWeen 
the single precision bias and the double precision bias in 
accordance With the con?gured precision format. 

FIG. 3 a block diagram of a circuit 300 for determining 
the biased resultant exponent of ?oating-point squareroot 
operations, in accordance With one embodiment of the 
present invention. As is Well knoWn, ?nding the resultant 
squareroot of a normaliZed ?oating point operand is equiva 
lent to determining the squareroot of the mantissa of the 
operand and dividing the operand’s exponent by tWo. 
HoWever, this operation also reduces the bias by 1/z; 
therefore, another 1/zbias must be added in the exponent 
calculation so that the resultant exponent is properly biased, 
as shoWn in the folloWing equations: 

sQRT{1.xxx . . . x262} (5) 

(6) 

Where SQRT{ } represents the squareroot of the number 
Within the brackets. The circuit 300 implements in hardWare 
the calculation of the biased resultant exponent for the 
squareroot operation, as described beloW. 

In this embodiment, the circuit 300 includes a 
conditional-sum adder 204, a multiplexer 206 and a selec 
tion logic circuit 302. The conditional-sum adder 204 is 
coupled to receive the biased exponent e2 of the squareroot 
operand divided by tWo (i.e., right-shifted by one bit), and an 
adjusted bias. Thus, the conditional-sum adder outputs sums 
in the conventional manner according to the folloWing 
equations: 

sQRT{1.xxx . . _ mil/22%...“ 

erO=1/2e2+adjusted bias (7) 

er1=1/2e2+adjusted bias+1 (8) 

Where the adjusted bias is 1/2 of the normal bias (for the 
precision format being used), Which is incremented if e2 is 
odd. The adjusted bias is added for the folloWing reason. In 
binary arithmetic, dividing an exponent by tWo can be easily 
implemented by shifting the exponent one place to the right 
of the decimal point and truncating the least signi?cant bit. 
Thus, When e2 is even, no accuracy is lost in dividing e2 by 
tWo and the adjusted bias remains 1/2 of the bias speci?ed in 
the ANSI/IEEE Standard for the precision format being 
used. HoWever, if e2 is odd, the right shift operation loses 
the least signi?cant bit, resulting in a loss of accuracy in the 
resultant exponent. Therefore, e2 is reduced by one While 
increasing the mantissa by a factor of tWo. Of course, this 
adjusted operand is equivalent to the original normaliZed 
operand. Then, in dividing the exponent by tWo, the bias is 
reduced by a further 1/2, as shoWn in the folloWing equations: 

Where SQRT{ } represents the squareroot of the operand 
Within the brackets and e2 is odd. In order to properly bias 
the resultant exponent, an additional (1/zbias+1/z) needs to be 
added to the exponent so that the resultant exponent is 
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equivalent to (1/ze2+bias). Thus, When e2 is odd, the adjusted 
bias is (1/zbias+1/z) or 1/z(bias+1). The adjusted biases for even 
and odd e2 are summarized below in Table 1. 

TABLE 1 

e2 adjusted bias 

even 1/2 bias 

odd 1/2 (bias + 1) 

It can be shoWn that the squareroot of a normalized operand 
(i.e., greater than or equal to one but less than tWo) is 
betWeen 1 and the square root of tWo, inclusive. Thus, the 
resultant mantissa of the squareroot of a normaliZed operand 
mantissa is alWays normaliZed. In addition, it can be shoWn 
that the squareroot of an operand greater than or equal to tWo 
and less than four (i.e., the “even e2” mantissa) is greater 
than or equal to the square root of tWo and less than tWo. 
Consequently, the resultant mantissa of the squareroot of the 
adjusted mantissa in the “even e2” case is also alWays 
normaliZed. Because the resultant mantissa is alWays 
normaliZed, there can be no over?oW or under?oW. Thus, the 
resultant exponent er Will alWays be equivalent to er0 as 
provided by the conditional-sum adder 204, except in the 
rounding case described beloW. 

The ANSI/IEEE Standard includes a rounding mode 
called round to positive in?nity In this rounding mode, 
the resultant mantissa calculation may not alWays result in a 
normaliZed number. In particular, the resultant mantissa 
after the squareroot operation may not be in normaliZed 
form under the folloWing conditions: the operand man 
tissa has no Zeros; (ii) e2 is even; and (iii) the rounding mode 
is rounding to positive in?nity (as de?ned in the aforemen 
tioned ANSI/IEEE Standard). As can be shoWn, When the 
operand mantissa has no Zeros, the squareroot of this man 
tissa Will also have no Zeros. As de?ned in the ANSI/IEEE 
Standard, in the rp rounding mode, if the resultant mantissa 
has any “1”s to the right of the least signi?cant bit for the 
precision format (i.e., bit 52 for double precision and bit 23 
for single precision), then a “1” is added to the least 
signi?cant bit. As a result, the resultant mantissa is rounded 
to tWo (i.e., 10.0 . . . 0 in binary representation). Therefore, 
in order to normaliZe the resultant mantissa, the mantissa 
should be right shifted by one place and the resultant 
exponent incremented. 

In the circuit 300, this operation is achieved by selecting 
the er1 result from the conditional-sum adder 204. More 
speci?cally, the multiplexer 206 is connected to receive er0 
and er1 from the conditional-sum adder 204 and to receive 
a select control signal from the selection logic circuit 302. 
The selection logic circuit 302 monitors the three conditions 
described above and causes the multiplexer 206 to select er0 
as the biased resultant exponent er in all cases except When 
all three of the above-conditions occur. That is, the selection 
logic circuit 302 functions as a decoder of the squareroot 
operand’s fraction, biased exponent e2 and the rounding 
mode. When all three of these conditions occur, the selection 
logic circuit 302 causes the multiplexer 206 to select er1 as 
the biased resultant exponent er. In this manner, the circuit 
300 determines the exact resultant biased exponent before 
the mantissa calculation is completed. Consequently, unlike 
conventional squareroot circuits, the resultant exponent cal 
culation is taken out of the critical path, thereby improving 
performance. 

FIG. 4 is a logic diagram shoWing an embodiment of the 
selection logic circuit 302, according to the present inven 
tion. The selection logic circuit 302 is implemented With two 
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8 
AND gates in this embodiment, AND gates 400 and 402. 
The AND gate 400 is connected to receive each bit of the 
fraction of the operand. Because in double and single 
precision the fraction is respectively 52-bits and 23-bits, the 
AND gate 400 is provided With default “1”s for the input 
leads not used during single precision operation. Thus, the 
AND gate 400 outputs a “1” When all of the bits of the 
fraction are “1”. The output lead of the AND gate 400 is 
connected to an input lead of a three-input AND gate 402. 
The other tWo input leads of the AND gate 402 are con 
nected to receive a signal e2ieven indicating When at a 
logic high level that the biased exponent e2 is even, and a 
signal rpiset indicating When at a logic high level that the 
rounding mode is rp. Thus, When all of the signals received 
by the selection logic circuit 302 are “1”s, the AND gate 402 
outputs a “1” that causes the multiplexer 206 (FIG. 3) to 
select er1 from the conditional-sum adder 204. Of course, if 
any of the received signals are a “0”, then the AND gate 402 
outputs a “0”, Which causes the multiplexer 206 to select er0. 
Of course, those skilled in the art can design other logic 
circuits or decoders providing equivalent logic functionality 
Without undue experimentation. 

FIG. 5 is a block diagram of a circuit 500 adapted to 
calculate the resultant exponent of ?oating-point division, 
squareroot and multiplication operations. This embodiment 
includes a bias selection circuit 502, a ?rst multiplexer 504, 
a second multiplexer 506, a carry-save adder 202, a 
conditional-sum adder 204, a selection logic circuit 508 and 
an output multiplexer 206. 
The ?rst multiplexer 504 is connected to receive the 

biased exponent e1 of the ?rst operand and a hardWired Zero. 
The ?rst multiplexer 504 is controlled to select e1 for 
multiplication and division operations and to select Zero for 
squareroot operations. 
The second multiplexer 506 is connected to receive the 

biased exponent e2 of the second operand, the one’s comple 
ment of the biased exponent of the second operand (~e2), 
and the biased exponent of the second operand divided by 
tWo (1/ze2). The second multiplexer is controlled to select e2 
for multiplication operations, (~e2) for division operations 
or 1/ze2 for squareroot operations. 
The bias selection circuit 502 is connected to receive the 

true and one’s complement of the biases (as de?ned in the 
ANSI/IEEE Standard) and adjusted biases (as described 
above in conjunction for squareroot operations) for single 
precision and double precision formats. For the precision 
format being used (i.e., single or double precision), the bias 
selection circuit 502 is controlled to select the appropriate 
true bias for division operations, the one’s complemented 
bias (~bias) for multiplication operations, or the adjusted 
bias for squareroot operations. 

The carry-save adder 202 receives the selected output 
signals of the ?rst and second multiplexers 504 and 506 and 
the bias selection circuit 502. Thus, for division operations, 
the carry-save adder 202 receives e1, (~e2) and bias. As a 
result, the carry-save adder 202 and the conditional-sum 
adder 204 are equivalent in function to the carry-save adder 
202 and the conditional-sum adder 204 in the circuit 200, 
described previously in conjunction With FIG. 2. Likewise, 
for squareroot operations, the carry-save adder 202 receives 
Zero, 1/ze2, and adjusted bias. Because the carry-save adder 
202 receives a Zero for the ?rst operand, the conditional-sum 
adder 204 in the circuit 500 is equivalent in function to the 
conditional-sum adder 204 in the circuit 300, described 
previously in conjunction With FIG. 3. 

HoWever, for multiplication operations, the carry-save 
adder 202 receives e1, e2,and (~bias)+1. The bias is comple 
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mented for multiplication operations because, as is Well 
known in ?oating-point arithmetic, multiplication is equiva 
lent to multiplication of the operand mantissas and addition 
of the operand exponents. HoWever, the sum of tWo biased 
exponents results in the biasing being doubled. The proper 
biasing can then be achieved by subtracting the bias from the 
sum of the exponents. As previously stated, in binary 
arithmetic, subtraction is equivalent to addition of the tWo’s 
complement of the number to be subtracted. 

The conditional-sum adder 204 receives the carry and 
sum output signals of the carry-save adder 202 and outputs 
the sums er0 and er1. For division and squareroot 
operations, the conditional-sum adder 204 operates as pre 
viously described in conjunction With FIGS. 2 and 3, respec 
tively. Similarly, in multiplication operations, the 
conditional-sum adder 204 outputs er0 and er1, With er0 
representing the biased resultant exponent When the result 
ant mantissa multiplication results in a number in normal 
iZed form, and erl representing the biased resultant exponent 
When the resultant mantissa multiplication results in a num 
ber greater than or equal to tWo (Which requires that the the 
resultant exponent to be incremented because only the one’s 
complement of the bias Was added). The resultant exponents 
of the multiplication mode are shoWn in the folloWing 
equations: 

Where (~bias) is the one’s complement of the bias for the 
precision format (single or double precision) being used. 

In this embodiment, in addition to being received by the 
multiplexer 206, erO and erl from the conditional-sum adder 
204 are also received by conventional over?oW and under 
?oW detectors for division and multiplication operations. 
Thus, unlike the circuits 200 (FIG. 2) and 300 (FIG. 3) in 
Which selection of er0 and erl is made before detecting 
over?oW and under?oW, in the circuit 500 selection of er0 
and erl is made after the over?oW and under?oW is detected 
for both er0 and erl for both division and multiplication. 
Then a multiplexer 510 is used to select the set of over?oW 
and under?oW detectors proper for the arithmetic operation 
being performed. The circuit 500 does the over?oW and 
under?oW detection before selection because, in this 
embodiment, the selection process for the ?oating point 
multiplication operation is not completed until the end of the 
mantissa calculation (i.e., the resultant exponent determina 
tion is in the critical path). Thus, detecting under?oW and 
over?oW before selection slightly increases the performance 
of the multiplication operation, but at the cost of additional 
circuitry. 

The selection logic circuit 508 includes the comparator 
208 (described above in conjunction With FIG. 2) and the 
selection logic circuit 302 (described above in conjunction 
With FIG. 3). In addition, the selection logic circuit 508 
includes a subcircuit 512 for detecting if the resultant 
mantissa of the multiplication operation is greater than or 
equal to tWo. In one embodiment, the output leads of the 
comparator 208, selection logic circuit 302 and the subcir 
cuit 512 are received by an OR gate (not shoWn) to provide 
the selection control signal for the multiplexer 206. In this 
embodiment, each of these subelements of the selection 
logic circuit 508 have a default output signal of “0” When the 
processor is not performing the arithmetic operation corre 
sponding to the subelement. Thus, the selection logic circuit 
508 causes the output multiplexer 206 to select either er0 or 
erl as described above for the ?oating-point division and 
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10 
squareroot embodiments. For ?oating-point multiplication 
operations, the subcircuit 512 of the selection logic circuit 
508 detects Whether the resultant multiplication mantissa is 
normaliZed or not normaliZed. In one embodiment of the 
subcircuit 512, the subcircuit 512 simply outputs a signal 
having a logic value equal to the second bit to the left of the 
decimal point of the resultant mantissa of the multiplication 
operation to indicate Whether the resulting mantissa is in 
normaliZed form. If the resultant mantissa is in normaliZed 
form, the selection logic circuit 508 causes the output 
multiplexer 206 to select er0 and, conversely, if the mantissa 
is not normaliZed, the selection logic circuit 508 causes the 
output multiplexer 206 to select er1. 
Of course, in other embodiments, the selection control 

circuit 508 may include different logic circuitry to generate 
the selection control signal for the output multiplexer 206. 
For example, a multiplexer (not shoWn) can be used instead 
of the OR gate to select the output signal from the com 
parator 208, selection logic circuit 302 or the subcircuit 512 
for division, squareroot or multiplication operations, respec 
tively. In addition, the selected output signal can then be 
used to select the proper set of over?oW and under?oW 
detectors (i.e., the set of detectors receiving er0 or the set 
receiving erl 

In a further re?nement of this embodiment, tWo conven 
tional over?oW and tWo under?oW detectors may be coupled 
to respectively receive the er0 and erl signals from the 
conditional-sum adder so that the over?oW and under?oW of 
er0 and erl may be determined concurrently With calculation 
of the multiplication mantissa resultant. The selection logic 
circuit is also implemented to select the output signals of the 
appropriate over?oW and under?oW detectors. This embodi 
ment alloWs the use of same resultant exponent circuitry 
(Which takes the resultant exponent calculation out of the 
critical path) for ?oating-point multiplication, division and 
squareroot operations. In addition, for the case of multipli 
cation and division operations, the resultant exponent is 
calculated signi?cantly faster, thereby eliminating the need 
for pessimistic prediction of the over?oW or under?oW of 
the resultant exponent. The methodology of the embodi 
ments described above is further described in co-pending 
and co-?led patent application Ser. No. 08/882,250 by the 
present inventor, Which is incorporated herein by reference. 

The embodiments of the ?oating-point division and 
squareroot circuitry of the present invention described above 
are illustrative of the principles of this invention and are not 
intended to limit the invention to the particular embodiments 
described. For example, While the embodiments described 
are con?gured for use in a thirty-tWo-bit Word length system, 
other embodiments can be adapted by those skilled in the art 
of ?oating-point processors for use in systems With different 
Word lengths. In another example, those skilled in the art can 
combine the division and squareroot circuits Without the 
multiplication circuit. Accordingly, While the preferred 
embodiment of the invention has been illustrated and 
described, it Will be appreciated that in light of the present 
disclosure various changes can be made to the described 
embodiments Without departing from the spirit and scope of 
the invention. 
The embodiments of the invention in Which an exclusive 

property or privilege is claimed are de?ned as folloWs: 
1. A circuit for determining a resultant exponent of a 

?oating-point division operation of a dividend and divisor, 
the dividend and divisor each having a fraction and a biased 
exponent, the circuit comprising: 

an adder circuit con?gured to receive the biased dividend 
exponent (e1), a one’s complement of the biased divi 
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sor exponent (~e2) and a bias, wherein said adder 
circuit generates output sums er0 and er1, Wherein sum 
er0 is equal to e1 +(~e2)+bias, and sum er‘bis equal to 
er0+1; 

a multiplexer coupled to receive the sums er0 and er1 
from said adder circuit; and 

a selection logic circuit coupled to said multiplexer, and 
coupled to receive the dividend fraction and the divisor 
fraction, Wherein said selection logic circuit causes said 
multiplexer to select the sum er0 When the dividend 
fraction is less than the divisor fraction Without Waiting 
for a result of a mantissa computation. 

2. The circuit of claim 1 Wherein said selection logic 
causes said multiplexer to select the sum er1 When the 
dividend fraction is greater than or equal to the divisor 
fraction. 

3. The circuit of claim 2 Wherein said selection logic 
comprises a comparator coupled to receive the divisor 
fraction and the dividend fraction. 

4. The circuit of claim 1 Wherein said adder circuit 
comprises a carry-save adder and a conditional-sum adder. 

5. The circuit of claim 4 Wherein said carry-save adder is 
coupled to receive the biased dividend exponent (e1), the 
one’s complement of the biased divisor exponent (~e2) and 
the bias. 

6. The circuit of claim 1 further comprising a under?oW 
detector and an over?oW detector, said under?oW and over 
?oW detectors coupled to receive the sum selected by said 
multiplexer. 

7. The circuit of claim 1 further comprising a ?rst and 
second under?oW detectors and a ?rst and second over?oW 
detectors, said ?rst under?oW and over?oW detectors 
coupled to receive the sum er0 from said adder circuit, and 
said second under?oW and over?oW detectors coupled to 
receive the sum er1 from said adder circuit. 

8. A circuit for determining a resultant exponent of a 
?oating-point squareroot operation of an operand having a 
fraction and a biased exponent (e2), the circuit comprising: 

an adder circuit con?gured to receive e2 and a constant B, 
Wherein said constant B is a bias When e2is even and 
the bias+1 When e2 is odd Wherein said adder is 
con?gured output sums er0 and er1, Wherein er0 is 
equal to 1/z(e2+B), and er1 is equal to er0+1; 

a multiplexer coupled to receive the sums er0 and er1 
from said adder circuit; and 

a selection logic circuit coupled to said multiplexer, 
Wherein said selection logic circuit is con?gured to 
cause said multiplexer to select the sum er1 When the 
fraction of the operand has no Zeros, e2 is even, and 
said circuit is con?gured in a round to positive in?nity 
mode. 

9. The circuit of claim 8 Wherein said selection logic 
circuit is further con?gured to select the sum er1 only When 
the fraction of the operand has no Zeros, e2 is even, and said 
circuit is con?gured in a round to positive in?nity mode. 

10. The circuit of claim 8 Wherein said selection logic 
circuit is further con?gured to select the sum er0 When any 
of the folloWing conditions are true: the operand has a Zero, 
e2 is odd, or said circuit is not con?gured in the round to 
positive in?nity mode. 

11. The circuit of claim 8 Wherein said adder circuit 
comprises a conditional-sum adder. 

12. A circuit for determining a resultant exponent of a 
?oating-point division operation during a division mode, a 
?oating-point squareroot operation during a squareroot 
mode and a ?oating-point multiplication operation during a 
multiplication mode, each operand of the division, square 
root and multiplication operations having a normaliZed 
mantissa and a biased exponent, each mantissa having a 
fraction, the circuit comprising: 
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a ?rst multiplexer con?gured to receive the biased expo 

nent (e1) of the ?rst operand and a Zero, Wherein said 
?rst multiplexer is selectably con?gured to provide as 
an output operand at an output port of said ?rst mul 
tiplexer either Zero during the squareroot mode or e1 
during the division and multiplication modes; 

a second multiplexer con?gured to receive the biased 
exponent (e2) of the second operand, 1/ze2, and a one’s 
complement of e2 (~e2), Wherein said second multi 
plexer is selectably con?gured to provide as an output 
operand at an output port of said second multiplexer 
either e2 during the multiplication mode, 1/ze2 during 
the squareroot mode or ~e2 during the division mode; 

a third multiplexer con?gured to receive constants 
B1—B4, B1 being equal to a bias, B2 being equal to the 
1/z(bias), B3 being equal to 1/z(bias+1), and B4 being 
equal to a one’s complement of the bias, Wherein said 
third multiplexer is selectably con?gured to provide as 
an output operand at an output port of said third 
multiplexer either B1 during the division mode, B2 
during the squareroot mode When e2 is even, B3 during 
the squareroot mode When e2 is odd, and B4 during the 
multiplication mode; 

an adder circuit having ?rst, second and third input ports 
respectively coupled to said output ports of said ?rst, 
second and third multiplexers, Wherein said adder 
circuit is con?gured output sums er0 and er1, Wherein 
er0 is equal to a sum of the output operands of said ?rst, 
second and third multiplexers, and Wherein er1 is equal 
to er0+1; 

a fourth multiplexer coupled to receive er0 and er1 from 
said adder circuit; and 

a selection logic circuit coupled to said fourth multiplexer, 
Wherein said selection logic circuit is con?gured to 
cause said fourth multiplexer to select the sum er1 
When: 

the ?rst operand’s fraction is greater than or equal to the 
second operand’s fraction When said circuit is in the 
division mode, 

the second operand’s fraction has no Zeros, e2 is even, and 
said circuit is con?gured in the squareroot mode With a 
round to positive in?nity rounding mode, and 

a product of the mantissas of the ?rst and second operands 
is greater than or equal to tWo When the circuit is in the 
multiplication mode. 

13. The circuit of claim 12 Wherein said adder circuit 
comprises a carry-save adder and a conditional-sum adder. 

14. The circuit of claim 12 Wherein said selection logic 
circuit comprises a comparator con?gured to receive the 
fractions of the operands during the division mode. 

15. The circuit of claim 12 Wherein said selection logic 
circuit further comprises a decoder con?gured to receive the 
fraction of the second operand, a ?rst signal, and a second 
signal, said ?rst signal having a logic one value When the 
circuit is in the round to positive in?nity rounding mode, and 
said second signal having a logic one value When e2 is even. 

16. The circuit of claim 12 further comprising ?rst and 
second under?oW detectors and ?rst and second under?oW 
detectors, said ?rst under?oW and over?oW detectors 
coupled to receive er0 from said adder circuit, and said 
second under?oW and over?oW detectors coupled to receive 
er1 from said adder circuit. 

17. The circuit of claim 12 Wherein the bias is equal to 127 
When the circuit is operating in a single precision mode and 
1023 When the circuit is operating in a double precision 
mode. 


