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(57) ABSTRACT 

A System and method are disclosed which provide a multi 
plier comprising a linear Summation array that is imple 
mented in a manner that enables both Signed and unsigned 
multiplication to be performed. A preferred embodiment 
utilizes a modified Baugh-Wooley algorithm to enable an 
optimum even-and-odd linear Summation array for perform 
ing both signed and unsigned high Speed multiplication. 
That is, a preferred embodiment enables a linear Summation 
array that is Smaller in Size and Simpler in design than the 
multiplier arrays typically implemented for signed multipli 
cation in the prior art. The modified Baugh-Wooley algo 
rithm of a preferred embodiment translates a signed operand 
to an unsigned operand to greatly simplify the Sign extension 
for multiplication, and to enable a relatively Small multiplier 
array that does not include Sign extension columns to be 
utilized for performing Signed multiplication. The modified 
Baugh-Wooley algorithm of a preferred embodiment also 
enables the multiplier to perform unsigned multiplication. 
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LINEAR SUMMATION MULTIPLIER ARRAY 
IMPLEMENTATION FOR BOTH SIGNED AND 

UNSIGNED MULTIPLICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation of co-pending 
U.S. patent application Ser. No. 09/510,274 entitled “LIN 
EAR SUMMATION MULTIPLIER ARRAY IMPLEMEN 
TATION FOR BOTH SIGNED AND UNSIGNED MUL 
TIPLICATION", filed Feb. 21, 2000. This application is also 
related to commonly assigned U.S. patent application Ser. 
No. 09/510,271 entitled “SYSTEM AND METHOD FOR 
PERFORMING POPCOUNT USING A MULTIPLIER,” 
filed Feb. 21, 2000 (abandoned Feb. 26, 2002), the disclo 
Sure of which is hereby incorporated herein by reference. 

TECHNICAL FIELD 

0002 This invention relates in general to multipliers, and 
in Specific to a multiplier that comprises a linear Summation 
array for performing both signed and unsigned multiplica 
tion using a modified Baugh-Wooley algorithm. 

BACKGROUND OF THE INVENTION 

0.003 Circuitry for multiplying two or more operands is 
commonly implemented within many electronic circuits of 
the prior art. For example, microprocessors typically include 
Some type of multiplier circuitry. In prior art multipliers, the 
well-known “Booth' encoding algorithm is commonly 
implemented for performing signed and unsigned multipli 
cation. However, the Booth encoding algorithm is a dynamic 
Solution. High-speed multipliers are commonly imple 
mented with “Booth' encoding dynamic circuitry to meet 
the high frequency goals (Such as for a 1 GHz micropro 
cessor). Generally, a dynamic multiplier consumes more 
power, adds significant clock load, and requires much more 
design effort to implement and verify electrical reliability 
than is required for a Static multiplier design. The dynamic 
Booth encoding algorithm of prior art multipliers generally 
requires a complex multiplexer (“MUX”) structure to be 
implemented to encode input operands before the partial 
products of the operands form a multiplier array. The 
“Booth' encoding MuXes are utilized to minimize the 
number of partial products for the multiplier. Additionally, 
all the encoding lines of prior art Booth encoding multipliers 
are typically very complex and heavy loaded. A multiplier 
utilizing a Booth encoding algorithm is a Standard, well 
known implementation for multipliers of the prior art, and 
therefore is discussed only briefly hereafter. 
0004 Generally, a multiplier array is utilized within the 
Booth encoding algorithm to accomplish multiplication. AS 
a simple example, shown in FIG. 1 is a multiplier array 40 
that results from the multiplication of operands X3:0) and 
Y3:0). As shown, the multiplier array of FIG. 1 includes the 
partial product elements 42 of the operands and a sign 
extension 44 for signed multiplication. AS is well known in 
the art, a multiplier typically includes circuitry to AND each 
element 42 of the multiplier array 40, such as element 
XoYo, to produce a partial product (e.g., the product of 
Xo *Yo). The partial products of the multiplier array 40 are 
then input to a CSA array included within the multiplier to 
generate the final results (i.e., the final Sum output and final 
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carry output). The final output for multiplication (i.e., the 
product of the two operands) is then generated by Summing 
the final Sum and carry in an adder. The Booth algorithm is 
commonly used in prior art multipliers to achieve high 
Speed, parallel multiplication. 
0005. A linear summation multiplier uses a CSA array 
directly, without Booth encoding. For example, as shown in 
FIG. 2A, AND gates, such as AND gates 32,34, and 36 may 
be included within a multiplier to each receive an input bit 
from X3:0) and from Y3:0 to produce an element of the 
multiplier array 40 as input. For instance, AND gate 36 may 
receive X and Yo as input to produce the partial product for 
element X*Y of multiplier array 40 as its output. Similarly, 
AND gate 34 may receive X and Y as input to produce the 
partial product for element X*Y of multiplier array 40 as 
its output. Likewise, AND gate 32 may receive X and Y as 
input to produce the partial product for element XY of 
multiplier array 40 as its output. Of course, additional AND 
gates may be included within a multiplier to produce the 
partial products for all of the elements of multiplier array 40 
in a like manner. As shown in FIG. 2A, the partial products 
are fed to a CSA array of the multiplier, including CSAS 
Such as CSA38, to Sum the partial products to generate the 
final Sum and final carry. Once the final Sum and final carry 
are generated by the CSA array, they are added to produce 
the final product to be output by the multiplier. For example, 
as shown in FIG. 2B, a linear summation multiplier consists 
of two components, a multiplier CSA array 200 and an adder 
202. In such a linear Summation multiplier, multiplier CSA 
array 200 generates a final Sum and carry, which are Summed 
in adder 202. In a preferred embodiment, adder 202 outputs 
the final result for the multiplication of the operands. 
0006. On the other hand, an example of a Booth encoding 
multiplier is shown in FIG. 2C. FIG. 2C illustrates a 16-bit 
by 16-bit Booth encoding multiplier that receives two 16-bit 
operands (shown as X15:0) and Y15:0) and outputs the 
product of the two operands. The exemplary Booth encoding 
multiplier of FIG. 2C consists of three components: Booth 
encoding MUXes 270 to minimize the number of partial 
product terms, a CSA array 272, and an adder 274 to sum up 
the final result for the multiplication operation. All three 
components are implemented with dynamic circuits. For 
example, to perform 16-bit by 16-bit multiplication (i.e., 
multiplying two 16-bit operands), a prior art multiplier 
typically utilizes a dynamic Carry-Save-Adder (CSA) cir 
cuitry, such as that of FIG. 2A, with the Booth encoding 
algorithm. In the Booth encoding dynamic Solution of the 
prior art, 16-bit by 16-bit multiplication results in a multi 
plier array having Six columns of CSA for Sign extension 
(e.g., sign extension 44 of FIG. 1) in addition to the 16 
columns of CSA for the partial product elements (e.g., 
elements 42 of FIG. 1) in the multiplier array, for a total of 
22 columns for the entire multiplier array. It should be 
recognized that the resulting 22 columns of the multiplier 
array does not correspond to (or “match”) the 16-bit input of 
an operand. This leads to a different layout pitch for the CSA 
than that for the input circuitry, and results in Very complex 
routing in the layout for input operand Signals. 
0007. The dynamic multiplier circuitry of the prior art 
utilizing Booth encoding is problematic for Several reasons. 
First, because the resulting multiplier array results in a 
greater number of columns than the number of bits in the 
operands (i.e., because additional columns are required for 
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Sign extension), massive routing complexity is required in 
the multiplier array. Furthermore, the dynamic circuitry 
Solution of Such prior art multipliers consumes an undesir 
ably large amount of power (due to the dynamic circuit and 
clock) and requires an undesirably rigorous circuit check to 
ensure that the circuitry functions properly. Also, due to the 
relatively large number of components required in prior art 
dynamic multiplier circuitry, Such multiplier circuitry con 
Sumes an undesirably large amount of Surface area and 
requires an undesirably high cost to be implemented. 

0008 Also, another algorithm known as the “Baugh 
Wooley' algorithm is well known in the prior art and is 
commonly implemented in multipliers for performing 
signed multiplication. The Baugh-Wooley algorithm imple 
mentation typically utilizes a linear Summation array that 
results in fewer components and leSS complexity than mul 
tipliers using the Booth encoding algorithm. However, Such 
prior art multipliers implementing a linear Summation array 
utilizing the Baugh-Wooley algorithm only allow for Signed 
multiplication to be performed. Accordingly, Such multiplier 
implementations are Severely limited in that they are unable 
to perform unsigned multiplication. 

BRIEF SUMMARY OF THE INVENTION 

0009. In view of the above, a desire exists for a high 
Speed multiplier that includes a linear Summation array for 
performing both signed and unsigned multiplication. A 
further desire exists for a multiplier having a Static design. 
Still a further desire exists for a multiplier that reduces the 
amount of circuitry and routing complexity of prior art 
multipliers. 

0.010 These and other objects, features and technical 
advantages are achieved by a System and method which 
provide a multiplier comprising a linear Summation array 
that is implemented in a manner that enables both signed and 
unsigned multiplication to be performed. A preferred 
embodiment utilizes a modified Baugh-Wooley algorithm to 
enable an optimum even-and-odd linear Summation array for 
performing both Signed and unsigned high Speed multipli 
cation. That is, a preferred embodiment enables a linear 
Summation array that is Smaller in size and Simpler in design 
than the multiplier arrays typically implemented for signed 
multiplication in the prior art. For example, Suppose 16-bit 
by 16-bit multiplication is being performed, a preferred 
embodiment utilizes a linear Summation array that is 16 by 
14, rather than the prior art multiplier arrays that are 
typically 22 by 14 because of the additional Sign extension 
columns utilized in prior art designs. 
0.011 Therefore, the resulting columns of the multiplier 
array of a preferred embodiment exactly fit into the input 
pitch of the operands, which dramatically reduces the num 
ber of circuitry components required to be implemented for 
the multiplier array, as well as the complexity of routing 
within the multiplier array. Additionally, a preferred embodi 
ment implements a Static design for performing Signed and 
unsigned multiplication, which further reduces the number 
of components, complexity, cost, and power consumption of 
the multiplier. The modified Baugh-Wooley algorithm of a 
preferred embodiment translates a signed operand to an 
unsigned operand to greatly simplify the Sign extension for 
multiplication, and to enable a relatively Small multiplier 
array that does not include Sign extension columns to be 
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utilized for performing Signed multiplication. The modified 
Baugh-Wooley algorithm of a preferred embodiment also 
enables the multiplier to perform unsigned multiplication. 
0012. It should be appreciated that a technical advantage 
of one aspect of the present invention is that a multiplier is 
provided which includes a linear Summation array for per 
forming both signed and unsigned multiplication. More 
Specifically, a preferred embodiment utilizes the Baugh 
Wooley algorithm to perform both Signed and unsigned 
multiplication. Furthermore, a preferred embodiment pro 
vides a Static design for performing both Signed and 
unsigned multiplication. A further advantage of one aspect 
of the present invention is that an even-and-odd Structured 
linear Summation is utilized for both signed and unsigned 
multiplication, which allows for a Static Structure that is 
much simpler than the prior art Booth encoding Structures 
for performing signed multiplication. The even-and-odd 
Structured linear Summation enables high-speed Static mul 
tiplier design that is similar to dynamic Booth encoding 
multiplier Speed. Therefore, one advantage of one aspect of 
the present invention is that it enables a much simpler 
multiplier design with leSS area, less cost and less power 
than is commonly required for prior art multipliers that 
perform Signed and unsigned multiplication. Thus, one 
advantage of one aspect of the present invention is that a 
multiplier is disclosed that has a multiplication array that 
requires less circuitry and less routing complexity than is 
required for signed multiplication in prior art multipliers. 
Furthermore, an advantage of one aspect of the present 
invention is that a static design for a multiplier is disclosed 
that may reduce the power of the circuitry. For example, the 
current capacitive load of a preferred embodiment may be 
reduced by 60 percent or more below that typically required 
in prior art multipliers due to a Smaller and Simpler design. 
Additionally, a further advantage of one aspect of the present 
invention is that a multiplier is disclosed that may perform 
high-speed multiplication while providing a multiplier that 
is Smaller, leSS complex, and more reliable than prior art 
multipliers. For instance, the multiplier of a most preferred 
embodiment is operable at a frequency 1 gigahertz or higher. 
0013 The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention in 
order that the detailed description of the invention that 
follows may be better understood. Additional features and 
advantages of the invention will be described hereinafter 
which form the subject of the claims of the invention. It 
should be appreciated by those skilled in the art that the 
conception and Specific embodiment disclosed may be 
readily utilized as a basis for modifying or designing other 
Structures for carrying out the same purposes of the present 
invention. It should also be realized by those skilled in the 
art that Such equivalent constructions do not depart from the 
Spirit and Scope of the invention as Set forth in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 For a more complete understanding of the present 
invention, and the advantages thereof, reference is now 
made to the following descriptions taken in conjunction with 
the accompanying drawing, in which: 
0015 FIG. 1 shows an exemplary multiplier array that 
results from the multiplication of operands X3:0) and 
Y3:0; 
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0016 FIG. 2A shows circuitry for generating the partial 
products of a multiplier array and inputting Such partial 
products to a CSA array to generate a final Sum and final 
carry, 

0017 FIG. 2B shows circuitry for generating output of a 
multiplier; 

0018 FIG. 2C shows circuitry of a prior art multiplier 
utilizing the Booth encoding algorithm; 
0.019 FIG. 3A shows an example of partial products in 
a multiplier array for 16-bit by 16-bit multiplication; 
0020 FIG. 3B shows an exemplary CSA array that may 
be implemented in a preferred embodiment; 

0021 FIG. 3C shows the physical location in layout of 
the CSA array arrangement of a preferred embodiment; 

0022 FIG. 4 shows equations for a modified Baugh 
Wooley algorithm of a preferred embodiment that enables 
both signed and unsigned multiplication; 

0023 FIG. 5 shows a multiplier array utilized in a 
preferred embodiment to enable both signed and unsigned 
multiplication; 

0024 FIG. 6 shows the implementation of corner bit 508 
of the multiplier array of FIG. 5 in greater detail; 

0025 FIG. 7A shows a preferred embodiment for gen 
erating partial products to be input to the CSA array in 
column 504 of the exemplary multiplier array 500 of FIG. 
5; 

0026 FIG. 7B shows a preferred embodiment for gen 
erating partial products to be input to the CSA array in row 
506 of the exemplary multiplier array 500 of FIG. 5; 

0027 FIG. 7C shows a preferred embodiment for gen 
erating partial product to be input to the CSA array of area 
502 of the exemplary multiplier array 500 of FIG. 5; 

0028 FIG. 7D shows a preferred embodiment for gen 
erating the bit of area 508 of the exemplary multiplier array 
500 of FIG. 5; 

0029 FIG. 8 shows an exemplary overview of the actual 
physical implementation of the multiplier of a preferred 
embodiment; 
0030 FIG. 9 shows an exemplary implementation of 
four 16 by 16 multiplier arrays in parallel in the multiplier 
of a most preferred embodiment; 
0.031 FIG. 10 shows an exemplary timing diagram of a 
two-clock cycle multiplier of a most preferred embodiment; 
0.032 FIG. 11 shows an exemplary multiplier array that 
results from the multiplication of operands X3:0) and 
Y3:0; 
0.033 FIG. 12 shows exemplary circuitry that may be 
implemented for generating the appropriate values to be 
input to the multiplier array for bits of a Y operand in a 
preferred embodiment; and 
0034 FIG. 13 shows a preferred embodiment of the 
present invention for implementing partial product circuitry 
that produces inputs to a CSA in the all-inclusive diagonal 
of a multiplier to perform both multiplication and popcount. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0035) A preferred embodiment of the present invention 
implements an even-and-odd Structured linear Summation 
array in a multiplier to perform both signed and unsigned 
multiplication. As described above, the Booth dynamic 
circuitry is typically implemented in high-speed (e.g., high 
frequency CPU) multipliers of the prior art. In a preferred 
embodiment, the Baugh-Wooley algorithm is utilized in the 
multiplier, and is implemented in a manner to perform both 
signed and unsigned multiplication. Additionally, a pre 
ferred embodiment results in a multiplier array that corre 
sponds more closely to the Size of the operands, which 
reduces the amount of circuitry required to be implemented 
and reduces the complexity in performing routing within the 
multiplier array over typical prior art implementations. 
0036 Turning now to FIGS. 3A and 3B, an exemplary 
CSA array 300 that may be implemented in a preferred 
embodiment is described. AS an example, Suppose multipli 
cation is being performed for two 16-bit operands (i.e., 
X15:0) and Y15:0). As shown in FIG. 3B, in a most 
preferred embodiment the partial products of the same 
significance are input to CSA array 300, of which only a 
portion is illustrated for Simplicity. A most preferred 
embodiment implements a So-called even-and-odd circuit 
technique, which is basically a parallel Scheme of adding 
bits of the same significance of the partial products for X*Y. 
FIG. 3A shows the partial products in order of significance. 
The partial products in the Same vertical column have the 
same significance. FIG. 3B shows the logic and connections 
between CSA cells. The even-and-odd structure of a pre 
ferred embodiment basically doubles the speed of the linear 
Summation multiplier (i.e., decreases the time required for 
its operation by half) as compared with the traditional, Serial 
CSA array. FIG. 3C shows the physical location in layout of 
the CSA array arrangement of a preferred embodiment. The 
CSA cells in the same significance go 45 degrees from the 
left-upper to the lower-right diagonal line, and the routing 
for the connections of the CSA array goes the same direc 
tion. This can physically fit the multiplication of 16-bit by 
16-bit operands into 16 by 14 CSA cells in layout. 
0037 FIG. 3B provides a simple example of an even 
and-odd Structured linear Summation CSA array for Signifi 
cance 12. As shown in FIG. 3B, in 16-bit by 16-bit multi 
plication (e.g., XI15:0Y15:0), the first CSA in the even 
row (shown as CSA310) takes the first three rows of partial 
products in Significance 12 (i.e., X-Yo, X, Y, and 
X*Y) as three inputs. The second CSA in the layout of 
FIG. 3B is in the odd row (shown as CSA 312) in logic 
Schematics which takes the next three rows of partial prod 
ucts in Significance 12 (i.e., XY, XY, and X, Y) as 
three inputs. CSA 310 adds the three inputs to generate a 
sum S and carry C. Sum S is input to CSA 314 along with 
a carry C generated from a CSA of previous significance 
(i.e., Significance 11) and a partial product in the 7th row 
(i.e., XY). Likewise, CSA 312 adds three inputs to 
generate a Sum S and a carry C. Sum S is input to CSA 
316 along with a carry C from a CSA of significance 11 in 
the odd row (physical layout) adding a partial product in the 
8th row (XY). CSA 314 generates a sum Ss and a carry 
Cs. Sum S is input to CSA 318 in the even row along with 
a carry C generated from the previous CSA in the even row 
(i.e., having Significance 11), and a new partial product in the 
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9th row (i.e., X*Ys). Likewise, CSA 316 (in the odd row) 
generates a sum S, and carry C7. Sum S, is input to CSA320 
(in the odd row) along with a carry Cs generated from the 
previous odd row (i.e., having significance 11) and a new 
partial product in the 10th row (i.e., XY). It should be 
understood that CSA array 300 comprises further CSAS (not 
shown) that function in a like manner to add the Sums and 
carries until ultimately a final Sum and final carry are added 
together in a 4:2 CSA 322 to generate a final Sum S and 
carry C. The CSA circuit structure 300 is well-known, and 
is implemented in a preferred embodiment to enable Such 
preferred embodiment to achieve the desired Speed goal with 
a Static circuit design. 
0.038 For a description of how the modified Baugh 
Wooley algorithm is utilized in a preferred embodiment for 
signed multiplication, reference is made to the following 
equations to describe the modified Baugh-Wooley algorithm 
of a preferred embodiment for signed multiplication of a 
N-bit operand A and a N-bit operand B, which are also 
shown in FIG. 4: 

N-2 

A = SA : (-1): 2" +X ai: 2 =SA : (–1): 2N + A' 
i=0 

Product = A * B = (SA 3 (–1): 2 +A)3 (SB 8 (–1): 2 + B) = 

0039. As shown above, two operands (A and B) are 
represented in a manner that enables signed multiplication 
thereof. Operand A is represented by: SA*(-1)*2+A', 
where S is the sign bit for operand A and N is the number 
of bits of operand A. A is the rest of operand A when its sign 
bit is ignored. AS is well known in the art, when an operand’s 
Sign bit is 1, the operand is of negative value, and when the 
operand's sign bit is Zero, the operand is of positive value. 
Similarly, operand B is represented by: S*(-1)*2 '+B', 
where S is the sign bit for operand B and N is the number 
of bits of operand B. B' is the rest of the B operand when its 
Sign bit is ignored. In general, the Baugh-Wooley algorithm 
of a preferred embodiment Separates the Sign bit of an 
operand from the rest of the bits, and then multiplies the two 
operands. More specifically, a 4-part term (or 4-part equa 
tion) is generated to determine the product of operands A and 
B, which is illustrated in FIG. 4. The first part of the term 
is SA*S*2, which is the corner cell 508 of the multiplier 
array of a most preferred embodiment shown in FIG. 5. The 
second part of the term is (SA*(-1)*2'*B), which is the 
column 504 of the multiplier array of FIG.5. The third term 
is (S*(-1)*2N*A), which is the row 506 of the multiplier 
array of FIG. 5. The fourth term is (AB), which is the 
unsigned array core 502 of the multiplier array of FIG. 5. 

0040. The second part of the term shown in FIG. 4 (i.e., 
SA*(-1)*2N*B"), translates the operand A from a signed 
operand to an unsigned operand. That is, if the Sign bit of 
operand A is set to 1 (indicating that it is a negative operand), 
the operand is inverted. The third part of the term shown in 
FIG. 4 (i.e., S*(-1)*2'*A), translates the operand B 
from a signed operand to an unsigned operand. That is, if the 
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Sign bit of operand B is set to 1 (indicating that it is a 
negative operand), the operand is inverted. As a result, a 
preferred embodiment implements the Baugh-Wooley algo 
rithm in a manner that translates a signed multiplication into 
an unsigned multiplication to avoid Sign extensions in the 
multiplier array. 

0041 Moreover, a preferred embodiment implements the 
Baugh-Wooley algorithm in a manner that enables both 
signed and unsigned multiplication to be performed, without 
requiring a large multiplier array having Sign extensions 
implemented therein, with a slight modification in the typi 
cal AND gate circuitry that generates the partial product for 
the multiplier CSA array. The modified Baugh-Wooley 
algorithm of a preferred embodiment for unsigned multipli 
cation of a N-bit operand A and a N-bit operand B is as 
follows: 

N-2 

A = SA: 2" +X ai: 2 = SA: 2" + A 
i=0 

N-2 

B = SA 3.2 +X bi: 2 =S: 2" + B' 
i--0 

Product - A : B = (SA: 2" + A'): (SB 82" + B') = 
SA: SB 3.2°N +SA : 2: B' + SB 3.2" : A' + A's B' 

0042. As shown in the above equation, the difference 
between the signed multiplication and the unsigned multi 
plication of a preferred embodiment is the Second and third 
terms (corresponding with column 504 and row 506 of the 
multiplier array 500 of FIG. 5). Since there is a sign 
extension for signed multiplication into the area 508 bit of 
FIG. 5, when one or both of S and S is 1 (indicating that 
one or both input operands are negative), the operands in 
area 504 and 506 are inverted. That is why bit 508 is equal 
to (SAS) for unsigned multiplication, and bit 508 is equal 
to (SA+S) for signed multiplication (as discussed more 
fully with reference to FIGS. 6 and 7D). 
0043. To enable unsigned multiplication with the same 
multiplier CSA array implemented in the modified Baugh 
Wooley algorithm described above for performing signed 
multiplication, Special circuitry is utilized to manipulate the 
partial product input to the CSA array of the multiplier, 
which is discussed in greater detail with reference to FIGS. 
7A-7D. The CSA array of a preferred embodiment is imple 
mented to generate a multiplier array 500, as shown in FIG. 
5. As shown, multiplier array 500 includes the terms nec 
essary for the algorithm of FIG. 4 for computing the product 
of two operands A and B. That is, the multiplier array 500 
includes the unsigned array core which Satisfies the term 
(AB) of the equation of FIG. 4. Also, the multiplier array 
500 includes a column 504, which is the left-most column of 
the multiplier array in a preferred embodiment, that Satisfies 
the term (SA*(-1)*2N*B) of the equation of FIG. 4. 
Furthermore, the multiplier array 500 includes the bottom 
row 506 in a preferred embodiment, which satisfies the term 
(S*(-1)*2N* A) of the equation of FIG. 4. Additionally, 
the multiplier array 500 includes a cell, which is the corner 
bit 508 in a preferred embodiment, which satisfies the term 
(SA* S) of the equation of FIG. 4. 
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0044 Accordingly, Summing these four terms of the 
equation of FIG. 4 produces the product of the two operands 
A and B. Therefore, a preferred embodiment provides a 
multiplier array 500 that may be utilized to perform both 
signed and unsigned multiplication, wherein unsigned mul 
tiplication is enabled by implementing a slight modification 
to the AND gate circuitry to generate the partial products for 
areas 504 and 506 of multiplier array 500. The circuit for the 
areas 504 and 506 CSA partial product input of a preferred 
embodiment is shown in FIGS. 7A and 7B, which will be 
described in greater detail hereafter. 
0045. Additionally, the multiplier array 500 of a preferred 
embodiment is relatively smaller than multiplier arrays for 
performing signed multiplication of the prior art. More 
specifically, the multiplier array 500 of a preferred embodi 
ment eliminates the requirement of having a sign extension, 
such as sign extension 44 of array 40 shown in FIG. 1, 
included within the multiplier array. As a result, the multi 
plier array matches (or corresponds) more closely to the size 
of the input operands. For example, if two 16-bit operands 
are input to the multiplier, the multiplier array of a preferred 
embodiment is a 16 by 14 array, rather than a 22 by 14 array 
that is typically required for prior art implementations 
utilizing Booth encoding for signed multiplication. AS a 
result, the circuitry required for implementing the multiplier 
array 500 of a preferred embodiment is reduced, thereby 
reducing the complexity of routing within the multiplier 
array, Surface area consumed by the multiplier array, power 
consumed by the multiplier array, and cost of implementing 
the multiplier array. 

0046) The operation of the corner bit 508 of multiplier 
array 500 in a preferred embodiment is illustrated in greater 
detail in FIG. 6. As shown in FIG. 6, the corner bit 508 is 
the result of (SA+SB) due to the sign extension from areas 
504 and 506 when one or both of the input operands (A and 
B) have negative value, and the input in areas 504 and 506 
is inverted accordingly. More specifically, the corner bit 508 
is the output of a logical OR 602 having the sign bit of 
operand A (i.e., SA) and the sign bit of operand B (i.e., S.) 
input thereto. Therefore, as the table of FIG. 6 illustrates, the 
corner bit 508 is set high (e.g., a logic 1) if either or both of 
the sign bits are high, and the corner bit 508 is set low (e.g., 
a logic 0) if both the sign bits are low. 
0047 Turning to FIG. 7D, circuitry of a preferred 
embodiment is shown for generating the bit 508 of the 
multiplier array of FIG. 500. As shown, SA and S are input 
to an OR gate 780, the output of which is input to AND gate 
782 along with a sign control bit. Additionally, SA and SB 
are input to AND gate 784. The output of AND gates 782 
and 784 are input to OR gate 786, which outputs the corner 
bit 508 of FIG. 500. Accordingly, bit 508 is equal to 
(SAS) for unsigned multiplication and bit 508 is equal to 
(SA+S) for signed multiplication. 
0048 Turning to FIGS. 7A and 7B, a preferred embodi 
ment for generating partial products to be input to the CSA 
array of areas 504 and 506 of the multiplier array 500 is 
shown. AS discussed above, a preferred embodiment per 
forms unsigned multiplication by manipulating the partial 
product inputs into the CSA cells in areas 504 and 506. In 
unsigned multiplication, SA is not the sign of operand A. 
Rather, SA is the most significant bit (“MSB”) of operand A. 
For unsigned multiplication, the equation for area 504 is 
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(SA*2'*B). In comparison, the equation for area 504 in 
signed multiplication is (SA*(-1)*2*B). In the imple 
mentation of unsigned multiplication when SA is 1, B' is 
directly input to the CSA cells of area 504, and when S is 
0, the input to the CSA cells of area 504 is 0. In the 
implementation of signed multiplication, when S is 1 
(indicating operand A is negative), B' is inverted to generate 
the inputs for the CSA cells of area 504, and when S is 0 
(indicating operand A is positive), the input to the CSA cells 
of area 504 is 0. This enables the same multiplier array to be 
used for performing both signed and unsigned multiplica 
tion. Accordingly, the modified Baugh-Wooley multiplier 
for signed multiplication of a preferred embodiment is used 
to perform unsigned multiplication as well. 
0049. A preferred embodiment utilizes a sign control bit 
to control the modified Baugh-Wooley multiplier array to 
perform either Signed multiplication or unsigned multipli 
cation. More Specifically, when signed multiplication is 
being performed, the sign control bit is set to 1 in a 
preferred embodiment. As shown in FIG. 7A, the sign con 
trol bit input with the rest of the operand into an exclusive 
OR (XOR) gate 702. When the sign control bit is set to 1, 
signed multiplication is enabled. Accordingly, Y14:0) is 
inverted by XOR 702. The inverted Y14:0) is ANDed with 
the Sign bit of the X operand, S, and the resulting partial 
products are input to the CSA of area 504. In this case, the 
X operand is equivalent to the A operand described above in 
the modified Baugh-Wooley algorithm (e.g., S=SA), and 
the Y operand is equivalent to the B operand described 
above in the modified Baugh-Wooley algorithm (e.g., 
S=SB). When the sign control bit is set to 0, unsigned 
multiplication is enabled. Accordingly, Y14.0 is passed 
over to be ANDed with the sign bit of the X operand, S, and 
the resulting partial products are input into the CSA of area 
504 for unsigned multiplication. 

0050. As further shown in FIG. 7A, the output of XOR 
gate 702 is input to an AND gate 704 with the sign bit of the 
X operand (i.e., SX). Accordingly, when signed multiplica 
tion is being performed, if SX is 1 (indicating that X is a 
negative operand), AND gate 704 logically ANDs the S bit 
with the output of the XOR gate 702, which results in the 
inverted operand Y14:0). That is, when SX is 1, the result 
of the AND gate 704 is the inverted operand Y14:0), which 
is exactly the desired output for Signed multiplication. 
However, when SX is 0 (indicating that X is a positive 
operand), the partial product output by AND gate 704 is 0. 
Furthermore, when an unsigned operation is being per 
formed, the sign control bit is set to 0. Therefore, XOR gate 
20 passes over the Y14.0 operand into the input of the 
AND gate 704. The SX bit, which is the most significant bit 
for the X operand, is ANDed with the Y14:0 operand to 
result in the partial product of (SX*Y), which is exactly what 
is desired for unsigned multiplication. 
0051). In FIG. 7B, the circuit for generating the partial 
product to be input to the CSA array of area 506 of FIG. 5 
is shown. As shown, such circuitry is similar to that of FIG. 
7A. Likewise, this circuit takes X14:0 as inputs, along with 
sign control bit in the XOR gate 722. The result of the XOR 
gate 722 is ANDed in AND gate 724 with S (the sign bit 
of the Y operand) to generate partial products to be used as 
inputs to the CSA of area 506 of FIG. 5 for signed 
multiplication and unsigned multiplication, depending on 
the sign control bit. As shown in FIG.7C, AND gates, such 
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as AND gate 732, are used to generate the partial products 
for the CSA inputs of area 502 of the multiplier array 500 of 
FIG. 5, the unsigned array core. One advantage of a 
Baugh-Wooley multiplier of a preferred embodiment is that 
the unsigned core needs only simple AND gates, Such as 
AND gate 732, to generate the CSA inputs. 
0.052 For the Baugh-Wooley algorithm of a preferred 
embodiment, when the sign control bit is 1 (indicating a 
signed multiplication operation is being performed) then the 
operands are either being inverted when the Sign bit of the 
other input operand is 1, or being Zeroed out when the Sign 
bit of the other input operand is Zero, either in the column 
504 of multiplier array 500 or the row 506 of multiplier array 
500 of FIG. 5. Whenever an operand is inverted, a preferred 
embodiment adds a one in the bit significance 15. If both 
operands are inverted, then a preferred embodiment adds 
two to the bit significance 15, which means that one bit is 
added to the bit significance 16. A preferred embodiment 
implements “sticky bits” STY16:15 to add the appropriate 
value needed for a signed operation. In a preferred embodi 
ment, STYL16) is equal to SA S (i.e., SA AND S) and 
STY15 is equal to S XOR St. Accordingly, STYL15 is 
high only if one of the sign bits for the operands A and B is 
high, and STY16 is high only if both of the operands A and 
B is high. In a preferred embodiment, the So called Sticky 
bits STY16:15 are implemented in a workable location 
within the CSA array, which may be any workable location 
in various implementations. 

0.053 As discussed above, in the modified Baugh 
Wooley multiplier of a preferred embodiment, the difference 
between signed multiplication and unsigned multiplication 
is in areas 504,506, and 508 of the multiplier array of FIG. 
5. The unsigned core (area 502) is the same for signed 
multiplication and unsigned multiplication. This is one of 
the advantages of the Baugh-Wooley algorithm of a pre 
ferred embodiment. FIGS. 7A and 7B illustrate the manipu 
lation of the partial product input to the areas 504 and 506 
to perform both signed and unsigned multiplication in a 
preferred embodiment. Comer bit 508 is equal to (SA+S) 
for signed multiplication, and bit 508 is equal to (SAS) for 
unsigned multiplication. Thus, to enable both signed and 
unsigned multiplication, a slight modification to the logic 
gate to generate bit 508 is utilized in a preferred embodi 
ment, as shown in FIG. 7D. 

0054. A multiplier of a preferred embodiment may be 
utilized in an implementation as disclosed in co-pending and 
commonly assigned U.S. application Ser. No. 09/510,261 
entitled “SYSTEMAND METHOD FOR PERFORMING 
POPCOUNT USING A MULTIPLIER,” the disclosure of 
which is hereby incorporated herein by reference. Thus, a 
multiplier of a preferred embodiment may provide a desir 
able implementation for performing both signed and 
unsigned multiplication, as well as performing a popcount 
function for a received operand. For instance, an example 
technique for implementing popcount functionality in a 
multiplier is described hereafter in conjunction with FIGS. 
11-13, which are also depicted and described in U.S. patent 
application Ser. No. 09/510,271. 
0.055 Traditionally, computer processors of the prior art 
include dedicated circuitry for performing a "popcount” 
function. Popcount is the function of counting the number of 
high bits (i.e., 1s) in an input or output operand. That is, 
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popcount counts the population of 1's in an operand. Pop 
count is commonly performed for multimedia instructions, 
for example. Prior art processors commonly include a dedi 
cated circuit for performing popcount. That is, prior art 
processors typically include Stand-alone circuitry that per 
forms popcount as its Sole function. 
0056. In a preferred embodiment, a popcount generator 
for generating a count of the number of high bits of an 
operand is provided, which comprises a multiplier. The 
multiplier is configured to receive a first operand and a 
Second operand as inputs, and output a popcount for the first 
operand. In a preferred embodiment, the multiplier is con 
figured to perform both multiplication and popcount. That is, 
in a preferred embodiment the multiplier is configured to 
output a product resulting from the multiplication of the 
operands input to the multiplier, if multiplication is enabled 
for the multiplier, and the multiplier is configured to output 
the popcount for the first operand, if popcount is enabled for 
the multiplier. 
0057. In a preferred embodiment, a popcount control 
Signal is utilized to enable the multiplier to perform either 
multiplication or popcount. For example, when the popcount 
control Signal is high, the multiplier may perform popcount, 
and when the popcount control Signal is low, the multiplier 
may perform multiplication. In a preferred embodiment, the 
multiplier comprises a multiplier array. Furthermore, in a 
preferred embodiment very little circuitry is added to an 
existing multiplier to enable the multiplier to perform both 
multiplication and popcount, thereby eliminating the 
requirement of a dedicated circuit for performing popcount. 
In a preferred embodiment, the multiplier's circuitry for 
implementing the “all-inclusive” diagonal of the multiplier 
array, which includes every bit of the first operand (i.e., the 
operand for which popcount is desired when popcount is 
enabled), is configured to output each bit of Such first 
operand as a partial product when popcount is enabled. 
Furthermore, in a preferred embodiment, the multiplier's 
circuitry for implementing the all-inclusive diagonal of the 
multiplier array is configured to output the appropriate 
product of the elements of Such all-inclusive diagonal as a 
partial product when popcount is not enabled (meaning that 
multiplication is enabled). That is, when popcount is not 
enabled the circuitry for the all-inclusive diagonal of the 
multiplier array produces the appropriate partial products for 
the respective bits of the first and Second operands included 
within the all-inclusive diagonal, as is desired for perform 
ing multiplication. The circuitry for implementing the 
remaining portions of the multiplier array is as commonly 
implemented for Such multiplier, in a preferred embodiment. 
0058 Additionally, in a preferred embodiment, when 
popcount is enabled for the multiplier, each bit of the Second 
operand is Set to 0. Accordingly, because the Second operand 
is Set to 0, the resulting partial product for every element of 
the multiplier array is 0, except for those elements of the 
all-inclusive diagonal of the multiplier array. Therefore, 
when popcount is enabled for a preferred embodiment, the 
resulting partial products from the multiplier array are all 0, 
except for those partial products of the all-inclusive diagonal 
of the multiplier array, which correspond to each bit of the 
first operand. Thus, when the partial products of the multi 
plier array are input to the CSA array of the multiplier, the 
output results in the correct popcount for the first operand 
(i.e., the operand for which popcount is desired when 
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popcount is enabled). On the other hand, when popcount is 
not enabled, the appropriate partial products of the multi 
plier array for multiplication of the first and Second operands 
input to the multiplier are generated. Accordingly, when 
Such partial products are input to the CSA array of the 
multiplier, the output of the multiplier results in the correct 
product resulting from the multiplication of the first and 
Second input operands, when popcount is not enabled for the 
multiplier. 

0059) To understand the popcount algorithm utilized in a 
multiplier for a preferred embodiment, attention is directed 
to FIG. 11. Shown in FIG. 11 is a multiplier array 1100 that 
results from the multiplication of operands X3:0) and 
Y3:0). Assume that popcount is desired for operand X3:0). 
It will be recognized from multiplier array 1100 that area 
1102 (i.e., the diagonal of multiplier array 1100) includes all 
of the bits X3:0), i.e., bits XO, X1, X2), and X3). 
Accordingly, if the bits for operand Y3:0 contained in area 
1102 of multiplier array 1100 were ignored (meaning 
XY=X, XY =X, X*Y=X, and X*Y=X), then 
area 110 may be utilized to perform popcount for operand 
X3:0). That is, by Summing all of the bits of the X3:0 
operand found on the diagonal 1102 of multiplier 1100, 
while ignoring the Y3:0 operand, popcount can be accom 
plished for the X3:0 operand. Thus, areas 1104 and 1106 
of the multiplier array 1100 may be set to zero (e.g., by 
setting Y3:0 operand to be zero), and the bits for operand 
X3:0 found in the diagonal 1102 may be utilized to 
perform popcount for operand X3:0), ignoring the bits for 
the Y3:0 operand found in the diagonal 1102. In this 
manner, the multiplier array 1100 for an existing multiplier 
found within a processor may be utilized to accomplish 
popcount. 

0060. As shown in FIG. 11, it will be understood that 
area 1102 of the multiplier array 1100 is the diagonal of the 
multiplier array 1100, which includes all of the bits of the 
operand X3:0). Accordingly, when Summing all of the bits 
for the X3:0 operand found in the diagonal 1102 of the 
multiplier array 1100 and ignoring the bits for the Y3:0 
operand found in the diagonal 1102, the popcount result for 
the X3:0 operand is obtained. Thus, the diagonal 1102 of 
the multiplier array 1100 may be referred to as an “all 
inclusive diagonal” of multiplier array 1100 because such 
diagonal 11-2 includes all bits of the operand for which 
popcount is desired (i.e., operand X3:0). 
0061 A preferred embodiment utilizes a multiplier to not 
only perform multiplication, but also to accomplish pop 
count for an operand. Suppose for example, that popcount is 
desired for operand X3:0). Operand X3:0) may be input to 
the multiplier along with operand Y3:0), wherein each bit 
of operand Y3:0) is set to 0. A variety of techniques may be 
utilized to set operand Y3:0 to 0. One technique that may 
be implemented in a preferred embodiment is to read 
operand Y3:0 from a special register, which sets Y3:0 to 
0, when popcount is being performed. Another technique 
that may be implemented in a preferred embodiment is to Set 
Y3:0 to input into the multiplier array to zero when 
popcount is being performed in the manner as shown in 
FIG. 12. In the exemplary implementation of FIG. 12, bit 
Y., of operand Y is input from its register to an AND gate 
1204. A pop control signal input to an inverter 1202, the 
output of which is input to AND gate 1204. Thus, when 
pop control is a high voltage level, meaning that popcount 
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is enabled, the high Voltage value is inverted by inverter 
1202 resulting in a low voltage value being input to the AND 
gate 1204. Accordingly, the value for Yo output by AND gate 
1204 is a 0 (low voltage value), which is desired when 
popcount is being performed for the X operand. On the other 
hand, when pop-control is a low Voltage level, meaning that 
multiplication is enabled for the multiplier, the low voltage 
value is inverted by inverter 1202 resulting in a high voltage 
level being input to the AND gate 1204. Accordingly, the 
value of Yo from its register will be passed as the output of 
AND gate 1204, which is desired when multiplication is 
being performed. It should be recognized that any other 
technique for generating the Y3:0 operand having a 0 value 
may be implemented in a preferred embodiment, and any 
Such implementation is intended to be within the Scope of 
the present invention. Accordingly, the multiplier will result 
in a multiplier array 1100, as shown in FIG. 11. Because 
each bit of operand Y3:0) is 0 when popcount is being 
performed, each partial product of the multiplier array 1100 
in areas 1104 and 1106 will be 0. Thus, each partial product 
of areas 1106 and 1106 of the multiplier array 1100 are 
Zeroed out as a bit of the X operand is ANDed with a bit of 
the Y operand having value 0. AS discussed above, having 
areas 1104 and 1106 of the multiplier array 1100 zeroed out 
is desirable when performing popcount. However, for the 
diagonal 1102 of the multiplier array 1100, the values of the 
Y3:0 operands contained therein must be disregarded in a 
manner that allows the number of 1's in the X3:0 operand 
of the diagonal 1102 to be counted. In a preferred embodi 
ment, additional circuitry is added to an existing multiplier 
to allow the multiplier to accomplish this task (i.e., counting 
the number of 1's in the X3:0 operand contained in the 
diagonal 1102 of the multiplier array 1100), as discussed 
more fully below in conjunction with FIG. 13. 
0062. In a preferred embodiment, very little circuitry is 
added to an existing multiplier to allow the multiplier to 
perform both multiplication and popcount. Turning to FIG. 
13, a preferred embodiment for implementing a multiplier to 
perform both multiplication and popcount is shown. More 
specifically, FIG. 13 illustrates the circuitry implemented 
for generating partial products of the diagonal 1100 of 
multiplier array 1100, which allows the multiplier to per 
form both multiplication and popcount, in a preferred 
embodiment. That is, in a preferred embodiment, the cir 
cuitry implementation illustrated in FIG. 13 need only be 
implemented for the portion of a multiplier that functions to 
generate the partial products of the diagonal 1102 of the 
multiplier array 1100, and the remainder of the multiplier 
circuitry that is utilized to generate the partial products of 
areas 1104 and 1106 of the multiplier array 1100 as is 
commonly implemented for Such multiplier. Thus, in a 
preferred embodiment, only the circuitry for producing the 
partial products of diagonal 1102 of the multiplier array 40 
are implemented as shown in FIG. 13, and the remainder of 
the multiplier circuitry is unchanged. In a preferred embodi 
ment, an inverter 1300, pass gate 1302, and P-channel field 
effect transistor (PFET) 1304 are added to the existing 
multiplier circuitry that functions to produce the partial 
products of diagonal 1102 of the multiplier array1100 (AND 
gate for the partial product) to enable the multiplier to be 
utilized for both multiplication and popcount. 
0063 As shown in FIG. 13, a popcount control bit 
(shown as pop control) is provided to indicate whether 
popcount is being performed (i.e., whether popcount is 
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enabled for the multiplier). For example, when the pop con 
trol bit is high (1), popcount is enabled for the multiplier, and 
when the pop control bit is low (O), multiplication is 
enabled for the multiplier. To better illustrate operation of a 
preferred embodiment, Suppose that popcount is desired for 
operand X3:0). In a preferred embodiment, operands X3:0 
and Y3:0) are input to the multiplier, wherein each bit of 
operand Y3:0) is set to 0. Accordingly, as discussed above, 
the partial products of areas 1104 and 1106 of multiplier 
array 1100 are 0, as a bit of operand X3:0) is ANDed with 
a bit of operand Y3:0 having value 0. 
0064. In a preferred embodiment, the portion of the 
multiplier's circuitry for generating the partial products of 
the diagonal 1102 of multiplier array1100 is implemented as 
shown in FIG. 13. FIG. 13 illustrates an example of 
generating the partial product for the element X-Yo of the 
diagonal 1102 of multiplier array 1100. As shown, operand 
Yo is input to pass gate 1302, and the pop-control bit is fed 
to pass gate 1302 to control the gate's operation. Node Yo is 
output from pass gate 1302 and fed to the AND gate 1306 
along with the X operand. Therefore, the AND gate 1306 
outputs the partial product X*Yo, which is then fed to the 
multiplier's CSA (not shown) for Summing, as is commonly 
performed within such multiplier. 
0065. Because popcount is enabled for the multiplier, the 
pop-control bit is set high (1) and each bit of the Y3:0 
operand is set to 0. Because the pop control bit is high (1), 
the pass gate 1302 is cut off. Additionally, the pop control 
bit is fed through inverter 1300 resulting in pop control b, 
which is then fed to PFET 34, as shown in FIG. 13. Thus, 
when pop control is high (1) (meaning that popcount is 
enabled), pop-control b is low (0), which turns on the PFET 
1304 that is connected to VDD. Thus, node Y of FIG. 13 
is pulled up to a high voltage value (1) when popcount is 
enabled. Thereafter, Node Yo having a high value (1) is fed 
to AND gate 1306 along with operand X, which causes 
AND gate 1306 to output the value of X as the partial 
product and Yo is ignored and has no effect on the partial 
product in the diagonal area 1102 in the multiplier array 
1100. Circuitry for generating the partial product for the 
other elements of the diagonal 1102 of multiplier array1100 
is implemented in a like manner. Accordingly, when pop 
count is enabled, only the values of the X3:0 operand are 
passed to the multiplier's CSA array to be summed. That is, 
because areas 1104 and 1106 of the multiplier array are 
Zeroed and the circuitry of FIG. 13 functions to pass each bit 
of operand X3:0) found in the diagonal 1102 of multiplier 
array 1100 to the multiplier's CSA array when popcount is 
enabled, the results of Such CSA array are Summed to 
produce the final product that is the popcount of operand 
X3:0). Therefore, the output of the multiplier is the pop 
count for operand X3:0 when popcount is enabled. 
0.066 Suppose now that operands X3:0) and Y3:0) are 
input to the multiplier and popcount is not enabled for the 
multiplier (meaning that multiplication is enabled). Thus, 
operands X3:0) and Y3:0) are to be multiplied together, 
and the multiplier is to output the resulting product. Again, 
the multiplier will produce the multiplier array 1100, as 
shown in FIG. 11. Of course, when multiplication is enabled 
for the multiplier, the circuitry for generating the partial 
products of areas 1104 and 1106 function as is common for 
Such multiplier because Such circuitry of the multiplier is 
unchanged, in a preferred embodiment. Therefore, the mul 
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tiplier will generate the appropriate partial product for each 
element of areas 1104 and 1106 of the multiplier array 1100 
and input the generated partial products to the multiplier's 
CSA array, as is commonly performed for Such multiplier. 

0067. However, now that multiplication is enabled for the 
multiplier, the circuitry for generating the partial products of 
the elements of the diagonal 1102 of the multiplier array 
1100 must generate the appropriate partial products for the 
elements, rather than passing the value of the X3:0 operand 
to the CSA array as with popcount. AS discussed above, 
FIG. 13 illustrates an example of generating the partial 
product for the element X*Yo of the diagonal 1102 of 
multiplier array 1100. As shown, operand Yo is input to pass 
gate 1302, and the pop control bit is fed to pass gate 1302 
to control the gate's operation. Node Yo is output from pass 
gate 1302 and fed to the AND gate 1306 along with the X 
operand. Therefore, the AND gate 1306 outputs the partial 
product X*Yo, which is then fed to the multiplier's CSA 
(not shown) for Summing, as is commonly performed within 
Such multiplier. 

0068. Because popcount is not enabled for the multiplier, 
the pop control bit is set low (O), which turns the pass gate 
1302 on. Additionally, the pop control bit is fed through 
inverter 1300 resulting in pop control b, which is then fed 
to PFET 1304, as shown in FIG. 13. Thus, when pop con 
trol is low (O) (meaning that popcount is not enabled), 
pop control b is high (1), which cuts off the pull-up PFET 
34. Thus, the value for Yo is passed through the pass gate 
1302 to node Yo when popcount is disabled. That is, node 
Yo has value Yo when popcount is not enabled. Thereafter, 
node Yo having value Yo is fed to AND gate 1306 along with 
operand X, which causes AND gate 1306 to output the 
partial product of X-Yo, which is the appropriate action for 
multiplication. Circuitry for generating the partial product 
for the other elements of the diagonal 1102 of multiplier 
array 1100 is implemented in a like manner. Accordingly, 
when popcount is not enabled (meaning that multiplication 
is enabled), the appropriate partial products of the diagonal 
1102 of multiplier array 40 are passed to the multiplier's 
CSA array to be summed. Therefore, the output of the 
multiplier is the product of operands X3:0) and Y3:0 
when popcount is not enabled. 
0069. Even though operation of a preferred embodiment 
has been discussed above with reference to two 4-bit oper 
ands (X3:0) and Y3:0), it should be understood that a 
preferred embodiment is not intended to be limited only to 
4x4 multiplication, but may be implemented for any size 
multiplication (i.e., any NXN multiplication). In a most 
preferred embodiment, the multiplier is utilized for 16x16 
multiplication, as well as 16-bit popcount. Additionally, a 
preferred embodiment has been described above wherein 
popcount is enabled upon a pop control bit being set to a 
high value (1). However, it will be recognized by one of 
ordinary skill in the art that alternative embodiments may be 
implemented in a similar manner Such that popcount is 
enabled upon the pop control bit being set to a low value 
(0), and any such embodiment is intended to be within the 
Scope of the present invention. 

0070 Thus, a preferred embodiment utilizes an existing 
multiplier to perform both multiplication and popcount, 
thereby eliminating the dedicated circuitry typically 
required within a processor of the prior art for performing 
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popcount. As a result, fewer components and less circuitry 
is required for the processor design, thereby resulting in 
reduced cost, reduced area consumption for the design, 
reduced power consumption, and reduced complexity of the 
design as well as lower research and development costs and 
faster time to market for the resulting processor design. 
Additionally, a preferred embodiment results in an increase 
in processor efficiency in that it allows faster Scheduling to 
be accomplished when the processor performs popcount. 
0071 FIG. 8 shows an overview of the multiplier unit 
800 of a preferred embodiment. In a preferred embodiment 
the multiplier unit is implemented in an IA64 microproces 
sor multimedia unit (MMU). Furthermore, in a preferred 
embodiment, the multiplier unit 800 has a two clock-cycle 
operation, meaning that the multiplier unit takes two clock 
cycles to perform the necessary instructions from receiving 
two input operands to computing the results for the instruc 
tions (including manipulating the partial products for the 
inputs to the multiplier CSA array for Signed/unsigned 
multiplication, adding the final Sum and final carry for the 
CSA array to generate the final multiplication result (e.g., 
res31:0), shifting the result with a shifter according to the 
multiplier units instructions, then drive the shifted result 
into the bypass network and feedback this shifted result into 
the MMU pipe, which is one of the 6 MMU functional units 
implemented in a most preferred embodiment. In fact, in a 
most preferred embodiment the MMU is a two-cycle opera 
tion unit. 

0072 FIG. 8 shows an overview of the actual physical 
implementation of the multiplier of a preferred embodiment 
(utilizing the even-and-odd linear Summation Baugh 
Wooley multiplier CSA array, as described herein above). As 
described above, the CSA array takes the modified partial 
products from the circuits shown in FIGS. 7A, 7B, 7C, and 
7D to generate a final sum and final carry. The first row of 
the CSAS array in FIG. 8 has the significance 16 to 
significance 1 (from left to right). The first row of CSAS in 
FIG. 8 adds the first three rows (i.e., 0" row to 2" row) of 
partial products in FIG. 3A. The second row of the CSAS 
array in FIG. 8 has the significance 16 to significance 2 
(from left to right). This second row of CSAS in FIG. 8 adds 
the second three rows (i.e., from the 3' row to the 5" row) 
of partial products in FIG. 3A. It should be understood that 
the CSA array of a preferred embodiment is a Static design. 
0073. The first two rows of CSAs in FIG. 8 have 16 
columns of CSAs. It is 16 by 2. From the 3rd row to the 14" 
row, there are only 15 columns of CSAS. It is 15 by 12. A 
10-bit static adder is used to add the sum S12:3) and carry 
C12:3 to generate res12:3). S-30:0 is the final sum 
from the CSA array, and C30:0 is the final carry from the 
CSA array. The CSA array generates res2:0 directly, with 
out the adder's help in a preferred embodiment. Res30:0 is 
the final result from the multiplier (the CSA array and the 
adders). The bits res2:0), S12:3), and C12:3 come out 
of the right edge of the multiplier CSA array of a preferred 
embodiment shown in FIG. 8. S12:3 and C12:3) are 
inputs to the 10-bit static adder adder that generates reS 
12:3). The 10-bit adder is physically fixed into the right 
edge column of the CSA area of a preferred embodiment. 
The bits S30:13 and C30:13 come out of the bottom of 
the CSA array of a preferred embodiment shown in FIG. 8. 
The 10-bit Static adder is the carry-propagate Sum-select 
adder, which is well-known in the art. 
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0074. Since the bit S12:3 and C12:3) are generated 
earlier than C.26:13) and S-26:13 (because in a preferred 
embodiment S3 and C3 are generated, then S4 and 
C4), and So on), the bit res12:3) is generated at the same 
time as C-26:13) and S-26:13 in a preferred embodiment, 
which is when the first clock cycle is ended. C30:27 and 
S30:27 are input to the 4-bit static adder which is located 
below the CSA array shown in FIG.8. The bits res30:27 
are generated at the same time when res12:3 and C26:13) 
and S-26:13) are generated. So, by the end of the first clock 
cycle, the results of res30:27, C-26:13, S26:13), and 
res 12:0) are obtained. 

0075. In the beginning of the second clock cycle, the 
14-bit dynamic adder adds C-26:13) and S-26:13) to 
generate res26:13). The 14-bit dynamic adder is located 
below the CSA array as shown in FIG.8. The multiplication 
result res30:27 is fed into the shifter in the multiplier unit 
800 (not shown) to generate the final result of the unit 
according to parallel multiplier instructions (PMUL instruc 
tions). 
0076. As shown in FIG. 9, there are four 16 by 16 
multiplier arrays (shown as arrays 902, 904,906, and 908) 
in parallel in the PMUL multiplier 900 of a most preferred 
embodiment for a 64-bit data path and 64-bit input operands 
(e.g., A63:0) and B63:0). There are latches in the first 
clock cycle to latch res30:27, S.26:13), C26:13), and 
res 12:0 in a preferred embodiment. Additionally, FIG. 10 
provides an exemplary timing diagram of the two-cycle 
multiplier CSA array and adders of a most preferred embodi 
ment. AS Shown, the partial product generation, and genera 
tion of S-30:3), C30:3), res2:0), res12:3 (i.e., the result 
of the 10bit adder), and res30:27 (i.e., result of 4-bit adder) 
is completed by the end of the first clock cycle. As further 
shown, the res26:13 (i.e., result of 14-bit dynamic adder) 
and Shifting the results and driving the results to the bypass 
network are accomplished in the Second clock cycle in a 
most preferred embodiment. 

0077. In view of the above, a preferred embodiment 
provides a Static design that implements an even-and-odd 
Structured linear Summation array to perform both signed 
and unsigned multiplication. More specifically, a preferred 
embodiment utilizes a modified Baugh-Wooley algorithm to 
perform both Signed and unsigned multiplication. One 
advantage of using the even-and-odd Structured linear Sum 
mation for both signed and unsigned multiplication is that it 
allows for a Static Structure that is much simpler than the 
prior art Booth encoding structures that include a MUXing 
function having more complexity than a preferred embodi 
ment. Therefore, a preferred embodiment enables a much 
Simpler design with leSS area, less cost and less power than 
is commonly required for prior art multipliers that perform 
signed and unsigned multiplication. Thus, a preferred 
embodiment provides a multiplier having a multiplication 
array that requires less circuitry and less routing complexity 
than is required for signed multiplication in prior art mul 
tipliers. For example, in a preferred embodiment, perform 
ing 16-bit by 16-bit multiplication results in a 16 by 14 
multiplication array, instead of the 22 by 14 multiplication 
array required in multipliers using Booth encoding for 
signed multiplication. Accordingly, the 16 columns of the 
resulting multiplier array exactly fits into the input circuit 
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(Such as MUXes that generate inputs for multiplication) data 
path size in layout and in Silicon (or the "input pitch') of the 
operands. 

0078. Additionally, a preferred embodiment results in a 
multiplier that performs multiplication at least as fast as 
prior art high-speed multipliers, while providing a simpler, 
Smaller, and more reliable multiplier having a Static design. 
For instance, the multiplier of a most preferred embodiment 
is operable at a frequency 1 gigahertz or higher. Further 
more, a preferred embodiment utilizes an even and odd 
circuitry implementation in the CSA array to further enhance 
the Speed of performing multiplication. Further Still, a 
preferred embodiment provides a Static design that may 
reduce the power of the circuitry. For example, the current 
capacitive load of a preferred embodiment may be reduced 
by 60 percent or more below that typically required in prior 
art multipliers. Also, a preferred embodiment requires no 
clock Scheme that is commonly present in prior art Booth 
dynamic multipliers. Additionally, a preferred embodiment 
requires much less rigorous check during manufacturing of 
the circuitry as compared with the prior art multipliers. 
0079. It should be understood that a preferred embodi 
ment may be implemented within a processor that is utilized 
for a computer System, Such as a personal computer (PC), 
laptop computer, or personal data assistant (e.g., a palmtop 
PC). Of course, it should be understood that the present 
invention is intended to encompass any other type of device 
in which a multiplier may be implemented, as well. 
0080 Although the present invention and its advantages 
have been described in detail, it should be understood that 
various changes, Substitutions and alterations can be made 
herein without departing from the Spirit and Scope of the 
invention as defined by the appended claims. Moreover, the 
Scope of the present application is not intended to be limited 
to the particular embodiments of the process, machine, 
manufacture, composition of matter, means, methods and 
StepS described in the Specification. AS one of ordinary skill 
in the art will readily appreciate from the disclosure of the 
present invention, processes, machines, manufacture, com 
positions of matter, means, methods, or Steps, presently 
existing or later to be developed that perform Substantially 
the same function or achieve Substantially the same result as 
the corresponding embodiments described herein may be 
utilized according to the present invention. Accordingly, the 
appended claims are intended to include within their Scope 
Such processes, machines, manufacture, compositions of 
matter, means, methods, or Steps. 

What is claimed is: 
1. A multiplier comprising: 

means for receiving at least two operands, A and B, 

means for generating a product of Said at least two 
operands, wherein Said generating means is arranged to 
enable both signed and unsigned multiplication; and 

wherein Said means for generating implements a modified 
Baugh-Wooley algorithm for signed multiplication that 
generates a product of operands A and B as the result 
of ((SA*S*2°N)+(SA*(-1)*2N'*B)+(S*(-1)* 
2N'* A)+(A*B)), wherein N is the number of bits in 
each operand, SA is the sign bit for operand A, SB is the 
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sign bit for operand B, A is the bits of operand A 
excluding its sign bit, and B' is the bits of operand B 
excluding its sign bit. 

2. The multiplier of claim 1 wherein said means for 
generating is further configured to perform unsigned multi 
plication by generating a product of Said operands A and B 
as a result of 

(SA*S*22N-2)+(SA*2N-14B)+(S-2N-13A)+ 
(A'B')). 

3. The multiplier of claim 1 wherein said modified Baugh 
Wooley algorithm translates a signed operand to an unsigned 
operand. 

4. The multiplier of claim 1 wherein Said generating 
means is implemented having a Static design. 

5. The multiplier of claim 1 wherein said multiplier is 
operable at a frequency of 1 GHz or greater. 

6. The multiplier of claim 1 wherein said multiplier is 
operable to perform multiplication when multiplication is 
enabled for Said multiplier, and wherein Said multiplier is 
operable to perform population count for a received operand 
when population count is enabled for Said multiplier. 

7. The multiplier of claim 1 further comprising: 
means for identifying whether signed or unsigned multi 

plication is desired. 
8. A System comprising: 
multiplier for generating a product of at least two oper 

ands, 
Said multiplier comprising a linear Summation array for 
Summing partial products of Said at least two operands, 
wherein Said linear Summation array is arranged to 
enable both signed and unsigned multiplication; 

wherein Said linear Summation array is implemented to 
generate a product of operands A and B as a result of 
(SA*S*2°N)+(SA*(-1)*2N*B)+(S*(-1)* 
2 * A)+(A*B)) when performing signed multiplica 
tion, wherein N is the number of bits in each operand, 
SA is the Sign bit for operand A, SB is the Sign bit for 
operand B, A is the bits of operand AeXcluding its sign 
bit, and B' is the bits of operand B excluding its sign bit; 
and 

wherein Said linear Summation array is implemented to 
generate a product of operands A and B as a result of 
(SA*S*2°N)+(SA*2N' B)+(S*2N''A)+ 
(AB)) when performing unsigned multiplication, 
wherein N is the number of bits in each operand, SA is 
the most Significant bit for operand A, SB is the most 
significant bit for operand B, A is the bits of operand 
A excluding its most Significant bit, and B' is the bits of 
operand B excluding its most significant bit. 

9. The system of claim 8 further comprising at least one 
processor. 

10. The system of claim 8 wherein said linear Summation 
array is implemented as an even-and-odd Structure having a 
Static design. 

11. The system of claim 8 wherein the resulting columns 
of Said linear Summation array correspond to the input pitch 
of the operands input to the multiplier. 

12. The System of claim 11 wherein two operands having 
16 bits each are input to the multiplier, Said linear Summa 
tion array resulting for Said two operands having Size 16 by 
14. 
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13. A method of performing multiplication comprising the of ((SA*S*2°N)+(SA*2N-3B)+(S*2N-3A)+ 
Steps of: (AB)), wherein N is the number of bits in each 

operand, SA is the most significant bit for operand A, St receiving at least two operands, A and B, in a multiplier; 
identifying whether signed or unsigned multiplication is 

desired; 
if signed multiplication is desired, then computing the 

product of Said at least two operands A and B as a result 
of 

(SA*S*2°N)+(SA*(-1)*2N*B)+(S*(-1)* 
2N'* A)+(A*B)), wherein N is the number of bits in 
each operand, SA is the sign bit for operand A, S is the 
sign bit for operand B, A is the bits of operand A 
excluding its sign bit, and B' is the bits of operand B 
excluding its sign bit; and 

if unsigned multiplication is desired, then computing the 
product of Said at least two operands A and B as a result 

is the most significant bit for operand B, A is the bits 
of operand A excluding its most significant bit, and B' 
is the bits of operand B excluding its most Significant 
bit. 

14. The method of claim 13 further comprising: 
using a common Set of computational resources for com 

puting the product of operands A and B for both signed 
and unsigned multiplication. 

15. The method of claim 13 further comprising: 
identifying whether multiplication or population count is 

enabled; and 
using Said multiplier to perform population count for a 

received operand when population count is enabled. 
k k k k k 


