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(57) ABSTRACT 

In one embodiment, a system for sharing a static random 
access memory (SRAM) table between two or more lookup 
tables (LUTs) that are equivalent to each other includes at 
least two basic logic elements (BLEs) each associated with 
a truth table representing a particular function provided by 
the BLE. The particular functions provided by the BLEs 
including equivalency to each other. Each BLE includes an 
LUT including the truth table associated with the BLE. The 
LUTs of the BLEs share an SRAM table with each other to 
obviate the LUTs of the BLEs including SRAM tables 
separate from each other. 

27 Claims, 5 Drawing Sheets 
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SHARING A STATIC RANDOM-ACCESS 
MEMORY (SRAM) TABLE BETWEEN TWO 
OR MORE LOOKUP TABLES (LUTS) THAT 
ARE EQUIVALENT TO EACH OTHER 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to recon?gurable com 
puting and more particularly to sharing a static random 
access memory (SRAM) table betWeen tWo or more lookup 
tables (LUTs) that are equivalent to each other. 

BACKGROUND OF THE INVENTION 

Recon?gurable computing has emerged to bridge general 
purpose computing paradigms to application-speci?c com 
puting paradigms. Recon?gurable computing is typically 
more ?exible than application-speci?c computing and sig 
ni?cantly faster than general-purpose computing, as dem 
onstrated in multiple application domains, including data 
encryption and cryptography. Field-programmable gate 
arrays (FPGAs) are building blocks of recon?gurable-com 
puting systems. 

SUMMARY OF THE INVENTION 

Particular embodiments of the present invention may 
reduce or eliminate problems and disadvantages associated 
With previous recon?gurable-computing systems. 

In one embodiment, a system for sharing an SRAM table 
betWeen tWo or more LUTs that are equivalent to each other 
includes at least tWo basic logic elements (BLEs) each 
associated With a truth table representing a particular func 
tion provided by the BLE. The particular functions provided 
by the BLEs including equivalency to each other. Each BLE 
includes an LUT including the truth table associated With the 
BLE. The LUTs of the BLEs share an SRAM table With each 
other to obviate the LUTs of the BLEs including SRAM 
tables separate from each other. 

Particular embodiments of the present invention may 
provide one or more technical advantages. As an example, 
particular embodiments reduce siZes of memory tables by 
sharing SRAM tables among multiple equivalent functions. 
Particular embodiments provide an FPGA architecture that 
enables a percentage of con?gurable logic blocks (CLBs) in 
an FPGA to alloW sharing of one or more SRAM tables. In 
particular embodiments, locations of CLBs in an FPGA that 
alloW sharing of one or more SRAM tables are prespeci?ed. 
Particular embodiments provide a simulated annealing 
based placement algorithm that places only basic logic 
elements (BLEs) With equivalent LUTs into predetermined 
CLBs that alloWing sharing of SRAM tables, Which often 
results in a higher percentage of CLBs sharing SRAM 
tables. 

Particular embodiments provide an FPGA architecture 
according to Which certain percentages of CLBs alloW 
sharing of SRAM tables among P equivalent functions. 
Particular embodiments provide an FPGA architecture 
according to Which certain percentages of CLBs alloW 
sharing of SRAM tables among PN equivalent functions. 
Particular embodiments provide an FPGA architecture 
according to Which certain percentages of CLBs alloW 
sharing of SRAM tables among NP equivalent functions. 
Particular embodiments provide an FPGA architecture 
according to Which certain percentages of CLBs alloW 
sharing of SRAM tables among NPN equivalent functions. 
Particular embodiments provide a synthesis algorithm that 
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2 
substantially maximizes the number of NPN equivalent 
LUTs in LUT-level circuits. Particular embodiments provide 
one or more FPGA placement methods for minimiZing or 
reducing usage of sharing CLBs on a critical path. 

Particular embodiments may provide all, some, or none of 
these technical advantages. Particular embodiments may 
provide one or more other technical advantages, one or more 

of Which may be readily apparent to those skilled in the art 
from the ?gures, descriptions, and claims herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

To provide a more complete understanding of the present 
invention and features and advantages thereof, reference is 
made to the folloWing description, taken in conjunction With 
the accompanying draWings, in Which: 

FIG. 1 illustrates an example FPGA; 
FIG. 2 illustrates an example CLB of an FPGA; 
FIG. 3 illustrates an example BLE of a CLB; 
FIG. 4 illustrates an example LUT of a BLE; 
FIGS. 5A-5E illustrate example shared-LUT architec 

tures; 
FIG. 6 illustrates example conditional negation (CN) 

logic; 
FIG. 7 illustrates an example multiplexer that provides 

addressing logic for an LUT and includes CN logic; 
FIGS. 8A-8C illustrate example sharing of an SRAM 

table; 
FIG. 9 illustrates example sharing of an SRAM table 

among more than tWo LUTs; 
FIG. 10 illustrates an example pattern of sharing and 

nonsharing BLEs in an FPGA; and 
FIG. 11 illustrates an example computer-assisted design 

(CAD) ?oW for sharing an SRAM table among tWo or more 
LUTs that are equivalent to each other. 

DESCRIPTION OF EXAMPLE EMBODIMENTS 

FIG. 1 illustrates an example FPGA 10. FPGA 10 includes 
a tWo dimensional array of CLBs 12. A CLB 12 is a logic 
block that includes one or more BLEs 16, Where truth tables 
of functions are stored using one or more static random 

access memory (SRAM) tables, as described beloW. FPGA 
10 also includes modules 14 that each facilitate communi 
cation of input to FPGA 10, communication of output from 
FPGA 10, or both. In particular embodiments, one or more 
Wires and one or more sWitches in FPGA 10 couple CLBs 12 
and modules 14 to each other. Although a particular FPGA 
10 including particular numbers of particular components 
coupled to each other according to a particular arrangement 
are described and illustrated, the present invention contem 
plates any suitable FPGA 10 including any suitable numbers 
of any suitable components coupled to each other according 
to any suitable arrangement. 

In particular embodiments, FPGA 10 includes an archi 
tecture including one or more ?ne-grained logic block 
structures, one or more coarse-grained logic block struc 
tures, or both. In particular embodiments, FPGA 10 includes 
a triptych architecture alloWing allocation of logic cells to 
logic or routing functions. In particular embodiments, FPGA 
10 includes a hybrid architecture incorporating into FPGA 
10 one or more complex programmable logic devices 
(CPLDs) that use programmable array logic (PAL), pro 
grammable logic array (PLAs), or both. Such an architecture 
takes advantage of the idea that some parts of circuits are 
better suited for lookup tables (LUTs) and other parts of 
circuits are better suited for product term-based structures of 
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CPLDs. In particular embodiments, FPGA 10 includes a 
VF1 architecture having variable-logic granularity. As an 
example and not by Way of limitation, such an architecture 
may include three levels of logic hierarchy: a con?gurable 
building block (CBB); a variable-grain block (V GB) includ 
ing four CBBs, and a super-variable grain block including 
four VGBs. 

ln cluster CLBs 12, Where there are many BLEs 16, the 
BLE inputs can be chosen from cluster inputs, coming from 
other clusters, or from feedback of other BLEs 16 in the 
cluster. Previously, these internal connections Were assumed 
to be fully connected, Where every BLE input could come 
from any cluster input or feedback connection. These inter 
nal cluster connections can be populating sparsely, Which 
succeeds in lowering the area required Without affecting 
delay. For a cluster of siZe N, 2N+2 inputs are suf?cient, and 
any choice betWeen one and eight BLEs 16 per CLB 12 is 
acceptable. Regarding the effect of LUT siZe and cluster siZe 
on the speed and logic density of FPGAs 10, for a cluster of 
siZe N With k LUTs, the number of inputs should be 

A line of research has been directed toWard the reduction/ 
compaction of the amount memory used to store logic 
functions in CLBs 12. The siZes of memory tables, e.g., 
SRAM tables 30, can be reduced by the folding of logic 
functions: one half of a truth table is deduced from the other 
half using a function. SRAM-table sharing among NPN 
equivalent LUTs is possible: a function becomes equivalent 
to another one by negating or permuting some of its inputs 
or negating its output, referred to as NPN equivalence. 
Typically, a large percentage of functions in an LUT-level 
circuit are NPN equivalent, Which may be due to biases in 
the synthesis tools. Therefore, SRAM-table sharing is prac 
tical. 

Universal logic blocks that Would support a great majority 
of logic functions With minimum area have been investi 
gated. The universal logic blocks have the capacity of 
implementing functions that are negated at the primary 
inputs, permuted at the inputs or negated at the primary 
outputs, referred to as NPN equivalence. 

De?nition 1: (N PN) TWo functions f1 and f2 are said to be 
NPN equivalent if and only if there exist functions g 1 and g2 
such that fl is input negation (N) equivalent to g1, g1 is 
permutation (P) equivalent to g2, and g2 is output negation 
(N) equivalent to fl. NPN(? represents the set of all 
functions Which are equivalent to f. 

Equivalency analysis can be done on the functions With 
the same number of literals. When the numbers of the input 
variables of tWo functions do not match, dummy variables 
can be added and assigned constant logic values (0 or 1) to 
make the functions comparable. For example, let f(xl,x2,x3) 
and g(yl,y2) be tWo functions of three and tWo variables, 
respectively. In such case, f and g cannot be compared 
directly. A variable y3 is added to g to obtain function 
go(yrsyzsy3)- -f(XrsX2sX3) and gO(yrsy2s0) or -f(X1sX2sX3) and 
gO(yl,y2,1) are then analyZed for NPN equivalency. 

EXAMPLE 1 

Let f(a,b,c):a~b~c and g(p,q):p-q. Then f(a,b,c)sg(1,p,q). 
SRAM-based logic blocks are universal since they can 

implement any function by simply loading the truth table of 
the function into SRAM table 30. A goal is to compact the 
SRAMs found in logic blocks. A function folding method 
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4 
has been employed to compact SRAMs found in logic 
blocks. This folding method Works as folloWs. Let f(a,b,c) 
and g(a,b,c) be tWo logic functions Whose truth tables are 
00011110 and 10001001, respectively. The truth table of 
function f is divided into tWo parts Which are 0001 and 1110. 
The entire truth table of function f is constructed from one 
part as f:a'~f(0,b,c)+a~fi0,b,c i. Because of this relation, 
only half of the truth table need be kept and the other half 
can be derived from the ?rst part by simply taking NOT of 
it. For function g, there is no such NOT relation. HoWever, 
there is an OR relation With 0001 part of f. That is, the 1001 
part of g is derived from the bit-Wise logical ORing of 1000 
of g and 0001 of f. As a result, 

From this relation, to realiZe functions f and g, only 
halves of the truth tables of f and g need to be stored. These 
OR and NOT folding methods reduce the memory require 
ment of full adders, comparators, and equality checkers. 
These methods eliminate some part of SRAM table 30 at the 
expense of addition of some extra circuitry. 
A cluster con?gurable logic block can be used to reduce 

the area of a traditional cluster CLB 12, and therefore FPGA 
10. In this approach, P (permutation) equivalent LUTs are 
identi?ed and tWo P-equivalent LUTs are mapped to an 
SRAM table 30 in a cluster. The CLB areas are reduced by 
alloWing an SRAM table 30 in a CLB 16 to be shared by tWo 
LUTs. A simulated annealing algorithm can be used to 
determine Which LUTs should be shared by the SRAMs and 
Where the CLBs 16 should be placed. A large percentage of 
lookup tables are typically permutation (P) equivalent. This 
analysis is extendable to NPN equivalence Where constant 
assignments are alloWed. The percentage of NPN-equivalent 
functions are signi?cantly greater than P-equivalent ones. 
Particular embodiments provide a CLB 16 that alloWs 
mapping of multiple NPN-equivalent LUTs to one SRAM 
table 30. 

FIG. 2 illustrates an example CLB 12 of an FPGA 10. 
CLB 12 includes four BLEs 16. Although a particular CLB 
12 including a particular number of particular components is 
described and illustrated, the present invention contemplates 
any suitable CLB 12 including any suitable number of any 
suitable components. FIG. 3 illustrates an example BLE 16 
ofa CLB 12. BLE 16 is a basic logic block. BLE consists 
16 of a k-input LUT 18, a ?ip-?op 20, and a 2x1 multiplexer 
22. FIG. 4 illustrates an example LUT 18 of a BLE 16. LUT 
18 has an array of SRAM cells 24 of siZe 2k and a 2k><k-siZe 
multiplexer 26 controlled by input variables 28 of the 
function stored in SRAM table 30. In particular embodi 
ments, multiplexer 26 provides addressing logic for LUT 18. 
A cluster CLB 12 consists of an array of BLEs 16. A cluster 
has M inputs and N outputs and alloWs sharing of M inputs 
among the BLEs 16 as Well as feeding the outputs of BLEs 
16 back to the inputs of BLEs 16. A typical island-style 
FPGA 10 consists of an F><F array of cluster CLBs 12, With 
input and output pads on the periphery. 
Assuming that at most K BLEs 16 are mapped to an 

SRAM table 30 in a CLB 12, P BLEs 16, NP BLEs 16, PN 
BLEs 16, and NPN BLEs 16 are de?ned as folloWs. 

De?nition: P, NP, PN, and NPN BLEs 16 alloW the 
sharing of an SRAM table 30 among K P(f), NP(?, PN(?, 
and NPN(?, respectively. 

FIGS. 5A-5E illustrate example shared-LUT architec 
tures. The architectures demonstrate con?gurations in Which 
tWo LUTs 18 share an SRAM table 30 With each other. In 
FIGS. 5A-5E, a circle at an output (f or g) or a control input 
(p, q, c, or d) of a multiplexer 26 graphically represents 
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conditional negation (CN) logic 32. FIG. 5A illustrates an 
example shared-LUT architecture for P equivalent LUTs 18. 
TWo P equivalent LUTs 18 share an SRAM table 30 Without 
any additional logic. The inputs to LUTs 18 may be con 
nected to inputs 28 of multiplexers 26 of LUTs 18 in a BLE 
16 in any order. In a P BLE 16, the addressing logic delay 
through both sides are balanced. FIG. 5B illustrates an 
example shared-LUT architecture for PN equivalent LUTs 
18. TWo PN equivalent LUTs 18 share an SRAM table by 
adding CN logic 32 to output g of multiplexer 26a. In a PN 
BLE 16, the addressing logic delay Would be different: 
multiplexer 26a With CN logic 32 is sloWer than multiplexer 
26b. If K LUTs 18 shared an SRAM table 30 With each other, 
K-l multiplexers 26 Would have CN logic 32 at their 
outputs. FIG. 5C illustrates an example shared-LUT archi 
tecture for NP equivalent LUTs 18. TWo NP equivalent 
LUTs 18 share an SRAM table 30 by adding CN logic 32 to 
control inputs d and c of multiplexer 2611. In an NP BLE 16, 
the addressing logic delay Would be different on both sides: 
multiplexer 26a With CN logic 32 at its control inputs d and 
c is sloWer than multiplexer 26b. If K LUTs 18 shared an 
SRAM table 30 With each other, K-l multiplexers 26 Would 
have CN logic 32 at their control inputs. 

FIG. 5D illustrates an example shared-LUT architecture 
for NPN equivalent LUTs 18. The architecture illustrated in 
FIG. 5D utiliZes CN logic 32 at output f of multiplexer 26b 
and CN logic 32 at control inputs d and c of multiplexer 2611. 
If f:NPN(g), f':NP(g):PN(f). Therefore, f can be stored in 
SRAM table 30 and the output negated to obtain f. Control 
inputs d and c of multiplexer 26b can be conditionally 
negated to obtain g. If K LUTs 18 shared an SRAM table 30 
With each other, K-l multiplexers 26 Would have CN logic 
32 at their control inputs and one multiplexer 26 Would have 
CN logic 32 at its output. In this version ofan NPN BLE 16, 
the delay through both multiplexers 26 Would be someWhat 
balanced. FIG. 5E illustrates another example shared-LUT 
architecture for NPN equivalent LUTs 18. The architecture 
illustrated in FIG. 5D utiliZes CN logic 32 at control inputs 
d and c and output g of multiplexer 2611. If K LUTs 18 shared 
one SRAM table 30 With each other, K-l multiplexers 26 
Would have CN logic 32 at their control inputs and outputs. 
In this version of an NPN BLE 16, there is a signi?cant 
difference in delay through the left and right addressing 
logic. Multiplexers 26 are controlled by independent sets of 
control input variables. A carry line can be simultaneously 
connected to the control inputs of multiplexers 26, or an 
output of one multiplexer 26 can be fed back to the control 
inputs of another multiplexer 26. 

FIG. 6 illustrates example CN logic 32. In CN logic 32, 
out:A-Q+A'~Q', Where Q is stored in a latch. If QIO, A is 
negated. Otherwise, A is not negated. FIG. 7 illustrates an 
example implementation of multiplexer 26a illustrated in 
FIG. 5E. FIG. 8A illustrates P equivalent LUTs 18 sharing 
an SRAM table 30. FIG. 8B illustrates PN equivalent LUTs 
18 sharing an SRAM table 30. FIG. 8C illustrates NP 
equivalent LUTs 18 sharing an SRAM table 30. 

EXAMPLE 2 

f(p,q):p'~q and g(a,b):a~b' can share an SRAM table 30 
With each other. In shared SRAM table 30, the truth table of 
f e.g., 0100, can be stored and p11 and qq can be 
connected to each other (see FIG. 4). By connecting b to y 
and a to x, g can be realiZed using one SRAM table 30. FIG. 
8A illustrates this case. FIGS. 8B-8C illustrate sharing of an 
SRAM table 30 by f and W(II1,I1):II1"I1' and by f and 
u(c,d):c'-d'. In FIGS. 8A-8C, a darkened circle represents 
enabled CN logic 32. 

Sharing an SRAM table 30 among functions With unequal 
numbers of variables is achievable by adding “don’t care” 
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6 
variables together and setting the value of the “don’t care” 
variable to either a constant 0 or a constant 1. For example, 

let f(a,b,c):a®b®c and g(x,y)q<y. Since f(0,c,b):bc and 
since g(0,x,y) and f(a,b,c) have identical truth tables in the 
?rst halves of their respective SRAM tables 30, functions g 
and f can share an SRAM table 30 With each other. Constant 
assignments can be achieved by tying the corresponding 
input either to 0 or 1. If there is CN logic 32 at the inputs of 
a multiplexer 26 of an LUT 18, there is no need to provide 
both 0 and 1, since one can be obtained by the negation 
logic. In that case, Whether to provide logic 0 or logic 1 as 
a constant depends on routability factors. 

FIG. 9 illustrates example sharing of an SRAM table 30 
among more than tWo P, PN, NP, or NPN equivalent LUTs 
18. Like a cluster of BLEs 16, a cluster of sharing BLEs 16 
(SBLEs) is a shared CLB 12 (SCLB). In a cluster CLB 12, 
some SRAM tables 30 can be shared and some can be used 
by only one BLE 16, Which leads to a mixed CLB 12. For 
example, there could be tWo SRAM tables 30 in a CLB 12 
including more than tWo BLEs 16. A ?rst SRAM table 30 
could be shared among L BLEs 16 in CLB 12, and a second 
SRAM table 12 could be used by only one BLE 16 in CLB 
12. 

Particular embodiments use a programming bit to imple 
ment part of CN logic 32. A programming bit for an 
SRAM-based FPGA 10 requires tWo inverters and one 
n-type transistor, a total of ?ve transistors. Overall CN logic 
32 requires seven transistors. Moreover, an SRAM cell 24 
including con?guration logic requires eight transistors. Let 
L be the degree of sharing, e.g., L LUTs 18 share one SRAM 
table 30 With each other and only L-l multiplexers are 
annotated With CN logic 32. For a k-input LUT 18, the 
transistor savings per CLB 12 is given in the folloWing 
equation: CLB0Zd-CLBneW:(L-1)(2k+3-7m). m is 1<+1, k, 1, 
and 0 for NPN, NP, PN, and P cases, respectively. 
NeW CLB 12 incurs additional delays due to sharing of an 

SRAM cell 24 and addition of CN logic 32 on control inputs 
28, output of the addressing logic, e.g., multiplexer 26, or 
both. The delay of an LUT 18 is dominated by the delay 
through the addressing logic. Similarly, in particular 
embodiments, the delay associated With CN logic 32 is 
dominated by the inverter delay "5. Assume that sharing of an 
LUT cell 24 incurs 6 additional delay. Thus, a P BLE 16 
alWays incurs e delay While a PN, NP, or NPN BLE 16 
Would incur maximum "5+6, "5+6, and 2'c+e additional delay, 
respectively. For a PN, NP, or NPN BLE 16, the additional 
minimum delay Would be 6. Maximum (minimum) delay 
incurs When an LUT 18 is addressed by the decoder that is 
annotated With (Without) CN logic 32. 

Particular embodiments measure the impact of the sharing 
to the critical delay as folloWs. Assume that the percentage 
of CLBs 12 that alloW sharing is p and the number of CLBs 
12 on the critical path is K, then the additional delay is given 
in the folloWing equations for P, NP, PN, and NPN, respec 
tively. The additional delays are de?ned in ranges since an 
LUT 18 on the critical path may be addressed from the fast 
addressing logic of a sharing BLE 16. 

An SRAM cell 24 alWays consumes poWer. For an L:2, 
k:4, and NPN BLE 16 case, particular embodiments elimi 
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nate sixteen SRAM cells 24 and add at most ?ve CN logic 
32 (one con?guration cell and one inverter). If it is assumed 
that a CN logic 32 consumes as much poWer as an SRAM 
cell 24, then particular embodiments save approximately 
eleven SRAM cells’ 24 poWer. 

In particular embodiments, a CLB 12 also reduces the 
number of con?guration bits and therefore con?guration 
time. Given the degree of sharing (L) and the number of 
inputs of an LUT 18 (k), P, PN, NP, and NPN save (L—l)2k, 
(L—l)(2k—l), (L—l)(2k—4), and (L—l)(2k—5) con?guration 
bits. Overall, assuming p percent of CLBs 12 alloW sharing 
and there are a total of N2 CLBs 12, particular embodiments 
save pN2(L-1)2k, pN2(L-1)(2k-1), pN2(L-1)(2k-4), and 
pN2(L—l)(2k—5) con?guration bits, respectively. For N:40, 
L:2, k:4, and p:1/4, particular embodiments save 6400, 
6000, 4800, and 4400 bits for P, PN, NP, and NPN, respec 
tively. 

Since only a certain percent of physical CLBs 12 in an 
FPGA 10 Would alloW sharing, particular embodiments ?x 
the locations of these sharing CLBs 12. Although various 
patterns can be explored, for simplicity, particular embodi 
ments assume the sharing CLBs 12 Would be spaced evenly. 
For example, if one half of the CLBs 12 Were sharing CLBs 
12, the FPGA 10 Would resemble a checkerboard pattern, 
With every other CLB 12 a sharing CLB12. In addition, for 
simplicity, if one out of M CLBs 12 Was a sharing CLB 12, 
but the number of columns Was not exactly divisible by N, 
the pattern Would continue, meaning the location of the 
sharing CLBs 12 Would not necessarily be in the same 
location in each roW. This is illustrated in FIG. 10, Where an 
X represents a sharing CLB 12 and a 0 represents a 
nonsharing CLB 12, Where one out of four CLBs 12 is a 
sharing CLB 12. 

In particular embodiments, an FPGA/CAD ?oW requires 
(1) a synthesis step to produce an LUT-level circuit, (2) an 
LUT-packing algorithm to pack LUTs 18 to CLBs 12, (3) a 
placement algorithm to map logical CLBs 12 to physical 
CLBs 12 in an FPGA 10, (4) a routing algorithm to inter 
connect placed CLBs 12, and (5) con?guration of the device. 
Particular embodiments assume that a certain percentage of 
physical CLBs 12 of FPGAs 10 alloWs sharing and no mixed 
CLBs 12 are present. Thus, an NPN equivalence analysis is 
performed among LUTs 18 in a CLB 12 and only CLBs 12 
With equivalent LUTs 18 are placed to sharing CLBs 12 in 
an FPGA 10. Nevertheless, CLBs 12 With equivalent LUTs 
18 can also be put in nonsharing CLBs 12. 

FIG. 11 illustrates an example computer-assisted design 
(CAD) How 100. The method starts at step 102, Where a 
design is generated. At step 104, the design is synthesiZed, 
e.g., parsed into functions (or BLEs 16) for SRAM tables 30. 
An equivalency analysis of LUTs 18 at step 108 folloWs 
CLB-packing at step 106. The cost of equivalence analysis 
is 

checking Where D is the dimension of an FPGA 10 and K is 
the number of BLEs 16 per CLB 12. For NPN equivalence, 
With a k-input LUT 18, there are 2k possible input negations, 
k! possible permutations, and tWo possible output negations, 
for a total of 2k+l~kl possibilities to check, if a brute-force 
approach is folloWed. HoWever, particular embodiments 
generate equivalence lookup tables for all possible func 
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8 
tions, including all sixteen tWo-input functions, all 256 
three-input functions, and all 65,535 four-input functions, 
and any combinations of them. In particular embodiments, it 
is therefore trivial to do equivalency analysis using these 
tablesijust O(M2) Where M is the number of LUTs 18. 
After that, equivalence analysis results are provided to a 
modi?ed placement algorithm at step 110, Which takes into 
account the locations of sharing CLBs 12 in an FPGA 10. 
Although particular steps of CAD How 100 are described 
and illustrated as occurring in a particular order, the present 
invention contemplates any suitable steps of CAD How 100 
occurring in any suitable order. 

Particular embodiments have been used to describe the 
present invention, and a person having skill in the art may 
comprehend one or more changes, substitutions, variations, 
alterations, or modi?cations Within the scope of the 
appended claims. The present invention encompasses all 
such changes, substitutions, variations, alterations, and 
modi?cations. 

What is claimed is: 
1. A system for sharing a static random-access memory 

(SRAM) table betWeen tWo or more lookup tables (LUTs) 
that are equivalent to each other, the system comprising: 

at least tWo basic logic elements (BLEs) each associated 
With a truth table representing a particular function 
provided by the BLE, the particular functions provided 
by the BLEs comprising equivalency to each other, 
each BLE comprising an LUT comprising the truth 
table associated With the BLE; and 

the LUTs of the BLEs sharing an SRAM table With each 
other to obviate the LUTs of the BLEs comprising 
SRAM tables separate from each other. 

2. The system of claim 1, Wherein the particular functions 
provided by the BLEs comprise one or more of: 
P equivalency to each other; 
NP equivalency to each other; 
PN equivalency to each other; and 
NPN equivalency to each other. 
3. The system of claim 1, Wherein each of the BLEs 

comprises, in addition to the LUT: 

a multiplexer for selecting output of the LUT or output of 
the ?ip-?op to provide output of the BLE. 

4. The system of claim 1, Wherein each of the LUTs 
comprises, in addition to the SRAM table, a multiplexer 
coupled to the SRAM table providing addressing logic 
according to the truth table representing the particular func 
tion of the BLE comprising the LUT and contents of the 
SRAM table. 

5. The system of claim 4, Wherein conditional negation 
(CN) logic at one or more of one or more control inputs to 
or one or more outputs from one or more of the multiplexers 

of the LUTs collectively realiZe the equivalency of the 
particular functions provided by the BLEs to each other. 

6. The system of claim 5, Wherein the CN logic is 
operable to disable or enable. 

7. The system of claim 1, Wherein the BLEs each have 
four inputs and one output. 

8. The system of claim 1, Wherein a con?gurable logic 
block (CLB) comprises the BLEs. 

9. The system of claim 8, Wherein: 
the CLB comprises more than tWo BLEs; and 
one or more of the BLEs in the CLB comprise LUTs that 

do not share an SRAM table. 
10. The system of claim 8, Wherein a ?eld-programmable 

gate array (FPGA) comprises the CLB. 
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11. The system of claim 10, wherein the FPGA comprises 
one or more of: 

a triptych architecture; 
a hybrid architecture; and 
a VFl architecture. 

12. The system of claim 10, Wherein: 
the FPGA comprises more than one CLB, each CLB 

comprising one or more BLEs; and 
the CLBs in the FPGA comprise a determined placement 

of BLEs With respect to the CLBs that increases the 
sharing of SRAM tables by LUTs of the BLEs. 

13. The system of claim 10, Wherein: 
the FPGA comprises more than one CLB, each CLB 

comprising one or more BLEs; and 
the BLEs are synthesiZed from a logic design according to 

algorithm for increasing sharability of SRAM tables by 
LUTs of the BLEs. 

14. A method for sharing a static random-access memory 
(SRAM) table betWeen tWo or more lookup tables (LUTs) 
that are equivalent to each other, the method comprising: 

using at least tWo basic logic elements (BLEs) to provide 
at least tWo particular functions, each BLE being asso 
ciated With a truth table representing the particular 
function provided by the BLE, the particular functions 
provided by the BLEs comprising equivalency to each 
other, each BLE comprising an LUT comprising the 
truth table associated With the BLE; and 

sharing an SRAM betWeen the tWo or more LUTs of the 
tWo or more BLEs table to obviate the LUTs of the 
BLEs comprising SRAM tables separate from each 
other. 

15. The method of claim 14, Wherein the particular 
functions provided by the BLEs comprise one or more of: 
P equivalency to each other; 
NP equivalency to each other; 
PN equivalency to each other; and 
NPN equivalency to each other. 
16. The method of claim 14, Wherein each of the BLEs 

comprises, in addition to the LUT: 

a multiplexer for selecting output of the LUT or output of 
the ?ip-?op to provide output of the BLE. 

17. The method of claim 14, Wherein each of the LUTs 
comprises, in addition to the SRAM table, a multiplexer 
coupled to the SRAM table providing addressing logic 
according to the truth table representing the particular func 
tion of the BLE comprising the LUT and contents of the 
SRAM table. 

18. The method of claim 17, Wherein conditional negation 
(CN) logic at one or more of one or more control inputs to 
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or one or more outputs from one or more of the multiplexers 
of the LUTs collectively realiZe the equivalency of the 
particular functions provided by the BLEs to each other. 

19. The method of claim 18, Wherein the CN logic is 
operable to disable or enable. 

20. The method of claim 14, Wherein the BLEs each have 
four inputs and one output. 

21. The method of claim 14, Wherein a con?gurable logic 
block (CLB) comprises the BLEs. 

22. The method of claim 21, Wherein: 
the CLB comprises more than tWo BLEs; and 
one or more of the BLEs in the CLB comprise LUTs that 

do not share an SRAM table. 

23. The method of claim 21, Wherein a ?eld-program 
mable gate array (FPGA) comprises the CLB. 

24. The method of claim 23, Wherein the FPGA comprises 
one or more of: 

a triptych architecture; 
a hybrid architecture; and 
a VFl architecture. 

25. The method of claim 23, Wherein: 
the FPGA comprises more than one CLB, each CLB 

comprising one or more BLEs; and 

the CLBs in the FPGA comprise a determined placement 
of BLEs With respect to the CLBs that increases the 
sharing of SRAM tables by LUTs of the BLEs. 

26. The method of claim 23, Wherein: 
the FPGA comprises more than one CLB, each CLB 

comprising one or more BLEs; and 

the BLEs are synthesiZed from a logic design according to 
algorithm for increasing sharability of SRAM tables by 
LUTs of the BLEs. 

27. A system for a sharing static random-access memory 
(SRAM) table betWeen tWo or more lookup tables (LUTs) 
that are equivalent to each other, the system comprising: 
means for using at least tWo basic logic elements (BLEs) 

to provide at least tWo particular functions, each BLE 
being associated With a truth table representing the 
particular function provided by the BLE, the particular 
functions provided by the BLEs comprising equiva 
lency to each other, each BLE comprising an LUT 
comprising the truth table associated With the BLE; and 

means for sharing an SRAM betWeen the tWo or more 
LUTs of the tWo or more BLEs table to obviate the 
LUTs of the BLEs comprising SRAM tables separate 
from each other. 


