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Multiple-Output Functions for TLU-Type FPGAs
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ABSTRACT

This paper describes two algorithms for technology mapping of multiple output functions into interesting and
popular FPGAs(Field Programmable Gate Arrays) that use look-up table memories. For improvement of tech-
nology mapping for FPGA, we use the functional decomposition method for multiple output fanctions. Two
algorithms are proposed. The one is the Roth-Karp algorithm extended for multiple output functions. The other
is the novel and efficient algorithm which looks for common decomposition functions through the decomposition
procedure. The cost function is used to minimize the number of CLBs and nets and to improve performance of
the network. Finally we compare our new algorithm with previous logic design technique. Experimental results
show significant reduction in the number of CLBs and nets.
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(Fig. 1) Xilinx 3090 CLB Architecture
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CNU_MO{
(1)  Find all equivalence classes for each output
(2) Find global partition for the given function
(3) Check the condition of common sub-functions
(4) Find the worst condition for every output
repeat
(5) Check the decomp. fn of the selected output
(6) Check the decomposition function of the others
until (a decomposition found);
} * end CNU_MO
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(Fig. 3) Functional Decomposition Algorithm of Multiple
Output Function
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(Table 1) Function Decomposition Chart(f;)
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Given a set of functions f;(X, Y;)’s and

dmex (d; : Decomuposition function)

Find a minimum set of d-functions d, (X), d,(X),...,
d;(X) with j= < max

and the corresponding disjoint decomposition for

each f;
fi(X, Y)=fi(d,(X), d,(X),...,d;(X), Y))

A71AM X& &5 5 ol TFE g =
€ old FEIFeItt HAE £ HAY AT A
g XE v dF37e olg¢u, A e gis)
ME o8 7k A A=E B 5 A

Mul_out_decomp{
N = {n an infeasible node}
P = {(N',F') N'c N, F'= fanins common to N'}
repeat
pick 2 maximal p=(N",F') (P with max N');
for (each subset F ¢ F', F =< 5){
decompose N' by F with d,,, <F
N' = (d,(F)yey dpi(F), );
if (possible){
change the network;
break;
} /* end if */
} 7* end for */
until (a decomposition found);
} /* end mul_oiut_decomp */
Repeat this when a decomposition is found.
if (still not feasible) do split_network().

(38 2) Roth-Karp 23l &=
(Fig. 2) Roth-Karp Decomposition Extended
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— . Test all maximal (common variables, nodes) sets, or
Test only the largest (common variables, nodes)
sets.

For each selected pair

—. Test all bound sets to pick the best, or

Take just the one possible decomposition for each
bound size, or
Take just the first possible bound set
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(I 3) Roth-Karp 25| &= 21}
{Table 3) Result of Roth-Karp Decomposition Extended

Circuits Cofactoring Roth-Karp  Multiple-Outputs
(Ins, OUTs) | CLBsNETsLEVs CLBsNETs LEVs {CLBsNETs LEVs
z4ml (7,4) 13 63 3 8 38 2 10 46 3
misex1 (8,7) 18 85 3 14 63 2 10 45. 3
Sxpl (7,10) | 21 101 3 17 80 2 11 51 3
9symmi(9,1) | 24 118 5 7 35 3 6 20 3
rd84 (8,4) 37 184 4 12 58 3 7 28 3
rd73  (7,3) 17 83 3 7 34 2 521 2
f5Im (8,8) 23 110 4 20 98 4 10 45 4
alu2 (106) | 96 449 5 83 378 17 78 374 16
inc  (7,9) 23 112 3 27 128 2 20 99 3
conl (7,2) 4 18 2 4 16 2 313 2
Total 276 1323 35 199 928 39 160 742 42
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(Table 4) Functional Decomposition Result of Multiple
Output Function

Circuits Single] IMO| FG-]CNU_MO
(IN,OUT) DEC| Map|CLB NET LEV CPU
5xp1(7,10) 15| 9 15] 9 48 3 12
9symml(9,1) M 7 71 7 20 3 08
alu2(10,4) 47) 46| 53] 4421413 84
apex7(49,37) 61 41| 47| 41193 6 7.2
clip(9,5) 19f 121 20y 12 78 5 3.3
count(35,16) 35| 26| 24| 26 82 8 24
f51m (8,8) 131 8] 11 8 35 4 14
misex1(8,7) 11 9] 8 8 36 3 1.3
misex2(25,18)| 34| 21| 21| 2t 88 4 24
rd73 (7. 3) 7 5 7 521 2 07
rd84 (8 .4) 11 8] 12 728 3 1.0
sa02(10,4) 241 171 27| 16 66 6 2.0
vg2(25,8) 64] 19| 23{ 19 93 5§ 22
z4ml(7, 4) 4] 4 5 4 17 3 06
Total 3521 232; 280 227
5d &
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