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Abstract

This paper describes several algorithms for technology mapping of logic functions into interesting
and popular FPGAs that use look-up table memories. In order to improve the technology mapping for
FPGA, some existing multi-level logic synthesis, decomposition reduction and packing techniques are
analyzed and compared. And then new algorithms such as merging fanin, unified reduction and
multiple disjoint decomposition which are used for combinational logic design, are proposed. The cost
function is used to minimize the number of CLBs and edges of the network. The cost is a linear
combination of each weight that is given by user. Finally we compare our new algorithm with previous
logic design technique. In an experimental comparison our algorithm requires 10% fewer CLB and nets
than SIS-pga.
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Fig. 1. Move-fanin Transformation.
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223 2. Merge—fanin 3
Fig. 2. Merge-Fanin Transformatlon.

Merge_fanin{
for each subset N S fanins(f) {
if (U N fanins(n) > 5) continue;
N’ = { n € N | internal, single-fanout}
if ( N’ = 0) continue;
Decompose f by bound-set N

f() = glai(N) , , @max(N),...) with @max =<
min( N’ , N-1)
if (possible) {

add ais to the network;
replace f by g;
collapse all n € N to ea;s
break;
}
}
}

Repeat this as much as possible

a7 3. Merge-Fanins ¢22&
Fig. 3. Merge-Fanins Algorithm.
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2. Unified Reduction
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Procedure Unified_reduction{
TL={t | possible transformation with positive gain
G(t)}
Get incompatible transformation I(t) for each teTL;
G'(t) = Glt) - Zsero Gls)
Repeat
pick t €TL with the best G'(t) and apply t;
Mark out sI(t) from TL;
Update incompatibility I1(e)’s;
Update G'(®); /* G(®) not updated */
Until(TL is all marked)
}
Uni_red_app({
repeat (unified reduction) until (network cost goes
down);
apply cost-preserving transformation;
repeat (unified reduction) until (network cost goes
down);

}

12| 4. Unified_Reduction ¢11g]&
Fig. 4. Unified_Reduction Algorithm
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Fig. 5. Two Incompatible Transformations.
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3. t}&3 Roth-Karp Decomposition
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Mul_out_decomp({
N = {n an infeasible node}
P = {(N,F’') N’ N,€ F’= fanins common to N’}
repeat
pick a maximal p=(N’F’) (P with max N’ );
for (each subset F € F’, F =< 5){
decompose N’ by F with @max < F
N’ = (a1(F),..., amax(F), );
if (possible){
change the network;
break;
}
}

until (a decomposition found);
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}
Repeat this when a decomposition is found.
if (still not feasible) do split_network().

228 6. ©+=3 Decomposition &xelZ&
Fig. 6. Multiple Output Decomposition Algorithm.
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Table 1. Results of Merge-Fanins.

Circuits SIS Only merge-fanins3=7}
(INs OUTs) |CLB NET LEV | CLB NET LEV
count (35 16) 28 124 5 28 123 5
apex7(49 37) 46 219 6 45 212 6
apex2(39 3) 73 34 9 74 361 9
duke2 (22 29) 97 4718 7 97 47 6
rot (135 107) 142 687 15 142 694 12
apext (35 99) 175 81 10 177 876 10
alud (14 8) 171 &35 21 159 774 22
sao2 (10 4) 32 153 7 3 159 8
misex2 (25 18) 27 130 3 26 124 3
inc(7 9 ) 24 117 5 23 114 5
clip(9 25) 20 9% 6 23 113 5
b9 41 21) 27 129 4 27 130 4
bl2 (15 9) 6 79 3 6 7 3
Total 878 4262 101 870 4231 98

2. Unified Reduction 2=}
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3. 3 Decomposition 23}

3ol A 32 HAE 329 §]EFHE e
W, A 3L cofactoring decomposition A3}
olm, MW 3-& Roth-Karp decomposition A3o]
3, v 35S clE &3 Roth-Karp decom-
position Aot} A A EF SiS-pgas] ZFE
script 1250415 8 3R 38tz %340 epsd
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B 2. Unified Reduction®] A3}

Table 2. Results of Unified Reduction.

Girewits | | SIS en

"LBNET LEV
(INs OUTS) | oy \pr Ley | B NETLEV] o g ET LY
count{35 16) 31 121 10 28 124 5 27 114 10
apex7(49 37} 60 234 6 46 219 6 41 193 6
eb4(65 65) 80 300 17| 56 252 17 56 250 17
CBRO60 26) 93 396 12| 71 340 10 70 337 9
apex2(39 3) 80 352 9| 73 34 9 69 334 9
alu2(10 6) 108 440 18 | 83 431 15 81 389 16
duke2(22 29) 117 442 10| 97 478 7 92 398 10
C499(41 32) 70 264 7| 62 288 7 5l 245 7
rot(135 107) 186 687 16 | 142 687 15| 128 619 16
apex6(135 99)| 211 831 10| 175 81 10| 162 760 10
alud(14 8) 199 817 221171 835 21| 151 736 22
misex2(25 18) 31 126 44 27 130 3 25 119 4
bw(5 28) 42 177 13 33 162 5 25 19 5
incl7 9 32 133 7| 24 117 5 23 110 5
Total 1349 5320 1611093 5278 135 981 4723 146

¥ 3. t}&3 Roth-Karp Decomposition 23}
Table 3. Results of Multiple-Output Roth-
Karp Decomposition.

Circuits Cofactoring Roth-Karp l\gt]tti L;)lj;
(INs OUTs) [CLBNET LEV|CLBNET LEV CLB NET LEV
z4ml(7 4) 13 63 3 8 38 2 10 46 3
misex1(8 7) 18 8 3 14 63 2 10 45 3
5xpl(7 10) 21 101 3 17 8 2 11 51 3
9symml(91)| 24 118 5 7 3 3 6 20 3
rd34(8 4) 37 184 4 12 58 3 7 28 3
rd73(7 3) 17 83 3 7 34 2 5 21 2
f51m(8 8) 23 110 4 20 98 4 10 45 4
clip(9 5) 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 3 13 2

Total 276 1323 35| 199 928 39| 160 742 42
V.2 8

B g toie 2L ASIC TFE2E FHIe IUE
R o3 9= Table Look-Up(TLU) Type®! FPGA
& f18t =edA dare]E Apdel diaijA] ek
=2 AA EE shad #As dieRe 5,
i Bl XG0 FAlel el A% w83
TE HENLH, AHAPF F8el ujef v)a3ee] 7t



184 TLUY FPGAE 93 =d AA dx&

f4ME wEg oe2d Adsie AR 4 QA

Aok old B|ERE Ml =v] A daElE: 74

A ellx] merge-fanin, unified reduction, THEH

decomposition 5 37H9] A2 de]lES F718

o CLB A%, vlES] 5 HAIES 3lglon, 7]

& dwe]Ey Aes vl sk A vlix Ax o

%% decomposition®} unified reduction®] =% &

Ao, FAlol| o]5& HEsPH VAL APA T

A ¥Xo] CLB Ase}t vES] 4+ SIS-pga X2t}

°F 10%2] H]8 ZAE o]F 4 ck

olge] o B ASEojol & AvIAle o3t 2
=g

(1) AAAZHE =it Wbgk =29 JF HAe] CLB
2 NET® &, & Ao vlAe 3k e
2 FAAe| 3 vlwA A AR gdo] ssEt
v, dAARS] XA 7] vlxe gk Zhds)
2 ¢tk 2Rl Ad5E sshe 22| AA
STEE 32 o AGAZHE w2 A 7
ey ste] g3t

(2) B el /Rt 3717 daelEy gA4ddt =
3 zizhe] okme]Eef ot ApEA]] Qg &
AT E 2ASIE o, o5 HAF] F§Ek
A4e| otue]E TPl ey A7t Fasioh

(3) v]83e] 7 24w Al mlxe A%k AMZ
oE vFE gl dARNe] A=rix] 87E
el i 3|2E Adske Ao Ji’E 3o
Agle] Jaslc)

) wAR=e3 2 o7t dxelE Pk 2SR
P Ayt 23 w=eisEe] Fs uiike=
sld ot EYEFS FIste 3 =232
ek dA daelge drt Fast

(= L |

[1] W. Carter et. al., "A User Programmable
Reconfigurable Gate Array,” Proc 1986
CICC, May 1986, pp.233-235.

[2] The Programmable Gate Array Data Book,
Xilinx Co., 1995

[3] R. K. Brayton, R. Rudell, A. Sangiovanni-
Vincentelli, and A. R. Wang, MIS: A
multiple-level logic optimization system, in
IEEE Trans. Computer-Aided Design, pp

(2126)

FiESZ S

1063-1081,1987.

[4] B.G. Kim and D. L. Dietmeyer, "Multilevel
Logic Synthesis with Extended Arrays”,
IEEE Trans. on CAD, Volll, No.2
February 1992.

[5] R. Murgai, Y. Nishizaki, N. Shenoy, R. K.
Brayton, and A.Sangiovanni—Vincentelli,
"Logic Synthesis for Programmable Gate
Arrays”, 27th DAC, 1990, pp.620-625.

[6] J. P. Roth and R. M. Karp, "minimization
Over Boolean Graphs,” IBM Journal, April
1962, pp.227-238.

[7]1 R. Murgai, N Shenoy, R. K . Brayton, and
A. Sangiovanni- Vincentelli, "Improved
Logic Sythesis Algorithms for TableLook
Up Archtectures,” ICCAD, 1991, pp.564-575.

[8] R. K. Brayton, A. Sangiovanni—Vincentelli,
et al, "SIS: A System for Sequential Circuit
Synthesis”, Technical Memo No. UCB/
ERL M92/41, 1992.

[9] R. ]J. Francis, J. Rose, and K. Chung,
"Chortle: A Technology Mapping Program
for Lookup Table-Based Field Programma-
ble Gate Arrays,” 27th DAC, 1990, pp.613-
619.

[10] R. ]J. Francis, J. Rose and Z. Vranesic,
"Chortle—crf: Fast Technology Mapping for
Lookup Table-based FPGAs,” Z8th DAC,
1991, pp.227-233.

[11] P. Sawkar, D. Thomas "Area and Delay
Mapping for Table-Look-Up Based Field
Programmable Gate Arrays” 29th DAC,
1992, pp.368-373.

[12] P. Abouzeid, K Sakoutan, G. Saucier,. and
F. Poirot, "Multi-level synthesis minimizing
the routing factor,” 27th DAC, June 1990.
pp. 365-368.

[131 D. Filo, J.C.Yang, F Mailhot, G. De Micheli
"Technology Mapping for a Two-Output
RAM- based Field Programmable Gate
Array”. Proc. of EDAC, 1991, pp.534-538.

[141 K. Karplus. "Xamp: A Technology Mapper
for Table-Lookup Field Programmable Gate
Arrays”, 28 th DAC, 1991, pp.187-243.

[15] N.S. Woo, "A Heuristic Method for FPGA
Technology Mapping Based on the Edge



19%6% 10F EFIRAAXHE £V 4 AR F R 185

Visibility,” 28th DAC, 1991, pp.248-251.

i & #(ESR)

1983 2% AAdjsta Aalge)
IHZIAD 1985W 8Y olAfelE
FHGUAIT)  HFEFEHKF
gh4al) 1994 2¥Y st
Al S=g. 198549 129 ~
A PFAAFAIA A A

9. ZFBA Bk M AAAEIHEDA), 554

S IR |

& f§ #(EMR)

1976+ 29 Aeiskm A=}t
KA 19789 29 I=E}
7169 Ayl @ A
Aah 1989 Univ.  of
Wisconsin Madison 7] ¥ #
Feiasle (FekEbAb. 1980 ~

19914 3o Ax-Fe 2ms 19914 38 ~
A iR AREs Fag FRALR

Logic Synthesis, Hardware/Software Codesign

(2127



