LA 2

TLUE FPGAZ =I5t /| thd 112

TLU® FPGAE 1% 7|« " €XF

t:ll-é}‘é:_{ 7|E-T'L-;l‘
8 ok

D 32E H3Id ZAs =oT 9= Table Look-Up& el FPGAS 4% 7%

= e 4 oA =3 4. decomposition reduction, packing
gy BFHEEm, & AR ARe ¢3AEL FrhslEd. €4
2 JE 28 HiAss A TaEly] st AMgAY A F
2 3 g§ g8 AgstEd. o ¥g8rE AMEEo Aotz HA
, 71E g3 gD 4% wm 3 14 dis drstda =6
h air decomposilion, merging fanin, unified reduction, =&2 decom-
2§ 93eEe Frlalad 2d% F3, CLBY dES FdM SIS-pganmr}

I_)OSJLIOH
3 e LG oSS g 3
0% B& TPk €8 4+ e

Logic Synthesis Algorithm for TLU-Tvpe FPGA

Jang-Hyun Park” and Bo-Gwan Kim'

ABSTRACT

This paper describes several algorithms for technology mapping of logic functions into interest-
ing and popular FPGAs that use look-up lable memories. In order 1o improve the technology
mapping for FPGA, some existing multi-level logic synthesis, decomposition reduction and pack-
ing techniques are analyzed and compared. And then new algorithms such as node-pair decom-
position, merging fanin, unified reduction and multiple output 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[8]. In an
experimental comparison our algorithm requires 10% fewer CLB and nets than SIS-pga.
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Noce pair dec(newwork, supporl, limil, mode, A hound){
S={(nl,n2,C) ' nl and n? are infeasible nodes,
= jianins(nl) N fanins(n2) |, where C»>=2};
Repeat
Peak-oul 3€5 with the largest (.
If( 1 C} >limit) then continue 1o the next s;
Try dccomp. ¢ nl & n2 by some subsct ¢c&C;
i (possihie) |
Change the network:
Deete s&8 iz"nl or n2 1s & member;
i
Unii(S becomes empty);
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Q. 1) Procecu 2 of Node-Pair-Decornposition
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Single Fanout
Faning =<4

{3™ 2) Move-Fenin Bzt
(Fig. 2} Move-Fanin Transformation

(22 3) Merge—Fanin B3t
(Fig. 3) Merge-Fanin Transformation
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HEL Hgo] He A9 4de) 20 9
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HEE 33 9ol

Merge .fanin {
for each subset N<fanins(f) {
(U sen fanins(n)>5) continue;
N"={neN | internal, single-fanout}:
Decompose f by bound-set N;
f=g(a(N), -, @nalN)) With @nn=<min(N’, N-1);
if (possible) {
add a to the network;
replace { by g;
collapse all n€N to
)
)
}

(8 4) MergeFanins &to2|=
(Fig. 4) Procedure of Merge-Fanins
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3.3 Unified Reduction
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Procedure Unified_reduction]
TL={t | possible transformation with positive gain G{1)};
Get incompatible transformation I(t) for each teTL;
G D=G)-Z e 1y Gls);
Repeat
pick t&TL with the best G’ (t) and apply t;
Mark out s&(I(t) from TL;
Update incompatibility 1(t)’s;
Update G'(1);/* G(t) not updated */
Until(TL is all marked)
}
Uni_red_app{
repeat (reduction) until (network cost goes down);
apply cost-preserving transformation;
repeat (reduction) until (network cost goes down):

}

(38 5) Unified_Reduction atne|E
(Fig. 5) Procedure of Unified_Reduction
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Mul out decomp!

N=1In an infeasible node!;
P={(N, F') N 2X, 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 .. <F
N = (a(T), -, amalF));

i (possible) change the network:

1
)

until (a decomposition found);
}

Repeat this when a decomposition is found,
if (still not feasible) do split.network( ).

(38 7) CHE3 Decormposition 2312|=
(Fig. 7) Procedure of Multiple QOutput Decomposition
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4.1 Node-Pair Decomposition Z 1}
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He Yvehld, FHx e SIS-pgad] ®&E
script® 9% Boln, Auix e SIS-pga
9] HF scriptol] node-pair decomposition &2
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{E 1) Node-Pair Decomposition2] Zin}
{Table 1) Results of Node—Fair

Circuits SIS Only Node-Pair 27}

(INOUT) CLB NET LEV|CLB NET LEV
C880(60 26) 71 340 10|69 332 9
apex2(39 3) 73 354 9 (74 362 9
alu4(14 8) 88 431 1594 462 21
dukeZ(22 29) 97 478 7 |98 484 7
sa0(10 4) 32 163 7|32 156 9
misex2(2518) |27 130 3|27 126 4
clip(9 25) 20 96 6|19 87 5
ine(7 9) 24 117 5129 139 5

Total 432 2,095 62 [442 2,148 69 |

Decomposition
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WE ¥ 209994 2148=%, =Y & 62944
692 Tristgon HgEe ¥ o= FEE ¥
48 AL gddch

4.2 Merging Fanin 22}

(F 2)elA A

o
2] F2 scriptd] merge-fanin €nzmEL 7%

G £9% 2ol £ TEe

TF script
125k F 33 44}e}dl] merge-faning ¥ 13

DA E $8% Aolth HA LuZT FF EV
of B <3eElEE Frlsted 7H5E® merge-
fanine] A4+E ol ¥z IFTH (E 2)elM
25=0] merge fanindt Z3= CLBe 74,
= &, #HY FoA Azt vlggE FEE T

= gtt.
4.3 Unified Reduction Z 3}
(T 34 A L H2E IS U2

(¥ 2) Merge-Fanins2| 1t
(Table 2) Results of MergeFanins

Circuits SIS Only  Merge-Fanins 37}
(IN OUT) CLB NET LEV| CLB NET LEV

count(35 16) 28 124 5| 28 123 &
apex(49 37) 46 219 6| 45 212 6
apex2(39 3) 73 354 9| 74 361 9
duke2(22 29) 97 478 7| 97 475 6
rot(135 107) 142 687 15 [142 694 12
apex6(135 99) | 175 861 10 |177 876 10

alu4(14 8) 171 835 21 |159 774 22
sa02(10 4) 32 153 7| 33 159 8
misex2(25 18) | 27 130 3| 26 124 3
inc(7 9) 24 117 5 23 114 5
clip(9 25) 20 96 6| 23 113 5
b9(41 21) 27 129 4 27 130 4
b12(15 9) 16 79 3|16 76 3

Total 878 4,262 101|870 4,231 98

e yehid, R 3L reductiong 37
7 z=

o} Zzeld, AW HZ SlS-pzud HF
scriptE F8id Zxbolx, WWs] #H& SiS-pga
1 §2 scripr 1294413 10-129441 9] collapse,
cover, merge tiAld]l HgtE LDEE unified

reductions H7}slc

Yo

7 Unflied Recuction?| 21}
Y Resuts of Unified Reduction

SIS ‘ “ni-Reducunn
, LEV,CLENET LD
C 28 124 5 27 114 10
16219 60 41 183 R
56 252 171 36 250 17 .
71340 101 70 337 8
«pen2{353) B9 852 G T3 3/4 9. 69 3 9
88 431 15| 81 389 16
117 442 101 97 478 7| 92 398 10 |
70 261 T 62 288 7|51 245 T

186 687 16 687 15 |128 619 lﬁi
211 831 10

142

175 861 10 {162 760 10
aiud(14 8) 199 817 22 |171 835 21 |131 736 22
misex2{2516; 31 126 4| 27 130 3| 25 119 4
ow (5 28) 42 177 13133 162 5| 25 119 &5
7
2

raia2{il 6) 108 44u 18

mne(7 9) 32 133 24 117 5| 23 110 5
Total 1,3495,320 35 |1,0935,278 135 | 981 4,723 146

(& 4) chE™ Roth-Karp 23l 2
{Table 4) Results of Multiple Output
Roth-Karp Decomposition

Circuits | Cofactaring | Both-Karp |Multiple-Output
(IN OUT) ICLB NET LEV|CLB NET LEV|CLB NET LEV
z4ml(7 4) 13 63 3| 8 38 2110 46 3
misexi(8 7) ‘ 18 8 3|14 63 2|10 45 3
5xpl{7 10) 21 101 3({17 80 2|11 51 3
Gsymml(9 1) 24 118 5| 7 3 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 21 2
f5Im(8 8) 23 110 4{20 98 4|10 45 4
elip(9 5) 96 449 5|83 378 17|78 374 16
inc(7 9) 23 112 3127 128 2(20 99 3
eonl(7 2) 4 18 241 4 16 2| 3 13 2
Total 276 1,323 35 | 199 928 39 |160 742 42




4.4 Ch&Y Decomposition Z1}

(E )4 AU e HaE gzel g

2 vehlin, FHA #L& cofactoring decom-
posn.mn Zrlolr, A8ix] H2 Roth-Karp de-
composition Z27te]x, WA &2 coi&=F Roth
-Karp decomposition Zz}e|t}. A #H$ 2%
Sl5-pgael & script 12943 g 3dAT
«HEn (E 4y dERG 3717 HEE s
FAelch (F 4)ollA vehdSe] thEH decom-
position® CLB&} U E Fo|A v]|&&ds Fitg

Bgot s 4t U

-—

45 X|GAAIZF2 D25t Ha}

‘R SiellA A¥A e dEFHE At Hx
E d=9 d=3¢ vl T 3 SIS-
pgad] EE seriptZ F¥Y ZAe|m, ANAH
& SlS-pgae] A F script 129AF 10-12%
A 2] collapse, cover, merge th&ilel] Agr=l oF
28]& unified reductiong @E7}sle] £33 2

et} 329 A% e HH H=ef #d

%% Zoled 3¢ Tux, HE B4 7E

(Z 5) XHAIZHE nadst Zn}

(Table 5) Results of Peformance
Cireuits SIS Only kl=1, k2=2, k3=3
(IN OUT) CLB NET LEV | CLBNET LEV
count(35 16) 28 124 5| 28 123 5
apex(49 37) 46 219 6| 45 212 6
apex2(39 3) 73 354 g 74 361 9
duke2(22 29) 97 478 7| 97 475 6
roi(135 107) 142 687 15( 142 694 12
apex6(135 99) 175 861 10{ 177 876 10
aluda(14 8) 171 835 21| 162 778 22
5a02(10 4) 32 153 7| 34 163 7
misex2(25 18) 27 130 3| 26 124 3
mc(7 9) 24 117 91 23 114 5
clip(9 25) 20 96 6] 23 113 5
b9(41 21) 27 129 4| 27 130 4
bl2(15 9) 16 79 31 16 76 3
Total 878 4,262 101 874 4239 96
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Z2 Frlete CLB A4, M ES FE
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