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Abstract

In this paper, we propose a new technology mapping algorithm for CPLD consider area
under time constrant. This algorithm detect feedbacks from boolean networks, then
variables that have feedback are replaced to temporary varables. Creating the temporary
varables transform sequential circuit to combinational circuit. The transformed circuits are
represented to DAG. After traversing al nodes in DAG, the nodes that have output edges
more than two are replicated and reconstructed to fanout free tree. Using time constraints
and delay time of device, the number of graph partitionable multi-level is decided. Several
nodes in partitioned clusters are merged by collapsing, and are fitted to the number of
OR-terms 1n a given CLB by bin packing.

Proposed algorithm have been applied to MCNC logic synthesis benchmark circuits, and
have reduced the number of CLBs by 622% than those of DDMAP. And reduced the
number of CLBs by 176% than those of TEMPLA.
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Ext_Feedback Node(DAG)
{
while(Pri_Output0 = O}

OutNode = OQUtNIDAG);
VisitN(OutNodg);

1}

VisitN(ParentNode)

{

D=1
while(NodeSet = 0)
whiletempNode = ChildN(ParentNode)){
ID=1D+1;
ifl tempNode = Visited_Nodes){
tempNode_id = ID;
putNitempNode); }
elsiftempNode = Visited Nodes){
ifitempNode id = ParentNode id)
FeedbackN = tempNode; J}
ParentNode = get(;

O3 2 A& dE 2neiE
Fig. 2 Feedback detection Algorithm



(a) 2= 4

(0) B =%e) 9 o} =z =g

I3 3 Mol =2| EBlel +4
Fig. 3 Construct of fanout free tree

(2" 39 (@t Folxl Y UEAIE == =

@ TEmAN AL Ao
NEH T AR AAT Tzl (o
L ARE AAR F AT 29z Gl 22 oA
= HAlsle] T4 A obg = =

ok
e
N
o,
o
H
)
ol

=

A ok Zg Efvl AAEE SFYSEE e 99
7} wto HlE(cost) S Folof gl 7 wrme] Hg-2

= B AEHE OR Bl 42 Foiit ke
Zoj7 CPLDe WH-E g8t Si= LEe| OR "ol
oo meb wE st Se2EE Adsk] fdiMe A
A gL Atete] k FETE AL vige] He ZeAHE
Aslolol drk A WE-S ARE SR A2 (4

29 veERi I

[1(Child _Node Cost(node)),
Cost(node) = Node Cost =1
(Child _Node Cost(node)),
Z Node Cost>2

42 EA 1l okE T E2AHE 0[8% 2
2= F{eE
A Telx g Zbs ZeAEH g o W
2 Folxl M Aok 274 Ble® B UEYAE 74
3@ & e FeaEE] JE S5 Fetolef it
B =RlA Ad gz Ay daese teluy
(Dynamic) @2lez +4H3en (17 fol veh3ie.

Procedure BNTC cover(N, k, mn, FC)
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begin

Subgraph_Level = 0;
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foreach VE PI of N do
Relv) = {}
end
foreach  VE V in & topological order do

whils((mn-2) = Subgraph_Level) {
whilelk < FC_cost) {
Re(v) = UFC(v)
}
Subgraph_Level +;
}
Re(v) = select_best FC( v)
end

end BNTC_cover
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Fig. 4 Graph covering algorithm
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Table 2. Result comprison ¢ the existing technology mapping and TMFCPLD

DDVIAP TEMPLA TMCPLD 2==
block block running time block running time block running time
(sec) (sec) (sec)
auw 19 155 23 81 K¢] 79 K3)
cps 159 120 183 19 21 m 246
apexd 193 193 302 139 506 13 536
misex3 214 154 278 147 28 133 372
exdp 7 12 188 12 35 128 4
3417 1208 603 452 - - 479 5127
seq 337 29 528 - - 219 51
fir 1424 249 1233 - - 19 1281
fsmB.8 13 8 9 55 - - 9 58
pmac 9 237 1266 - - 22 1313
psdes kil 151 7 - - 19 4
sort 275 13 28 - - 101 312
Total 5306 2410 618 1967
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V.ZE 2 % o7 aaEd

[1] The Altera Data Book, Altera Corporation,

B E=Ee Folzl Az AR sl FAo WAL 1996
Zt= A2 CPLD 7% ¥ 2au2|S(TMFCPLD) S Al [2] ACT 1 Seies FFGAs Data Sheet Actel Corporation
oksigitt. TMFCPLD+= wi¥ 7le ZuxH A4, Jg= 196
A, FFA, Wl 7o) ez Aok [3] The MACH 4 Family Data Sheet, Advanced

MCNC Wiz wi=ze] A8<gh A9 Zyl 7]&e] Alokd Micro Devices, 1996

DDMAP3} TEMPLAS] 71 el el Wt LESl ) § Cong and Y. Ding, “FlowMap © An Optimal

F7t FAEe 295 et
Por B s=RdlA AR gudEs oE TR
CPLDel 283 + 3= HE4< Fee funalss e

a1, RIL 2] 7% W duass st v

ok, H

Design of Integrated Circuit and Systems,
13, No. 1, January 1994, pp. 1-11

Technology Mapping  Algorithm  for  Delay
Optimization  in  Lookup-Table Based FPGA
Designs”, IEEE Transactions on Computer—Aided
Vol.

5] R] Francis ] Rose and Z Viarestic, “Chortle—crf

. Fast Technology Mapping for Lookup Table

-Based FPGAs”, 28th ACM/IEEE Design

Automation Conference, June 191, pp.227-233.

[6] R] Fraxis, J. Rose and Z Vrianestic, “Technology

Mapping of Lookup Table-Based FPGAs

for



18

®E AFHEREE w05 7)

[7]

(8]

(9]

[10]

(11]

Performance”, 191 IEEE Conference on Computer
Aided Design, pp. 568-571

E. M Sentovice et al, “SIS : A system for
sequential  Circuit  Synthesis®, Technical Report
UCM/ERL  M2/41, Hectronics  Research  Laboratory,
Department of Electrical Engineering and
Computer  Science, University of  California,
Berkeley, 1992

Jason Helge Anderson, Stephen Dean Brown,
“Technology Mapping for Large Conplex PLDs”,
Design  Automation  Conference, 1998,  pp.
693-703

fFE, A, A M A ARSI
CPLD 7% ®i¥ ¢uds /AL, 3= 0A 33
3 vol 498 3%, po. 3546, 1999

JaeJin Kim, Hi-Seck Kim, Chi-Ho L, “A
New Technology Mapping for CPLD under the
time  constrant”  ASP-DAC, pp235-23%  January
2001.

AR, o1#d. Al % CLBT2Ee CPLD
A" 71e vjg s, SaHFEARE =
3 A10R A2%, ppd9-58, 206

i3
=
=

MR A

FARN IR

2003 249 AFdiEla Az
o} FEHAL

20019~3A ¢ SEAENE A
EgRa) 2w

o 23
2049 84 AFEm HxEE
3} el

205 ~EA ¢ AFiEa A



