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FPGA(Field Programmable Gate Array)$}
CPLD(Complex Programmable Logic Device)¥ ©
g =z T 98y AHgHn o o e
FPGAE LUT(Look up table)dts 7]E =g B=
(block) 2.2 74X len, R FPGAY 7
QEZ M (multiplexer) & 718 722 FAHY 9
E AL gl e} CPLDE PLA(Programmable
Logic Array) PLD(Programmable
Device) 8el9] 718 F2& 743 glvh(1]{2]
71&e AgE Ve W% dunIdFEL YRR
LUT Fxd =& AgFAeH, d4 Hise}
AQAZE HFastd FHE 52 MLk [3]4]
old] wrs] CPLDe 7 DDMAP, TEMPLA,
TMCPLD, TMCPLD-II § F449 7% oy &
aFe] ARl gloh ol ¢y
A Fo AL AG = 2 e
u
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& 7. 9¥9€d A2E DAGE ZEE F YA H Y WgoR x84 AN
Wy she SAEHE A4 A4 g b FY2EHE T AR Ak 20 A o3
26 & W93ty 7|¢ G E FAFeRAH AA £ Aol B dndF uH WA £

of k. ey olelw ¥nASTE WA Has
oA FHL Fol £4 Aze] Arks wHel gk

ey B E=EAAE 9 ARe AAE
CPLD 71% 1% 2udEe ALaad.

2. 73

qdxd 329 zggwe FES DAG(directed
acyclic graph)24 E&E 4 9Ivh. DAGOIA Z+ &
E(node)e HZA shte] AR & 7RG

g xZ2 BHEE =g = SOP(Sum Of
Product)?] el2 A4 €l
CPLDE TASIZ e =8 E5L o2 FH9

dg+e A2 b8 Fu9 =8 FF=A 749
o PLA Ee2 E=22 2239y 7158 AND-9
#ol(array)9} OR-ol@ol2 FAEHS it ol %
Beo] =g & F2F37) YAMe 29 =
(two-leveD)®] HA3tg F3stoot I} 49

2 PLA & 714 =37 ¥$+E
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uetr & 32E site] CPLDE +437] 9
e 28 Tz HAGgE st} drt BT
AHL Foly] 98 bt (multi-leve) FEY A4S
ste}steof gt
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Fo)A 23 =3 IFZE DAGY FER G=(V,
E)z B899 449 w= veVE 3ty 242
IR =8 52 FHEY == we VY] £9o]
HE oA (4, 0)EEE =T peVY gL 9
#d VE TR e =29 A (set)E FAA
29 oA (out-degree)’t 0% ==& HF &9
(PO:primary output)®}2t A ejstx, ¢4 A9
7t 0gl ==& FHZx JE(Plprimary input)g} A<
gt

ME 2 Z(subgraph)s C=(V, ENZ A3
X, VCVeln ECE°Y. Ce €3 2H(cluster)
g Aogr}y, Ve BE m=E5E ¥ (merge)

o AR =9 5E 22" FH(cluster
function)@ Ao &tck, kel x=7} wkek CPLD#
712 E2¢ CLB(Common Logic Block)el o3
(mapping)® + UYTHE o] =ZE wWF JHE
(feasible) =2 Rt} Ed YEHIAE FAs
7 9E Ztzte] wtyt oY b w-xolw oy

Y HEYI: vF sty HEHAIGn FId
=%, AHY F26Hot de CLBA o3 7t%

3w o] Fy2eHe du¥ s FHU2HEC
feasible cluster)@} A <] g},
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n_nl6=n_nl12+n_nl3
n_nl12=/np0
np0=nd*n_n3
n_n3=na+nb
n_nl3=n_nl0+n_n9
n_nl0=n_n4+na
n_nd4=nb+n_nl
n_nl=nc+nd

n_n9=nb+nc '

(b) == 229 &+ (o) "2 27
¥ LB =89 7lE ogd g3 qA
Fig. 1 An example of technology mapping by

our approach

o8 Eo 29 194 Cl, C2, C3= #i¥ 7ts &
Bagoltt. il st 232¥9 YA CLBY
OR €48 Z33A gt 9NN 71 2 H=
(critical path)E $Heoz AAsA o}

29 19 (09 d3e @M A48 FHxHE
oy g ZH3olrt.

et Foj B JEYIAE Fo4A AAL
ZAsNN £ NS AMEY) 9% 237 A
t ogT Zo
0y e S2zH AR
..... ,Cole Foi7 3™ W
g2 G=(V, By v&d 2714
a3t AgAdstedof ot

Ao 1

%= Al g (number of multilevel constraint)
Fo]lZ CPLDAIA A1+ Al
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Fe7 AR FAL (4
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E =Ee F47d EY YEYIE AL AL = }
Ag mst W sted 2A2HES Y& Subgraph_Level ++;
s Relth wekd B wRM Adw Lm i }
en
AFe o8 gAR Wrel £Rdt A WA @A end BN cover
2 o3 s S2EHE AAsmn, AvE

(covering)& Fdste Y= AW DA, F

WA EH%]: CPLD9] FZo LEZE PLA HE 9
BeMg AAYste ZEYE FYPdd v A
A 1% Fojx CPLDY 7]& B%J CLBY
FZd RZE Fdstun ojBsE W-A7 GAE
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41 &4 1 : 2= Awe
B JEYAZ Fo4AH A WA AR 2=
A E S FPJ[}. = AvY S oy 5T
gel28 4% 71‘51%‘2i EFsle a5t £
g YENI0) FoINA 4 EH v} 20]49]
REES FAY PAE =ES HF Yo
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Cost(Node) = I Child_ Node__ Cost( Node)) Node_ Cost=1
Cost22

(4 2)

S Child_Node_ Cost(Node)) ~ Node_

W3 7bs SE2EHIE AR Fo|A A A%

F70) 2EE EY YEHIAE 7AWP T
E =594 As duaFS 29 208 YUER
el
Procedure BN_cover(N, k, mn, FC)
N : (V, E)
k, mn : 43
C: o 7158 342859 A
begin

Subgraph_Level = 0;

foreach v=PI of N do
Re(v) = { }, PO(v)={}

end

put PO(v) 2 N(in_oul22)

foreach »=V in PO(v) do
while((mn-2) = Subgraph_Level){

while(k > FC_cost){
Re(v) = UFC(v)
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a9 2. aYE Ay daegE
Fig. 2 Graph covering algorithm
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42 dA 1 : Z3 A (Collapsing)
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o2 u@ A A9,

A48 A R 29 YEMIUT B 2004 A W
A P& wAviz 29 o]FL vehla, F WA
#& TEMPLAE c¢|43td F#E CLBY ¢ +
g Az Jelhdt A A4 33 TMCPLDE
ol-43 A2 A CLBY 9 FYPAE e
o mRY Y AR e B =FdA Atd
TMCPLD-1119] E#& Jedgit

4% A3 TEMPLAY w8} CLBY +& 913%
A2 FY ARE 803% ZAHUT
TMCPLDe} #}8)jAE CLBY 7} 863% Z7HE3

& MCNC #Wixjnta
Atd  DDMAPZ
B

At 8 AFS 1408% ZA® AFHE JEhi
=3
# 2. TMCPLD-HI8} 7129 7]¢ w9 <ngsd
o A% =
Table 2. Result comprison of the existing
technology mapping and TMCPLD-III
TEMPLA TMCPLD TMCPLD-{l
running running running
block| time |block| time |block time
(sec) (sec) (sec)
alu4 155 | 29.3 81 33 85 28.7
cps 120 | 18.3 | 119 ] 221 121 18.2
apexd 193 | 30.2 | 139 506 | 152 28.1
misex3 1541 27.8 | 147 32.8 | 153 27.6
ex5p 132 ] 18.8 [ 132 | 33.5 | 136 18.9
s38417 | 603 | 495.2 | 479 | 502.7 | 538 432.5
seq 229 | 52.8 | 219 54.1 | 227 51.3
fir 2491 123.3 | 1991 128.1 | 231 118.9
fsm8_8_13{ 49 55 49 5.8 52 5.2
pmac 237 | 126.6 | 232 | 131.3 | 232 124.7
psdes 151 37 119 39.4 | 136 34.3
sort 138 | 29.8 | 101 | 31.2 | 127 26.3
6. 38 ¥ 5% A7
2 =8 3 AzE /4% CPLD 7is w3
2n &g At oWl CPLD 7i% wig ¢
d&e o= #Avy, E44, 9 79 3GAR
FA =g

MCNC @iz wlzo) HE3 A3 ZA 7Ee A
¢t¥l TEMPLAS} TMCPLDY 714 dig ¢38s

686

of Hls 9 Azt gade BRHE v,
oz L =EAN AAY YRASE BE FF
o CPLDY 48% 4+ Q& &3 Fe9 3

gEe MEstnz o

ZaEd
[1] The Ailtera Data Book, Altera Corporation,
1996
[2) ACT 1 Series FPGAs Data Sheet, Actel

Corporation, 1996
[3] The MACH 4 Family Data Sheet, Advanced

Micro Devices, 1996
[4] J. Cong and Y. Ding, "FlowMap An
‘Optimal Technology Mapping Algorithm for
Delay Optimization in Lookup-Table Based
FPGA Designs”, IEEE Transactions
Computer-Aided Design of Integrated Circuit
and Systems, Vol. 13, No. 1, January 1994, pp.
1-11

R.J Francis,
"Chortle-crf : Fast Technology Mapping for
Lookup Table-Based FPGAs", 28th
ACM/IEEE Design Automation Conference,
June 1991, pp.227-233.

R.J Francis, J. Rose and Z. Vranestic,
"Technology Mapping of Lookup Table-Based
FPGAs 1991  IEEE
Conference on Computer Aided Design, pp.
568-571

on

[5] J. Rose and Z. Vranestic,

(6]

for  Performance”,

[71 E. M. Sentovice et al, "SIS : A system for
sequential ~ Circuit  Synthesis”, Technical
Report UCM/ERL M92/41, Electronics

Research Laboratory, Department of Electrical
Engineering and Computer Science, University
of California, Berkeley, 1992
[8] Jason Helge Anderson, Stephen Dean Brown,
"Technology Mapping for Large Complex
PLDs"”, Design Automation Conference, 1998,

pp. 698-703



