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Abstract

In this paper, we propose a new technology mapping algorithm for CPLD consider area
under time constraint. This algorithm detect feedbacks from boolean networks, then
variables that have feedback are replaced to temporary variables. Creating the temporary
variables transform sequential circuit to combinational circuit. The transformed circuits are
represented to DAG. After traversing all 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 in 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 62.2% than those of DDMAP. And reduced the
number of CLBs by 17.6% than those of TEMPLA.

» Keyword : CPLD, 7l=0iZi(Technology Mapping), AlZFHI2b=A, wix

« HM1H™X} : ZAE
XM : 2005.03.31, AAIAEY : 2005.05.22
*IEREAES AFEYES wF, AT AP LTS A3



12 #E AFEBREE HEE(2005. 7))

FPGA(Field Programmable Gate Array)$t CPLD
(Complex Programmable Logic Device) tiAg 3=
FEo] ] ARgE 3 ok o2 FPGAE LUT(Look
up table)ehs 712 =8 E5(block)22 FAH Sl
o, @329 FPGAS 74% HEIZIM(multiplexer)& 7]
2 722 MH e A= o ¥de CPLDE
PLA(Programmable Logic Array) %Eﬂi’l 718 3AZE
7R3 k. (1)(2)

71&q] AME 71 v gueEEL U¥E LUT 7
Zo| 2= AREAG. £ olHF duIEL WA
Hashel AAARE Aisbel] FHE FAT(3)(4)(5)(6)
old] Wk CPLDY 73+ DDMAP, TEMPLA, TMCPLD%
Faded] 7% i gaeiEvol ARkl Uth(7)(8)(9)
olg|gt Yue|FE FAAM TR At Aok A& 1T
71& "% gujFo s TMCPLDR] AlRkeo] gitt.

22y TMCPLDE # ol g Ez] 44 489l =
7] 32 BRE DAGE ¢ ths, 2 8 x=olM F
= 3 =R 42‘5}"1 29 o7 A
7 2 7 o) =8 BEsiK] 91 BA(replication)
slo] PAstct.(9)

EAle] os] 44 W ol Zel EgldlM ORYHY 7l
FE 7 ez "lgoz AN ksl 8o] Addsd
=8 829 OREY /159 K-OREFHY x| go] 2
»=2 2&d(cutpoint) 28 FFs] olE zAE £
(graph partition)3t4] 5¥ CPLDE 7d3ta Sle &4
B0 v 7bsd == AW En)S YA

A8 E(n)SL 23 AL B 44y #eAE
AR §, =2 £39 K-ORES @A W A7-S 53
sl Az =AEelA CPLD 71&9g A48 4 +
Uit

aejy TMCPLDE ZZ 2&& AT 3% vlgo] =
2] £%9 OR B5E 298k 3% A =8 257 8
galon die] £ ¥gele neifezss 289 =
gl £29] 47} 371ske 2 S s Ao

=g Aol e £A2E A Yol £ 2
W@ 7€ wigo] HA e o] ok

weh & =Relde Foi AdAlet zstelM A3
< asNen, AR dEME Zle wEE 4 3l
¥ CPLD 71&ul3 ¥xel&(TMFCPLD)< Akttt

. iz

g 3)2e] =2 ¥ DAG(directed acyclic
graph) 24 T¥8E & ot DAGAIM 4 :=(node)&
3=2oA e AAAHE AR Stk Ed DAGeIA
) (edge) = =8 F+(logic function)E Alele] 44
viebdct,

CPLDE 743l sl =8 E=(logic block)2 o
o dgesl M2 OE e =g &5EA €
PLA #ejo] 852 2233 73 AND-ol#el(array)
o} OR-ol#lo|2 =] glrh. oledt Hejo] =2 P
g FHagE] Yaixe 2 two-level) T2 FHi3E
FEslojol gt} diokse] CPLDE B2 59 PLA ¥H)
£ 7K =8 g2 A= Aok (1)(2)(3)

weld 2 322 shie) CPLDE A daide 2
o Fxo| Hasg FIPsleor Pt EF WA Fo)y
98 e (multi-level) 22| $4-& misjeiol g},

712l A’k CPLD 71€ "1 ¢xelFal= DDMAP,
TEMPLA, TMCPLD%°| tt. DDMAPZ TEMPLAS|

e AR AY 218L a3 g3ten, TMCPLDE
AZF Aek 212 mEEld o Hgel gle &3 329
tela m3R] e @l Utk.(81(9)(10)

wEhd £ =gdAe ol2d gEs Bl A7t A
i "Zﬁ}"ﬂ"i Ago] Y& £z WF 7|E o ¢
2 &L AL



Azt Al 233 A2 e 2@ £8%< CPLD 7l ¥ 13

n. = dyoj

Fojd =% =2 32¢ ¥ YEYA(Boolean network)
2 A7 2 + dd EA VEY3IE DAGY FHeH=
G=(v, E)2 Bd€t). 7449 x= pe Ve shiy &
gs 7R =8 deE 7 == ye Vel 239
g% oA (u, v)eEe == pe Vo 98¢ dnjg
o VE 8k e =59 A (set) S FollA 29 o
Al (out-degree)7} 090 ==& #HZF 2¥(PO : primary
outputelzt Felstn, 943 <lA(in-degree)d 7} 09
x=Z A% YH(PI : primary input)dt B9Jg}.

Azse] e ME a2E(subgraph)s C=(V', E')
2 3ostn, VCVolz E CEe°ltt Ce 282
(cluster)Btm B2t INP(O)e V— Vg =
=g9] Agelel Fejsla &Y JAle V' el xtd &
age] et OUT(O) & &9 A9 47} 09l w=8
Tela Qe Voo ==Ee HitozA POs} 9EH
o} gt}

Vgt 28 w58 HiHmerge)dld MY =2
g Z928H ¢ (cluster function)dd Bk, sht
9] x=7} gk CPLDY] 71& £291 LE(logic element)
o wiB(mapping)¥ + U o] =& oy s
(feasible) T2 Holjit B WEHNAE Fgsin 9L
€ 42 =7t v sbE koW uig s WEYR
g Ao}l =3 YHE S2E9 £-22(Boolean
equation)o] 5 7Psshd o] F2ElE oIy b5 9
2E(FC : feasible cluster)g} Aegic},

Zel2H 7} ubel shiel ek sz b El
v (trivial)o]a} Feolgict,

dg 5o (38 DM CL, C2, ..., C12& i
7Fs E2laEelx C1, C2. ..., C8< Eaju|goln, 2}

Z} pm, n_nl2, /np0, nb. nd, pn, nb, ndE ek},

!
Ct @ ’C12
~
cit
( YI(

C10»

c3 @ c7
N\

C9.
c4~—J @ r®

O

(@) 2E WY Jts 22{2H

pm=n_n12+pn
n_n12=/np0
npO=nb=*nd
pn=nb+nd
nb=b

nd=d

()
)
VAN

b) =2 2AH &2 (c) oy #™

T8 1. 2 =2e| 71& ofZol cifst of)
Fig. 1 An example of technology mapping by our
approach
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Table 1. A mapping reslut
| ma |Eesloges| R
c9 C9, C2, C12 3 3 3t
. cio C10, C12 2 2 2t
cn C10, C11, C1 3 2 2t
C12 C12, C10 2 2 2t
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Ext_Feedback_Node(DAG)
{
white(Pri_Output() = 0){
OutNode = OutN(DAG):
VisitN(OutNode):
1
VisitN(ParentNode)
{
D=1
while(NodeSet = 0)
while(tempNode = ChildN(ParentNode)){
ID=1ID+ 1;
if( tempNode = Visited_Nodes){
tempNode_id = ID:
putN(tempNode): }
elsif(tempNode = Visited Nodes){
if(tempNode_id = ParentNode_id)
FeedbackN = tempNode: }}
ParentNode = get();

7 2. HiE A qneE
Fig. 2 Feedback detection Algorithm
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[1(Child _ Node Cost(node)),
Cost(node) = Node-_Cost =1
(Child _ Node _Cost(node)),
Z Node _Cost 22
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Procedure BNTC_cover(N, k, mn, FC)
N : (V, E)
k, mn @ A=
FC : ohg 7Hs8t Saiasigel Fgt
begin

(c) 2 =89 W o} =2| Eg| Subgraph_Level = 0;

%l 3. ™ olR =2| Ez|of 1A
Fig. 3 Construct of fanout free tree
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foreach ve PI of N do
Re(v) = {}
end
foreach v€ V in a topological order do
while({mn-2) > Subgraph_Level} {
while(k ¢ FC_cost) {
Re(v) = UFC(v)
}
Subgraph_Level ++:
)
Re(v) = select_ best_ FC(v)
end
end BNTC _cover

38 4. 2= 3 LdTRIE
Fig. 4 Graph covering algorithm
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Table 2. Result comprison of the existing technology mapping and TMFCPLD
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