0 Al 2R 4 A2F 98 £AALL AND CPLD A% A9 Ll AL PEE A
#wX2000-37SD-4-12
AlZHARE 273slellA et Bl 28 918 FiAIZhE ZHASE CPLD
7le wig darels A

(Development of CPLD Technology Mapping Algorithm
for Sequential Circuit Improved Run-Time Under Time
Constraint)

FORE Y, 4 EEFH VY
(Chungmo Youn and Hiseok Kim)

(o)
4 =

B =EdMe ARG 273804 £21E2E 93 A2 CPLD 7w 93232 Addhd 2
Z1Ens] dme]E Folxl AERY AL ALY T ASo] gl WSS Y g wsE 2t
Fih=e] F¥8-& DAGE Zd3l] zalz ¥} collapsing, bin packing - $#sch 2dlZ 2goA]
DAGH 7 =% A3 ¥ 23 oxle] 47} 20149 =58 38R ¢da e=mks EA(replication)
sto] A of2- ze] Exlg Akl ol2d A HS Foial Al 22 dellA] 7l1Ee] CPLD Jle
5] dzalZo® Aold TEMPLAXC AL HzoZ 328 aisly, TMCPLDY wdel AA 43
AlZbS FHAlEr] 918 Aolrh B =Rl ARk sleeld d3elEe MCONC =2§4 wxwlz 325
o Ag3te] AR Ax} 7122] CPLD 71 i) £ TEMPLAC w3 CLB2| S} 17.01% 4=
3, TMCPLDe] vlsj =3 A)zte] ztr= ok

Abstract

In this paper, we propose a new CPLD technology mapping algorithm for sequential circuit under
time constraints. The algorithm detects feedbacks of sequential circuit, separate each feedback
variables into immediate input variable, and represent combinational part into DAG. Also, among the
nodes of the DAG, the nodes that the number of outdegree is more than or equal to 2 is not
separated, but replicated from the DAG, and reconstructed to fanout-free-tree. To use this
construction method is for reason that area is less consumed than the TEMPLA algorithm to
implement circuits, and process time is improved rather than TMCPLD within given time constraint.

Using time constraint and delay of device the number of partitionable multi-level is defined, the
number of OR terms that the initial costs of each nodes is set to and total costs that thel) costs
is set to after merging nodes is calculated, and the nodes that the number of OR terms of CLBs
that construct CPLD is excessed is partitioned and is reconstructed as subgraphs.

The nodes in the partitioned subgraphs is merged through collapsing, and the collapsed eguations
is performed by bin packing so that it fit to the number of OR terms in the CLBs of a given device.

In the results of experiments to MCNC circuits for logic synthesis benchmark, we can shows that
proposed technology mapping algorithm reduces the number of CLBs by 1558% rather than the
TEMPLA, and reduces process time rather than the TMCPLD.
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Fig. 6. Comprison for area.
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Table 1. Result of comprison of the existing technology mapping and technology mapping
algorithm of in this paper.
MACH4 Ald(AMDAP
POVAl TEMPLA | TMCPLD 2 =l ekt twe)e
8 A] YA o] 4 =6 ohte] 5 =4
CLB=|CLB%| 7+ {CLB%| 7 CLBS FIAZT CLB% Tz
(sec) (sec) (sec) (sec)
ald 19 | 155 | 293 81 29.3 79 317 81 302
cps 159 | 120 | 183 | 119 | 221 116 191 119 186
apex4 193 | 193 | 302 | 139 | 506 130 45 139 42.7
misex3 214 | 154 | 2718 | 147 | 328 145 30.3 147 31
ex5p 27 132 | 188 | 132 | 335 132 3 132 334
s38417 1208 | 603 4952 479 502.7 503 5019
seq 337 | 229 52.8 219 M1 223 54.8
fir 1424 | 249 123.3 199 1281 223 126.3
fsm8 8 13 53 49 55 49 58 49 58
pmac 911 | 237 1266 232 1313 233 132
psdes 301 151 37 119 394 143 399
sort 25 | 1R 29.8 101 31.2 128 308
DDMAP: DDMAP:
63.31%% 4 | TEMPLA: | 60%7%4: | TEMPLA:
TEMPLA; | 574%%7} | TEMPLA; | 531%%7}
17.019%7% 2= 121974

(326)



200044 48 EFTEEH

Hal wAH 8 A7 A olxxe] E] AN
& AEA Aldste] s

AfAT} & =felA ARk A2E CPLD 7)<
3 dmEEe] )29 CPID 7% i =9
TEMPLA® n&] 3417k 574% Zvt=Elgent #
Ao|x= DDMAPe] 8]} 62.31%, TEMPLA®| ®3j)
1701% z4" A5 Jepisich w3k TMCPLDe
HlaiA= WS 26%, 3 AR 75% 2 7had
AE et

FF A7 FAZA CPLDE 7ASkL Qle mj=s
Aol W¥rt 2% 729 Heterogeneousdt 72l tigh
71 g Q) dQsich

ikl

3

2]
rQk

[1] The Altera Data Book, Altera Corporation,
1996.

[2] The MACH 4 Family Data Sheet, Advanced
Micro Devices, 1996.

[3] J Cong and Y. Ding, "Simultaneous Depth and
Area Minimization in LUT-based FPGA
Mapping”, UCLA Department of Computer
Science Technical Report, CSD TR_9500001.

[4] R J Francis, ]. Rose and Z Vranesic,
"Chortle-crf: Fast Technology Mapping for
Lookup Table-Based FPGAs”, 28th ACM/IEEE
Design Automation Conference, pp. 227-233.
1991.

x X

F B BEIEZR)

4 59 2044, 864 29 AeAlydd AxlEstst &
AL o0d 89 whEisR AdxlEetet Aah 999 24
Aot Axlgstat s 93d 3¢ ~ Al A
oAt JrEalstst 2wa A4 Fok 1 CAD, VLSI
AA, e daElE

W BT H SDE OB AW 89

[5] R J. Francis, J. Rose and Z. Vranesic, "Tech-
nology Mapping of Lookup Table-Based FPGAs
for Performance”, 1991 IEEE Conference on
Computer-Aided Design, pp. 568-571, 1991.

[6] E. M Sentovice et al, "SIS: A System for
Sequential Circuit Synthesis:, Technical Report
UCB/ERL M92/ 41, Electronics Research
Laboratory, Department of Electrical Enginee-
ring and Computer Science, University of
California, Berkeley, 1992.

[7]1 J. L. Kouloheris, "Empirical Study of the Effect
of Cell Granularity on FPGA Density and
Performance”, Ph. D. Thesis, Department of
Flectrical Engineering Stanford University,
1993,

[8] A. H Farrahi and m. Sarrafzadeh, "Complexity
of the Lookup-Table Minimization Problem for
FPGA Technology Mapping”, IEEE Transac-
tions and Systems, Vol. 13, No. 11, pp. 1319 -
1332, 1994,

(9] J. H Anderson and S. D. Brown, "Technolog
Mapping for Large Complex PLDs”, Proceeding
of the 35th DAC, pp. 698-703, 1998.

(10] Z3|AW\ANE "EDIF NetlistE ©]-8% PLD A7
4 = M, EAEAREE] =2, A5Y,
Al4F, pp. 1025-1032 , 1998

(1] Az, WdE 0 Ak Al 238 3%
CPLD 7% i <welE /W Axpges)s
A1, A 36d C 9 A 63, ppd03-411, 199

—

b 7Y
£ 5 BEgR)

54d 129 23940 77 29 dhe)
gl Axgata) ZH(FEAp. 804
| 29 ksl AAlgEtE 2(F
FAAD. 8B 84 Fhekslw A=}
Fet E(FEhhah. 8nd 99~
&8 99  wF  University of
Colorado at Boulder A 24 96+d 8¥~97d 794
v]l=+ University of Callifornia at Irvine 2% 34~ 81
W 3~ Ak Axlgsta) e @Ay Bof

CAD, A58 73, A8 da=ls

(327)



