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Abstract A concurrent design and evaluation system for an FPGA and its dedicated CAD tools is presented.
By describing an FPGA architecture in a description language, the user can evaluate it, e.g., switch pattern in a
switch box and routing resource balance. In addition, this system has a middle-ware which enables users to develop
dedicated CAD tools rapidly. While they are evaluating their FPGA'’s, they can obtain original CAD tool sets before
the FPGA’s are manufactured. This is the best way fo realize a well-balanced FPGA and its CAD system. This
paper overviews the system and introduces some examples.
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adf ::= ’(’ DEFARCHITECTURE chip_name ’(’ class instance ')’ ’)’ ;

class ::= '(’ DEFKEYWORD class_name ’'(’ class_defs ’)’ ')’

instance ::= ’(’ KEYWORD instance_name ’(’ ’(’ TYPE class_name ')’
instance_attributes )’ ’)’ ;

class_defs ::= class_def | class_def class_defs ;

class_def ::= attribute | class | instance ;

instance_attributes ::= | (’ attributes ’)’

attributes ::= attribute | attribute attributes ;

attribute ::= ’(’ KEY data ’)’ | (’ KEY ’(’ attribute ’)’ ')’

data ::= alpha_numeric | alpha_numeric data ;
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1 (DEFARCHITECTURE A_Chip (

2 (DEFMODULE ChipDef (
3 (DEFPIN Out ((TYPE OutPut) (VIEW (SHAPE DIA)...)))
4 (DEFPIN In ((TYPE InPut) (VIEW (SHAPE DIA)...)))
5 (DEFLINE Locall. ((COST 1) (VIEW (...))))
6 (DEFLINE MidL ((cosT 2) (VIEW (...))))
7 (DEFMODULE Lut ((LINE if0..21 ((TYPE LocalL)))
8 (LINE o ((TYPE Locall)))
9 (N i[0..2] ((TYPE In)))
10 (PIN o ((TYPE Out)))))
11 (MODULE 1ut0 ((TYPE Lut) ((VIEW (LOC 100 100)))))
12 (MODULE luti ((TYPE Lut) ((VIEW (LOC 200 100)))))
13 (LINE 1[0..7] ((TYPE MidL)))
14 (SWITCH s0 ((LINES lut0.o 1ut1.i0)))
15 (SWITCH si ((LINES lut0.o 10)))
16 ))
17 (MODULE  a_chip  ((TYPE ChipDef)))
18 )
(B)
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Architecture: Al

Horizontal Channel: 32
Vertical Channel: 8

Switch Box_|

Architecture: A2

Horizontal Channel: 32
Vertical Channel: 16

B4 6: BRI 1 (BUREERORHE)

& 1 B 1 offR

Architecture: Al Architecture: A2
Circuit #Nets || Unrouted Ex. Channel Unrouted Ex. Channel

vertical | horizontal vertical | horizontal
hpa_t.corel 1189 39 24 1 9 0 0
rst_t_corel 1162 29 26 0 8 0 0
sa.t_corel 1182 20 19 0 14 0 0
random _corel 918 98 76 0 2 1 0

rical array B TH H, 10F7 28 52 REL T 5o T\wnb,

7L, BxomBiT vy 7 0 AHTIO AR L NIC
HAoTwb, (A) TH AJNTREAE ERDAD,
Hhrsr FcHitcnd, (ByTtid, AHJIE S Eo
F oy F AT, (C) TR, (B) K ToF v
FACHEIHEN TS,

70T —F%7 7 F D% x it LTHHEDO + 7 v
IEE AL v F Ry 7 AND A v FEG)AL v EE
HLANL, 6 2DBKFT—22FHLTFHEL %o

FEREPEUORNT . ER, “HV7 BIU HHY B
BT v AN BF A FAD T v 7 REET

“HSW” i, BITICR L& VER DR LB & i
BINTVE AL v F Ry 7 ANORAAL v FREE
Fo “#LB(%)” B, ST 3EEEFERT 50
BLARET 9 v 7 0BG ERL TS, “Input” &
XU “Output” o “U”, “L7, “U&R” % & DFdik
i, BT ey o A0 AMERL TS, T —
FF I F e V6 - V127, “v13” - “vI8T, “v19” -
W23 R, ENEFNRR TR LT —F77F v « &
4 7(A),(B),(C) KBLTwb, Ebic, ] “hpat”
A b “rand” WRENAMNIERERRDO X » FEERL

T—FF 7 F v V127 Tk, 2B WT 100%
Fle R EHCE TV, V127 @&, 824 v FKy 7
ARFEAAL v FICLT VD, Thbb, X4 vF Ky
7 ACHEREINTWLED 220 F 7 v 7 BBk A
BEARRER L o TWnd, ZDD, AA v FKRy 7 X
OEBEBENLT, Fr R MBEBORCGERTE 5,
Y127 1 S A DI ERRT ot hTF +
FUBEF TS LHMITE L, LAL, AT —F
FIOF A RHFEBRT IR, BEDORL v FRBLEL L,
FEHBHL T L HbH b,

“v13” 2o VI8 @}, MT(B)YDT—FT 7 F v »
ZATTHY, BT ey 7O AR EFHOHEF +
FACERINT D, 20D, AEX Yy F—Fxar
2 A4 7D ASIC D & 5 Afi~— X (row-based) DEER
HEEEFF->TWS FPGA Lt akhd 2 BTcE S E
ACRT X 5 KERERIE DT YR AV, LAL,
SMIIC W e sRIIE R AR L L — & %, F+ 2
A—ZTHW LN 2 FHEcEETE, dEoKMR
BIntwnid,

Y197 Al 23T R, T—FT 7 F x - 247 (C)



{v6.v8,v9, v10, vil, vi2})

(v13.v14, v15, v16, vi7, v18}

{v19, 120, v21, v22, v23}

Lg Switch Box (managed in current block) Switch Box (managed in neighbor block;l

B 7 FHmE 2 (BURT + A & X4 v F 3% v oRHi)

CBL, 7—F77F v « 24 7 (B) 2WEBLADD
EmoT D BHRERIL, o 20054 7 (A),(B)
CHRBEFTH Y, Lod, 24 v FHO DA M
bhTwa,

6 &bz

FPGA * 2 0EH CAD RIS % 7 4%k
o R RF ok, FHEESEARET 5 K0 TR <,
CAD vV —n e BGICHEETE 2 REMHEt LT 5,
AR RFLEEHAT LY, 2—9F, T
2D ENFPGA & CAD 3 X7 A%+ 3 >
BTEDL, AL 27 LOBERM%HEO»RL. FPGA
T—%77F » 2 EEMCTHETE 32 2 %R 1L 7o

Txld, FAAFPGA HEHE2A L AT a5 FnT
fivn, HH CAD v—a % FPCGA B ORTICSER X
i,

KR TLRBETIChLY, HEZASBRE
FUBMZHWANTT v 254607 Fa=27 28
K ORRRK, EMEZER, EREZBRICED
ZLEd. ¥c, HE, BRECNTT A v F7—
T RT LR BE T vy vy FPRES—
DERRICE# 2 LT,

EZ N

[1] Tsutsui A., Miyazaki T., Yamada K., and Ohta
N.. “ Special Purpose FPGA for High-speed
Digital Telecommunication Systems.”

Proc. ICCD’95, pp. 486-491, October 1995.

[2] Amerson R., Carter R.J., Culbertson W.B.,

Kuekes P., and Snider G., “Teramac --- Con-

figurable Custom Computing,” Proc. FCCM’95,
pp. 32-38, Napa CA, April 1995.
[3] Brown S.D.. Francis R.J., Rose J. and Vranesic

Z.G., “Field-ProgrammableGate Arrays,”
Kluwer Academic Publishers, 1992.

[4] Takashima Y., Takahashi A., and Kajitani Y.,
“Detailed-Routability of FPGAs with Extremal
Switch-Block Structures,”

Proc. ED&TC96, Paris, March 1996.

[6] Albaharna O.T., Cheung P.Y.K., and Clarke
T.J., “Area & Time Limitations of FPGA-
based Virtual Hardware,” Proc. ICCD’94, pp.
184-189, October 1994.

[6] Xilinx Inc., “XACT Reference Guide, Volume
IIL,” 1994.

[7] Zuken Inc., “CR-5000 Brochure,” 1994.

[8] Xilinx Inc., “The Field Programmable Gate
Array Data Book,” 1994.

[9] Tsutsui A., and Miyazaki T., “An Efficient
Design Environment and Algorithms for Trans-

port Processing FPGA,” Proc. VLSI'95, pp.
791-798, August 30-September 1 1995.



# 2: B 2 OfH

Architecture Circuit Data
TypeName|#SW# V#HInputiOutput||Data  |hpa_tjmst_t|rst_tisa_gs| sa_tirand|[Total
- E - - - -||#Nets | 1189 9181162 160{1182} 918|i 5529
+ - S - -|[#LB(%)| 67.5 71.1{78.6{ 15.4/69.6|71.1 -
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(A) v9l 390| 20| 20| L&U|l U&R|- 24 0 O 0 201 15§ 59
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v12| 1170] 20| 20| L& Ul U&R|- 0] 0 0 of o 0
v13] 384| 8 32 U Ul 39 1} 29 0] 20, 98| 187
v14] 384 16 32 U Ul 9 0 8 0 14 2| 33
(B) v1ih| 797 16 32 U Ul : o 3 0o 11 o 17
v16| 406| 16} 32 U Ujl- 13 0 3 0 11 51 32
v17l 399 12| 30 U Ul 25 0 14 0 17 14f 70
vig 609 12| 30 U Uil 20 0 10 0 8§ 24f 62
v19[ 399 12| 30| U&L| U&L|- 18] 1| 15 0 17 9| 60
v20| 399 12| 30| U&L| U&L|- 20 0 14 0 12 5| 51
(C) v21 405 10| 30{ U&L| U&L 43 4 26 0 34] 41} 148
v22| 406 12| 32| U&L] U&L|- 8 0 2 0 3 0y 13
v23| 410 16| 32| U&L| U&L|- 1 0] 1 0 0 7




