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Abstract In deep sub-micron process, the wire delay exceeds the switching delay. The wire delay is dominant in
the total delay. FPGA receicves a benefit by using new process technologies. However, the problem of the wiring
delay is influential more than it. FPGA device has a lot of wire make matter worse. For these reasons, performance
advances is obstructed in FPGA. In order to solve it, we propose a new routing structure which apply the Smal-
1-World Network to FPGA routing structure. It reduces the wire delay by adding a few random wires to regular
routing structure. Our routing structure achieved the reduction of the delay in the architecture without cluster
based FPGAs before now. In this paper, we evaluate our routing structure for cluster based FPGA. As a result, our

routing structure also reduced the critical path delay for some circuits which can expect an improvement in cluster
based FPGAs.
Key words FPGA, Wire delay, Routing Structure, Small-World Network
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Yr—a YIS U TERMREEEAER LSI (Large Scale R4 ARENH . 20 101, BMGBEIC & 5 ME,ET
Integration) TH2. WRHERICML RERRICEERETS Hhb. FPGA TR, REMEERRT B8 F/30 ZOKE
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Logic Block(LB)
4~ Swilch Block(SB)

10B(I/0 Block)
1 Island-Style & FPGA OEAE

HECBOTERBEESRMNICES (1), £t Tl~ikkS
T, FPGA Mm% L5 bl REMOTatw A TR
BEINTWS., FA—797Irar /oA Tid, EHEHIH
<O RBMEAIRS 55, Chickb, REUEN ERRAR
AN UARSELMIN T 5. M EDE, S, BT 1t
ADHHUEI L IZ DN, FPGA ORFLBEMERZ & b FE
LT3 (1)[2]. COMEERRT 2D, BLIKFPGAR
BEBEORE—NT =V EXy bI—=2{t21T>oTWVB 3. A
=TIV Ry b2 LR, EGICEET S/ — FHlIiC
ML TIEBaRSRARIcH b A5, BIMEN/ —Feidd
BVR Ty T CHEAEAEREROX Y P HETH 3.
FPGA FSEDAE—NT— IV KXy b I—2{kiE, AE—
VI—V Ry bU— S OER%E FPGA BENEBSEICERAT S
kb, BRELEEEIETZLVSILDTHS. ChETR
F LM~ LUT (Look Up Table) »BRABM Ty &
Z{HDFPGA (LT, H—BE 70y 7 FPGA) IKBWTHR
RO L 3 BEOHIEEITo /2 (4. LHL, BUCOWEH
FPGA TZ##® LUT & Flip Flop » 53 %HE 0y /%
#DFPGA (LUF, 95 A8~_—A FPGA) 2BRIL T3,
Y5 AZR—X FPGA TRBM T oy yNEoEsieams
Ty ZRRICHR DAL C & THRRROEARERDPEES.
FDiS, ¥ 5AER—R FPCGA TRIBRMBMEICREN
HBLEILNS. BMTIE, 75 AR—X FPGA %
EFNVELT, RAE—NVT—IV Ry bU— 7 2EME LR
i (LT, SWN (LRSI O2 Y7 ¢ AR BENE
BTV, 75 A%R—2R FPGA KBV THEREMEOHE
BPHITA, LT, 82 8TE, EANRKRO FPGA OF —F
FHFYIDWTRENTS. B3 TTIE, FPCA BRELHICHE
BEIB3RAE—LVTIT—=NVERY FT—J1I00THENML, RE—
VI—VERy b T—S OBAKHERBNRD. FATTE, 3
fEFLEFMESEICOWTHIAL, 8|6 8T, MR
DNTHERT S, BRICHE 6T, AMOTLHLS%ROR
M DVWTHNR3B.

2. 953 RA4RXR—ZXFPGA
AR TIE, SWN {LEBENMEONRELREZ ISAER—R

S

Logic Block

B 2 Logic Block DNEMSAL

doubte line

quad fine

M3 Xilinx # XC4000X &Y — Xic i) % Bkl

lang line

FPGA O7—F7/F+ LRETOv &, BREECOWTH
NT5.

2.1 Island-Style & FPGA

Island-Style 8 FPGA X, Xilinx £ XC4000 >V — X%
Virtex YU —ZXHBRALTWB7—FF7F+TH3 5.
1 i€ Island-Style B FPGA DfEER %779, Island-Style &
FPGA (& LB (Logic Block) ' 2 X7 LA RIcEH &,
LB OMIEEBRSETFRICED KL EhTWS. £, BRE
11 SB (Switch Block) & CB (Connection Block) »'E2f#
ENTW3., Ebk, HEICENTLDESDODARNICHWS
IOB (I/O Block) AABEI N T3, LB IEHTMIc LA
AHRBOMEFEARERRTEIREF0 -y FTHS. SBIX
KRB EBEAEICHED S T IiBROERM Al
T3, SBADAASyFORBBLLT, RAFSVVRAL
FSAART— 3w 77O 2 RESIMEIET . CB IES L LB
RESITBAL9FTHY, IVFTLIVLRRAPSYUR
A THEEN TS, SB & CBIZABEDAA v FD ON/OFF
&> TRRICRINSEER2RET 3.

2.2 USRER—ZWEIOYY

2L 7S5 A& X—A FPGA DR 7oy s Bi#ERT.
LB {315 BLE (Basic Logic Element) IZ&>THliZh
3. BLE 3#admE2REMIEL LUT L{E%HERET 2 Flip
Flop, ZLTNVF7Lo9h 5D, EROBALERECIH
FEEHEITE 5. LB WO BLE (& LB SHROREH & b #i
THRMERTEREENTED, H—REToy Y FPGA TH
R BEEICHNR, ASIROBRARERDEEZ0RNH 5.

2.3 BMEE

Island-Style 3 FPGA ORIGHEE, BB R 3 HEH
DY V—ATHETh TV, [ 31 Xilinx $£0 XC4000X
) —XOEMEOBIER%/RY. XC4000X > U —XiTid,
4 FIBIORRY V—ADNHZEN TS, single 71 I3BE
33 SB ZEEELIT AERRY YV —ATHS. double 512,
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Regular ( E edges ) Smali world

C:large, L:Large C:large, L:Small

4 AE—NI—IVERY FI—ID 2 RTEETIV

quad 54 VIEENEFN 2 D%, 4 D%0D SB LIHEBEST 3.
long 54 VG FINA ZADURD SEEEESIT 5734 ARORE
VY—ATH3. BERYYV—ADMERY V—RARIF NI R
DY —=XFE, N"—Talick->TRED. £UTR, 7
734 ZADHEICH B LMOPE 5 v & LRY, +S5v IDER
EREF v RIVERER,

3. FPGAEHEED
AE=LD—=ILERy bT—44

EBRTIE, ETRE—NVT—IVERY bT—FICDNTHEA
L, RICAE=NT—ILRERy b7 — 2 REEHHEICERT 5
HECDWTNRB.

3.1 RE—LT—LERy bT—4

AE—NT—VFER, HR0EZ2OSFTCEINRET
H3d. RERN—T+— L ETORNBDOALTEL TS L, H
RICHILADMAERRLTHL, 203 8REHLHULEC
LHBBIEDS. ThBAE—LI—)V RRETHD, TOB
BT DV TRV IEEOSB TR EhT Wiz [6. ZL
T, 1998 £EiC D.). Watts HREe—NT— L K& Y S TIc B}
BRMEL LTEREL TR, HERBEOSHTEREO
BEIR ot (7). Watts BRKIE LIz VS 7B 558
BRELLTFD 2D0TCH3.

® L(characteristic path length): 75 7RO{EED 2 /—
FOREGDLRICBYBZRE I SAOET %, £TOHESEIDN
TR L4

®  C(clustering coefficient): 35 /— K E&BBELTWS 2
DD/ — FELVENBELTWABR. 53 /— ke &
L, D v LEHITS kD — FELHBHELEZRAD
Ty TR Cr B, TTTEBUCHEBIL TV ATy U
Ex k9BL, /J—FoBHELTWS 2200/ — EHFENIC
BELTVAMHEC, X E/iC: 5%, CORTOC, Offi
ZHEE LA C THB. ABMRICMIZ 3L, HEinmA
ZHD 2 ADNHERD SV THIMRELT.

J—F#S8B, Ty VEEREBEERX. D20
Z FPGA RN TR T L, LiXH 5 2 50 SB kit 3
BEIWERT 5 SBEOFYEKL, Cl 1 AF v 7/ THIER
il SB HOBEDORHERT. B L DMAVNIVE, @8
9% SB BN DI HBIEAVNE {2 D, C DEAKEVE,
FLEAIEL SB BAUIINS B bRKUMSAX < KB, Thhy

Roguler track mosh # 1 SWN track mash # 1
E wires (E + pE) wires
—
. .
: :
Rogutar track mash # n track mesh @ n
Ewtros. (E + pE) wires
s8
\Stndnlim

®5 SW 51 oAk

-

B R R e —

6 SW I4 DBEER

5, LOMMNIEL COENAENTS 783 FPGA B
MEICEL TV VRS, RE—ILY—)U RILEHD /—
MR ERMFRTH D B0, BB/ — RERDV
ATy THCEEM R 2D, SRBERVTERRETS
ERAE—NVT—V R L OEHSNEL, COEDSKENVZY b
J—oitit ks,

M.E.J Newman IR EZRAVT d RITICBIIBRE—
VI—=NWFEXY FT—ODEFNEERLIZ(8). B4IZRE—
NVI—=IWRXY b I—ID 2 RILETFTNTHS. Regular ¥
F7EBRANICEREIN TS D8ME L, C itickE.
Regular 75 71t LT, SUFLICBIENT: /) — REERES:
TBLY IDEMNEITS. Regular 5T DB v UM%k E &,
BINTSNEEp ETBHE, BINT BTy SOERI pE A&
%%. COffiif Regular /S 7 L RRMICAZ L, L DEDH/
ESHED, 2HTETFNVDRE—NTI—IVEERy hI— o %E
BHT&E5.

3.2 EMMUEEDAE—LI—L Ry FO—51E

T TCSWN (LRSS DERAFTEIC DV THNSE. RE—
WI=IVRRy FT— 2 RBRHTHAHMEE LT, 230~
1t L7z Island-Style &! FPGA ORMBKIGENRL TS, B 5
iZa—bhy FOROIZEREZTEBR (LT, SWSA2) D
BINABEERY. BANOREME (UUF, L¥a5—a65
) DEMF ¥ R IVIC single b5y I A n RIFEET B LIRE
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#;1 FEETIV

Device Model XC4000X Virtex
Cluster size 1 4 8 16 4
Device size 48x48 | 24x24 | 17x17 | 12Xx12 | 24x24
| 4 of Tracks 32| 56| 64| 88| 44

#2 MY Y—ZAOAR

[ Wire segment | XC4000X | Wire segment | Virtex
lsingle 0.25 | single 0.18
double 0.125 | hex 1 073
quad 0.375 | long | 000
long 0.25

(st

M7 FEIO—

3. COLELF2S—ERIEDE single FFv 713K 5
IGRTE S single A D645 2 RTD RS v Y BT,
FSwsAwa) KHRTES. by Ay yalcEBT
B3, FI9HAY 2D SB & single 54 VEENETNR
4D/ —FeIyJLHTHATES. M.E,j Newman D5E
RicHDE, BEIv IRV kMLTSW S/ ESVH
LISEML, AE—NT7—IL KXy bT—2{LET5. BT
% SW SAYOFKE, FSv Ay valt ERORRER
DS pE D SW 54 U RIBINT 3128, KT npE AL
%3, B6ILF¥aS—ERlEL SW T4 2 OEEGIZR
¥, SW T4 VOEHII LB & single 71 VI OHEHT 3.
%72, SW J4 ik X Architecture (9] &\ 5 BROEZHIBIHIZ
FRTBEEEL, P 45° £72i3 135° ORMRMTEROS
LT3, TOHRDRBEREZERD AhBWHILD, L¥a
S—EIEUNE T 2 50 SB ST AN, RMvF
A T < MBI RIGE & JEHE LECSUEBE DN AT HE
T#HB. SW IA VEBINT 3 & CRAEDAET—IVT—
WEZRY FI—=2eRITIN, SV X LICENT 5 7HHBD
SW 4 UHBERT By —ABRETS. Thidsw o1
Y3 EREONINE KT 5. QEDomahbdb, SWSA2D
ERSARAN 2 TN E B & 5 BT T v H LISEMEITS.

4. F@EHE

AETIE, MDYy S5RA2X—R FPGA DR & T
FBHEIEDWTHRS.
INETHAR, BM—BETOY Y0 XC4000X ¥ Y —XIK

#3 MCNCRYFI—IER

Name | # of LBs | # of IOBs |
alud 1,522 22
apex2 1,878 41
apexd 1,262 28
diffeq 1,497 103
ex5p 1,064 71
misex3 1,397 28
8208 1,931 10
tseng 1,047 174

# 4 BRY Y—-IORM

XC4000X Virtex

Length of # of tracks | Length of ¢ of tracks
wire segment | Regular | SWN | wire segment | Regular | SWN
Single line 8 8 | Single line 9 9
Double line 4 4 | Hex line 45 45
Quad line 12 12 | Long line 15 ]
Long line 8 0 | SW line 0 -
SW line 0 - | Total 69, 54
Total 32 24

BT, SWN LEHNHIC & 3 7 U 5« 2R GBEDOHIE
®fiolc[4). HRTE, F9 XC4000X ¥V —XEFHEE TV
LUTHASIO Y S A 294 X2RABL, SWN {LEHRMED
RS, F5RZYTREEFS L TRETOY J5
BOBSHNRMICERDAEH, NMEEROERRIZEDTS.
BHED Y ALY A XTHT 5T LT, SEIROMERL
BAIC & B EREHEMEOBENHERMT 5. SIVWTHA
FPCA & LTHRIFIZEN TS Virtex EFVERRETFIVEL
THW, SWN {LESHBEIRED FPGA FRA RAH L TH
BB IHET S.

4.1 HEETN

# 1 IEREICHVBETFIRALRETI, R2ICETF /A ADK
B]YV—ZXORRETRT. XC4000X YV —XTRIFTAEY
A£X1, 4, 8, 16D 4 MEOHBEBETFNVERAKL:. T1RAA
#4 X LB HHROEIC X BER\OHHE P TH]
», BIFARYAL XL >TEELTWS. Fov 78RBS
RyFT— 5 FRCH U TSEEMRERRVNED b5 v 7 80EKR
H, FONOEAFTY FRICHLT13~1L5MD 5y 78
ERELTVA (10 FSv IRBERMCY IR 2T A XEIC
BWETB. ChiIBIIAZY A XTHATE S5y VERAR
E—EDLDICT 27 THS. Virtex TF I XC4000X ¥
Y—X L EI%D LB ABICT 518, T34 AY A XiE 24
LBELE. Foyv 28 XC4000X VY —XERROAET
BELTHB.

4.2 HEZ0-—

BT O—%E TISRY. BIEREET S IcHh FaY bR
IR X - RENSEERIRY —VTH5 VPR (Versatile
Place and Route) ver.4.30(11] 2{#if4 5. VPR ICE!TBEL
g, EL80C & - TR ERRE LARZITS. TORk
b, ABY— FHFREB LERERNRLD, EREBOER
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Delay

POOO = =
NDOC=NWLILUANR

Normalized Critical Path
o000
wWauad

Reyubar
% SWN (p=1%)
a8 (p=2%)
— : : : | way
© SWN 5%,
02 ; ; : Fatonin

alu4 apex2 apexd diffeq ex5p misex3 3298 tseng
(@) V3RS 1X1

v
1 & Rogibu

1 % SWN(p=1%)
A SWN (p=2%)
© BWN (j=5%)

ONBOBONERNON S ARONEADONAR

v H v
f v - T i
apox: eaxXop misex

eq seng
(C) V5RBY 14X 8

0.7 5 : : el
0.6 | = 3 T i ; v
o ' } H H s Repir
22 0. i i 1 1 X SWN (p=1%)
! o ! B & SWN

0 i (2%}
0.2 4 s L " © SWN (p=5%)

apex2 apex4 diffeq oxSp misex3 8298 tseng
(b) 95284 X4

alu4

3.6
3.4 >
g-g "% Toganr
K x X SWN (p=1%6)
gz.a a SWN (p=234)
2.6 — = - QA © SWN p=5%)
2.4
8222
2.0
‘g
1.6
1.4
1.2
1.0
.8
0.6
0.4 ~
0.2
[¢X1)

alu4 apex2 apox4 diffoq ox5p misax3 8298 tseng
(d) 23R8 Y X 16

B8 XC4000X ¥V —ZXD 7Y F 1 H R AHEE

IKEHELTL 3. i, SWN (LA & EIRIC, SL8uc
XoT SW S4 DMy 3 afEREL TV, BEED
BOWERESS 0, BT 10 MEOERKR, SWNIt
ARG CIEBHIEICN LT 5 /42— 0 SWN {Litiig
2RAETS. 9, VPREZRAVT 10 fEOBR7 7 AV %
HAT 5. BREBERICNL, L¥aS5—RaiE cRET
WEMEREHTIT S, SWN LREBMETE, L¥Fa5—&
WG LACEREREMEMAL, SWN LEEESEIMIEL
VPR (L{F, VPR_for_SWN) THRHREITS [4]. TOR, 1
DOEBIENLTLF 25 —EHMIETIE 108D, SWNiL
BRI T 150 3 ONNERMMEE NS, ThODERL
67V T 4 ANVRABERLEE LU THEETS. Ml oex
& PTM (Predictive Technology Model) 65nm %ZFi\ 3 (12].
LUT OASEE 4 LBsE Uiz, FRfIic, & 31RY 8 /i
D MCNC RV Fw— U275 [13). # 4 & XC4000X >
V=XDI S5 ARG AL XH 1 DS L Virtex TF VORI
v IDFMTHSD. TTTHSWN (LEEETR, S>¥
LICEMUEBIMT 2720 L 5w VMU TREELEY. T4—
TH7IsarIab AT, BAEDD ORGEBESML,
long T A DEREBNEDTS (3). LI=ho>T, SWN (LA
HETid long 4V EMDERL. T Tlong A VITHEH,
KEH AR EN TN B DB I MET S 2 BSEIck
5. SWN {LERIBE T 3.2 BTNk SIESW S 2%
ERRTAME 2L LT3, ch&b, L¥aS—EainE
& SWN {LRFUIBEOBRSERIIS L &b, REESIcH
LTHEYTHZ LR B.

5. FEMRLEBER

TOMTIE, XC4000X YV —XDEI S AR2Y A X ¥ Vir-
tex EFIWIEDWTHEZTS. B8, RUH KL F25—
RN & SWN (LEBEIC BT 3 7V F 1 WV GBEED
TS5 7%RY. Xz Fv—rEBLEXRT. YEZs
U7 4 VR AREREZL, ¥ 25— B 38/
JVF 4 VR ABHER R L UT, ERELEEREHRT.
%5 7RO Regular i&LF 2 5—EEH0E SWN i SWN {t
RSSO RERT. 1 DOEBICH LT Regular i3 10 8,
SWN RERISIEHLTENEFh 0@ Oy FEhTW3. C
i, ABICK->TELBRRDOIELDEN, SWN (LA
BOHRIC L > TEILDHZ0FHET 57120 THB. FS57%
KIKFIZB D NTVAE S 7 Y 3ERAEORTRHICER IS
L#¥ 2 5—EEIc 53 3 FR 2 U 7 1 A A ABED T
Tha. FHITZVT+ANVRKBEL I, BRI Y —ADHE
ZMELTRREITHEEBAKBIIZ 7V T+ ANV ABET
5%, Lizhi-T, ERESEHTFHRI VT 4 AV RBRICI
WTAE, BEIMEEENTWB EWVWZ S,

5.1 XC4000X >4 —X

XC4000X V= XDE I FAZYAXEBIB VT4 h
VIR ABEERH 8(a), (b), (c), (d) ITFRYT. £FE8(a) DY
Z7ICHEET B & alud, apex2, apex4, misex3, ex5p D 5D
DEFRCIBNT, SWN TRV F 1 AV ABIEDOREEA R
5h, iDOEEETId Regular £IFFEDOOBVERE LS. &
RROFEGFRI VT4 AVSAREET S L, Regular & F
BTE2 VT 1 VRSB L DX vy THRKECERED )
T A AV ABESRBENTHS. ThiE, LF¥Fa25—E4
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- .L."‘.-‘.—'
—lbhno v

31

0.5 —- :
T — —

& . apex2  apexd .oiffeq exSp miscx3l 5298 'lseng

sical Path Dela
=]

SWN (1%
SWN (p=2%)
SWN (p=5%)

=4
w
o> Xe

9 Virtex EFINOY VY F 1 J1V7 S ABEE

DB E, RECERET LRV V—ADBEZBIT 3
1=¥h, BENMNEVIRARITEEROBHRICHVS quad 51
YOEDLDI, FEEHEOBEICAVS single 54 2% double
SAVHEDYTENB. single I % double 1 VId#
EROBFICEBEL TEoBENKEL &S, LA T,
BRIICEDIRADB I VT VIR EE->TLES. L,
SWN LRSI TiL, single b5 Zic SW 54 U EET
Bz, Ya—thy FOBRBIERELI VT 1 AIVRRITE
hicw. THT L6, SWN LA TIRENBIE X
NTW3, —H, Fry TNV ER T Reular DB T+
SRR V—ABEEL, BAVEE TRENMTDhTVS
fz8b, SWN {LEEEHGE T2 T N EOBBA EIASD L.

8(b), (c), (d) ZHBETHL, VSRRV A XNKEL L
% & Regular L FHIZ VT ¢ A RBEEDF vy SN E L
3. ThHBIIRLY Y TR &> TERY V—-ADHR
IVl o TR LR TES. 1M 8(c), (d)i
HHT B L, apex2, apexd, exbBp Tik SWN DA HNEEH
m 5. ThEOERIIMMDER L N long T OHFEN
B, FRFRAZRYAL XD EL LB, EbIClong 5
A AEREHIINT 5. FD long T4 VEBIFRL SWN
{L A T2 D DIT single 54 V28D YT B/ HBRED
WML TW3. FCISAEFA XN 4D apex2 L 2SR Y
A Xht 16 D exSp TIEARITBEIEINL TW3. T OBHER
REWRB L SW T4 VOFRRIAND, VT4 48R
Tl SW 4 YIMEREh TV e biBELARICmL T
W3, LA LAIE p HHIMT 3 L AT NS SW 51 > oint
AT B8, ZUT 1 VR RBIESHIKE NS, DS
p = 5% Tid Regular K D BEHNRBEIN TV B, Efe, 27
5 R 444 X%iE LT SWN {LEUREIIC X 2 BHENIEH R
TEB.

5.2 Virtex €T/

RiT Virtex EF NV TOBEIHEEITS. Virtex EFILTO
2V F 4 ANAZBREOKERZE 9 IC/RY. XC4000X iR
FRIZVF 4 ANVRABREEDE Py THNEL BTN 5,
Thid, XC4000X & Rix HBEA/NE W hex T VHKRIC

REEh, HEOKEV single T4 VP EWEDTHS. L
L. apex2 D& 3T Regular L DF 4y THKEVEEETIE
SWN TRBEMRALBNG. FR&pHEMTHL, b
BEOHRBRIEMT 3 LHHETES.

6. FLHESBORE

AT, 75AZR—Z FPGA #FMHEFIN & LTHER
RESRBED 7 U 7 VR RBEICDWTIME L /2. ZORR,
SW T4 2 DBMABDDIRNBE TR F ALY XHKE
%3 LPEROBEBIBEL D 7V F 4 VR ZABEN ML T-.
LA L, SW T4 OBMEBAMIMT 5 L, BEMEMLE
EREBEOHIEAR SN, F/BEDHA FPGA IH
Virtex EFIVTIE XC4000X > V) —Xic X, HRIEDRVA
BINAKSHA B LBERENRABR T EE. LEORMS
RREGLIE 7 S5 A2 X— 2 FPGA LBV T HBEHIED
AJiEl FPGA 7—3% 7 7 F v THBH LWV X 5.

LA L, SWN LRSS IR EERELI BTV 3. 4@
REIE pic & - THEEBMEOWHEZT - /2. SHRIZ 2/
ERRGICIRSR E T SW S Y 2BINL, Bhnai L B0l
BRICDVWTRBET ZHENH D, £, BREMEIS
HLIZ SW F4 U &BIMNT B8, RATHIEL WV SW 51
YBBEMENS. TOKS HEROBIVEET 5725, RN
% SW S VROPALBETHS. RKICHUNIE SW 5
A VRIBINL R L IR REAME R L, S H L%
ORI HHELSHORETHS.
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