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A New Application of the Time Warp Mechanism
——To Parallel Gridless Routing—

Yukinorl Matsumorot and Kazuo Taxift

This paper focuses on a completely new application of the Time Warp (T'W) mechanism.
A novel approach to parallel LSI routing based on TW is presented. TW has been applied
mainly to parallel discrete event simulation. TW can exploit high parallelism in target
problems with speculative computation while controlling execution order correctly. We
consider that this feature is advantageous to many applications such as parallel LSI rout-
ing, where quality of a routing solution depends on a given wiring order whereas high
parallelism extraction is needed for high-speed execution. We built an LSI router based
on TW and evaluated it on an MIMD machine. Measurements showed that more than 19-
fold speedup was attained using 64 processors. Besides, empirical comparison revealed that
therouter using TW worked more efficiently than a conventional router on a large-scale
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Fig. 1 The model for the Time Warp mechanism.

WEEBOA T V20 bRy - VBEETHC
EIE T, WaeEREBEEZ TV EFVERET
5 (H1). ¢TCT, Ave—=VREALREVTE
b, EXT7 V20 VEIEAALREZVTJHICA v —
SEPBLREINZTES RO EOIEHKESZ 3.

BA LT —FTHETIE, Avt—VREM1LR2Y
TIRICAT Y = 7 vANBIETBEA 9 L0 S BENS
REABL. Av—IWNEL 222 FIECEEL
TWARYD, ZOMBRIELWVLHOE UTHELED
% (RiAHEE).

LU, EBCRESTJEET v -V EFT
LEAVELATS. COXIBRRIBEZ, A7V
7 MIRZEA v -V EREOBEREFRELTS
{. Z2LT, Ay 2—-VEHZEEFOFE*RRE LI L
CATERBEEERL (a—nNy 7)), WEOPYD
BBLETE. 5K, TORBRETE->THEELL
A=V BHNE, FRO5OX v —YEROET
BEEFEOT U F A v b—VEREETE. Chick-
T, MEHROESESFIEINS.

B, AEVEE - KTREZEDD, HaARR
BI7SESZ] (GVT) AR BMBENH 5. M3 HE
8) WEHINT A,

2.2 54 L7 —-THEOICHEST

2457 -TEREE, YHBERVIaL—Ya T
B HER (event) MEIAFOEEMESL LTHL
SNTNBY. iz, 24167 —THECERELS
EENIREZFR, DT -2 -2 BYT HEE
{7440 (concurrency control) KK ISHINTH
512)_

WHERY I a2 L—va vid, 2427 —THBED
RETBEFMICE->TEDLDOTHRICERTE 3.
ZTZTIR, YIalb—VYary®q@ghntrr Y= M,
VY2 b—Ya VERRIMMRERIICHET S, Y 1a



668 BHRABZERIE

V—Ya Vi3, A7V 2 N ICRETIERE S
-V EFOTEELTWL CEic kil 12k,
BOBEHFMBIEFOBEHEBEEL LTR, £ v -V
BAbHIt Xk 3 HE® P EZLINTVS. LrL,
COFETRT » Fay 7 OMENRD YD, EBEDIEH
BB BT, 24 47 —7EEOBAENRE I
NTHBMW,

—F, AT R—RACBILRABETHELE
i3, AANC s v HF 2 va v BRELLEEAIK
7 — % O—EB¥ (consistency) % fRiE 3 5 7o DHIAH
THb. TR, F—& (A7) BATV =7 b
W, Fio, b7V T v v RERZIMMRBRZNC
s 5. BEHNLEFETE, BULF—8~0FSA
KA UBERBRICEFEELRVEAD S0 D
FRICESOTREETS. F—20—BEARET
BIMFEMRE LICHET, hvHF s vavORhE
LAETD, BRELTF-20—BHLEDY 1D
REEFHEEEREELTRE, F—20uy ¥V /%A
W H IR ENS B, BEERTFEIL 5N, WSl
DR EN B &0 S EMSER I TN 3.

INLDIBEFICENTE A &7 —FHBEPEEN
FHEOBAMES U EER, NREESUTOEE
EHDOlDEEZONS.

a) MBORENS DD TER (FHIRE) TH 2.

b) F7o, YFBECBOTUBOESEAETT

BiCiIEna x bbb,
¢) LdL, EBECES ORMEHSAFIETAEET
b5,
Fiabb, FHRABEHIIaL—Va VY ROWT — 4
NR=Z2 BT, a3V 4 VEBCEFIEE T B
£ B BRI FERETRBEVEFISREB A E
WEE LD (BHa). $h, EXZTOEOAZERIC
B UETTA2FE WA, F—4/FbabER
F—zOuy FIRE) EHOTS, FyFry7
RWFIEFIEOMES FHAET S (EED). L,
EROMEBREETTE 31255 &0 HEHRNET
HWIZIEEAEEE (EHc).
LT, #ORFEZTE, WREESLED

= MEIRFEETIR, RPVELEB-T IV F 7y a vy
(ABREZNE 712 b DIEHT 27, #TLH LIV
¥ e v BRABARICRENTOA S Y TR,
L7cdssT, BB 24 7 - BEOERIEITN
WIZ W, 1B, RO TIE, 24 47 —TEEET —
AR =RV RT WMCEEICER T 3 FHBICOOTRADS
NTW3E. TOFETE, b7 VH7va VRBERIAE
IR UTcdi - THERA D 5.

Apr. 1994

BWHEAEDEE, 2447 —TRELZERTICE
X = THERY IS FNVMIENIT X B FIREMED S 5 & HER
T&EB* ZDTENG, bivbid, 24277
BrI o oMEBEEATE2 LHFLTH 5.

3. ¥4 L0 —TERVICATIBIRILE

31 FA4LD—-LBEEROSE

—fic, LSI EARIC BT 2 MR O REIEREE
ERNBICEPINS. Lichi-T, £ 05 LSI
S0 5 AT, &1y b (EBBINEINEHET
) OEBERMEEYTE (v PAREFIEDOF]
) LTWa. F, XsicELEFEmEEEN
ELEE A v PORBREBME (v FHEEFIED
%Ufﬁ) %)?,.ﬁ%» 1’9 nf@‘ 54),5>,20).26)'

B v+ ORBERET > 0B4, RRERICH
NTHSEMET T2 &0 S SRS ES LORENE
BXhTw3Y., COBERHELT, HoLLDELS
NERSIEESFONBNC ENEI SN S, IR
5, —RICERIEFE, ERGE~OEELEZERLT
JUNTCESEEBELREINTLE NS TH
57‘:&.

EHEEOHLE LicER AR v + ORERELTT D
Fl& LT, PROTON?® O FHEMNH 5. Zhid, FILE
& - TR RIS E L S 780 % v P A FIHE
L, 25 B UTHEKERLEEZT) O TH
B (R 2).

chic L, bhbhizd, 2427 -7THEOEN
T & - TEBIC TS TE 2 AKEB Lic. T
Whb, &4 467 -TEEOKETHSRAKFHEIC
X 5T, BHIETIESERLE A ETRICHET S
BEEL. COFHETIR, LEOHNFESHHT
A F A, PITOXFEES A FTRRICE 5.

* RAINHS, BEDEL A 24 47— BEBEERMER
HESHIKODOTOEBNRHKERERIEZ 52 08T
TV, ChRAROBETH 5.

S, ESRENSERECEEShCl T va ) X
LALBBEINTETNEY . Lhl, EREOEEE
ZAHRT AL LRBETRIB VW EEZ LN S, T
B, BEZONEHIEF LR DICERL THRBEST
HETBEAIE, BIEHEMNL - FREMLEICE > TES
EmrRET RO BEAVLNTRS

ww SEANE LI T ORERENIT S EAREBRAICRE S 1
B, ERIEFIERGRRICESEEZ 0 &R
REEENS. 128, PROTON TiE, ey Hhwy
VIAERLUTEHNBBT 25y PERELTVS. 7
b b, HREGERSEEEL > T T, BR
FERAZEMTE7 0ty 4 H5E LS DD TIIAEFIR
Uiz,



Vol. 35 No. 4

[RIBFBCHRFT BE

([]v EHRER L EIE o T )
SBRA N8y FORRERERT

B 2 EEm AR v XS

Fig. 2 Inter-net parallelism statically extracted.
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Fig. 3 Inter-net parallelism dynamically extracted.
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Fig. 8 Relative processing speed.
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