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Improvement of the Parallel Genetic Algorithm
for 3-D Rectilinear Steiner Tree

Hirofumi Senou’, Makoto Ueda'
and Michiroh Ohmura’

A rectilinear Steiner tree is one of the most important problems that are applied to the
global routing in LSI or other designs. In the routing design, if the number of wire bends
increases, it will prevent efficient estimation of wiring distance and signal timing. We
have already proposed a parallel genetic algorithm which can avoid obstacles flexibly
and obtain the 3-D minimum rectilinear Steiner tree by using the minimum+1 bends. In
this paper, we improve this algorithm in order to obtain the rectilinear Steiner tree with
shorter wire length by calculating the branch point to share edges as much as possible
and bending there, even if there is no obstacle. The experimental results are also shown.
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(2] ARCEHRT DM LTALA T —RKOHIZK 2 1T7R7T.
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0(xyz) | xyXz | xyzX | xyzy

1(xzy) | xzXy | xzyX | xzyz

2 (yxz) | yxyz yxzy | yxzX

3(yzx) | yzyx | yzxy | yzxz

4 (zxy) | zxzy | zxyZ | zxyX

5(zyx) | zyzx ZyxZ zyxy
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y #53 (Xu,ys,zu)-(Xu,yu,zu)
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DB DN TR WIEEIE, B/ dEn TS 5. i

Find_D % LIl FITRT.

[Ffi = Find_D]

2—7 Uy REAROHOELGEZ A LT 5.

S1: AiLB T 2EEOHKOM{aatIx L, & LILBEDOHA s 2R TSR D, &K
5.
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S5: RIIENZETHIVUIKT, £ 95 ThRIFIE S3 ~.
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S2: BEMZ, &EMIn 28OV 7T RERCHET 5.
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S3.1.4: FEROBEISEERD 5.
S3.1.5: WISHEIZ LY, WHROMEEE n (@3RI 5.
S3.1.6: RXIT LY, fAEK%E 2 @T SkAEDOE, FLWEKREAEKRTS.
S3.1.7: HHMEST CTIRRERESHED.
S3.2: BEZXITO (M8ZW).
S4: ETORBIZBWT, ROLBEEEORWALA T —RKOEELZHAIL, KTT5.

AFETHODELENT LT Y XATHE, UTFOBEGHIERIEEZFA VS, 7, @R
T, =V — MEEFEEIEZ AV S, RICEX T, BRIAXEZHAND. ZXHERIT 0.6
LERE LT, BIZZERERTIE, EOMERIZEY, 0~5, BLUV0~20DHKFT
REINDBBT ZRHIICE ST LIEEIT O BREROK Z 273 1T 0.05 IZ7%
ELT-.

5. EFR3=ER

RBETLBEHT VT Y XL LOERTFIESL Intel Core 2 Duo (2.4GHz) % #-— 3
/— R, Intel Core i7-940 (2.93GHz) % #% / — K & L7z Pelican HPCv1.7 £, Open
MPI1 123, GNU C++ 431 2 fWVWT/ — M4 DFHET NV L LTEEALE. KFIEIL
BIFDGATIE, EEEE 10, %50 &L, BET0HRTEIZITo 7.

FT, BEEMRRVEEICONT, il v 2[R THE T 2 ERFIE[T] & A
FIEZ I U2, BRI S5 S 75 200 0, ELEE AW CIER L7 3 kT B & 1
DAL, =2—27 Uy FR/hAECK 10 9 2loxt L, BlfrE L, B D, M8 A
HUTKHST D =2 A b Cost, FEATHER] Time (sec)iC DWW TR L7=. EBROFE R, #Ek
FIRIZHEARTa A N TEE 20% NIV KRITEFAF AT —KERDDHZENTE
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K2 WEDRRVGE
. PERF1E REFIE
L D Cost Time L D Cost Time
5 318.4 | 246.7 | 3450.2 | 0.08 | 312.5|239.2 | 3344.4 | 0.08
6 398.5 | 298.6 | 4258 0.1 393.1 | 293.7 | 4180.8 | 0.12
7 442.8 | 335.7 | 4739.8 | 0.12 | 439.1 | 332 4679.7 | 0.13
8 467.1 | 360.1 | 5021.1 | 0.15 | 456.5|346.9 |4867.6 | 0.14
9 551.1 | 414.6 | 5887 0.21 |542.4 | 407.4 |5767.3 | 0.2
10 | 575.4 | 4344 | 6116.7 | 0.217 | 565.5 | 424.7 | 5988.3 | 0.209
15 | 772.6 |573.9 | 8201.8 | 0.553 | 762.2 | 563.8 | 8078.5 | 0.535
50 | 1763.6 | 1338.2 | 18365 154 | 1734 | 1311 18018.5 | 15.4
100 | 2655.1 | 2014.7 | 27461.7 | 114 2606 | 1978.2 | 26940.7 | 114
150 | 3470.4 | 2623.5 | 35612.9 | 364 3419 | 2586.1 | 35051.6 | 380
200 | 4301 3228.8 | 44016.1 | 902 4238 | 3174.7 | 43329.2 | 897
*3  EEfE
e 168 fi PERFIE RREFIE
" L Time L Time L Time
5 310.9 | 0.244 | 318.4 |0.08 | 3125 | 0.08
6 389.6 | 17.5 3985 | 0.1 393.1 | 0.12
7 435.9 | 1083 | 442.8 | 0.12 | 439.1 | 0.13
8 452.9 | 44087 | 467.1 | 0.15 | 456.5 | 0.14

7= (F2BR).

F, NSV T—FIZOWTEHEMRE L OREEE bR L. —RICK A% A
F—RKOREMIE, 3ETLLEICOW T Hanan 7Y v R EICEET 5[8]. & 2 Tk
FEEMZDOMOOETOHRIIH L, SGxbhiza—27 U v FEEAROE SEENN
HR®TZ 3WILD Hanan 7'V » R TG EHEIT 2 Z LIT X &g Z2 k7.

ok, FHEHEIT Intel Core2 Duo 24 & MWy, WHIFEIC L vskd7-. iS850 5
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*4 EEMPDLHE

o PERTFIE RREFIE

L D Cost Time L D Cost Time
5 319.7 | 247.3 | 34635 |0.11 | 3125 239.2 | 3343.6 | 0.12
6 398.9 | 298.7 | 42624 | 0.13 | 393.1|293.7 |4179.1 |0.14
7 4455 | 340.1 | 4770.7 | 0.22 | 437.6 | 330.5 | 4666.9 | 0.18
8 4755 | 364.8 |5117.6 | 0.19 | 461.3 | 350.6 | 49224 | 0.25
9 559.3 | 4215 |5974.2 |0.3 539.6 | 404.9 | 5735.9 | 0.26
10 |581.3 | 436.8 | 6180 0.267 | 567.4 | 425.7 | 6003.7 | 0.283
15 | 7845 | 580.5 | 8326.9 | 0.646 | 766 565.1 | 8112.8 | 0.623
50 | 1787 1355.3 | 18609.5 | 16 1739 | 1321.2 | 18081.7 | 16.2
100 | 2711.6 | 2059.1 | 28046.1 | 108 2627 | 1998.2 | 27148.7 | 115
150 | 3521 2657 36159.7 | 382 3424 | 2587 35121.8 | 381
200 | 4345.1 | 3253.9 | 44543.9 | 890 | 4237 | 3182.1 | 43308.7 | 897

8 DREED T — X1kt L, 6K TIE TIEREMIZ LR TERARE TP 2.3% O T 3
WILHE T A XA T —RERDTWZDIZR L, #REFIETITHREMFIZE~T 0.74%0
HWInCTImz s N T& 2 (F3IBM).

WICRE LT —2 ezt L, #L8EHWTESEY % 150 J5%84E I B2 G I W TEHER
BAToT2. PERFIBICH AT R MIVY 3.0%RE/NS L, EEWEZBET - 3 /oo
T AZAFT—RERDDZENTE (RA4BH). M9IZHZ LA HI RN 100
DEEDEEMEEBONTHB T ATA T —RERT. T2 THOROORITEZ DR
Tea—27 Uy REEAKERT.

6. FEHESRDRE

AFTlE, ZMEC5 26N 3%kTEO2—27 U v REMABLIOBEEMNEG 2 5
Nzl &, fh+ 1 OPFAEDR Y ZEOCFEEY & RKICEET 5 3 IRt/ MET A Z A
F—ARERDZT ATV A LEHREL, ILICEBEDEWEL S WHBEENT L
Y ZABICDONWTIRAT, EBROFER, RFEORIMERHEERECE. SHBOMEL
LTlE, AT RA0EFEIEEERDD.
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