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Abstract

In this paper, we propose an efficient global placement algorithm which is an enhanced version of Hybrid
Placer[gs], a standard cell placement tool, which uses a middle-down approach. Combining techniques used in the
well-known partitioner hMETIS and the RBLS(Relaxation Based Local Search) in Hybrid Placer improves the
quality of global placements. Partitioning techniques of hMETIS is applied in a top-down manner and RBLS is
used in each level of the top-down hierarchy to improve the global placement. The proposed new approach
resolves the problem that Hybrid Placer seriously depends on initial placements and it speeds up without
deteriorating the placement quality. Experimental results prove that solutions generated by the proposed method on
the MCNC benchmarks are comparable to those by FengShui which is a well known placement tool. Compared to

the results of the original Hybrid Placer, new method is 5 times faster on average and shows improvement on
bigger circuits.
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Input : given solution

€ // threshold value to determine improvement

k // max number of trials to find a better solution
Output : improved new solution

S < input solution
Os < Quality(S) // Evaluate solution quality
count « k
while (count > 0) {
Snew < A neighbor solution of §
Onew < Quality(Sew) / Evaluate solution quality
if ( (Quew - Os) > € ) then // new solution is improved
S - Srew
count <— k
else
count <— count - 1

}

return S

a8 1. dumNe BRew zayy
Fio. 1. Typical local search framework.
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Input : m, k and current placement P

Output : new placement P

counter <— k
while (counter > 0) {
Extract a mobile node set M (|M]=m)
Determine a fixed node set F' using M
For VvEM, determine optimal relaxed location
P' <new placement after legalization
P' < optimize P’ using FM algorithm
if (WL(P") < WL(P)) then
PP
counter < k
else
counter < counter - 1

}

return P

22} 2. RBLS(Relaxation Based Local Search) &2l
Fig. 2. RBLS(Relaxation Based Local  Search)
algorithm.
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hMETIS : Multilevel Hypergraph Partitioning

(1) % ¥ A4 (Coarsening phase)

(2) 27] ¥-&H(nitial partitioning)

(3) &% 3lA9} A A(Uncoarsening and refinement)
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Fig.. 3. Multlevel hypergraph partitioning framework.
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Input : n // # rows
k // parameter for RBLS

Output : new global placement P

Determine m
i— 20
s < 0.1 » number of total cells
P <—Place all cells in 2' x 2' grid //initial placement
while(i < k) {

P < Partition current P into 2° x 2' grid

P «— Make a clustered circuit on P’

P« CallRBLS(s, &, P)

P <« Flatten P ~

§ 055

i+
}
P < Patition each bin in P horizontally to get an n x 2" grid
while( 3 improvement) {

P < CallRBLS(s, t, P)

§ 0505

te—2e¢
}
return P
a8 9 AHSN 2evi¥3 RBLSE 0|88 HGP7|H
Fig. 9. HGP Algorithm using the hierarchical
partitioning technique and RBLS technique.
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Table 1. Circuit characteristics.
Circuit #Nets #Cells
Priml 04 833
Struct 1,920 1,88
Prim2 3,019 3014
Biomed 5742 6,417
Ind2 13419 12,142
Ind3 21,940 15,059
Avgs 22,124 21,854
Avdl 25,384 25,114
¥ 2. giMZo| d|u(wih row spacing), TH : micron
Table 2. Comparison of wire-length (with row spacing) in

micro-meter.

Improvement over
HGP |3lejBg]| Feng
=wX7|  Shui

olxel | Feng
=WA7] | Shui

Priml | 965615 |1,044291 | 983195 | -1.82% | 58%
Struct | 706980 | 755,176 | 723433 | -2.33% | 4.20%
Prim2 | 3,592,968 | 3,781,567 | 3668276 | -2.10% | 3.00%
Biomed | 3,485,918 | 3,403,408 | 3,264,574 | 6.35% | 4.08%
Ind2 [16,160,831|15,627,343|15,200,894| 594% | 2.73%
Ind3 |44,687,804|45,960,343|44,561,743 0.28% | 3.04%
Avgs | 5,722,467 | 56563,141 | 5,392,366 | 5.77% | 4.61%
Avgl | 6,161,967 | 6,210,026 | 5834924 [ 530% | 6.04%

Circuit

(807)
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E 3 sjsZol v|m(without row spacing), T
micron
Table 3. Comparison of wire-length (without row spacing)
in micro—meter.
Solu Improvement over
Circuit i}:]:;]ﬂ Z:’g HGP [stojug]| Feng
- ut =9X7)|  Shui
Prim! | 849603 | 846822 | 866426 | -1.98% | -2.31%
Struct | 569,646 | 516,236 | 559,056 | 1.86% | -8.29%
Prim2 | 2916407 | 3,007,493 | 2,780,673 | 465% | 7.54%
Biomed| 2,725,123 | 2,735,042 | 2481,783 | 893% | 9.26%
Ind2 |12,364,077{10,454,680|11,112,050| 10.13% | -6.29%
Ind3 {34,726,862|33,832,702132,375585| 6.77% | 4.30%
Avgs | 4,381,825 [ 4,347,417 1 4173180 | 4.66% | 3.89%
Avql | 4802575 | 4921,154 | 4497068 | 6.36% | 8.62%
E 4 FYAIZE oW (with row spacing), B9l : sec
Table 4. Comparison of CPU time (with row spacing)
in second.
L. slojH g
Circuit =wH7) HGP Speedup
Priml A 45 5
Struct 63 94 5
Prim?2 200 26.3 5
Biomed 423 67.2 2
Ind2 1,140 467.2 2
Ind3 2,328 2486 6
Avags 4,869 363.3 9
Avql 5,626 556.3 6
E 5 A7} g1 (without row spacing), TH : sec
Table 5. Comparison of execution time (without  row
spacing) in second.
_ slolH g
Circuit =u17] HGP Speedup
Priml 60 55 6
Struct 72 838 5
Prim2 214 316 5
Biomed 44 8.7 5
Ind2 771 3283 2
Ind3 2952 240.0 8
Avgs 7070 - 5076 9
Avgl 8464 540.7 10

HEJYIV, 2GHz/Linux HAFHE At Aol
AHEE 329 XS B 17 2

FengShuie] A3} 593 ZAdA vlud g o,
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& CPU A7+ Sun Ultra 10/Solaris Aol A 438 A
olojAl CPU Azt AHAIE A3 vlwdle Ui, ol§ A
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E 6. A7 EM(with row spacing, #runs=10)
Table 6. Analysis of CPU time (with row spacing,

#runs=10).

o Be W A Average
Circuit st orst verage CPU Time
Priml | 983,195 | 1,000,936 | 9992412 598
Struct | 723433 | 758375 | 734,774 11.18
Prim2 | 3,668276 | 3,836,315 | 3734338 | 2844
Biomed | 3264574 | 3,363,890 | 3318839 | . 7498

Ind2 |15200,894 | 15,492,207 {15,383,167| 24049

Ind3 | 44,561,743 | 45,544,652 |45,068204] 297.20
Avgs | 5392366 | 5671,353 | 55044921 494.79
Avqgl | 5834924 | 6073246 | 5943218 | 51046

7. FEAZE EM(without - row  spacing,
#runs=10)
Table 7. Analysis of CPU time (without row spacing,
#runs=10).
Circuit Best Worst | Average Cz{‘;{fjer’?gmele
Prim 1| 866426 804,802 . 1 832,081.8 5.99
Struct | 559,056 571,387 | 5659364 1059 -
Prim 2] 2,780,673 | 2,908,603 | 2,341,269 3353
Biomed | 2481,783 | 2,566,588 | 2,523,849 65.29
Ind 2 |11,112050 111,379511 |11,232328 | 20565
Ind 3 {32,375585 |32968,142 132,692,002 | 34281
Avgs | 4,178,180 | 4,297542 | 4,230,068 434.88
Avql | 4497,068 | 4686960 | 4580994 | 48683

E]% IV, 2GHz/Linux #A1¢] Sun Ultra 10/Solaris®.th
e 158 WES g o8 nHdY Sx7F g9t
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