EBRBEESBARRSE Jan. 2024 Vol.24 No. 1

Integrated Circuits and Embedded Systems wWwWw. jices. cn

ZRERBENZAXEBBESERNETFHFEZD
XE 121 1 7 & A X

PUEC L - L S S
CLARMN R B ORCF SR TR BB B 0 AN 35010852 I8 38 9 5 % . R I 518000)

BE. BN ATHA T EOHTAANBRE TRFOLER BELRPHEAETFERG T A TA#—FRUER, @B F
FERMREREESER A, B AL BAREZRAEALE— BN T ERBREX—FA, BET —HFHH, T4
N, BERGBAARNNE . MENDRBRELAREEMN AN REN TS, I A THEGENZHF T A0 L
A EAR AR, EXABRY AL SBRAERGEE T ARTTRALE, AR DA XRBEERGHF I LR L0
B E ML AR, AMEAE WY GO, H, AT EFRA RN AELER PO T ORR.BET -2
EREWMAE TR, RE, EABARARNEE TR TELENEAG — TR BLER, ZEAENE G LA TRA
EHREMEARN BRSNS T R THREAL . REERAARAIR B HNZORBRBESE S X, EF ER
N T B LR “ﬂf@‘#’%’*x'f*%#l%ﬂﬂb&ﬂ” BROGRA A TREN T ERB I AR BELK., £ HB+ 4
amid9_x A EBLR L EHREREAN ALOABAANF EERF A BN L x4k, FHEAREKSHNE S KD
T 13.3%# 13.7%.

KB AFEANR P EARAAFEAALX; R RRF o R

FESZES . TN4T X ERARIREG . A

Electrostatic-based fixed-outline floorplanning considering module
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Abstract: Currently,analytical methods have achieved the best results for VLSI floorplanning. Module flipping has real applications and
can further optimize floorplanning results, but analytical methods cannot handle modules flipping in floorplaning. Therefore, this paper
attempts to solve this problem by using a unified analytical method,and proposes a new force,1i. e. , the flipping force,for modules {lip-
ping. The flipping force can guide each module’s {lipping to its desired direction based on wire length optimization during the global floor-
planning stage. In addition, based on the electrostatic field model, this paper designs a new global floorplanning flow in which special
treatment is applied to the density calculation of large-size modules. The aim is to reduce the repulsion of these modules and allow other
modules to be placed closer to them,thus achieving a more uniform distribution of modules. To better utilize the whitespace between the
floorplan boundary and large modules,a gap handling method is proposed. Finally, a post-floorplanning stage is applied to further opti-
mize the {loorplanning result. This stage involves re-optimizing the modules {lipping directions using a mixed-integer linear program-
ming , followed by applying our proposed new whitespace redistribution method. The whitespace redistribution method reduces the number of
constraints in the linear programming problem and allows multiple rounds of optimization,leading to a more effective reduction of wire

length compared to previous methods. The experimental results on HB+ and ami49_x benchmark circuits show that the proposed floor-
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planning algorithm achieves an average half-perimeter wire length reduction of at least 13. 3% and 13. 7% , respectively, compared to

state-of-the-art floorplanning algorithms.

Keywords: floorplanning; module flipping;global floorplanning; whitespace redistribution
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Reducing HPWL through module flipping
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Fig. 2 HB+ 03 circuit overall layout planning results
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used to construct a constraint diagram for legal layout
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Fig. 6 Comparison of traditional and new blank

s

area reassignment methods
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1 HB+MXELWITHER
Table 1 Experimental results on the HB+ test set
LB (H B HPWL/10° i 1E] /s
Eg ﬁif‘gj% 4);;%%;% ig ;Jj‘; Eg DeFer j(ég;é] PeF Ours DeFer jj;?;i] PeF Ours
HB+01 665 246 246 26% 3.09 3.03 3. 00 2.44 1. 80 266 4.3 5.3
HB+02 1 200 271 259 25% 6.17 5.93 6.02 5.18 15. 30 512 4.3 11.0
HB-+03 999 290 283 30% 9.19 8.75 8.17 7.15 4.00 255 8.1 12.3
HB+04 1289 295 287 25% 10. 26 9.72 9.72 8.12 14. 20 1110 7.5 132
HB-+06 571 178 166 25% 8.78 8.67 7.91 6.89 5.00 35 7.1 10.0
HB-+07 829 291 287 25% 15. 48 15.72 14.07 13.11 4. 60 177 7.2 15.6
HB-+08 968 301 286 26 % 18.73 16. 57 17.19 15.13 19. 30 328 9.7 19. 2
HB+09 860 253 285 25% 16. 66 16. 44 15. 81 13.73 4. 20 131 9.0 16.7
HB+10 809 786 744 20% 45,12 42. 22 40. 61 35.18 6. 30 351 32.9 26.5
HB+11 1124 373 406 25% 26.99 27.13 24.58 21.92 7.10 546 9.3 24.7
HB+12 582 651 637 26 % 50. 17 55.06 48. 96 43.99 5.50 154 15.0 24.0
HB+13 830 424 490 25% 35.51 34.93 32.65 29. 00 5.90 136 14.2 24.6
HB+ 14 1021 614 517 25% 64. 50 63.58 59.62 54.42 12.00 1097 16.7 37.8
HB+15 1019 393 383 25% 84. 29 75.67 73.93 66.73 14.70 1627 24. 8 51.9
HB+16 633 458 504 25% 98. 66 90. 98 87.32 79.97 8.10 179 20.0 40,1
HB+17 682 760 743 25% 144. 50 138. 60 138. 44 126. 18 14.70 433 20.5 79.6
HB+18 658 285 272 25% 71. 86 69. 83 68. 05 61.13 11. 30 116 14.5 39.2
R 1.223 1.184 1.133 1. 000 0. 439 21.361  0.560 1. 000
F2 amidd x MWIXELWITRER(ZAEMEILH 15%)
Table 2 ami49_x experimental results on the test set (blank area ratio is 15% )
LR S HPWL/10° IR 8] /min

H, fif 24 Bk 155 B b 2% B i IMF+AFF  Capol0. 2 PeF Ours IMF+AFF  Capol0.2  PeF Ours
ami49_10 490 4521 3.31 3.20 2.68 2.27 0.2 0.9 0.08 0.07
ami49_20 980 9 091 8.13 7.66 6. 80 5.92 0.5 1.9 0.09 0.11
ami49_40 1960 18 231 20. 20 19. 30 19.03 15. 66 1.3 3.7 0.22 0.28
amid9_60 2 940 27 371 34. 20 33.70 32.30 27.85 2.2 6.4 0.43 0. 44
amid9_80 3920 36 511 50. 50 49. 50 47.30 42.35 3.5 7.8 1.08 0.68
amid9_100 4900 45 651 68. 60 67.90 65. 32 58. 54 5.1 10. 4 1.57 1. 00
amid9_150 7 350 68 501 121.00 119. 00 113. 86 104.71 11.0 18.4 2.57 2.04
amid9_200 9 800 91 351 180. 00 177.00 170. 02 158. 67 19.1 22.4 5.02 3.54
HR 1. 250 1. 215 1.137 1. 000 4.747 11. 832 1. 190 1. 000

3.3 BABEERZFEITE . DIELSERKLLIE
MRz=HRXIEESERNE S
TE42 3 H 55 1 B 45 S A FRL 8 4 B 55 2~ 6
G2 I T AR 7 ¥ HPWL 45 5 S 7 5 I 4 J 280 i g
35 8 0 A 0 E ALh 5 B A B A 8 LB 2 B RIAR 3 9 R
TR T AR SO B AE A ) 2% W% R A A e R R 4 A 3 A A
SEILAb P S 45 R . O T U A SO 2 X R 4 I

ARIA R 2R 4 B JEsR T AR G i 25 1 XS 23 IS 7
EE AR A 2= A X IOr B SR, 55
FUGE T AR SCI T I AR 2 B = 1 XS0 i 77 96 ) 1 45
o H6FNER T AT L RALIR . T I X
B2 )5 ¥ {312 8 Rho,Gap . OWSR,WSR Fl Ours, % 3 M) &
Ja—AT 8 T VLA SO IR 45 R O 2, LA 5 i 5 A 3C
D75 HEAT S HE A Hh B0 LE A A S (L
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N 3 A, e i fuft i O A Pl %85 B 5 R 0 A Ak
BERR AL B H R, A SC U7 R A K T A S T 3
L7060, 6% Mk . ARXS T8 JH AL 58 109 25 1 X
W7 12 FAS A 28 9 DO IBC 7 3k o Aol T AS SC AR S A 8
FIDCIR 7 e 7 s e 2 K Bl SE 8 7K 45 1. 30 M
5.3y pk ik, TEANEE 3.5 TR A SCHY A X ARy
BE J5 v G S N P [ v 24 o 2 1 1 8 O BE AT 4041
14 118 Ak 5 A St i 2> HPW L,

%3 HB+ i & LA HPWL(10°) &R, WIE#E KB AE

FETE DELERLENFzAREEIRNE RS

Table 3 HPWL (10°) results on the HB+ test set, verifying
the effectiveness of ultra large module density calculation,border

gap processing,and new blank area redistribution

H, 4% 44 Bk Rho Gap OWSR WSR Ours
HB+01 2.47 2.47 2.47 2.59 2. 44
HB+02 5. 24 5. 20 5.29 5.50 5.18
HB+03 7.27 7.17 7.34 7.68 7.15
HB-+04 8. 54 8. 14 8.26 8. 60 8. 12
HB+06 7.06 7.10 6.98 7.38 6. 89
HB+07 13.19 13.11 13.23 13.72  13.11
HB-+08 15. 31 15. 34 15. 35 15.93  15.13
HB-+09 13. 80 13.82 13.88 14.50  13.73
HB-+10 35. 30 35.05 35.52 36.53  35.18
HB+11 22. 22 22.03 22.18 23.32  21.92
HB+12 48.63 43.93 44. 86 46.27  43.99
HB+13 29. 02 29.11 29. 40 30.57  29.00
HB-+ 14 54. 40 54.51 54. 88 56.47  54.42
HB+15 67.63 67.46 67.54 72.14  66.73
HB-+16 80. 10 80. 21 80. 71 82.79  79.97
HB+17 127. 59 126.61 127.68  129.93 126.18
HB+18 61.13 61.32 61.33 62.69  61.13

R 1.017 1.006 1.013 1.053  1.000

3.4 ERBHAFENERE

TEZSEE P, AR SCHETF amid9 x MR BE RN T2 K IR
) RS B B 7 0k B A RPE L A ST B R e B O 1 th
AR A3 L - A A AT TR R B B A B T RS Ak B Y B
HF MILP BRI @i . Ik, 72 I Al s 36 v, A SC He s
TN TR R e 0 % 5 g Xt HPWL 1 5% ), 450 45 R 8 5% (X
MILP B ACEH: JI A SO k. R 45 1508 HA
5 I A S 46 1Y) 44 kL A 2~ 5 B AA T A TR B B A oK
R AR SCRE M HPWL TR 250 . £ 4 s 11751
W T DAAR SO BT B 45 A S B o L HL A B e R 5 OR
TG AR AT R AT A LR

55

F 4 amid9_x Mk E HPWL(10°) &R,
WIFERBFE A ROB R
Table 4 HPWL (10°) results on ami49_x test set,

verify the effectiveness of the module flipping scheme

RRER AR Wﬁgy m§§ﬁ<mﬁgihmm
ami49_10 2.39 2.33 2.28 2.27
ami49_20 6.18 6.06 5.96 5.92
ami49_40 16. 25 16. 06 15.73 15. 66
ami49_60 28. 66 28.37 27.94 27. 85
ami49_80 43. 46 43.03 42,47 42. 35
ami49_100  60.11 59.55 58. 69 58. 54
ami49_150  107.08 106. 27 104. 89 104. 71
amid9_200  161.99 161.01 158. 96 158. 67
[z 1.032 1. 020 1. 004 1. 000

MR A G — AT AT DL A SO AR e B 5 vk B
T HRAER LK 450 M T A BIEE L MILP 8 5% f {2
FEE S JHPWL 23051080 /N T 3.2%.2. 0% F1 0. 4% ., LA
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MILP 8% 77 36 2 2 7 48 B /E A . AL MILP 8 %% F1 Y
FHEE S 3 M AR B AL T 1. 2% 1 2. 8%, BV &I %% 1 19
AR S MILP BHEEY 2.3 4% Xt — 2B Uil T B4 1
7 15 e S BT A A AR RER . X R DR R A ) O ik
S A A T R B B o A e B A AT T 4 SR A AR AR AR A
o DR, BREE 7 ik AR R RS, AT DL M AR R B 3 T
gt AT 7 04 AT TR R K 4 A e b
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Fig. 8 Result of HB+ 02 and ami49_10_using the algorithm in this article
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