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Abstract: As manufacturing technology has advanced in recent years, 3-D VLSI with TSV has been the
focus of attention. Because more than 1,000 TSV can be used to design a 3-D VLSI, we need 3-D layout
algorithms. VLSI layout design consists of placement and routing, and initial placement is the first stage of
this placement. In this paper, initial placement of 3-D FPGA, which is a kind of 3-D VLSI, is discussed. In
general, a genetic algorithm is one of the most effective methods for a variety of optimization problem, and
it can be applied to the 3-D FPGA initial placement problem with macro cell. Usually, the chromosome is
represented by a one dimensional array, and if a 3-D placement region is represented by this chromosome,
relative positions of modules are easily broken by the crossover. In this paper, we propose a genetic algorithm
with 3-D crossover and mutation, in which the chromosome has 3-dimensional structure. The experimental
results show that our approach achieves 24.4% shorter wire length for cube placement regions, and 19.3%
shorter wire length for rectangular solid placement regions. In this paper, our proposed method and the
experimental results are shown.
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Fig. 1 TSV in 3D FPGA.
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Fig. 2 3-D chip region R.
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Fig. 3 3-D select region S.
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Fig. 4 3-D crossover.
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5. ZZTIE, SREXXDFEMEEZRT 72012, 3KG
DRECE % HALC 1 XICOEETH () <TEL, HFE
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Table 1 Data for cube region.

Data Size (X XY XZ) Number of nets

C27 3X3X3 50

Co64 4X4X4 100
C125 S5X5X5 200
C216 6X6X6 300
C343 TXTXT 400
C512 8X8X8 600
C729 9X9X9 800
C1000 10X10X10 1000
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FFHEICHRTERN DR o TBY), EHEBETO
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EZONDL, JREFETIE, NSO LHEBTY, BHE
CEALTHFIRWHRAEL LN TE TN,

RIZ, 2L %o TWARGTEICKIBREZ T2 RET 2
FHike LT, 42 i ClR7ZREFEOLGMMEE RS, 2
FFHEDANG, TV LICRET A2 TFErEzo6Nb. 2
NERFEE L, MEFELLET S, 22 TR
FHITH L, 3RILEL, KRB REEHTLb0L
5. EBKERTER 3 IIRT.

EEBRORER, RETETE, HRFHEICENTEEE
Y 5. 3% VRE RN SN, CPU BRIIZ B W TIE T

®2 3RLKAL
Table 2 3-D crossover.

Conventional Proposed Improved
Data method method ratio [%]
L Time L Time L Time

C27 185.8 4.6 164.4 9.0 11.5 | -95.7
Co4 542.4 8.6 417.5 10.2 | 23.0 | -18.6
Cl125 1425.4 18.7 1105.4 12.1 | 224 | 353
C216 2609.3 44.5 1962.7 152 | 24.8 | 65.8
C343 4131.3 102.4 | 3120.5 | 21.8 | 24.5 | 78.7
C512 71353 | 221.8 | 5416.2 | 31.4 | 24.1 | 858
C729 | 109225 | 4443 | 83453 | 47.4 | 23.6 | 89.3

C1000 | 15055.7 | 813.0 | 12160.2 | 70.4 | 19.2 | 91.3
® 3 KAEMLTOMHAE
Table 3 Replacement of gene.
Conventional Proposed Improved
Data method method ratio [%]
L Time L Time L Time
C27 166.3 9.2 164.4 9.0 1.1 22
C64 452.2 10.0 417.5 10.2 1.8 -2.0
Cl125 1132.6 | 12.0 | 11054 | 12.1 2.4 -0.8
C216 | 2027.6 | 15.6 | 1962.7 | 152 3.2 2.6
C343 | 33119 | 20.8 | 3120.5 | 21.8 5.8 -4.8
C512 | 58744 | 30.0 | 5416.2 | 314 7.8 -4.7
C729 | 93034 | 44.8 | 83453 | 474 10.3 -5.8
C1000 | 13500.7 | 64.1 | 12160.2 | 70.4 9.9 -9.8
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5.2 3 RETRAZTEROEMME
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b 3RILEX E V5. REFEEHET L 2 10
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s e R 4 1 IRT.

FEEROKGR, WEHRETEFY 3.7%, REFEOHHE
¢, CPUMICHBWVTIL5.8%8 &, kT ko
LA 20 TV A, BWEE{S5 &\ ) BT 3 KT
TEIRIE R DATRIED TR S 7z,

5.3 REFEOHEE

F—OF =L, IEFEL LT3 RITEK, 37T
RIS R kTR LT 1 RIS TR TR L
MBS S, 2RI R E v, IO OFEL KT 5.
REFFLIBTEZZFNZEN10 BITO@M L, B
RO#ME CPU KM Z I L - EBRER 2R 5 1IIRT.

Table 4 3-D mutation.

Conventional Proposed Improved
Data method method ratio [%]
L Time L Time L Time

C27 164.4 9.0 166.1 9.2 -1.0 | 22
Co4 417.5 10.2 412.7 10.3 1.1 -1.0
C125 1105.4 12.1 1078.3 | 12.8 2.5 -5.8
C216 1962.7 15.2 1850.6 | 16.4 5.7 -7.9
C343 31205 | 21.8 | 29779 | 22.6 | 4.6 -3.7
C512 5416.2 | 31.4 | 51095 | 33.8 5.7 -7.6
C729 83453 | 474 | 7999.8 | 50.2 4.1 -5.9
C1000 | 12160.2 | 70.4 | 11361.6 | 79.0 6.6 | -12.2

® 5 RETE LHKRORE
Table 5 Proposed method (In the case of cubes).

Conventional Proposed Improved
Data method method ratio [%]
L Time L Time L Time

C27 185.8 4.6 166.1 9.2 | 10.6 | -100.0
Co4 542.4 8.6 412.7 103 | 239 | -19.8
Cl125 1425.4 18.7 10783 | 12.8 | 244 | 31.6

C216 | 2609.3 44.5 1850.6 | 16.4 | 29.1 | 63.1

C343 | 41313 102.4 | 29779 | 22.6 | 279 | 779

C512 | 71353 | 221.8 | 5109.5 | 33.8 | 28.4 | 84.8

C729 | 109225 | 4443 | 7999.8 | 50.2 [ 26.8 | 88.7
C1000 | 15055.7 | 813.0 | 11361.6 | 79.0 | 24.5 | 903
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Table 6 Data for rectangular solid region.

Data Size (X XY XZ) Number of nets
R100 2X10X5 150
R200 4X5X10 250
R300 6X10X5 350
R400 SX8X10 500
R500 10X 10X5 600
R600 3X10X20 700
R700 10X 10X7 800
R800 8 X20X35 900
R900 15X10X6 950
R1000 20X 10X5 1000

=T O3 RICIERAT 2
Table 7 3-D mutation 2.

Conventional Proposed Improved
Data method method ratio [%]
L Time L Time L Time

R100 924.4 11.0 970.3 11.9 | -5.0 | -8.2
R200 1702.2 14.5 17242 | 15.6 | -1.3 -7.6
R300 2615.4 19.1 | 24448 | 224 [ 6.5 | -17.3
R400 43199 | 23.6 | 4064.6 | 27.9 59 | -182

NTHLEEEDE Do TWnh., BWiEEEL &) BT
EHEROBEEIZBWTD, 3 RICEREROEREL
i (A

6.4 REFEOEM

REFLEL LT3 RIUKK, 3ILBRER (EHEH)
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M CentOS 6.2 T C++ (gee version 4.4.6), B LU
openmpi_gece-1.4.3 # IV TIEH L7z, F2ERIZ, Intel Xeon
E5-4617@2.90 GHz (6 27) x4 CPU, 128 GByte * £ )
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WRT. R 22 RHER2SE D O T, CPU KIS %
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x®8 MIVHELET—-%

Table 8 Data for small rectangular solid region.

Data Size (X XY XZ) MC Number of nets
R10 5X1X2 2 5

R12 3X2X2 2 8

R14 TX1X2 2 10
R16 2 2X4X2 2 10
R16 4 2X4X2 4 10

R18 3X3X2 4 10

=9 REREE O

Table 9 Comparison with optimum solution.

Conventional Proposed
Data Ot method method
L (Time) L Time L Time

R500 5935.8 | 29.1 5441.7 | 34.0 83 | -16.8

R10 10 (0.01) 10.1 3.9 10.1 8.0

R600 9610.4 | 32.9 | 10466.5 | 34.7 | -89 | -55

R12 15 (0.12) 17.3 3.8 16.8 9.0

R700 8508.4 | 44.0 | 7768.0 | 53.7 87 | -22.0 R14 17 (13.83) 20.1 3.8 19.8 8.9
R800 12213.6 | 51.2 | 11345.0 | 63.2 7.1 | -23.4 R16_2 16 (3107.95) | 20.0 3.9 16.7 9.1
R900 13138.9 | 54.8 | 12532.0 | 629 | 4.6 | -14.8 R16 4 18 (15.49) 20.3 4.9 18.5 9.0
R1000 | 15773.5 | 59.3 | 15730.3 | 65.1 0.3 -9.8 R18 25 (3273.02) | 27.8 4.0 26.4 8.8
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Table 10 Proposed method (In the case of rectangular solids).

Conventional Proposed Improved

Data method method ratio [%]
L Time L Time L Time
R100 1162.3 13.6 970.3 11.9 | 16.5 | 12.5
R200 21923 40.1 17242 | 156 | 214 | 61.1
R300 3377.7 | 83.4 | 24448 | 224 | 27.6 | 73.1
R400 5421.5 | 137.5 | 4064.6 | 279 | 25.0 | 79.7
R500 7180.7 | 209.4 | 5441.7 | 34.0 | 242 | 83.8
R600 [ 10876.6 | 300.4 | 10466.5 | 34.7 3.8 88.4
R700 | 10544.6 | 408.0 | 7748.0 | 53.7 | 26.3 | 86.8
R800 [ 14309.0 | 528.9 | 11345.0 | 63.2 | 20.7 | 88.1
R900 [ 15081.9 | 665.6 | 12532.0 | 62.9 | 169 | 90.5
R1000 | 17586.0 | 805.0 | 15730.3 | 65.1 | 10.6 | 91.7

FLAR R OB O fedi fif & IR L7256, fERETIFY
11.9%8EmM L 720123 L, IREFETIETFY 6.3%DH N
MAAIEDNTE. NEWTF—FICEALTIE, w#EfEC
W W Z RO TS Z EDERTE /2.

RIZHE 6 1TRT, RREROFEFR T 72 EHROKE
WFE— 2L, REFEE LT3R, 3 TLERER
(EHHH) %, (EkF L LT 1RSI CHEIEFZ2EL
MRS, 2GR R A v, TNHDOTFFEx KT 5.

BETHREBETEEZNEN 10 B2 L, BHE
OFFE CPU KEM % el L7z, EBiE R 2R 10 IR,

EBROFER, HWEHRTFEY 19.3%, REFEOH
{, CPU EFEIZBWTIE 75.6%, IRETHO T A IR
TRDDLZENTETEY, 3RTKL, 3RITEHRER
RO RET RO SR SN,

T BREVEE, REFEPERFEIITIREE
WEL o TWADIE, 518 TR BY, £FV2—
WELNZHT LT, 28D S 3 RICEINE I CEENAE
Va2 = VORN, HERTFHFEICHRTERMICA R ->T
BY, BEEEETFOF v 7 12h0ABMPEL 2> Tw»
LONHETHDEZZONL, RETHETIE, L
PSS LTYH, FBRICEHLTREVWEREZMHSL 2 EMNTE
TW5.

F 72, BLESEEASY. R TH D56 (ERTFHEIHT LT
39.6% k) (ZHART, FEFEBSE FETH LG (IEk
FHTH LT 75.6%0H) 1ETRIEICEREL TWwD X912k
2B, NIKD T — Z IR THEGED T — & D3
ICREL, EWVIEN o202 N, BETEHLE
FTAHIEWRFTERV, L2LELLOTHEDL, ERTHIC
HRTHOEHETH L EVm0s.

7. BbWIC

KL T, ~7at)VzEE L7 3 RC FPGA 714

© 2014 Information Processing Society of Japan

Vol.55 No.2 1059-1068 (Feb. 2014)

BUE ISR L, & (R-12 3 RouhEE 2 #5728, 3 R
L, 3RICZRERZEA L7z, 3R FPGA HIHIBLE O

T2ODBETHT IV T AL ZRE LTz,

EBROMR, Hix

F%& 1 RICEHITHE L 72 NEE A & SSHRIEIRA Tl 72
PERTHEIZH L, 3 RICHLE SIS LR IZHIR L 72356
TH, EARICIHRLLETY, RETEPERE, B
KO CPUBFMICBAL T, FEFICAHRTH S Z LD HERL T

&7-.

722U, RET A 3RILLL, 3RILERERIZL -

TR B\ il R\ CFE RE D &) 2B TAITH
b, SROMEE LT, REM~OFETMEZ IS 2
¥ 528, TVIY RALOWEFULFEIZL S S5 7% 5 mHE
LE0e %.

SENH

[1]
2]

[12]

[13]

[14]

Pavlidis, V.F. and Friedman, E.G.: Three-Dimensional
Integrated Circuit Design, Morgan Kaufman (2009).
Takahashi, S., Onodera, T., Hayashi, Y. and Kunio,
T.: A New 3-D MCM Fabrication Technology for High-
Speed Chip-to-Chip Communication: Vertically Con-
nected Thin-film Chip (VCTC) Technology, Proc. 1995
Symposium on VLSI Technology, pp.135-136 (1995).
Sherwani, N., Bhingarde, S. and Panyam, A.: Routing
in the Third Dimension — From VLSI to MCMs, IEEE
Press (1995).

Sarrafzandeh, M., Wong, M. and Yang, X.: Mod-
ern Placement Techniques, Kluwer Academic Publishers
(2002).

Cong, J. and Luo, G.: A Multilevel Analytical Place-
ment for 3D ICs, Proc. Asia and South Pacific Design
Automation Conference, pp.361-366 (2009).

Hsu, M.-K., Chang, Y.-W. and Balabanov, V.. TSV-
Aware Analytical Placement for 3D IC Designs, Proc.
Design Automation Confference 2011, pp.664—669
(2011).

Kahng, A.B., Lienig, J., Markov, I.L. and Hu, J.: VLSI
Physical Design: From Graph Partitioning to Timing
Closure, Springer (2011).

Breuer, M.A.: A Class of Min-Cut Placement Algo-
rithms, Proc. Design Automation Conference, pp.284
290 (1977).

Suaris, P.R. and Kedem, G.: A Quadrisection-Based
Combined Place and Route Scheme for Standard Cells,
IEEE Trans. Computer-Aided Design, Vol.8, No.3,
pp.234-244 (1989).

Hentschke, R., Flach, G., Pinto, F. and Reis, R.:
Quadratic Placement for 3D Circuits Using Z-Cell Shift-
ing, 3D Iterative Refinement and Simulated Annealing,
Proc. SBCCI 06, pp.220-225 (2006).

Obenaus, S.T. and Szymanski, T.H.: Gravity: Fast
Placement for 3-D VLSI, ACM Trans. Design Automa-
tion of Electronic Systems, Vol.8, No.3, pp.298-315
(2003).

Sui, W., Dong, S. and Bian, J.: Wirelength-driven Force-
directed 3D FPGA Placement, Proc. GLSVLSI’10,
pp.435-440 (2010).

Wakabayashi, S.: A Genetic Algorithm for Rectilinear
Steiner Tree Problem in VLSI Interconnect Layout, IPSJ
Journal, Vol.43, No.5, pp.1315-1322 (2002).
B, B E—, kIl ZLSl7u7rrIr=vr
W 2B T VT XL Ly T —HFERICEDS AR

1067



BRIEF=EmEE Vol.55 No.2 1059-1068 (Feb. 2014)

TVT)ZLEZDOPC 7 7AY ETOFEY, EHLH
FARF7EHE SLDM-128, pp.31-36 (2007).

[15] Nunna, K.C., Mehdipour, F. and Murakami, K.: Early
Stage Power Management for 3D FPGAs Considering
Hierarchical Routing Resources, Proc. GLSVLSI’13,
pp-31-36 (2013).

[16] FHF—  VLSITH A v — b A—Ta v AM, au)
1t (1999).

[17] BRFERW  MEHT VIV ALEZa—FV Gy NT—
J—Arva—) yrEaERaEi, aa 4 (1998).

A+ BER  (E&R)

1985 4EIL B RS TR 8 (BX
S ZZE. 1991 ERRF KT L
A 7E RS L RRAR B AT A5 15 0B 2.
FAEIL B TR T AT, iy
T, 2000 FRKFHERIZ. L5
+:. VLSI#&EHE#) L, VLSI#E#E
IZB$ A %8 ICHEH. IEEE, ACM &4 H.

AH Ht

2011 FFJL B THERFTYIHESR - 7
VINY AT TR, 2013 £
[F KRB Lo R Fe R wi R
BAET. BUE, WHAKRESEET.
fE57HE VLSI i¢at BB LIZ B3 24
FEIHER.

© 2014 Information Processing Society of Japan

1068



