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Abstract: We review the floorplanning methods for very large scale integration (VLSI), explore the
significance of floorplanning in integrated circuit design, and its impact on chip area, interconnect
length, and design cycle. Firstly, we review the development history of integrated circuit technology,
emphasize the role of floorplanning in determining the position, size, and rotation angles of modules.
Secondly, we provide a detailed introduction to four main categories of VLSI floorplanning methods:
intuitive construction methods, analytical methods, iterative methods and machine learning methods.
Thirdly, we discuss two commonly used MCNC and GSRC benchmark datasets, which are crucial for
testing and evaluating floorplanning methods in the VLSI design field. Finally, we summarize the
research progress in the field of floorplanning and point out future research directions.
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Table 1 Attributes of each circuit in MCNC and GSRC datasets

H % K IR BEH AL 2 M B 51 B % e SRR/ mm?
apte MCNC 9 97 287 73 46.561 628
Xerox MCNC 10 203 698 2 19. 350 296
hp MCNC 11 83 309 45 8.830 584
ami33 MCNC 33 123 522 42 1. 156 449
ami49 MCNC 49 408 953 22 35.445 424
nlo GSRC 10 118 248 69 0.221 679
n30 GSRC 30 349 723 212 0.208 591
n50 GSRC 50 485 1 050 209 0.198 579
nl00 GSRC 100 885 1873 334 0.179 501
n200 GSRC 200 1585 3 599 564 0.175 696
n300 GSRC 300 1893 4 358 569 0.273 170

6 KRFEKMRAME

T DR RIS AR i R S A 1 R 3 400, LRI AT 5 S B A R AR T e 4% A R DL A A TR B9 T R R AL
HOWFER R A O VR L T O s SRR R SR T HLAR A 2T DT s I AR BB S R AT AL
AT IR AN T WL a2 > 9 75 1 O W98 3 A5 B AT YA A8 - 4R 4 Jmy e 10 ik 7 i 2 B 58 R A BE T
Bl =7~ 7 1 DA Ak B2 2 Bl RRRAIE 2 > O Tl BAT 0. £8 8 AR SCR BIF TS 0 J A 443 e o B+ R R F
FE Al LLRIZE LT JLAST7 1 R AT

Z HARLAE - 25 i B4 DR RIS 2 R e A1 PRI 77 ik R 22 B R 2% i T BRI X P AR L A
%Eﬁﬁ%ﬁLWA%%%ﬁ% T« DIAE S A m A A AR B R v B LS M R R T S G
ZLNER. W] DU R i Pk REASUE MM 75 4 DGR A RS i S b . U LR AE RS B i &
AR e B o o B PR R SRS AT LAJT % Hh RE [l i) 2% p i AR, R TR MDD AE A5 24
b B0 A PR 50k o DA A2 B i r i 0 P H 4 S 2 IO 75 5K

SRR SEE T A AR FR O A B8 05 A A R MU B Al r o A TR ML vp R T — s A, HREE
B R F P BT A R P A BN B R AR B X B A R i A SR PR R 2 T R R T DA Uy vk
Fr e dE iy A5 ST W] AT A TS BT IR AR AR BTN A, T R TR AUk B Sk R T4
HI k.

LENG  ARRWETE T LIRS 2 Pl A 18 W30 07 i A7 Al 5, DA 8 B30 12 i 8RR A T
— BB B A LRI, Bl & PLas s > SOR S ge ik AUk, LUR RS A BoIe % ﬁﬁﬁ
KPR &SI E

BT IR AT 5 1 R SRR 45 GSRC R MCNC A8 7 4 By 3 40 ik, JF k)



148 O R R GE RO i 63 %

Z T VLSI A AL 45 TR0 A 0 R PP A  (ERE DR LS 4 1l ri e 9 S B s i oA 2k B Y 2k
YECHE B FPEA 75 32 D0 PR IE 52 4 S R S B i it v i S 2R A L. R R T AT i 1) 40 8 A A D7
V5 o DU g ol 050 Al A PR30 7 1 B RCR AR RE.

Z % X W

(1] KAHNG A B, LIENIG ], MARKOV I L. et al. Chip Planning [C]//VLSI Physical Design: From Graph
Partitioning to Timing Closure. Berlin: Springer International Publishing, 2022 53-93.

[2] RINID P, SHAMSUDDIN S. Minimization of Floorplanning Area and Wire Length Interconnection Using
Particle Swarm Optimization [EB/OL]. (2013-08-01)[2024-11-20]. https://www. researchgate. net/publication/
326804232

[ 3] SINGH R B, BAGHEL A S, AGARWAL A. A Review on VLSI Floorplanning Optimization Using Metaheuristic
Algorithms [ CJ//2016 International Conference on Electrical, Electronics, and Optimization Techniques
(ICEEOT). Piscataway, NJ: IEEE, 2016: 4198-4202.

[4] BAKERBS, COFFMAN E G, Jr, RIVEST R L. Orthogonal Packings in Two Dimensions [ J]. SIAM Journal on
Computing, 1980, 9(4). 846-855.

[ 5] CHAZELLE B. The Bottomn-Left Bin-Packing Heuristic: An Efficient Implementation [J]. IEEE Transactions
on Computers, 1983, 32(8): 697-707.

(6] LESH N. MARKS J. McMAHON A. et al. New Heuristic and Interactive Approaches to 2D Rectangular Strip
Packing [J]. ACM Journal of Exprimental Algorithmics, 2005, 10: 12-1-12-18.

[ 7] HOPPER E, TURTON B C H. An Empirical Investigation of Meta-Heuristic and Heuristic Algorithms for a 2D
Packing Problem [J]. European Journal of Operational Research, 2001, 128(1): 34-57.

[8] HUANG W Q, CHEN D B, XU R C. A New Heuristic Algorithm for Rectangle Packing [J]. Computers &
Operations Research, 2007, 34(11): 3270-3280.

[9] WUYL, HUANG W, LAU S C, et al. An Effective Quasi-human Based Heuristic for Solving the Rectangle
Packing Problem [J]. European Journal of Operational Research, 2002, 141(2): 341-358.

[10] CHANT F, CONG J, SHINNERL J R, et al. mPL6: Enhanced Multilevel Mixed-Size Placement [ C]//
Proceedings of the 2006 International Symposium on Physical Design. New York: ACM, 2006: 212-214.

[11] KAHNG A B, WANG Q K. A Faster Implementation of APlace [C]//Proceedings of the 2006 International
Symposium on Physical Design. New York: ACM, 2006. 218-220.

[12] CHENT C, JIANG Z W, HSU T C, et al. NTUplace3: An Analytical Placer for Large-Scale Mixed-Size Designs
with Preplaced Blocks and Density Constraints [J]. IEEE Transactions on Computer-Aided Design of Integrated
Circuits and Systems, 2008, 27(7) . 1228-1240.

[13] NAYLOR W C, DONELLY R, SHA L. Non-linear Optimization System and Method for Wire Length and Delay
Optimization for an Automatic Electric Circuit Placer: US, 6301693B1 [P]. 2001-01-24.

[14] KAHNG A B, WANG Q K. Implementation and Extensibility of an Analytic Placer [C]//Proceedings of the 2004
International Symposium on Physical Design. New York: ACM, 2004 . 18-25.

[15] GUO P N, CHENG C K, YOSHIMURA T. An O-Tree Representation of Non-slicing Floorplan and Its
Applications [C]//Proceedings 1999 Design Automation Conference. Piscataway, NJ: IEEE, 1999: 268-273.

[16] JAIN L, SINGH A. Non Slicing Floorplan Representations in VLSI Floorplanning: A Summary [ ] ].
International Journal of Computer Applications, 2013, 71(15): 12-20.

[17] WONG D F, LIU C L. A New Algorithm for Floorplan Design [ C]//23rd ACM/IEEE Design Automation
Conference. New York: ACM, 1986: 101-107.

[18] MURATA H, FUJIYOSHI K, NAKATAKE S, et al. VLSI Module Placement Based on Rectangle-Packing by
the Sequence-Pair [J]. IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems, 1996,
15(12): 1518-1524.

[19] HONG X L, HUANG G, CAl Y C, et al. Corner Block List: An Effective and Efficient Topological



14 SRR, G MUREAR R R A PR O Y E S £ A 149

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

(29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Representation of Non-slicing Floorplan [ C]//IEEE/ACM International Conference on Computer Aided Design.
Piscataway, NJ: IEEE, 2000: 8-12.

NAKATAKE S, FUJIYOSHI K, MURATA H, et al. Module Placement on BSG-Structure and IC Layout
Applications [C]//Proceedings of International Conference on Computer Aided Design. Piscataway, NJ: IEEE,
1996 484-491.

KANG M, DATI W W M. General Floorplanning with L.-Shaped, T-Shaped and Soft Blocks Based on Bounded
Slicing Grid Structure [C]//Proceedings of Asia and South Pacific Design Automation Conference. Piscataway,
NJ: IEEE. 1997. 265-270.

LIN J M, CHANG Y W. TCG: A Transitive Closure Graph-Based Representation for General Floorplans []].
IEEE Transactions on Very Large Scale Integration (VLSI) Systems, 2005, 13(2): 288-292.

LIN J] M, CHANG Y W. TCG: A Transitive Closure Graph-Based Representation for Non-slicing Floorplans
[C1//Proceedings of the 38th Annual Design Automation Conference. New York: ACM, 2001: 764-769.

LIN J M, CHANG Y W. TCG-S: Orthogonal Coupling of P* -Admissible Representations for General Floorplans
[C1//Proceedings of the 39th Annual Design Automation Conference. New York: ACM, 2002. 842-847.
CHANG Y C, CHANG Y W, WU G M, et al. B"-Trees: A New Representation for Non-slicing Floorplans
[C]//Proceedings of the 37th Annual Design Automation Conference. New York: ACM, 2000: 458-463.
SUNT Y, HSIEH S T, WANG H M, et al. Floorplanning Based on Particle Swarm Optimization [ C]//IEEE
Computer Society Annual Symposium on Emerging VLSI Technologies and Architectures (ISVLSI’ 06).
Piscataway, NJ: IEEE, 2006: 1-5.

LIN J M, HUNG Z X. SKB-Tree: A Fixed-Outline Driven Representation for Modern Floorplanning Problems
[J]. IEEE Transactions on Very Large Scale Integration (VLSID) Systems, 2012, 20(3): 473-484.

LINCT, CHEN D S, WANG Y W. An Efficient Genetic Algorithm for Slicing Floorplan Area Optimization
[C]//2002 IEEE International Symposium on Circuits and Systems (ISCAS). Piscataway, NJ: IEEE, 2002:
879-882.

CHEN T C, CHANG Y W. Modern Floorplanning Based on B* -Tree and Fast Simulated Annealing [J]. IEEE
Transactions on Computer-Aided Design of Integrated Circuits and Systems, 2006, 25(4): 637-650.

CHEN J L, ZHU W X, ALTM M. A Hybrid Simulated Annealing Algorithm for Nonslicing VLSI Floorplanning
[J]. IEEE Transactions on Systems. Man, and Cybernetics, 2011, 41(4): 544-553.

HOO C S, JEEVAN K, GANAPATHY V., et al. Variable-Order Ant System for VLSI Multiobjective
Floorplanning [J]. Applied Soft Computing, 2013, 13(7): 3285-3297.

PRERER. 3 TR VLS A ORI )2 Y 2 H Ax PSO Bk 5E [D]. &N &I k5=, 2011. (CHEN J Z.
Research on Multi-objective PSO Algorithm for Solving VLSI Floorplanning Problem [DJ]. Fuzhou: Fuzhou
University, 2011.)

TANG M L, YAO X. A Memetic Algorithm for VLSI Floorplanning [J]. IEEE Transactions on Systems, Man,
and Cybernetics, 2007, 37(1): 62-69.

CHEN J L, LIUY, ZHU Z R, et al. An Adaptive Hybrid Memetic Algorithm for Thermal-Aware Non-slicing
VLSI Floorplanning [J]. Integration, 2017, 58: 245-252.

BREEF] . R3O, KR VLSIAS AT R0 4370 PR o) 8 R A st A2 500k [, MmN R 222 3R (A AR D, 2014,
42(5): 688-693. (CHEN J L, ZHU W X. Hybrid Genetic Algorithm for Solving the Non-slicing Floorplan
Problem in VLSI [J]. Journal of Fuzhou University (Natural Science Edition), 2014, 42(5): 688-693.)
SIVARANJANI P, SENTHIL K A. Thermal-Aware Non-slicing VLSI Floorplanning Using a Smart Decision-
Making PSO-GA Based Hybrid Algorithm [J]. Circuits, Systems, and Signal Processing, 2015, 34(11):
3521-3542.

SIVARANJANI P, SENTHIL K A. Hybrid Particle Swarm Optimization-Firefly Algorithm (HPSOFF) for
Combinatorial Optimization of Non-slicing VLSI Floorplanning [J]. Journal of Intelligent & Fuzzy Systems,
2017, 32(1): 661-669.



150 O R R GE RO %63 &
[38] LINF, HE G M. An Improved Genetic Algorithm for Multi-objective Optimization [ C]//Sixth International

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[55]

Conference on Parallel and Distributed Computing Applications and Technologies (PDCAT’05). Piscataway, NJ:
IEEE, 2005: 938-940.

KIYOTA K, FUJIYOSHI K. Simulated Annealing Search through General Structure Floorplans Using Sequence-
Pair [C]//2000 IEEE International Symposium on Circuits and Systems (ISCAS). Piscataway, NJ: IEEE, 2000
77-80.

R BREE R, BLR RE A [ LR S K . 1990(7): 1.6, (YAO X, CHEN G L.
Simulated Annealing Algorithm and Its Applications [J]. Journal of Computer Research and Development,
1990(7): 1-6.)

COLORNI A, DORIGO M, MANIEZZO V. Distributed Optimization by Ant Colonies [ C]//Proceedings of the
First European Conference on Artificial Life. New York: ACM, 1990: 1-12.

KENNEDY J, EBERHART R. Particle Swarm Optimization [ C]//Proceedings of International Conference on
Neural Networks. Piscataway. NJ: IEEE. 1995: 1942-1948.

CHEN G L, GUO W Z, CHEN Y Z. A PSO-Based Intelligent Decision Algorithm for VLSI Floorplanning [J].
Soft Computing, 2010, 14(12). 1329-1337.

KRASNOGOR N, SMITH ]J. A Tutorial for Competent Memetic Algorithms: Model, Taxonomy, and Design
Issues [J]. IEEE Transactions on Evolutionary Computation, 2005, 9(5): 474-488.

SHANAVAS T H, GNANAMURTHY R K. Wirelength Minimization in Partitioning and Floorplanning Using
Evolutionary Algorithms [J]. VLSI Design, 2011, 2011: 10-1-10-10.

CHENJ L, ZHU W X. A Hybrid Genetic Algorithm for VLSI Floorplanning [ C]//2010 IEEE International
Conference on Intelligent Computing and Intelligent Systems. Piscataway., NJ: IEEE, 2010. 128-132.

XU Q. CHEN S, LI B. Combining the Ant System Algorithm and Simulated Annealing for 3D/2D Fixed-Outline
Floorplanning [J]. Applied Soft Computing, 2016, 40: 150-160.

SRINIVASAN B, VENKATESAN R. Maulti-objective Optimization for Energy and Heat-Aware VLSI
Floorplanning Using Enhanced Firefly Optimization [J]. Soft Computing, 2021, 25(5): 4159-4174.

JIANG L 'Y, OUYANG D T, ZHOU H S, et al. DPAHMA: A Novel Dual-population Adaptive Hybrid Memetic
Algorithm for Non-slicing VLSI Floorplans [J]. The Journal of Supercomputing, 2023, 79(14): 15496-15534.
LIN Y B. DHAR S, LI W X, et al. DREAMPlace: Deep Learning Toolkit-Enabled GPU Acceleration for Modern
VLSI Placement [C]//Proceedings of the 56th Annual Design Automation Conference 2019. New York: ACM,
2019. 1-6.

LU J W, CHEN P W, CHANG C C, et al. ePlace: Electrostatics-Based Placement Using Fast Fourier Transform
and Nesterov’s Method [J]. ACM Transactions on Design Automation of Electronic Systems, 2015, 20(2): 17-1-
17-34.

HE Z L. MA Y Z, ZHANG L., et al. Learn to Floorplan through Acquisition of Effective Local Search Heuristics
[C]//2020 TEEE 38th International Conference on Computer Design (ICCD). Piscataway, NJ: IEEE, 2020.
324-331.

YU S L, DU S M. VLSI Floorplanning Algorithm Based on Reinforcement Learning with Obstacles [C]//
Biologically Inspired Cognitive Architectures 2023. Berlin: Springer, 2024 : 1034-1043.

MIRHOSEINI A, GOLDIE A, YAZGAN M, et al. A Graph Placement Methodology for Fast Chip Design [J].
Nature, 2021, 594(7862): 207-212.

SCHULMAN J, WOLSKI F, DHARIWAL P, et al. Proximal Policy Optimization Algorithms [ EB/OL].
(2017-07-20)[2024-11-25]. https://arxiv. org/abs/1707. 06347.

(SR % 5



