Q-sequence [ SA []
OO0o0o0obooooao

oo oo

Jooooogoogn
Jooooogoogn

oo oo

[]

Od oo

ooooono oooooooo
ooooooooo 2-12-1
TEL:4+81-3-5734-3572 FAX:481-3-5734-2902
Email:{tsuboi, keishi, atushi}@lab.ss.titech.ac.jp

Parameter Setting in Simulated Annealing using
Q-sequence for Good Layouts in Short Time

Masashi Tsuboi

Keishi Sakanushi

Atsushi Takahashi

Department of Communications and Integrated Systems

Tokyo Institute of Technology
2-12-1 Ookayama, Meguro-ku, Tokyo 152-8552, Japan

1 0O00d

vVioSIOODODOO0ODO0oODOooOooooooood
godoodboboooouobbooooboboooon
godooodbobooboboobobooooboooo
gooooobooooboobboobobooon
godooodbobooooobboboobobboooo
OvLSIoOooooDooooooooooooo
godooboboobboooboboobobboooo
gooooooobooobobooobobooooo
goodboboooobobooobbooooooo
gdoobodbobooobobooboboboboooo
goooooooobbbboooooooon

000000000000000DdSimulated An-
nealing(SA) 0000000000 OOOOOOOO
godoobooboboboobooobuooooboo
Sequence-pair[2], Bounded Sliceline Grid(BSG)[4], O-
tree[6] 0 00000000 OOSequence-pair, BSGO
gdoobodboooboboooboobobooooo
gooddn000000000O0D0O0DO0O0O0OO
0000000 Sequence-pair 0 O(nlog (logn)) O O
[11]0BSGO O(n?) 00 [4/00 00 0-tree 00 O
O000000000ooooooo(n)OO 60O
godooodbobooobooboobobooboooo
godooooboobbboooboobobooooo
goooooboobbooobobooboboboooo

ooooad
gddddddddoooooooooooooo
00000D0000D0000Quarter-state sequence
(Q-sequence) 8|0 000000000 OOO nOO
0000000000000 0000O0O(n)DO0OO
goododdooooooooooooooooooa
O000oo@EoOo0o000oooooooooo
00000000 Q-sequence 00000 Q-sequence
O Qsequence 000 0D0D0O0OO0DOOOODOOOO
O00Q-sequence 1000000000 DOOOOON
0000000000 00000 Q-sequence 000
o000 nO0000000O000000000040ad
O0000O0o0o0o0O0oU0oOoOoooooooo 3o
O0n-—-3000000000000000O00O0000
0000000000000000000 O(n)00O
00000000 1200000000000 00O0
DDDDDDDDDDDDDDDDn—{\An——lJDD
5,100 00000000000[13,14 0000000
gooooooooooooooooooooooaa
0oo0doooooooooooooooooooad
0o0o0oDOdDDOO000ooooooDsA0ODOOOoO
gooooooooooooooooooooooao
ogoooooo
00000000040Q-sequence O 0O O O Simulated
Anmnealing0 0000000 0ODOODOODODOODOOO



O00Q-sequence 00000000 ODOOODOOOO
000o0ooopDoo0o0oOoooooooooog
00000000 00Q-sequence 0000 SAOOO
000D000O0o00o0ooooooooooooog
0o000OO0oooooooog

2 00

2.1 (Q-sequence

nd0000000000000000000000
Oo0doooobooooooooooooood nd
odddooooooodoooooooooood
ooddoooooobooooouooooooooo
ooddoodoooooooouooooooooo
0000000 Quarter-state sequence (Q-sequence)
00000o00ooooo [r,8)ooooooooo
ooddoooboooooooooouoooooon
oo

goddoooooooooooouooooooa
ooddooo-roodooooobogoooooon
ooddoooooodooooooooooooo
godooo-0oooboooooooooooood
rO000000000O000000O0 -0000ooon
odddoooooobooooouooooooood
R,OBOOO0O0000O0O0O00OO0O:0000O00O000
gddoodoooooooouoooooooood
ododooooood-oooooooad

gooooooooooooooooooooooo
ooddooobooooooooooooooooo
O0ooO0oooOo0oooOoOooOoOooo L, 7,8 oo
oddoooooooooooooooooooon
01,2,...,,0000

O0-00000000ooooodg -oooaag
0000 RO0000 B,00000O0O00000O r0O
Quarter-state (Q-state) 10 00Q>:) 00000
0o00o0dD0ODd0 nO00D0O000D0OO0OO00DDOO0 Q-
state D00 O00O0OO0O0OOOOOO0OOO0OOOOO0O3
00000000000 000 Q-state0O0O00O0OO
00000doOooooooooooDnD R;O0B;,000
oooooooooood

Quarter-state sequence (Q-sequence) 0 0O
0 Q-stated 000 Q-stateD 00000000000
Q-state 0000 D0O00DOODODOOODOOO

O1000000ooooooouoooooooa
10 Qstate D0 Q(1) = (I1R5R2) 00000 D 20
Q-state 0 Q(2) = (2B¢B4B;) 0000000000

000000 Q-sequence 00
(R5R13231 1R3RH 2868483 3Ry 485 5Re 6)
oood

U 1Lgbobeb0O0nbOnOOn

Q-sequence 10 0O DODODOO0OOOOOOODODOO
0oooodooobo nO0000O00O0O0oOoOoOooaoa
0o00d0d0d:=n—100010000000

R.(B,) € Q)0 0000000 2000
0000000000000000000
000000004:000000

02000000000000000000Q(2) =
(2BsB4B;) 00000000 604030000000
goboboopoboobod

B T8 | B

3 4

R5R1B2B11R3R22 BgB4B33R 44B55R 66

02002000000

Q-sequence 10 0O DODODOO0OOOOOOODODOO
0000000000000 O0O0000 Q-sequence
000000000000000 «00000 O(n)
gooad

22 0000

03k) 00000000 40000000000
gooboooooo4b0onooboobboboboon
gboobboo0n000000000000n0O0O0O
0000000000000 000 3(b)000 0
gobbobooooobooboboboobgoooo
000000 Boooooon



[12]000r,000000000000000000
n-3000000000000000000000
000000000000000000000000
(13,14 00000000000000000000
DDDDn—@@FﬂDDDDDDDDDDDDDD

000000D0000000000000000
00000000000000O(R 000000Q-
sequence 10 000000000000 O(n)000
000000

[ d ]
@He
[ a ] [ a ]

() 00000

(bhyOooo gEOOO
ggod

U3 00bo00obobbooboooooonog

2.3 Simulated Annealing O

Simulated Annealing 0000000000000
O00d0oo0ogooooooOoooboooboooooo
o0oo0ooOoOooOooOoooDoboDooboOoOoooDo
O00ooo0ooooooooOoooooooooooo
00000 MoveOODODOOODOO

Annealing0 000000 MoveOODODOOODOO
oo0obOo0OooobooOoOooobooDoooOooooDo
000O0DOO00O0OO00OOobODbOOobOoobogoooooo
o0ooooOoooo0obODoOboOoOoboOoooooo
000000000000 MoveOOOODOOOOO
o0ooobooooOoooooooOoooooDoooo
000 AcOD0OO0TOODOOODOO Moved OO
O00000OP=er 0000000000000
000d0o0bOo00oobobooOoooboboooooo
000 MoveOOOODOOODODOODOOOODO
000000000000 O00ODOO00ODb0OgnO Move
0000o00O0o0o0oooooooboooooooobo
0000000000000 Simulated Annealing O
oooo

O00000Q-sequenced SAODOODOOOOOO
SAO000DODOOO0O0OO0ODODOOosAOOOO
0000o0o0oooooo0ooooooooooooo
O00000DbOO0o00ooOOooODooooOo

3 0b0Ooon

3.1 0000

Q-sequence 0 SAODODOOOOOOODODODOO
000ooooOOoDOOo0oOoDooOosAd0DoDOoDoOOan
gdoddddoooooooooooooogoooao
O0OMCNCOUOUOODOODOOOOO ami4d9(00000O0O
490)000000000000000000O0OAthron
1.4GHz OO OOO

[7,8] 000000000 400 Q-sequence I OO
00000 SAO MoveOOQODODOOODO

e JOODDODDOODOOODOODO
e OODODODODO

e OODODODODO

e JO0RODODODO BOOO

SADO000OO0O0O0OO00DOO0ODOOOOOODbDoOOO
goooooboon

3.2 0000

O00SAODOO0ODOOOODOODOOODOODOO
goobobobobooboboooboobboon
0oooobobo MoveODOODOOOooonoQ

SADO0ODOO0O0OO0O0OOOODOOOoDOoOooOOoo
gobbooboboobobobooboobon
000000000000 000b00ooDobooosA
gboobopoooboboboboobobobon
gobbopooobobooboboooooobooobon
goboobooboboobobooboboooon
goboboooboobobooobboobobooon
gobobooooboogobbobboobooobbbob
00/000000 Bounding Box 000 [%]00 0O
goobooboboooboobobobboon

gboooobdgoi1obb1ooboooobobog
gooboooboboolobooobooDbo9nnn
gobobooo woboooboboboobbooon
gboboboboloobooboooooonog 4o
gooooboooboobobboooobobbon
goboboboobobo1l1bbobooooobooobon
goood

gooboboobooobooboobooboobbt
gooobdgooooiboobuooboobooogo
gogwobooooooboboool1bbbuoooon
goboboboooopoobbsooooooooobod



ratio[%]

0.1 1 10
temperature

U4 200000000000000000000

0000000000000 00005%000000
gboobobbobobooboooooooobobg
gobogogoboobooboobboon

98

97.5

97

96.5

96

ratio[%)]

95.5

95

94.5

9
0.001 0.01 01
temperature

s 1000o00100000000bO0O0nDOO
RN

gooobobooooboobbooooooboobobd
SADO00O0O0O0O0O0OOOOOObOoOooooooo
gboobobobobooboboboooobonbg
gboobobbobooobobooooobobg
gobooboboooboboonobooboboooo
gboobobooooooobobonoooooboonog
O0MoveODODOUODODODODODODODODOODODODO
oobooooobono MoveDODDOOOOoooooooO
goobobobobboboobobboboooobi10d
gogboooitgopoobooboooooeuobon
goioooot0boOoOobD 4800000000000
oooo9osuuunoobU2o00000000 4540
gboobooooboobobobo wbobobob
gobooboooooobogetonon

gobogboobopobooooboboobboboo

100

90

80

70

ratio[%]

60

50

40

30
0.01 0.1 1

temperature

U6 d0dbooobooboooobooobonon
RN

gobobooobboobooobbooboboooo
gobobooooobooboboooobo9suogn
gbobopoooboboboboobobobon
goo

3.3 0D0OO000ODOODDOOoOobOoOO

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000000000
0ooo

ami49 00 000000000000000000
10000000 001000000 099000000
0000000004580000000000000
(Move 00000 DO0) D 1000 005000 O 0 10000
002000000300000 0000000000000
00000 100000500000000000 50
0000000

000000000000 00000000000
0000000000005 00000000000
0000000000000 70000000000
00000000000 80000
00000000000000000000000
0000000 2000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000004900000000000000000
DDDDDDDDDDDDDDDDDDW{yﬂ?q
0000036000000000000000000
0000000000000000000000000



©
N
2

©
N

——————
,,,,,

©
o
o
.

©
-3

=%

\

I

I

|

N

\

)

/

Packing Ratio[%)]
=~
\

©
el
@

N

8
|
/

©
£
&

|

94

# Empty Rooms

O 7nooboobobooobooobuooobog
goboobooooooboooo

98.5

1 N\
%8 v 7
1 \
1/ FXTSS PR o SN
~ VNS \ |/ AN \ /
/ g v/ \//\ \ /

©
N
2

Packing Ratio[%)]
©
S
/

©
3
»
b o
B
B
B

|

96

# Empty Rooms

U8 ogobooobobbooboooooonog
goboobooooooboooo

0000000000000DODODDOOOODOO
gobobgoooboobbooobooobod
200000000000D0DODOODbDODbLODODLO
gboobobboboboobobbooooboobgd
goilooobogogobobobbooobobooobd
gboboboobooooboboooobonbg
ooobooobbooodobouooooonOMoved
gogbooboooobooboooooon
gooboboooobbooobooboobobobood
goboboboboobobobsobonoobog
gooboboboobogbd 2000000 3000000
gboobobbobobooboboooooobg
gogb2o0000000000b000000OOODLDO
goboooboonooooood
gobobooooboboboboooobobooo
gobobonooooobobooooobobbon
gboobooboboobobobooobonbg

gboboboooooboboboooobobob
gboobbbobooboboboooobobanon
goooboobobogroboobooobobooo
gobobooobooboobostuobboobonoon
gobobhooboobbooobboobobooon
gobooooboobooon

97.2

o A /
AR ;g‘//\\" \/
’ vy
K .

96.8

T~

Packing Ratio[%)]
©
-3
IS

WES
—

©
3

30000
20000 - ==
10000 ——
I H 5000 ===
!

©
-3
~
o
TaEs
—

95.8

0 50 100 150 200 250 300 350
Time[s]

U9 ogoboobobonoboobogd

goobboooobooboboobobooo
gboobooboobo2b0bbooobooboan
gbobopoooboboboboobobobob
goo

goooboboooobobobooooooobobd
ami90 000 00oobogoooobobooog
gooboobooooooboboboboboooo
ami330 000000 330000000000000
goobobogoboboobb 40005000
gobgoobobon 10000 10000020000000000
gob1oo00bbooboooooooon

97

96

ratio[%]
©
&
o
~

95

94
0 5 10 15 20 25 30 35 40 45

#empty rooms

0 10 ami33 00000000

oooboooobobobbo0bodbami49000
gboobooboboboobobobuoooboon



goooboobobobooboooobboon
gboboboboooboobonooooobonbg
gbobobopooooobobobobobobg
god

4 DODOOOODOO

0000 D0Q-sequence ] Simulated Annealing (0 O
oo0oooooooooooooooooooooon
0000000000 10oogooogo.otoogog
00o099000000bK000D0000000D00O
000000 200000000000 20000000
O0o0ooooooooooooooooooooon
O0oooooooooooooooooooooon
0000000000000 SAODODOOODOOn
Oo0o0ooooooooooooooooon

O0oooooooooooDoooooooooo
00oooooooooooooooooooooon
O000oooDooooooooooooooog

RN
00000000000 0OD0O0O0ODDbOOOnO SCAT

000000000000 DO0O000DOO00O0nCAD21

gobooobooboooon

ggod

(1] 00 00,“0000000000000000
000000000000000000,” 000
000000, Vol. 4, No. 4, pp. 359-366, 1930
0120.

[2] H. Murata, K. Fujiyoshi, S. Nakatake, and
Y. Kajitani, “VLSI Module Placement Based
on Rectangle-Packing by the Sequence-Pair,”
IEEE Transactions on Computer Aided Design,
Vol.15, No.12, pp.1518-1524, Dec., 1996.

[3] H. Murata, K, Fujiyoshi, T. Watanabe, and Y.
Kajitani, “A Mapping from Sequence-Pair to
Rectangular Dissection,” Proceedings of Asia

and South Pacific Design Automation Confer-
ence '97, pp.625-633, Jan., 1997.

[4] S. Nakatake, H. Murata, K. Fujiyoshi, and
Y. Kajitani, “Module Packing Based on the
BSG-Structure and IC Layout Applications,”
IEEE Transactions on Computer Aided Design,
Vol.17, No.6, pp.519-530, Jun., 1998.

[b] OO OO, “Super Sequence-Pair —J 0000
oooobbooooo— 00000000
ggd,20010 10.

[6] P. N. Guo, T. Takahashi, C. K. Cheng, and T.
Yoshimura, “Floorplanning Using a Tree Rep-
resentation,” IEEE Transactions on Computer-
Aided Design, Vol.20, No.2, pp.281-289, Feb.,
2001.

[7] K. Sakanushi, K. Midorikawa, and Y. Kajitani,
“A General and Fast Floorplaning by Reduct-
Seq Representation,” Technical Report of IE-
ICE, VLD2000-24, Vol.100, No.120, pp.109-
116, 2000.

[8] K. Sakanushi and Y. Kajitani, “The Quarter-
State Sequence (Q-Sequence) to Represent the
Floorplan and Applications to Layout Op-
timization,” Proceedings of IEEE Asia Pa-
cific Conference on Circuits and Systems 2000,
pp-829-832, Dec., 2000.

[0 00 00,00 0,“000000000000
000000, 00000000000000
VLD2001-16, Vol.101, No.46, pp.57-64, 2001 O
50 180.

[10) OO O0O,0000,“000000000oO
0 Sequence-Pair,” 0000000000000
0, VLD2001-17, Vol. 101, No. 46, pp. 65-72,
20010 50.

[11] Xiaopling Tang, D.F.Wong “FAST-SP: A Fast
Algorithm for Block Placement based on Se-
quence Pair,” Proceedings of Asia and South
Pacific Design Automation Conference 2001,
pp-521-526, Jan., 2001.

[12] M. Tsuboi, C. Kodama, K. Sakanushi, K. Fu-
jiyoshi, A. Takahashi, “Linear Time Decodable
Rectangular Dissection to Represent Arbityary
Packing using Q-sequence,” Proceedings of the
Workshop on Synthesis And System Integration
of MIxed Technologies 2001, pp.272-278, Oct.,
2001.

[13] Y. Takashima and H. Murata, “The Tight Up-
per Bound of the Empty Rooms in Floorplan,”
Proceedings of the Workshop on Synthesis And
System Integration of MIxed Technologies 2001,
pp-264—pp.271, Oct., 2001.

[14] C. Zhuang, K. Sakanushi, L. Jin, and Y. Ka-
jitani, “An Enhanced Q-Sequence Augmented
with Empty-Room-Insertion and Parenthesis
Trees,” Proceedings of Design Automation &
Test in Europe 2002, O O O O, March., 2002.



