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Heuristic Algorithm for the Rectangular Packing Problem with Static Non-Equilibrium
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Abstract: Layout design of satellite module is not only a complex coupling system design problem but also a special optimization
problem. It is considered to be NP-hard. The most challenge of solving this problem is that the objective function to be optimized is
characterized by a multitude of local minima separated by high-energy barriers. The Wang-Landau (WL) sampling method is an improved
Monte Carlo method, which has been successfully applied to solve the protein structure prediction and other optimization problems.
Taking satellite layout design as case study, this paper introduces the WL sampling method to solve the rectangular packing problem. In
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order to guide the WL sampling algorithm to random walk effectively in solution space, rectangular objects-oriented heuristic layout
update strategies are proposed. To accelerate the search for the global optimal layout, the gradient method is executed for local search
once the Monte-Carlo sweep produces a new layout. By incorporating the local search mechanism and heuristic layout update strategies
into the WL sampling algorithm, a heuristic Wang-Landau sampling algorithm is constructed to solve the arbitrary rectangular packing
problem with the static non-equilibrium constraint. By adding a static non-equilibrium penalty term on the basis of the extrusive elastic
energy, and adopting the translation of the center of mass, the static non-equilibrium constraints of the whole system can be satisfied.
Furthermore, to improve the efficiency of the algorithm significantly, an improved finite-circle method is presented to judge and calculate
the overlapping depth among objects. The computational results of two sets of benchmarks consisting of ten representative instances from
the literature show that the proposed packing algorithm is effective.

Key words: static non-equilibrium; Wang-Landau sampling algorithm; heuristic strategy; layout of satellite module
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Fig.1 Diagrammatic sketch of the layout of objects on the rotated supporting board
within the simplified satellite module
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imlxl Zn:miyi

Xo = i:%] Yo = i:%]
Zmu zmi

i=1 i=1

RXHL x; M y; 70 7R HE TR Ry DR R AR AR AN G A AR my s Ry (15t
Step 2. B A3 2 KIHE R R BT 0 (Xo.Yo) -8 2 B4R AL AR &ty 0(0,0) L, [N K T 5 BB F A — A
HEARHEAT A (P75

SRR o A A 2% 151 2 A2 B R paxe
3.5 B4 Wang-Landaufi#f &£ B A

LI Wang-Landau iR SR Jy 4 JR 3 R B0, R 45 B BRI g R SRR R R 98 R AL, R4S B4 SR A
T AN T 48T 280 SRR AT A R T 2 ML ) 8L 1) A1 )R B VR —— 8 R 3 Wang-Landau(hWL) il 5032 Bk LA D B

Step 1. BEHLF= A —ANWILEME S X, W48 Jad v (0 7 6 1 26 T4 SR P oot 1) A PR, 4 [ e vk il AT % 4% 9 o1
BN B RERE U(X,). 2 V5 I (R e T AE BB = X (M) 4R & S={[UX) 1} 2 IR A& FE R B g(U(X0))=1, E /7 Bl o
# H([U(X)])=1.%4 i=0,1=0,f;=e>1,k=0.8,6=107"°,

Step 2. 7 4Tk R Xy H BRI EifS; 5 K KA 22 ) Ry, IX LB S 28 1 AN 3 S =2 31 10 5% s 3 v A g,
Si R E | AN ERIEY AL A0 M AT X

Step 3. SR A 2K = 5 T SR 2 K P3O R A Ry HEAT B A5 AN A R X

Step 4. HET X AT H3E A5 KR I, 15 B SR Xo, BT U(X2), 2 9(U(X2))=1,H([U(X,)])=1,I=1+1.

Step 5. # U(Xo)<e ]Il Xy 24 Bridhs Ja, WITEKS J5) Xo ZEfth L 3EAT 0085, 15 BT OB R Xa, P15 7 4% SR G o
0,25 B P A% Rinax, PRAT: Xg S A Jm) G LT IR H 45 W), %% Step 6.

Step 6. WIH[U(X2)]eS, M4 S=SU{[UX)]}.

Step 7. FIWHIE J5 & 15 B H 2 RS2 MR

DX, = X,) = min[g((ﬂ m ,1j — min(e"9U 09600 1)
Hi1 4 random(0,1)< min(e" ¢V =00 XD 1y IR A7 Xo: 75 M, AL X,
Step 8. HFPIRZA B B g(UOX) A B 7 & B B HIU X)), B Ak 5 3 4n R
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o B Xo MR A In(g(U(X2))=Infi+In(g(U(X2))), H([U(X2)])=H([U(X2)])+1;

o L4 In(g(U(X1))=Infi+In(g(U(X1))), HTU(X2)D)=H([U(X1)])+1.5% Step 9;

Step 9. 14K 1%1000=0, 4% Step 10;75 M, Step 2.

Step 10. Wi H[UX)D) AT ACT B g R EE S A UL AR HU)T) = k(HUK)D)), X
HLCHUOOD 7 V-2 7 P R A 17 BEUSUECT) ~F B4, %% Step 11,75 00, %% Step 2.

Step 11. 4 f,,, =./[f,, i=i+1.

Step 12. G £,<1.0001, ) 2 W 5L 45 T % o DX ) 4 S v i A U (X)L P B2 H([U(X)1)=0, 1T g(U (X)) {H 14
% Step 2.

4 ZRERSSR

S T K 5t Wang-Landau % S 7 A5 e R AN S 240 s P60 T B2 ) L 1 i, TR
Myeclipse ¥ & |, 5% H Java i & 4 FE SC L% 509, I 7E Core2,2.94GHz CPU,2GB RAM (f) PC Ml _E3&4T A 307>
BIAR T LS EE 1 A 8 MBI R ORI, 2 2 A 2 ANSH AT A TR AR A B X
10 AN B4 5 /N RIS S48, S 5 DR RS S 081 A2 0ty B AN~ A 240 A 0 A T R 1 B ) A S 7R B 4
41 EREREENTRENERE DN

LI T LA 8 MO HTE R LR A AR I SR

Table 1 Parameters of the first set of instances
F1 8 1LANAEBSH

HiE AL (K, 5¢, i)

5 (8,6,12), (8,8,16), (10,6,15), (12,4,12), (6.,6,9)

6 (8,6,12), (8,8,16), (10,6,15), (10,8,20), (10,10,25), (12,6,18)

9 (8,6,12), (8,8,16), (10,6,15), (10,8,20), (10,10,25), (12,6,18), (12,4,12), (12,8,24), (12,10,30)

20 | (8510), (848), (10,6,15), (8,7,14), (10,375), (12,6,18), (12,4,12), (12,6,18), (10,8,20), (7,3,6),(8,6,6), (8:3.15),

(10,6,20), (10,8,17.5), (10,7,15), (12,5,15), (12,4,12), (10.8,20), (12,10,30), (6.,6,9)

(26,26.8), (28,22,16), (30,20,16), (34,20,15), (34,22,17), (32,20,15), (30,20,14), (28,26,15), (28,20,14), (38,26,13),
(34,30,12), (36,26,17), (34,30,12), (28,24,17), (32,24,10), (38,30,11), (30,20,18), (22,22,17), (32,30,11), (28,28,10),
(38,20,18), (30,22,13), (32,32,14), (26,26,17), (34,20,14), (32,26,18), (38,22,19), (36,34,18), (36,24,13), (30,26,15),
(38,26,12), (38,34,19), (28,24,15), (38,34,19), (26,20,14), (36,32,16), (28,22,13), (28,24,19), (38,22,17), (38,20,16)
(9,8,9), (6,4,4), (18,12,9), (17,4,17), (20,3,6), (20,9,2), (2.2,3), (12,8,13), (15,14,19), (11,5,11), (13,6,8), (12,8,13),
(16,7,12), (17,14,4), (11,7,14), (18,9,16), (8,5,15), (11,10,10), (19,12,4), (18,11,17), (19,13,19), (10,5,10), (5,1,7),
(18,12,12), (4,3,15), (16,11,8), (5,4,18), (20,18,2), (13,9,19), (18,3,19), (19,10,7), (20,7,13), (20,15,4), (15,6,11),
(4,1,17), (16,7,5), (18,10,10), (19,15,14), (5,2,4), (14,9,1), (14,4,12), (18,2,19), (18,17,18), (6,5,12), (18,3,15),
(16,5,3), (18,13,12), (8,5,14), (20,12,8), (11,4,13), (20,18,18), (14,7,18), (18,3,19), (16,6.8), (20,4,10), (16,15,3),
(7,6,5), (10,5,5), (14,7,18), (13,5,3)
(14,13,14), (11,6,25), (30,9,11), (11,1,2), (20,11,21), (4,4,10), (16,4,14), (20,8,5), (22,2,21), (29,7,20), (3.2,28),
(23,1,3), (25,14,3), (30,18,8), (30,2,22), (7,1,17), (18.6,25), (6,5,26), (28,1,30), (28,22,26), (27,9,2), (19.4,6),
(15,2,16), (29,12,27), (18,9,27), (30,7,1), (17,13,10), (26,23,14), (17,12,7), (19,19,12), (14,11,17), (25,24,12),
(28,21,25), (13,3,27), (15,2,13), (22,15,10), (21,10,16), (19,7,26), (26,16,23), (15,9,28), (27,12,16), (21,17,24),
(23,7,2), (14,1,22), (8,1,5), (18,5,5), (30,18,4), (27,25,27), (20,17,20), (23,7,10), (16,5,10), (20,10,23), (18,18,11),
(23,7,24), (24,18,5), (19,19,28), (30,26,4), (15,14,7), (13,9,6), (27,10,5), (26,23,12), (28,12,16), (23,4,21), (10,7,1),
(27,11,2), (26,4,1), (22,13,3), (22,15,9), (28,13,16), (4,2,24), (15,3,23), (8,4,17), (14,8,13), (30,2,10), (24,14,16),
(5,2,16), (13,7,16), (19,9,8), (13,2,19), (23,1,18)
(19,19,19), (15,7,31), (28,2,38), (39,24.27), (14,9,39), (17,16,16), (32,17,22), (36,27,8), (32,8,39), (14,1,38),
(14,10,1), (12,10,14), (9,5,36), (35,20,30), (39,2,34), (18,9,36), (38,16,13), (31,29,36), (17.1,9), (12,10,6),
(39,27,4), (28,21,6), (29,11,25), (35,9,37), (7,2,19), (40,23,35), (20,10,1), (33,16,21), (26,11,21), (32,14,18),
(15,4,38), (31,26,2), (16,1,11), (32,17,27), (24,5.7), (9,9.8), (39,17,5), (36,19,31), (34,14,33), (26,21,12),
(28,13,17), (36,33,26), (40,14,3), (24,4,4), (40,2530), (37,32,20), (25,16,4), (36,2,14), (37,6,19), (14,5,31),
(35,9,9), (40,27,39), (30,12,16), (33,21,36), (17,4,18), (23,20,14), (21,11,1), (3,2,38), (13.4,31), (38,3,30),
(28,9,11), (34,16,18), (35,19,26), (35,18,23), (37,25,1), (19,1,6), (24,11,10), (22,5,11), (20,3,14), (26,1,31),
(11,4,26), (1512,22), (21,3,7), (40,15,6), (23,21,17), (32,10,36), (40,26,29), (24,18,5), (40,16,7), (40,39,37),
(32,2,23), (19,10,38), (20,6,9), (40,29,24), (38,33,8), (35,2,23), (30.4,2), (31,8,35), (22,10,8), (40,7,22), (40,10,31),
(35,17,29), (20,3,8), (13,5,30), (33,9,1), (34,25,8), (20,12,38), (15,7,31), (34,16,31), (26,21,11)

"

& |w|N|e

5 40

8 100

FeATE ] hWL S5 5N BB 43 2 AT 5 IR 5 RIS AT S-S I IR T 25 85 242 Ro(mm) ~F-I A1
fiir 5 J(g.mm)FIEIAE AT I 1) T(s)20 120 T2 2 v, JF 5 Scik i 345 50k (GAYM, i T RE(PSO) 5L, i I
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25 SRS T 45 45 JR S 2R (KR BF (CA-PSLS) S0, ik 1 38k 1 S0 (1GA) BOVRIAE UL IR ok B3 (SA) PV i B
45 B BN E.
Table 2 Comparison of computational results by 6 algorithms for the first set of 8 instances

F2 6 PRI SILRARE 1 241 8 ANS I U5 45 R L g

1 GA PSO CA-PSLS

S| RPEC T T0) Ro 7 T0) Ro 3 ()
1 5 11.801 <10 4718 | 11.716 0 4.89 11.704 0 431
2 6 15.002 <10 5229 | 15349 0 8.28 15.590 0 7.76
3 9 18.851 <10 10980 | 19.205 0 22.84 19.797 0 21.07
4 20 - - - 34426 0  138.00 | 33.129 0 125.52
5 40 - - - 276939 0  197.03 | 253.627 0 219.84
6 60 - - - 317.739 0  451.72 | 288.642 0 579.31
7 80 - - - 490.862 0  813.59 | 544.421 0 1016.70
8 100 _ _ _ 688.785 0 1277.4 | 880.537 0 1611.52

] . IGA SA hwL

Stol | R 7T Ro T T0) Rs J T
1 5 11.34  0.007 13 13.693 - 0.82 11.463  1.004E°* 1.399
2 6 14.62  0.002 18 17.377 - 1.66 14304  3552E°*  46.457
3 9 - - - 22.328 3 6.84 19.469  7.105E™  32.464
4 20 - - - 31.680 - 92.01 27.769  2.997%® 87.707
5 40 - - - 174586 -  263.24 | 153.013 1.22E* 94.117
6 60 - - - 187.312 -  905.75 | 78.011 1.17E7? 113557
7 80 - - - 281.087 - 2178.3 | 124.223 2.956E*?  186.796
8 100 - - 4 423087 - 42605 | 192.909 8.71E?  244.790

M 2 AN Y E A T AR 2R L ) A (AN [+ T TE AR TR 2 A ) ) (4 SR 2% P I DA 22 S SR IR B 9 SR A
FEAR L AL CAT T FE R o GA R IGA k55 1 B0/ IS K 55450 SCHR w938 A P 52 20 1) 80 Ak B o
S TR, AR5 A AN R R ) 2 TB)5R 7 T, R R TR N PR AN A Sl A X R O i A ) A B
AN DU BE S 38 T, O EL AT DU R P 98 L 24 2R 30040 () A BOZ 8 18 20 inf, iy T ok ST S 1 A e
TP A Bl R (R IR 1), Jir PAAN I T R R T e 151490 PSO,CA-PSLS 1 SA SR IR TE R 5L 3 1) [l sl A1 4
26 5 177 3CHEAT T W0 PR ORI 190 B vF 3, 2 SR T 189 K I, AR 2 ] LU Y R SRUIS 9 21 R A [
FHEARAR R B ARSI R EE ROR 4 A5 2 A SCRHT B2 eSet i A B A 2% ol e 1) 77 XA T i I
FIWAT T B E 5, O 45 Wang-Landau fill FE SR EAT 42 48 2 AR /NS 1 hWL S0 sk A5 10 0 (. 2% [
FARANT T GA M IGA ALFAIFAZRE 5 W A, L x50 1 RG] 3,07 BeAT #3 B e S 4 AL (B A L 45 R
MEAZ K 6 EASCHIZAT RSP 1~ 3 (19— i 7 I e A

Fig.6 Diagrams of the typical optimal layouts for Instance 1~Instance 3
6 5B 1~541 3 1 IR R U BUR F K

W S5 i LR 1) AN T ™ K AR S S 0 A Al 0 5 R B b R 6 T 55001 4, A SCARUVRAT B 1)1 34 [ T8 25 4 21
12 L 24 A STk r 0 S 4 5 SR D T (31.680-27.769)/31.680x100%=12.34%; % T~ 545 5,7 34 vE4S 3 111 3 |5
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JE 25 8% 245 L 29 4 SCHR R () R 3 45 SR/ T (174.586-153.013)/174.586x100%=12.35%. & 7 A LB 152 1)
S 4 FOET) 5 g — A g R R AL B A

&i\l\\

,Hg N
@i\

ialll
gS

149 n
[
N 9/“h7 lﬂﬁk
rs //
‘_‘H‘_‘___'\_// J i/___, -
Hyl a4 5415

Fig.7 Diagrams of the typical optimal layouts for Instance 4 and Instance 5
K7 5p 4 FEH 5 R MR R IR R R

of T A7) 6~S A5 8, 4% SC T A5 1 (11 35 [ B 4% s A2 W AT H AT SCHER P B B gt R LSR8 Al A S
FEVAG 2 1) Y- 359 (8] T 25 4% 1 47 B 24 4 SCR v 19 8 T 45 SR /)N T (423.087-192.909)/423.087%x100%=54.40%, K]
W T PR 2 B AR PIAR SCEIEAE ARG IR B E 35 B 8 4128 T 545 6~5 45 8 [f)— /LAY f At 2
A AL T AN T Al 5 T, SCHR PP 4 SR BT B S S R R SR B AN T BRI T 0,58 4
SEFRAS P 2 R 2k

__.:—L\ P /,..f'r,L;‘_u - ! :;“‘a\; </ ] “.;,,:. =N
. ” [ » 3 | 7 = : :. '_I '- ]
’ﬁ 31(> = })\:]@%ﬁyﬁ ERQ NI W R A ey g e

§+~ t fﬁ :
& 17 / Ry

& = |

C “__] gn:, < \"‘*--a_

51 6 S 7 51 8

Fig.8 Diagrams of the typical optimal layouts for Instance 6~Instance 8
K8 S5 6~5E4 8 f¥)— AN LAY B A R = ]

42 EREMNERRESREDHENERS S

T B AR AR ST AR I S A RO, FRATT S 8 o ST TR R [ T VR G A A (R AN A ——
S 9 SR 10,5561 9 AL 10 ANRIEY) A 5| B T SCHR[3L], 3 b B ) 1~5 R, R 1) 6~10 4 [ T2
(b 55 10 AN ARERE BD). 4 3 TEAN A Hh T BN A RS RS &R s A SCRVE W S5 9 STz AT 20 I,
FHREBRAT 1 die /D BT 25 45 2% Ro(mm) Sz JEAR Y (R AN - i J(g.mm) 3247 I 8] t(s) %1 1 4w, JF 55 3Tk
AR ST (GAYP L LA T A% 5133 (HCIGA) SR - S 5l 381 88 4% 5773 (CBR-GA) P4 1 fr 45 Lk A7
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LA R 4 0] LLG HY AR SO VR iR g S8 9 B AT AR 0 (R A0SR 6 1 B/ BT 45 48 148 Ro, AR SC #3341 1) &5 21
LW 7 SR A A e 4 45 S/ T (741.09-727.59)/741.09=1.8% A T AN P4 5 J b AR SO B 4 L AR B T
0,10 WAL T SCHR 4 I 45 TR A0 AE SR 4 v BT gs T RS hWL BVE SR 739 8 AN 145 2= (avg.)J (9. mm)
RV Y3847 I8 18] (avg . )t(s). & 5 Z1IH T A SCREAS B S8 9 11— A B uas = I £ I8 9 2 A4S hwiL ik fs
I 9 AR A R .

Table 3 Dimensions and masses of the 10 mixed objects in Instance 9
F 3 HH 9 rh 10 MR-GZHEYI R m =

L) K g 42 JF B K W AR 7
1 365 365 - 4.0 6 - - 225 4.0
2 425 300 - 45 7 - A 200 2.0
3 250 225 - 3.6 8 - . 170 26
4 380 280 - 3.9 9 - - 75 1.4
5 250 175 - 1.8 10 - - 200 2.5
Table 4 Comparison of the computational results by 4 algorithms for Instance 9
F 4 XTI 4 PhAS R S TG 45 R LU
Sk A (mm) it A1 1 i (9.mm) (avg.) J (g.mm) I TH) () (avg) t(s)
GA 749.99 0.2953 - 313.0
HCIGA 746.36 0.004 3 - 2175 -
CBR-GA 741.09 0.003 9 - 180.3 -
hwL 727.59 539" 49867 84.679 53.554
Table 5 Data of optimal layout by hWL algorithm for Instance 9
F 5 A hWL SIEASF BN EAH 9 1 Ak =
¥ 5 x Al (mm) y A% (mm) Ffh s X A& (mm) y Al (mm) P3|
1 334.233 —271.522 —0.445 6 —44.014 482.096 -
2 —224.712 —474.253 -0.459 7 -514.682 -116.017 -
3 —418.155 241.189 1.09 8 548.300 39.369 -
4 233.388 243.666 0.797 9 395.538 474.219 r
5 —32.561 —270.342 —0.267 10 -150.0 50.0 L

Fig.9 Diagrams of the typical optimal layout for Instance 9
9 5B 9 M —A B S A SR &

S 10 7 20 AN, X EE 5] @ T SCR32], 3 P B 1~9 R R 10~17 TR B
18~20 th A B IX 3 NMEEIHM R RERL B3R 6 TEANFH T AREAN B 0 RF A5 i 38 A SC e
(BVE S 10 ARAZIBAT 20 R, IER A 45 HL 5 SCRR P R AT I AR ST (PGAY B, G 3 ks T B S35 (PSO-
LAY B2V IE T G 558 (¥ A KLAZ TRE T BE A9 (HCPSO-10) A% Hy [ 45 AT LL 4%

M T WA AR ST VAR R A 10 b [RIRE IR B T 84 P ROR T d /N B 25 8% 2 12 Ro(mm), AR 5L
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P2 ) 45 R E H AT SCR o AR R 45 SRR T (1587.58-1577.94)/1587.58=0.6%. 11 i AP fif ik I 1 JE iR S IR AL
B SR B ANTA B J(kg.mm), i 5P B AN i (avg. ) J(kg.mm), A SCI AL A AR T S 1] 10 &ty 7 A Ak
B0 10 KLU R .3 8 40 1y T 2491 10 5 A S S0
Table 6 Dimensions and masses of the 20 mixed objects in Instance 10
%6 S 10 1 20 MR AL BU R R L

R S S e R S A
1 730 730 - 4.0 1 - - 250 3.2
2 850 600 - 4.5 12 - - 340 2.6
3 500 450 - 3.6 13 - - 130 15
4 580 430 - 3.0 14 - - 90 0.7
5 350 350 - 2.1 15 - - 150 1.4
6 700 270 - 3.3 16 - - 360 2.6
7 660 280 - 2.0 17 - - 160 1.0
8 500 350 - 18 18 600 500 - 2.0
9 200 160 - 11 19 450 350 - 15
10 — — 450 4.0 20 500 450 — 1.8

Table 7 Comparison of the computational results by 4 algorithms for Instance 10
RTOMNTHH 10 1 4 B FISLER TE A5 R LR

ik 242 (mm) B AR SF- 17  (kg.mm) (avg.) J (kg.mm) I8} i) (s) (avg.) t (s)
PGA 1703.57 1.277 2.153 182.29 —
PSO-1A 1 666.27 0.310 0.784 201.47 -
HCPSO-1A 1587.58 0.001 0.009 215.65 -
hwL 1577.94 44372 2.32E7%2 189.23 146.73

/,f’\"'ﬁ““-a
/// \Q;’) 15 \\
i

.
1 20
10
R 18 —
& 19 7
AFT N

)

™
_—

Fig.10 Diagram of the typical optimal layout for Instance 10
K10 S0 10 f—A> s B s ple A Jm P

Table 8 Data of optimal layout by hWL algorithm for Instance 10
&8 A hWL FRAF BIHSLG] 10 ) 5 DAk Ja) Eicdls

e x A& (mm) y A kR (mm) J S Eiaed x A b (mm) y 445 (mm) K
1 -348.613 1011.225 -0.609 11 614.257 -1117.53 -
2 —742.801 89.372 -1.360 12 —811.906 —750.414 -
3 —-198.091 —743.194 1.352 13 -1.984 -1 395.82 -
4 716.335 —661.883 —-0.203 14 -1 225.66 443.181 -
5 —358.501 -1197.32 1.383 15 -2.544 1331.72 -
6 —1255.01 —-162.355 -1.105 16 595.415 1062.48 -
7 1189.93 —188.216 0.320 17 1215.77 —625.98 -
8 178.770 -1041.46 1211 18 0.0 0.0 0
9 —-3.887 -373.825 0.582 19 600.0 —200.0 0
10 1032.82 379.156 - 20 200.0 500.0 0
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KT P AL ) VSR T, 2% B8 AT 25 S0 A 0 T SROPTL A A RE R S I SR R G R AN TR ASOA
VRN P E R 2.3 4 N3 7 ANHER 0 T P35 10 AN, hWL S35 B2 REAE S5 A I ) A A3 2101 S 45 2R

5 & i

X e AN P AP 240 SRR A R SR R R e, A S e e A R 2% T 3 T B R R R SR ) (1
BT R ) 2 T 0 o AT SRR TR 2R e B A A Ay [ I 2 ) 5, D A A5 SRR T R ) 2 TR I i 1
U R A U B ] R o R TR PR R R SR ST SR L R AR R AL TP R KR S Wang-
Landau il FESVEANSE & 5 7l AT Tl e 1 A P 240 SR AR A SRR T 2 B T 8 4 3 A A Jmy SR A el ) 5
R P 0 T S AT UK, T S5 R WY i £ A A A e S AT R
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