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Nesting Method of Two-dimensional Irregular Polygons Based on Deep Reinforcement Learning

ZENG Huan-Rong, SHANG Hui-Liang
(Academy for Engineering and Technology, Fudan University, Shanghai 200433, China)

Abstract: This study applies deep reinforcement learning to the nesting problem of two-dimensional irregular polygons.
The shape characteristics of polygons are mapped into one-dimensional vectors according to the distances from the
centroid to the contours. For randomly generated polygons, the compression losses are less than 1%. With a given
sequence of the polygon items, this study employs a multi-task deep reinforcement learning model to pfédict the sequence
and rotation angle of the irregular nesting items and obtains a nesting result 5%—10% higher than those of the traditional
heuristic algorithms. A result better than that of the optimized genetic algori‘vfhm 1ssalso achieved under a sufficient
sampling number. The model can deliver a better initial solution in the shortest time and, therefore, has a generalization ability.
Key words: nesting optimization problem; combinatorial optimization problem; deep reinforcement learning; encoder-

decoder structure; actor-critic algorithm
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Lo FTBLEIE DR AT AL |
Lo = Ey-pyi(reward0lx) =by(0) — (17)
R (17) o RO B L e 5, Wi %
AHERE R Al oo« g ARAR SRS i Tk KR A
S I (O HERE 7 91, Fory ~ po( - [x), MR (17) 9
TR T AR

1 B
Lo = 5 ) (rewards(yil )= by () (18)
i=1

PRI SR W48 R FH BE AR 5 BRI 7 VE I RN 26 2
5, HHARRECH TR ZERR, W2 (19) Fiok:

B
1 2
Lox=5 ;Ilbw(xi)—reward(yil WIF - (19)

3.5.3  BIEGE

grG R HT, W DL A SO B I 2R VA TR
BENFIA 1. N
B 1. Actor-Critic I 2515 b |

A VIZRAK, N 2T A 75
fasisga P S0

WA 255 K
for step=1to 7T"do
xi~sample(X) fori=1,2, -, B
for i=1 to B do
for i=1 to N do
X; ~e=greedy(pg(-lyi1,Yi 2, Yit—1))
ori; ~e—greedy(pg(lyi,1.Yi 2. Vis-1))
Vi~ (Xig.0rijyp)
bi—by(x;)

end for

end for
B
VoLox— 4 X (reward(yifxi)=by(x7))Valog polyilx;)

Lyp=4% __fl by (xi)—reward(y;| x;)|3
0<—ADA3\/I(0,V3L9|X)
¢eADAM(¢,V¢L¢|x)

end for

return 6
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4 SEIG Sek o pr
4.1 BEEES

KRS BT LA T ST R e A R
BEOR I RBENE, N T BENE A B LU AR UM A SE
PERE, RIS T HRTRAT B 4EHERE 1] AT 75 1) £
WA, S mlA R T TR i 2 100, Hrbl g8
10 000 4H, WIA4E 300 4H, B4 X 428 10, 15, 20 4>
Z T 3 FiE B, BN ECE O R A AT RS (R)
LR TERs (NR) PR IE I, 2 0T 1 TH s s 7E (3, 8]
Z 8], TRAE [50, 300] Z [8]. FH T A SC E 2% B O 7E
LI N ERIIE L, R A R 2 1 SO AE £ 3
TEANERIT, WK R FF. N T g ZRid 78, AR SCfE 4L

A SR AR R AT O () TAL L, BT SRR AN B AR

fEr &, DA —H 2 A0 NFP Ik T ARHIZEAE.
42 LWZE '

HEFE B FE A 80, E%/J\J‘i@%ﬁa}ﬁ% 90 J&, Ak HAw
RHEFE JE 2 0% B B A T KR L. B8 Adam 1R
P 31125 300 4 epoch 58 K, FEEMIR S F#EAT I
R, VI Gk 2 A SR e A BT B Ao P AR R P AL
HR, 2 R 205 () Il 2R 7E NVIDIA GeForce RTX 2080Ti
GPU b5em, EERN . S E T S5 L & 5
Tt e R s Bs A B 1) 11 BAE Intel Xeon E5-
2667 v4 CPU L5 k.

N T BEA SO AL ROR, ASCSBENLE . B R
SR DA 28 AR SRR AT s X b, Berh s R
SR A oy R N AT HE P (AR, K
&), a5 IO & P 7 B BAE; 8% Bk AR

SRR 3 Pow, AR s 1A S HERE A 1 Dl |

R3 BRI SH

24 !
TR/ " 30
IE*&%L 0.5
e A 0.5
B TS 0.1

R RAREL 40

TER S8 38 7 SVE LU, AR SCAE L 72 R $E 78 3 A ik
(bottom left fill) /EAHERE 52 b SR, 455wy kA
FEIHERE NG, K FAF IR AN R AT REHE R, F ) A
BAT P, MR AT RESE I /e . R ETE 2 5 2
HERE AR UG AT G 3 HE, JRTT RE oK R 4 R A (2
A2 T ARG, AT g/ m 2 1 DX, 420 T B Ak O
Gl kS

174 A4 AR5 % Software TechniquesAlgorithm

43 KBRS HH

S B 5 F A ] 5 5 A AT R, L
HERE BER3 0 5200 5 5, 41 4 . o, ASCH
W BEHLIE IR 7% YRR I S, B A
HERFR Sy Seh G 5. 1 T3 VRO BB A 45—
0\ A A A B AR A7 AR T, 5SRO
R PR LA 2 51 R B — A PR SR AR, s
WHch e 2 ST B RRAEREE, 197 000\ A R A2 RO
PRI L B A5 5, IR BT A SR T 1
TSI 9% th A8 SO ST e T S e S2 47
] 0 38, A% SC B SRR DB B 9 100, 46 2
(293t SIS RPN . S0 S T
DAL B, 755 7 ) R4, A S0
e 150 B L L e SR T AR R, T — e R i T
ARSCHIEMITATHE. T A SCHERRR AR I T 7777
HUR, U8 BEOS HRAR LS B IR B R — A
-5 L AT T, A s B0, 05 75 i
NI AT R 2 U P, TTRRI % 5
RIS, g T A A HERE KB, 40780 5 RN 2% 8 4 A 51
FZ 2 B, S8 2 9 045,

K4 REREESR AR

B AXHIE B E Ja Rk BEALE
10-R 4522 456 4629 53.41
15-R 50.62 50.81 V52,07 59.94
20-R 63.08 6317 16624 71.44
10-NR 45788 4586 | 4695 53.76
I5NR L 5087+ 5093 53.60 6021

20-NR 63.23 63.47 66.79 73.24

BEAb, Tl 2 iR BE B AL 2 2R IE fe AR SIE A
—E MIHERE A 23 TR HERE R AE — e RS A2 e e
FEELIR AR, B E /NS LD, RESAS 2]
FRALHERE (0 v B P gt A v (FUR T i A B i £ S A Y
KRN ZRARG+0 BA%, Hast AR S AR H X LAk
T, o T A IR R 2% P, AR SORE fo /N e e A P
BUERIAE 90°, BRI —ADZTAEOH 4 ANT7 Al T HEFE.
IR e e A L REAT 1 R, (ELR 3 A S5 ¥k A
RHRAFE I A, Bl IS BT LA e i) 0 i
fE AT AL,

BEAh, RSO HERE 22 18] (1 52 BE W I %€ O 80, LAE T
BRI R, D9 7 AERBRLAE ™ 3 HoAt i B, wT DA 4
TR R, BT HADHERE 5L EE W, R 22 TR (R L4 i
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i H AR SN A

W W AE G FREEATRAAE SR, 45 RAE AT LU F F0I
g AR AT 22 300 IO HERE.

5 sigHRE

ASONASTN 22 30T B HERE 1) i it 7 Rhd T
Actor-Critic 59515 4 il % 45 H 1 2 A1 55 IR L sk 52 2
RIS o B R 0 B S SR AN 2 T TR TR AR AL,
TR A A R S5 21 ) — 2 R R, A A e Y 2%
RENS 22 5] B 2 I L H0IE SUE 2, JF HERE Y« e e
i REBEAT T b T AR ST R AL B ORI T
1%, A SCTTIRG AL T OB B 2% (BT HERE, 5
JISCVFIIZEAE T, ARSRTT LA 8 A8 F o458 AT AR AE
KRACE R IR . BhAh, dn iR E St g, U R R
HHRAE R AT I S, (28 1 O ZR )73, AR
15 W 2 e i 3 BLHT I R 4R, D A SOR RS BLAT — 5
Iz AL RE ST, 38 I 5 1% G RE S BT B, AR ST A d e
HFER iﬁﬁﬂﬂ‘l‘ﬂ%%‘éﬁi@ﬁ*%%%, RE 0% 7£ i
LI ) 25 R 2R FRTHEARE 11, O DR DR AR HE A 1 A e 2
Bt 7R RENE, A SEBR AR TS B AR
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