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Reinforcement Learning Heuristic Algorithm for Solving the Two-dimensional Strip Packing

Problem

YANG Ming-Gang, CHEN Meng-Fan, YANG Shuang-Yuan, ZHANG De-Fu

(School of Informatics, Xiamen University, Xiamen 361005, China)

Abstract: The two-dimensional strip packing problem is a classic NP-hard combinatorial optimization problem, which has been widely
used in practical life and industrial production. This paper proposes a reinforcement learning heuristic algorithm for it. The reinforcement
learning is used to provide an initial boxing sequence for the heuristic algorithm to effectively improve the heuristic cold start problem.
The reinforcement learning model can perform self-driven learning, using only the value of the heuristically calculated solution as a
reward signal to optimize the network, so that the network can learn a better packing sequence. We use a simplified version of the pointer
network to decode the output boxing sequence. The model consists of an embedding layer, a decoder, and an attention mechanism.
Actor-Critic algorithm is used to train the model, which improves the efficiency of the model. We test the reinforcement learning heuristic
algorithm on 714 standard problem instances and 400 generated problem instances. Experimental results show that the proposed algorithm
can effectively improve the heuristic cold start problem and outperform the state-of-the-art heuristics with much higher solution quality.
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Algorithm 1.1: ConstructiveHeuristic

Input:
Layout.cave_list represents all caves in the layout

Seq: unpacked sequence of rectangles
Output:
H: apacking solution, which indicates the current highest y-coordinate of packed rectangles

w = the current smallest width of Seq

Create two red-black trees based on Seq, Ty and Thy:

while Seq.length > 0 do
get the lowest and most left cave C from Layout.cave_list
if C.w < w then

Cave smooth
continue
R = RectangleSelection(C, Ty pni> L i)

o LI SN N AR W N -

pack R into the cave C

10 Cave smooth if necessary
1 update H

12 return H
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ConstructiveHeuristic. 4 /Z4% % HierachicalSearch %5, 7] LA %% Ci#k[22].

Bk 1.2 HHA {23

Algorithm 1.2: Overall hybrid heuristic algorithm

Input:

W: the width of the strip

Seq: unpacked sequence of rectangles
Output:

H: apacking solution

1 EmptyLayout only have one cave, which consists of the whole strip, with a width equal to W
2 pestSep = null, H = o

3 for eachsortig rule do

4 sortSeq = using the sorting rule sort Seq

5 tempH = ConstructiveHeuristic(EmptyLayout. cave_list, sortSeq)
6 if tempH < H then

7 bestSep = sortSeq

8 H = tempH

9 while the stop criterion is not satisfied do

10 tempH = HierachicalSearch(bestSep)

11 if tempH < H then

12 bestSep = sortSeq

13 H = SwapRandom(bestSeq)

14

return H
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Algorithm 2.1: RLHA

Input:
W: the width of the strip

Seq: unpacked sequence of rectangles
Output:
H: apacking solution

Load the trained reinforcement learning model
EmptyLayout only have one cave, which consists of the whole strip, with a width equal to W
H=o
Obtaining initial solution bestSeq from reinforcement learning
while the stop criterion is not satisfied do
tempH = HierachicalSearch(bestSep)
if tempH < H then
bestSep = sortSeq
H = SwapRandom(bestSeq)

o R IS NhA W N

[
(=}

return H
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Bk 2.2 Actor -Critic HERBE

Algorithm 2.2: Actor-Critic

1 initializes the network parameters 8, @ for actor and critic
2 while the stop criterion isnot satisfied do
3 reset gradients: df « 0 and dw « 0
4 divide the sample into N groups
] forn=0—-N—-1 do
6 te<0
7 while the stop condition is not satisfied do
i choose Y7 | according to the distribution Py, | Y X5
9 observe new state X1 4
10 tet+1
1 calculate reward R, = R(Y™, X3)
/I calculate the actor network gradient
12
PN (R — V(XJ;@))ValogP(Y"|X})
// calculate the critic network gradient
13

dw—\ n 1v (Rn V(Xg;w))z

// update the network parameters
14 update € using df and w using dw

Actor -Critic (WA AN 59 2.2 Ji s, A ME FH O F1 w4y 79) 7R #& Actor M Critic [ 2% S8 4R 4 17,

BATREREA Sy NN RS, 5 7-10 47 /2 A5 F A0 A8 1 100 45 DL RTE 3 WL 3RS — /N4 (K A 2 00 A4, 15
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Sk 3.1 BIEAEREE 1

Algorithm 3.1: GenerateDataset 1

Input:

wC: the width of the strip

n: the number of rectangles

nt: the number of rectangle types
Ag,pg, seed
Output:
rect_list

dav, = wC/A,

dming = 2 = davy /(1 + pg)

dmax, = dming * pg

initialize random number generation by seed

rects, rect_list

for 0 — nt do
randomly generated w,w € [dmin,, dmax,]
randomly generated h, h € [dming, dmaxg]
rects. add([w, h])

for 0 — n do
rect_list[i] = rects[i%nt)]

return rect_list

o 0 0 N N R W N -

P
N = o

Bortfeldt F1 Gehring™*/4E s H s 1y J 2 i — 28 2 B AR AR I B0RE . R/, 9 v Ll AR
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T2 0 T 540 T 10 K3 K R /NI K it G Seed SEBERLFR 7.y /2 8 R 1 L 4 Tt /o e 51k AR
BN 2 5 VS AR O T (K3 K [ [dming, dmaxg |98 J5 R BEALRY 7 4046 10 B AL B0 i 2% FE A 3Rt
UCE R NEAS K [ R R rect s Y K % 1 B v T [diming, dmaxg]. &5 98 K R Rn A R

rect_list,rect_listirect_list[i] = rects[i%nt],0 < i < nggEpk.
Hik 3.2 BRERE 2

Algorithm 3.2: GenerateDataset 2

Input:

H: The height of the rectangle to be divided
n: the number of rectangles

¥: the arearatio, y = 2

p: the aspect ratio, p = 2
Output:
rect_list

randomly generated W, W € [2H/p, pH /2]
rect_list = [[W, H]]
for 0 —n—1 do
M = the area of the largest rectangle in rect_list
randomly selected rectangle R from rect_list,and the area of R satisfies Sy = 2m/y

A N AW N -

delete R from rect_list
// randomly select the slicing direction

7 if 2R.h /p <R.w <pR.h/2 then

8 randomly select horizontal or vertical slicing
9 elseif ZR.w/p < R.h < 2pR.w then
10 horizontal slicing

I eseif 2R.h/p <R.w < 2pR.h then

12 vertical slicing

// randomly select the slicing position
13 if horizontal slicing then
14

. K i

randomly selected y,y € [min (pR. w, Rh-Rw sz - .RZI) max( , R.h— pR.w ?)]
15 rect_list.add((R.w,y]), rect_list.add((R.w,R.h — y])
16 if vertical slicing then
17

. R.h—Rw R.
randomly selected X, X € [min (pR.h,¥ ,“)

max( R.w — pR.h, r;:h)]

18 rect_list.add([x, R.h)), rect_list.add(R.w — x, R.h])
19 yeturn rect_list
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Table 3.1 Benchmark data
R 3.1 SIS

Dataset Instances n zero-waste
C 21 16-197 Yes
N 13 10-3152 Yes
NT 70 17-199 Yes
2SP 38 7-200 No
BWMV 500 20-100 No
Nice&Path 72 25-5000 No

MF 3.2 B85 AT DU L RLHA 76 N 4l 48 bR IR HHA K3 —#E N il 2 — D RIR I EK
Bl A, FRA T SEI2AE AR 7 92451 b #0828 R AT Spe DIE e, PR e P AN SRV A8 X Bt 4 B SR BILJF B %290 RLHA AE
2SP ##f 4k BRI S HHA SRAS A 45 R4 X8 0 10 5L B8 vl g 512 50808 1RO e 0 50 3 i 80 A
B> HAFAE — 1 PUBURE R 0 S5, 5 22 SEORS 200 F) RO o 50 BT T AR A Qs o #0846 1 3%
PLAT R BN T ORRE, 8] 0 I A A SEAR A 5 R XS L R BHE 4R RLHA Xl 7 HHA /E i 5 Bdl SR 1 &
BLRLHA )82 #id 7 HAb 5 5%

Table 3.2 Computational results on benchmark data

R 3.2 IESEREN LS R

average_gap_rate(%)

Dataset

GRASP SVC ISA SRA CIBA HHA RLHA
C 0.95 1.03 0.76 0.69 0.58 0.39 0.32
N 0.96 0.63 0.41 0.23 0.13 0.12 0.12
NT 232 2.27 2.24 1.60 1.37 0.97 0.96
2SP 2.68 2.80 3.02 3.07 2.87 2.7 2.7
BWMV 1.77 1.80 1.66 1.63 1.55 1.45 1.42
Nice 1.84 1.14 1.00 0.54 0.56 0.56 0.54
Path 1.68 1.00 0.77 0.40 0.35 0.35 0.34
Average 1.74 1.43 1.35 1.13 1.04 0.93 0.91

RLHA 7£ C,NT,BWMV,Nice fl Path IR ILALL HHA WS TF 7 — 28, B ARIE TH A8 BEAS K B FRATT AT
DL 31 98 4k 5 ST B2 BN N ARG T 1 S 56 45 SR 3 AR BT DL W S A 2% ST AR B R AT AR B0t S R SRR R 1)
i

EAFE R A2 T H AT (T XF LA PRk 1] B H 1 4o 22 ) 2 AR 70 12628075 fi e TSP VRP. 2446 % I
FRE L HHR R RSB A # R B  AD T 2000 A9 85 04 10 B S 4513k S T A BT K RIAE S 49 P B9 AR B 2 S B
ALY YN S5 1) ) TA) A T 52 B 2% 1 S B o) A SO R 308 2 R SE T B 85 43 Jall 2 50,100,200 32 (1 5L 2% ST B
B 5 7R e ) R () R A TG O 1D, R 3 A 0 AT DA I R G () B B T S [ A P 5040 4R B FRAT R I G O B 2L
T A B T HHCHN 1000-5000 1 %4 & Nice F1 Path, A3 3.2 11 Nice I Path [ 5258 25 R Al DUE tH, B AR AL I
BE NS H BT 200 Hef ) $d 4 (22 VI 2k 2 5 BB 18 dr /N IUBE (9 3038 45 B IR I — & 14
T, 31X A1 U BB RS AT DUAR $5 (R A7 I 2 A 2 50, v R R sUBROVE SR A — AN A U I 6 R )7 910, 35 B S5 B8 U7 (8 AT,
PR SIETERE.

(2) A BB R R LE 4 AT

F 3.3 A EUE AR 1 B AN, 4 i AR U T B EA 50,100,200 LK 1000 % HE S5 100 41, T4 Ll se it
B A5 B T 500 3.1 A2 BRI BRI 42 1) s 0 A AN 1 2, TR o B 20 e VA PR IX 4 AR RIS AT B 3R 18 I i
I A 10 258 A o 1~ B R BB 6 . 3% 3.4 N SIZIR I 45 SR Javg height 37 35 56 w0 FE V)7 4048, SE AR (1 ks
itk TN
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Table 3.3 Details on generated data set

R 3.3 LRBEEENH

Dataset Instances n
Test50 100 50
Test100 100 100
Test200 100 200
Test1000 100 1000

BTS2 25 R W) HHA 1 RLHA 23 (B 7 At 7 A 50005547 RO AN B4 1) HHA R RLHA 5%
HEAT RS Lo 4 3.4 A& HHA 1 RLHA 75 4 S1ECHE 88 30045 107 55955 26 96 FE 169 5OHE M o T DA H 2E 50 58 TestS0
[ HHA #1 RLHA FR15 72124 i e — R, IR RO 7E B0/ O B0 5 B AN SVEME SR 4 R e 0 # 2 8, R)
LS 06 2 L — AF E B0 £ Test100,Test200 A1 Test1000 |- RLHA KRBT HHA B2, U0 17 IR 3
b2 I B AL RE AT HHA K13 58 47 (K P g,

Table 3.4 Computational results on generated data set

R34 ERBERELBER

average_height

Dataset
HHA RLHA
Test50 1263 1263
Test100 4965.60 4959.79
Test200 1275.05 1239.8
Test1000 1246.29 1242.98
Average 2187.48 2176.39

B 3.1 /2 Test200 FEANSEH) 1537l 47 RLHA A1 HHA 45 3, P AN 50253 BB AT 240 #0580 b 24 1
BRAG fo D0 AR PO, B R R AR A S I 8] (), SN AR o A2 i DIC AR AL, th A0 A A 1 v B2 B R i L A T 262 RLHAAL S
B 22/ HHAL A Hi 22 95 ATTRT DL %2 21, RLHA R4S V)40 il tL HHA SRAS RO W46 i 52 47, AR TF A6 L 95
FFAS R ) B S AR 285 — BU (8] (32 47 RLHA BERCHR IR 390 58 4 O 88 07 1 A Jo Xt 3 W s N e 1000 ) b a5
LI PR A7 RLHA A HHA —FEARARAE — DN EUN SR IS 20K AR I8 1T J5 L, RLHA /A5 1025 A i 2
AW R B, B SR HHA S T — SR HE ¥ D (H2 RLHA I RCR R T HHAL B AT LA RLHA GeBCH
R e J e AR JE 2l B ) AL O RE SR v B O R T R
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Fig.3.1 Comparison of running time

B 3.1 [F ST X
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3.4 RE R TT ER RN

RLHA & {8 FH 5846 5% SJ SRAF W) 46 77 51, 10 HHA 2 A8 F 7SR HR 3 720 (L3 3.5 ik 1~6) I
UFHIFP A, 3% 3.2 MR 3.4 ITHEE S RARY] RLHA (TR RS T HHA it — 2 B Fe 0186 46 7 v 1 52, 41T
B T — FEENLRI AR 507 v KA A AR A 05 105 B 5 i ROR, BRATR FT R ) BWMY #idE 28R
500 MG 3R 3.5 G T8 R AENIUG AT IR TS R N R LUE L BENLRIAR PP A TR ROR B 2 A
FSRAL 2 2T SRAG AT 4R Fr 51, RCR W) B A 7 RO ik,

Table 3.5 Computational results on different initialize methods for BWMV
& 3.5 ARMGATTETE BWMV K4 R

SRAFWIGR R 1 5 12 Average gap rate (%)

L. TR RROR AR S, SR T RRRE 25, U 58 B K AR o 1.63
2. AR K AL, T TR AR, ) K A g 1.62
3. KK e, n B K AR S, W58 R K fE 5 1.61
4. KK IS, W R AR, W R K A S 1.63
5. T8 R, 0 JE 58 AR S, ) 5 K A g 1.61
6. w1 K ML, T S s B AR &S, U] e B K A o 1.75
7. BENLYI GG 7 5 7 15 1.85
8. RLHA 1.42
4 5P

54k 2 1 JR R AURE (RLHA)HE 28 rb B AT BT 1 10 48 FH 3 A 22 20 ) 7 96 R ol Ja ke s B0 J 3l i) 7L
SAL S IR RAAE A T R R BT S R A LA D 22 b 15 5 ORI R 45, i i i 1 45 5 20 A1 v B I8 4 41
55 Y 17 A0 RSP i3 T ) % A i 1 2 8 71, 2% 19X 2% 15 A i ) 48 9 20 BRI 286 48 17— KO 20 IO T B RE 0 B i RO
KM Actor-Critic 5% R INZRIM 2% H1 T, Actor-Critic 7 DA S 57, EUES 540 F6) SR A 52 1) [l 5 BRI 2803 B .
S F 73, AR SO I Bl A R A T N R T R SR AR 714 A ARHAE ) RBLSEERT 400 AN A RS ) RS A
EEt RLHA, SRR 45 R 7R RLHA 345 17 b5l 25 44 0 e SR S 0 (1 gt X R R W 1 IR I 5l A 2 D) R Y
BEN HHA R0 S 4F (AT IR 1R A8 PP 51, A 2800 S 4 ) Bl D T R SR ) A At e A SSCEAE 28 ) B At x e
P AL AT 1k — 2D () SSGE . R R i A 22 >0 T 00 K NP e R0 0 SR8 45 Y — Mk ) SRR HE 22, R R AT
EZ RN
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