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Abstract: This paper proposes an automatic construction technique of transferable loading algorithms based
on Cartesian Genetic Programming. The proposed method aims to construct the loading algorithm with a few
hundred fitness evaluations by optimizing the execution order of rules to decide a type of multiple cardboard
boxes and their loadable positions simultaneously. Experimental results show that auto-constructed loading
algorithms can derive competitive performances to defined baselines under two hundred fitness evaluations
on similar problems without any additional fitness evaluation.
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T, KL T AT REO R 2 G L, SHfiE o
JEME % RO U C ol AL T RE 2 0 BE RLEfLET S (Interactive
Evolutionary Computation: IEC) [2], [3] & 7V T1) X A4
% BB AT E 72 Hyper Heuristics (HH) [4] # @& L 72
TEZ R 5. KL TR FIEDO R 2 LUT IR T
(1) AT 8 = DO RGITESNCWETH 2 20°, 5%
HIIREBRA S ZOREEHMTE 5.
(2) AR =V OMB BB 2 2545, @A)
Jo8y — 2 A ED DD D 5.
(3) IR LT 2 BRACHANEH ¥ v R — Vg
AERACT, AEHOBRR—-IVIHE T Lo TRHRAF
B EDHEREIND.
e (1) 2NIEC 2 V2 HIITH L. F72, BRIV
DRI DENT LI IEC 2 AT 2 LEN L
5T, FEB(2) 2SHH I X VT RE 2R AN T 7 v T
VALEET L85 TH D, FFE(3) RGOS
TIHEHT 25 TH Y, UBETREART 5.

IEC & HH ZBE¥ 256, 7TVIT) XL EFHET 4
Z— Ol EIIEFAR OB EF L Ting 5. L7z
Do T, L—HOFFMBAHEENT 5 720121F, D& WETE
AT 7V ) X 4 % H B AT RE 2 FER AN & T

LYENH L, L, 2ETHBRT L LI, —kik
HH 7 )V T X L ORFRZEM DI AL T 5 7208 T Lk
OFHME i x Bd 5.

Z 2 CAMLTIE, HWHTELZEAFIT T VT 4%
A7 WCEH O T BB AE BT RE 2 Bl 2 IR R 5. BARRY
ICHRFHEE, UTOTREZR) ANS.

(i) JEal L7298 (3) 20GH LT, MO KR — IV
AR E VR VHAZHWCT LD, ZDF &
F)OHATHEAMITET). 518, BRI 28
R—VHOFE & ) OfH, EAMSITIEOMmEREL
HODPLOERSNIEEDONV—VTEIRT S, 20
V=& o T, THUE % [FREIZPeE ] RE 7 FE A
TNT) ALEERTE, MHEELMELISHERT L5
LB LTT VT X LDFEZRZLMEHNTE 5.

(ii) Cartesian Genetic Programming (CGP) [5] Z i\ T
Fal L7 DN — VO FEATIE R il L, FrEofg
BTNy — 2 B WIIT BHEAMT TN T) XL %K
KT 5. —#EIC CGP IZELEIETH 5 (1 + 4)-ES
FHWAI LS (6], AT L2 4 DDk
flid s X, T2, 2—PIHERT LEAT
ThAIT)ZAL 1T 252 (1 HMkE 471/
) L4, =Y OFHIEHOBINNS IEC & DB
FIEATE .

KL ORI KD EBY) THDH. 2 FETIE, AT
BB L7 VT X 40 BEEEEEAN (2B 3 5 B e
IhR%. 3T CGP OMEEEAL, 4 FETIEARH
T AT MEORRE HH L7-#%, MEOET VL

© 2021 Information Processing Society of Japan

IZDOWTOFMEEZ BT 4. B, KL ClEFEEHEO
BR—IVHEOFEFIVETO Y 7 LIFY, ZOEFHIZOW
TH 4 ETHRD., 5 BTRELETH S CGP #7244
AT TN T X LD HEVERFAMIZOWTIHERS, 6 %
T, HEVER L2REAIT 7V T XL O % 5§
b, RIS T BEOARGR L DM 2 B 5.

2. BEME

RETIE, BEATTHEB X7 VT X 40 HEjEE
HATIZB$ % B 58 2 X %

—fAbENTFEARITHEE LT, a7 BROR
PALEBWETBE YNy XY FERH L. 22T FD
YRR 2 RO CC L, 2, 3RILE v /8y ¥ v ZREIC
XBEND (7], [8], [9]. ¥ 8y ¥ /RIEIE NP KT
HY, AFea—) AT 47 A% GO URENERT
» 5 [10], [11]. 72 z21E, 7 v bavo=—fki#fk [12], ki
TR L [13]), BTNV T X4 [14], [15], F v T—
H—F [16] BHV SN L. 1ZAICD, BHEIEE (17] %
oSy X v MBI L Lz 2= AT 1 7 ADHTE
STV [18]. —HT, EInH e LHEREICS
WTHIEIITbNTWE, 728 21E, BiAAiAB L U
ATALIERF 19, ¥—7 L —YBET#[20, K@iz
F[21], 7O [22] 2 EE L 72REDE S T
w5,

AR L7 FRIE R S & T G- Ok T v ) X 4% H
WCHRGEAIL 24T ) A%, HH (ST E 6 TR 2 L 7
VT XALABEREERT S, BETIE, TIVT) XL
REIE L 7@ w7 a 79 3 v 7% Hvwb HH (Genetic
Programming-based HH: GPHH) 238 A IZHZE S L C
W5 (23], [24], [25], [26]. HH &, E3% L 7% @KW
WCETFT LT NI XL EERYT AP (Selective HH)
ETNT) XA L% —hSHEKT A )7 (Generative HH)
KRBT E S, $-%H:1E GPHH % V72 Selective HH &
72 %. Selective HH 13, FT5-O k% BIRAYICHAE DY
% 7:%®, Generative HH & IL#Z L T4 7% WEFM M1 57 CHin A
WRERTNT) AL EERTETH LS. — T, Selective
HH OXfEE LT, MEICHE LMk rHiiesT 2058
V5.

HH O I2BWT, E ooy F 0 FREIERY F~v—
s L@ S5 [27]. Selective HH Tld, #4
AT OELTFIEE KD 5 Fi: 28], [29] ([Ross, 03])
R, FEARHTIRRE L LB e i (g 2 BN 5 71k [23)
([Nguyen7 1)) "% 5. ZTh o DOWFFEIEFRZRETE IR b B
T 50, MEFIBEAFTL2ER-VHEOE & F ) O
EREBAPIALE & FRFICE T A I THRL S, Generative
HH T, #LmV — VB L@mm 7 v T) X a2k
O P [30] Wz, $5IC GPHH 1220  FES &S
ACHIFE S TWw 3 [25), [26], [31]. 7= & 21E, HEAMO
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Fig. 1 The population size and the number of generations used
in this paper and existing works regarding to Hyper

Heuristics applied to bin packing problems.

&% [32], [33] ([Burke, 06, 07]) LFEALFITALE [34], [35
([Burke, 10, 12]) % HE)RICIES 5 72912 GPHH A°H
WHNB., F72, TNTY XL OREZREM E RN B4
LT, BETFTIVEO GPHH [36] % LMk % F50i
fLEHEICHED < GPHH [37] ([Sosa, 16]) 2% 0, Ha#flT
BICRRAMATWS, 1300, AN & AN L
DFEIRT VT AL %G 5515 [38] ([Pillay, 12]) %,
TNT) XL OFMEEHEE L#EH S 5 BARTE 2 JE
T2 )71 [39], FRIAR T M ARA 7 GPHH[40] ([Ross,
20) bHFET S, HEEHESOMADORY TIX, CGP 123D
¢ GPHH % X[o] & — )b A~ > R~ L 72560 [41] 1$
FHETHY, ©roy ¥ 0 7D B VIR REIC
HH L 72 %,

B 1I2HH ZE 23y F 0 ZFRIEICEH L 7St s
KL OKFG SIS H WA LB 2R, FRIE, EHE
SATCHL & D HERRC E72FIRICBRE L TRLTHB Y, Ours
EARF L OERHE (A% 50, MKk 28T, K
SCOREZEIBENIZE & R B 20— IR T E 2w
A5, AL OEBRE BN % VR (A <
BAEE) THEL TS, 1 BTl LI, KFHILD
FEERHED X ) 12D % WEHEiRIE E V5 2 L 2%, TIEC (2
BT 51— FOFHMBEHOBRICHEEL 2 5.

HH & 87570 T) A LB LT, BEFE*
M2 s 5. Hu 513, EEmibs 3 2 v TR i
338 — > 2 MJ)$ 5 Hieig%E L7z [42]. £72, Duan
SiE, MAMIZ»h 5% R/MET 5 REE R, FE
BM—a—FNVAhy bT =27 2V TRARMO/NY — % HH
DT 2 IEEBELZ [43]. I hooifseid, bR
MM %58 7 — & Bk 150,000 fEHICEELTBY, K
LOERFE L RNEDOTE L OFFMEEE ET 5.
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Fig. 2 An example of the gene-phenotype in CGP.

3. Cartesian Genetic Programming

RETIE, REFEOEFHAM & L THVS CGP DR
T 5.

CGP THW 2 #ET-ET NV () 1, ArdEkn 7
FTIMETH 74— K7+ 7= FROAy T —2TH
HWahs, 72, 2y FI—=2HNO/ — FIZHEFAMTET
HY, WEOBLNTO ST IV ITELRTWVWTH— b
M (EAROREEDS M 2 5 ) ST E5F 5
HdbH, H 2 IEEEHRZGRT L. [HKTIE, 6 20 A
NIL,...Ig c RS, 320MT] 0,0,,03 eR %KD S
Py MT =2 %RLTWA, AR/ — FORIHFET S
J— PN, ERLIBFRESPE )L TONERE , — F
THY, F¥n, Wn 07y FECRBENS., %
B, ARTIEHIICEG L WilEE /) — P2 ii#TRLT
W5, EETIE, n,=1& L n. NS5 %EIELE
ENTVD [6]. TOHEMIE, n, = 1IEET S L TH
TS L WiEE /) — RIS L CGP DIERE S
THIE, n FEWIMESELZ ETEEO R Y b7 — 2R
THEOEHENIPN LT A2 E0dIFohs. )/ —
FOfElE, AT/ — FEGOHEDEIO  — P25 iE S
NIEICRRES NS, 218, M2icBaHH0, &
0, 13, Zhzih 0 = U tdianll) -0, = log (tan(Is))
&b,

—f97: CGP 1, HE(LERAE (Evolutionary Strategy: ES)
OHTH (14 4)-ES ZH TR fosbs 2 (6], [44].
AN, HEAE B L HBEE Vv CEATE %
5. LT, BEEELAREMEZFFOMEMEZ BEERICRE
5. RIZ, HAEKE 1 ommsE, BURKRICHESR T
WEREER L, 4 2O THEEERT 2. CO®ELK
KRR G T TR B L FRER O G D
WS, FEEE KR OBEERICHRE L, EREMOE
BEIHIS 5.

4. HBEORE L ETIVE
KRBT, ARSCCHD BRI REOBEZ HW L7
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Fig. 3 The conceptual diagram of the loadable space and the

coordinate system.

%, FREOETFTMALE L TR — V& REAN T 5 221
CIERER, BLUTO Y ZIZOoOWTERE RS,

4.1 FEEOHE

RS ) FEAM RIS, 22 2 EOB R — V5
RHEBONL Y NIRRT B IRBEREATTHETH 5.
BRI, BER— VO, 52 oni-b LT
ik A b O], FEAMOLENE, Mt EREIICE
LB LREAMNIT Sy — 2RO LZ EVNHTH
. 3RILE Ny Xy FHEELIIRLY, kI A MO
PHISHE—DHI & 13 7% 5 %,

kI A M, &850y bOEIREOM LB X O
Ly MEOFHEIC X D IR S D, BAROLENER, &
AT & O &AL X o T BT A, 72, M
T OMEEZ, TTREZRY MEEHOBE R —Viz LT
AT A2 ETHET A, 422 HTHRT L X912, #
FEALE UV R—VHERAZHWAZ ETYH, EHER LA
DEEWNENTNN ET LT ENE, FEBROFREAMITIE
ETRERALE Y VR IVIEADPEZHENS.

4.2 MEEOETIVE
4.2.1 TEHFHIRRE & EER
BeR — VH & R RE % 3 RIC D22/ % FE A f 1 22
& IO, [FMZEfid SV Y P olg (o), BT (y#h), &
KEAFTES (fl) THESNS. Ny FOIRER
AT0&, SRR 22 i~ (T11 &) [45) Td 4 1,100 mm,
1,100 mm |ZFNZFNHET L. T2, BR— VO RAR
AAFTE S & 1,800mm [ZEET A, B 3 1RT L9
%AHH%%@@%%@,Eﬁ#%&fmv/wa,ﬁ,
ToOWMEESE L, Faro4AJ0m, Faihm, Lz
e, y,z@ﬁﬁﬁ&@’éf%%%ﬁéﬁﬂ?’é. z B D)5
W3Sy POFRFEICEEL, SL vy b OERIIIE L
&w.%AvauH#@%AHH§%%%O.
4.2.2 T7ATFLETOYY
BR-IVHEZFBELOBMEE LTTAT LR, T4
T LIRS D), M L O, BAT, &S 0EER
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Fig. 4 Examples of block construction.

(b) ¥¥R—ILHEADH

(a) LM = THLE (b) 90° [HI#Z L THLE
5 AT O Y 7B AKESROT 1 7 LR

Fig. 5 Horizontal item-placements in a parallel block.
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(a) ATEREX (b) fHE%BE
K6 Yrh—WEsa7Oy 712803 5KFEHBOT AT LEE

Fig. 6 Horizontal item-placements in a pinhole block.

THhLESEERES. 70y 7 ZEEEOT 4 7 A%
BRI 725 LIV TH Y, BfiAhdHbVITE v K-
ViR % L 72 E TR IR e F8o.

M 4(a) LE 5 1IRT L), BERIT AT LOME
RHZHMHANTHY, BT x WIS n, 8, y M
Cny HOT A7 2 BANT 2. %8B, 747 55KF
JiIZ 90° [ S 7-fE AT B EETH L (0 5(b)). ##
FEATHEEEOM LIZEFES T 225, KFEHMOIRNUIK L
TALETH D, H4(D) ITRTE VR — VFERIIET A
T ADEHE: - BEBETHEWIIMAR )AL THY, &
A DZEMEITENS . BARIICIE, B 6 ITRT L1,
FBT o WA ny M8,y BT ny, MR ) & T
72b D% 4 DRHARICTHLA, DO EEL & BB TRLA S
ZHIZ L TR AT 5.

5. IREZX
KETIE, BAFTFT N TY XL 85— %
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T LRI R AICHHET A5, 2L T, ZORETIEZ
R A AH = XLz z0m L, MBI CCP 2 X 2REAN
7T X LOREEEE RS,

5.1 MEHFIF7ILTYXLOBE
EAHT TV T X80, BAEOREAMFIIRE IR AT

JHReR 70y 7 23 XCHIZEL, 70y 7 O L HEA

fHTALEICRIT 20— b GEFOV— V) 1ZHD Tl 72

Ty E RN LA B R T, FIEENnD

Ty 73R A REAMIT I RENE O & IR EER S

5. FLT, BEOBRL—VEIEE LERMTIT 27

0y 7 2@ iRT 5. B, BPOL—IVOETIEIE, CGP D

BIETFEFV (CGP EFNV) ICkoTHEENS, T2,

BIREIN-T70y 713 (070 y 7 OERICHNS L)

FEAMHT RN B IS AT T 5N D,

EEiLEN: CGP EFVEHWFHAMFIT T LT X

21, LTOFNETHERMIT Y =2 22T 5.

AN TATLOMET L oMLK (- BT - &),
fEATRE S L v %, EAMITZEROBEME (IF -
AT - e RFEARHTE )

HAH A8 — b LRFEHERRA T -5 A

Step 1 (f1#A1E)

KEARMPTFT AT LY A MNIETAT L %EET 5.

Step 2 (¥ THIE)

FHEAFTTA T L) X IDBETH L, BHEEEATO
ATy — &R TIT 5.

Step 3 (AT HRIgER 7Oy VEEDERK)

B O A fHFIREE IS B CTREAMTIT B E 2 3
TR, ZNOOMEICEAMITIRER 70y 7 %4
L7y 7 EIGEINT A, BAFITEER 7Y 2
BV ETRIELERA T -5 A2 T 5.

Step 4 (AT 70y 7 D&EIR)

CCP EFNDH AL ETECTEIRV -V ZFH L,
AR 70y 2 NS 70y 7% 1 DEIR
T5.
Step 5 (AT EST)
BIRLA-T7Ouy 2% (Fo70y 708EBIZHCSN
72) AT E ICEATIT 5. S#IRL27 1y
RS AT AT LA ERMAFTT AT L) A D
LA A, Step 2 ICRA.
VIBETIE, Step3 & Stepd DA N = AL B LUV CGP 7
IV OREALSTEIZ DO W TEER T 5.

5.2 HA&FHIEIEEL T Oy VBEOERBE

9, R 7IORT I, 70y 7 O ITRENE
XLy bOELE, HEVIETTICEAIT 270y 70
ELE - TE - AICEETS. BB, AXE220/5L v b
(pallety, pallety) \ZFEAFITAEGEEZHRLTWS. £
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NRLy bDEBEE

y pallet, y pallet,
(EP HErEaTRy s () BRI ARGE

7 AT AR E OB

Fig. 7 The conceptual diagram of loadable positions.

=

y
8 WlRIGM (3) RS hvwTay
Fig. 8 An example of a block violating the constraint (3).

72, AT ZERIC BT B 53R 2 220505 2§l 5 729
2, 70y 73R EICEE TRAFITONA, 22T,
S A Ta Y 2 IZUTORIGtZiMT L EN D 5.
(1) $RTOTHE Y ZIZWThD/ L v b OFREARSFITZE
MizgFIEnsZ k.
(2) EWICRE2EED 22070y 29, FEAMTIT 220
FCIEOFEOILEE S & b 7o &
(3) AL 72T ay 7%, oTay 7H5WId 5Ly
MIE W ERTZXFEINTWE L.
FlROBIFEM (3) L0, 7u vy 7 2 idAE L TRHEAMN
LI lELEINL (M8). 72721, Evh—LVEASH
270y s ORRESETLOTE Y JIEFRENS.
RIZ, AT TR 70y 2 BOERTIEZ 3T 5.
B, BAEORE A IRREIZ BT 5 AN T RELL & &
FTRTCKRD D, KIS, REAMITT AT 20 X MTHFET
57 AT LOMBEOKIZT, AT EEALE & I2HI
FME ()~ (3) xWmET A2 70y 7 %Rkwsb,. 22T, [
CRE AN TR E I LT, MEEOT A T 450567
Oy 7 2ERTALETY, oy, Wi TENENT A
FLARN R ZERO Ty 2 BEET A, —HT, B
DR LI, JEZRYZ DT AT 200l S s
Ty I EHWBEERRV. Z070IC, RICEHRT LA
WHERIZBWT, WEBERIZZWT T Y 7 DR EFEATIT
TReZn 70y ZREIINA A, BARNIZIE, 70y 7 AT
Oy 7 BENETALIEGEZDTICERTS.

ANBEHNLT S
= ((By < A4z) A (By < Ay) A (B: < A2))

15



¥ pallet, y pallet,

(a) (b)

y pallet,
(d)

X 9 pallety “EAMFTITEEZR 70 v 7 OF
Fig. 9 Examples of loadable blocks to pallet;.

y pallet, y

(a) (b) (c)

pallet,

y pallet, y pallet, y pallet,
(d) (e) (f)
K 10 pallets ~ERFT W FER 70 v 7 DB

Fig. 10 Examples of loadable blocks to pallets.
A((Bz = Ag) A (By = Ay) A (B: = Az)))

72721, Ag Ay, A, X By, By, B, 1E, TNEFNALBO
z,y, z MHOT A 7 285 FT. WABERICZVwWT Ty
71, ®HBAMTTEEMEICBNT 2,y, 2z B OV
NP TRRTA T 255 F>. 72 x1E, kK674
TLAEBEATLAZTU Yy /D)L, Tuv s A (A, =2,
Ay=1, A, =3)13B (B, =2, B,=1, B,=2) 2 N&
T275, Ali7ay s C(C, =1, C,=3, C,=2) %N
WL, 72, K 7TIORTREAMITFIRRIZB T (N
BRI ) BAMITafER 70y 7062 K 9 L 10
AT, FRTIEEAFITTRER 78 v 7 2R/ TRLT
By, 9 L 10 1%, TNENK T D pallet; & pallets
27 a7 RIS E ISR T A, SRS OMITR
FTEBY, BAHFUREAME S & ICEEEEHO 7T v 78
FAEL, RETTHRARS BV — V12 L o TR E %2
EB LKL 120070y 7R IRENS,

© 2021 Information Processing Society of Japan

HEEFILEGA Vol.14 No.3 11-26 (Aug. 2021)

£ 1 CGPIZHWBANDESE

Table 1 The definition of inputs used in the CGP models.

ID

FEF

I
I
I3
Iy
I5
Is
17
I
Iy
Lo
I11

XL Y b

NLy N EDTa Y 7 BOR/IME

Ny FTEoTa vy 2 BoRKE

Ny hTEoT Ty 7 BOEE

Ny NTEDT AT L EOE/ME

WLy NTEDT AT ABORKIE

KLy hTEDOT AT ABOFHE

Ny b TEOREFEATE Y 7 BAEROR/ME [mm?]
XLy b TEORRFAT T v 2 EHEOR KM [mm?)
SNL oy b ZEOREFERA T Ty 7 BAEEOFHME [mm?)
Ly N T EOREEOFIME

NLy b T E O DR KA

XLy b T ORI O fiE

XLy b T EDFETR 2 LD F/ME [mm]

KLy b T E DA 2 RO R KA [mm)]

NLy b T EOTHTER 2 RO TEIE [mm]
REAIT T A T 2%

RAMTHERT AT L5

AT FEAR T Y 75

AN T EAEEARNY — > Tay 7§

BT HEAYE k= 8y —r 70y 7§

AT FEAR T T Y 7 #AEFE [mm?]

AT BEABEANY — > 70 v 7 B8R [mm?)
A IHEAE ¥R =8y — > 70y 7§ [mm?]

FEAFTE AR — > T 0y 7 gD/ L v b
AR S B MR

s | A UFFEART O Y 7D L/ XLy NI 5 RS

AT FEAE YR =8y —> 70y 7RO 4/SL 2 b

BRI S B R
FEAMNTFEA 7T Y 71RO HF/ME [mm]
AT IEA T T Y ZIEORAME [mm)
AN TEA T T Y ZIEOFE [mm)

A FiEAR T T Y 7 AT OR/IME [mm]
AT iEAR T T Y 7 BATORAAE [mm]
FEAMITFEA 7T v 7 BATOFHE [mm)]
FEAMITFEATE y 78 & Of/ME [mm]
B FiIEAR T T Y 78S O KE [mm]
AT EATT Y 78 & O E [mm)
RN ITIEA T T Y 7RO R/AME [mm?]
FEAMITFEA T Ty 7 RO KA [mm?)
AT AT Ty 7 RO E [mm?)
A IFiEA 7T Y 7 EHEDR/AME [mm?)
WA FEAT T Y 7 FHEDRKE [mm?)]
A ITiEA 7T Y 7 LHifEOTFHE [mm?)
AT FEART Ty 78T A T 2O /IME
AT HEART T Y 7T A 7 25D R AME
AT EAT T Y 28T 1 7 LB OFHME

5.3

CGP EFIMI L 2HEA T Oy 7 DEREIR

5.3.1 CGP EFILDOHTE EBRIL—IL
CGP ETIVD ATIE, BAEDOFEAFHTIRED S FHE T
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Table 2 Selection rules.

ID | E#%
rule; | SV NOA VT 7 ADNRNE DL TO Y 7 &R RIRT S
rules | i3 57 A T LD RARE LD T0y 7 %8R S
ruleg | FEANFT7-BRICTHTER 2 EIEEAS /N 70y 7 %
BEINT 5
rules | 70 ZVHARDFE S VI NE BTy 72 EIRT 5
rules | 70 v 7 HARD FRIESIRK E b T 0 Y 7 28T 5
ruleg | 70y 7 HARODMBEREN R L b 70y 7 %58INT 5
rule; | BEAD T T v 7 % #IRT 5
ruleg | EVFR—VIEAD T T v 7 %8R 5

AE7 45 E OIS B ICRES NS (R 1), (FEEEVPEHT
L ENHATNETH 2 2 S LM EE2 AT 5
75, CGP ET VO RE L% # L T8 % Feim A IUE
WENbLZ b, B, £ 112V TRME, FHHE
BIURMETENTLE, 700 7 PEMEAFITTH S
XLy MRS S BT 5.

FEFRPETIIR 2 1TRT SOOIV — v (rule; ~ruleg)
T, BT 270y 7 OFFHE L FEAM TR E 1B
T LIEMERRET L. FEITRT LI, rule; & rules X
FEANT T REN B SR A2 HHETH B, 728 21E, rules
r#EAT AL, TuvsE (ZFOT7 Uy 7 OEKIZHW
7o) FEAMFUREM & ICHLE L 28 A 1S, SRR
BEDVRNE LD Ty IHEIREND. L7zAat>T, /3
Ly MELICERESNS 70y 7 N8R SN L @005
5. ZTOMOEFRN— VI, BRKEEL 7Oy 7 OFEHO
HEHEELTERINENS., T2, CGP EFVOHT ) —
K O; € ROEIE, MIed 5 i FHDOBEIFRIV—IV (rule;) O
WIREEF ML T A, L7zd> T, CGP 7Lk 8o
O]/ — FO1~05 2HD.

%12, CGP EFVOEE ) — FIEER 3 IORTHFL S
BHWA, 2F 0, CGP ETNVIE, AJJ/ — FE&THiE
DRt ) — R HEE SN DM E (RIREERE) 28T
LA ERT L. b, wF LR & POV — VI
BAPFIREER 7 A 7 L OFEH - AT THEATE 5.
5.3.2 AT TOY 7 DER

5.1 Hi® Step 4 DFINEE KNS, T3, BAEDOEAFT
REEA S E T L 720 E % CGP EFVIZA L O;~0%
DIEEFIET A, 2 LT, EREZEORIEICHE > THEIR
V= IVDEFTNRE RET 5.

KIZ, 5.2 MIOTNETHER LA TR 7Oy 2
B S, FATIE LBV — L &5 70y 7 248
UE R T 5. #THRMEELTTO Yy 7251 DI
FHL, £oTay 7 E2ERL 5.1 HiD Step b = FEAT T
. BTHEMEEZFTELZVIGEE, ROFETNHOEIIL —
WERMIZT 7Ty 7 REaHE» O EN LS BT
L. ZOFNEEEATNES AL E CTHE Y K-S, S247IE 8 7
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& 3 CGP ICHWAEK T
Table 3 Operators used in the CGP models.

s | /- FADK TEFE

+ 2 T + T2
— 2 xr1 — To
X 2 1 X T2
- 2 T+ X2
mod 2 z1 mod x2
[ ] 1 |1

n
sum 1<n<45 ZmZ
i=1

0.0 0 Const. 0.0
0.1 0 Const. 0.1
0.2 0 Const. 0.2
0.3 0 Const. 0.3
0.4 0 Const. 0.4
0.5 0 Const. 0.5
0.6 0 Const. 0.6
0.7 0 Const. 0.7
0.8 0 Const. 0.8
0.9 0 Const. 0.9
1.0 0 Const. 1.0
10.0 0 Const. 10.0
—1.0 0 Const. —1.0

FABITIR T &2 R L WA, WM s i
PO TT Y 7 & WIT AHAVLIR AT . Z OB sMLE
1, AKERICBIT 5 R SEERLESIAFE L7y
TSNS EICOAEHA SN, BEEOKTICHE
LBaWZ L 2R L T 5.,

5.4 CGP EF/ILDOix#Eit

REDPTIE, CCGP ET NI T 5 BIOV — L DFELT
E % fead b3 5 2 LT, HWBECTIRE S N5 DfEA
fFF 8 =R RTIT L L) ICHEAFT T L TY XL %3
BT L, K11 ICKRT A X912, RFEHIT 3 mTHRR
CGP D #E L TIEICHE > T CCGP EF NV OI# L %479 .
BARMIZIE, 1208 OGP EF VA EIRL 4 oD F CGP
ETFNEERT S (14 4)-ES Of#{bFIHIZHE) . 22
T, CGP EFNVOMAEIXROFIETHE S NS, T,
CGP EF )NV % 5.1 fiCIRR72FEAFT 7V T X425
AR, B BREAMT N — 2 2T 5. RIZ, H
DLREARM T 88 — 2 % BB CREM L, 1551725
filifix CGP ETFIVOBEEIHKET A, ZLC, HAE
P BEZ O CGP £ 7NV & KL DB CCP EF VI
FIRL, KMAOF CCGP EFNVELEBT L. ZOHEEE
RARIAAE G TR RS,

6. HEXER
KRBT, REEOWRE LMY 572012, AARE
TR A Bl LSRR AT ) . DT, SR
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Fig. 11 The CGP framework used in the proposed method.

£4 747 20F A4 X [mm] x5 FIMAME * 6 MEEARE
Table 4 Size of load items [mm]. Table 5 Training problems. Table 6 Test problems.
1D i BT @ train; traing trains test tests tests testy
item; | 300 200 300 90 1l 100 i 100 il 110 f# 130 i - -
items | 300 400 200 130 il 120 i 120 il 80 1l 100 i - -
items | 250 200 200 150 1 140 1A 140 & 160 1@ 180 1 - -
itemy | 200 300 200 - 110 & 110 f& - 70 i - -
items | 400 250 200 - 100 1 100 - 150 1l - -
itemg | 400 400 400 - 60 1l 60 1l - 80 1l - -
itemy | 400 300 250 - - 70 A - - - -
itemg | 200 250 350 - - 100 & - - - -
itemg | 300 350 250 - - 90 1l - - - -
itemio | 250 200 300 - - - - - 140 & 120 1@
itemi1 | 300 400 250 - - - - - 90 1l 110 1
itemiz | 250 250 200 - - - - - 170 1@ 130 1
itemyz | 200 350 200 - - - - - 90 &l 100 &
itemysa | 400 300 200 - - - - - 160 & 120 1
itemis | 400 400 350 - - - - - 90 1 70 1
itemig | 300 300 250 - - - - - - 90 &l
itemq7r | 400 250 350 - - - - - - 130 1@
itemig | 300 350 200 - - - - - - 80 1l
FH370M  Fhe30 M Ff 890 1E 7350 M EF 71048 & 740 1 EF 950
& ERERE AR Lok, ERERERT. B, FHb N O¥E {traing, traing, trainz} 122>V T {12,16,20},

Eﬁmm@%ﬁmﬁkT%#
SR E OB AT .

AREED I 800 [a] LB

6.1 EEAHE

EF LA f(x) oR/MEEHBE L, CGP EF
V& W FREAMNIT 7V T X L& B0 R E T
LT 5. 20k, ARG ORTRIATHES N K
B Ol % o AT 7OV T X 4 2O KEE R
EZEEH L, F—o  BRRED S 8 L 75l % 5P 5
b, INE1DO0ERr —A L35,

BARBYIZIE, R4 WRT ISHEFHOT A 7 24 (item; ~
itemag) & T, 3 DOIBHRIE (train, ~traing) & 42
DORGEETIIE (test, ~testy) ¥ ET 5. &5 L3 6 (ZFHH
FHE & HRERMEORE RS, F72, HHTRER Ly
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{testy, testa, tests, testq} |22V T {12,20,20,25} IZZ 1

NEET B, TA T LOMEF, BB L T RE
XLy MEIOBEINCE S B VwEZ D) ARAMNIT NS —
YEDEEIMT B DD, traing, traing, traing B £ O
testy, testy, tests, testy DNETENENME DD E D
ek, Frz, DTICERT S 2 0O HMEK f1(x), fo(x)
W%

fi(x) =10°g1(2) + ga(x) — g3(x)

fa(®) = =10°g1 () + g2 (2) + 100g4 (z) (2)
22T, filz),falx) eERTHY, o 3HEAFITFT LT
ZLDHH LI RERIT Ny — 2 B RT N7 MV Th D,
F72, gi(x)~gu(x) 1X, TNz D ORMETTHRELRLT O
BHETH L.
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Fig. 12 The best objective values of f; and f2 over generations on the training prob-
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Fig. 13 The five number summary of the performance of the constructed loading algo-

rithms on the trainig problems with fi; (G = 50).
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Fig. 14 The five number summary of the performance of the constructed loading algo-

rithms on the trainig problems with fs (G = 50).
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Fig. 15 The five number summary of the performance of the constructed loading algo-
rithms on traini with fi, fo (G = 200).

200 [8] > FFifii[a1 % 2 Hil R L T H A9BSR % G 7 9 R A A 1) o8
F—UPERTEDHI LIRS,

6.4 EBINHH

EEBERTRLZEBY, traing (2B 2R EEOHA
HERED U AL HIFH L, R E O S 2SN+ % 125
NTRELARD, ZORERIE, IHMREL Y S BEEHR-
HEOEED EDE IS, BRATIC X o TR HRED S 1%
AT TN T ZLPEREINDLZ E2ERT L, L
Ao T, JIHHREOZRES BRI 7 A 7 2 OfEE
BB e e fi AT TV ) AL FEH 4 5 2 & A5
HThbHEVI)RFELEOMEIEZ NS, — /T, 20O
R IR O S 2 B8R0 2 & TR C X A RN D 5.
COURMEEZHLNICT A 72002, KEiClEmAIK%
G =200 (FFIR%L 800 ) (23N S R4 o lin Vg
R 5. R RIACE A B CRIER & [/ — D KBRS E &
w3,

X 15 |2 train; CTHFEL 7230 AtE 2 Ry, £
7z, FIRTIE, 200 HARREIS TONR—ZA T4 1 &£ 2 HIRL

© 2021 Information Processing Society of Japan

Twa. 9 £ 1220w, 50 A ToOmEAMEE (K13 (a))
LRI 5 &, 200 AT E THEINS ¥ 5 & TREEDIEH
MWD MG HFAAV NS %, L L, fo Tl&, 50 AL
ToOfRMAMRE (K14 (a)) &HEART, 200 AL FE THNS &
THEA RO HEF I3 E L T, ZofHE
LT, 50 AR DREECIRPTRICE - 72 REMEDE 2 5B
P&y, FHEmEE AL 2 & CHUSAHEHAVNE <
%Y, AT LIRS T LT X L OB ET
B EMS, AT TN T X L ORISR ET S
TR H 5. —HT, FHHOIEE I L %085 R
DFREAILH 2 BIHIS % 720121, CGP Di#Al &L
BYAUENSL. 12k 212, BB Z TS 5 HE
Ba Ao s — MELEHE [46] 2 CGP IZH 5 5
NEZOLND.

+=A
7. [U=Kzlii|

REHILTIE, EHWRELREAMN T TV T XL %AW
SEGAI L C H B AR T RE 2 T 2 R 2 L 72, SeRIEOFH
X, 7av s (TATFL0FEEY) OB L OEAR

22



RS 2R

ALE % FRE P T 2ROV — L 2B AT A 2 LT,
AT TN T XL OBERZEM O KA 2 #H$ 5 5l H
b, LT, #FIV—VOFEATIEE )T 5 CGP ET WV
i td 5 2 LT, BTG-0 BB THRE SN A%

HAMFT 8T — 2 & W RE R AT 7V T X 4954
BTEDH., EEERTIE, 747 20MEE L WED %
HEMREIC BT, REEIEL L EAMT TV T
ALPR=AF A4 v LA THMURETIATRETH L 2 &
ZiRL7z.

LSHBOTEE LT, $ur— MELEEEZH W CGP
ERESE LIRREICH ARG Z L Tl R ET S, £
7o, WEELIEC 2 AlE L, FEE ORI Z ML 7
FEAAT 70 ) X 20 HEYA B ICHY fEe. R
EIEC @ ET A1, BATITIRIL T & OIVEHEE DR
HIl % 35/ S35 72012, B O E %2 O
AT TNTY) AL BT B HEPIEZONL., D7
DI, LRV — IV E R BRI AA L 2 & T, R
LA T AT TV T X Ll LT AR T
RER ARG 4. COWRFEEHWT, T 51k
MR LDOREARMNT 85 — 2 SR 7 BB OVEEE A5
AT ZAL, A RS L CIR T RE 2 R AN 7L T
N RLDOREEN OB D, Tz, RO MAZZL D
2, MM EIGETH Lt 2 —Y) A5 4 7 APEEFCTEN
1, BAMTRIEIZBWT CGP % M\ /2 GPHH A% al
ORI AR 2Tk e AR H B, T Db HA
EHDLTFETHA.

SENH

(1] JRAIEE | AN B O —AFARDT
ToO )] %0 DHEICOWT—(2019).

[2]  Takagi, H.: Interactive evolutionary computation, Proc.
Int. Conf. Soft Comput. Inf./Intell. Syst, pp.41-50
(1998).

[3]  Takagi, H.: Interactive evolutionary computation: Fu-
sion of the capabilities of EC optimization and hu-
man evaluation, Proc. IEEFE, Vol.89, No.9, pp.1275-1296
(2001).

[4] Burke, E.K., Hyde, M.R., Kendall, G., Ochoa, G.,
Ozcan, E. and Woodward, JR.: A classification of
hyper-heuristic approaches: revisited, Handbook of
Metaheuristics, pp.453-477, Springer (2019).

[5]  Miller, J.F. and Harding, S.L.: Cartesian genetic pro-
gramming, Proc. 10th Annual Conference Companion
on Genetic and Evolutionary Computation, pp.2701—
2726 (2008).

[6] Miller, J. and Turner, A.: Cartesian Genetic Program-
ming, Proc. Companion Publication of the 2015 An-
nual Conference on Genetic and Fvolutionary Com-
putation, GECCO Companion ’15, pp.179-198, As-
sociation for Computing Machinery (online), DOI:
10.1145/2739482.2756571 (2015).

[7]  Martello, S., Pisinger, D. and Vigo, D.: The three-
dimensional bin packing problem, Operations Research,
Vol.48, No.2, pp.256-267 (2000).

[8]  Lodi, A., Martello, S. and Vigo, D.: Recent advances on

© 2021 Information Processing Society of Japan

[9]

[10]

[11]

[12]

[18]

[19]

[22]

[23]

[24]

[25]

HEEFILEGA Vol.14 No.3 11-26 (Aug. 2021)

two-dimensional bin packing problems, Discrete Applied
Mathematics, Vol.123, No.1-3, pp.379-396 (2002).

Lee, C.C. and Lee, D.-T.: A simple on-line bin-packing
algorithm, Journal of the ACM (JACM), Vol.32, No.3,
pp-562-572 (1985).

Coffman, E.G.Jr., Garey, M. and Johnson, D.: Approxi-
mation algorithms for bin packing: A survey, Approx-
imation Algorithms for NP-hard Problems, pp.46-93
(1996).

Silva, E., Oliveira, J.F. and Waescher, G.: The pal-
let loading problem: A review of solution methods and
computational experiments, International Trans. Oper-
ational Research, Vol.23, No.1-2, pp.147-172 (2016).
Levine, J. and Ducatelle, F.: Ant colony optimiza-
tion and local search for bin packing and cutting stock
problems, Journal of the Operational Research Society,
Vol.55, No.7, pp.705-716 (2004).

Liu, D., Tan, K.C., Huang, S., Goh, C.K. and Ho,
W.K.: On solving multiobjective bin packing problems
using evolutionary particle swarm optimization, Euro-
pean Journal of Operational Research, Vol.190, No.2,
pp-357-382 (2008).

Reeves, C.: Hybrid genetic algorithms for bin-packing
and related problems, Annals of Operations Research,
Vol.63, No.3, pp.371-396 (1996).

Stawowy, A.: Evolutionary based heuristic for bin
packing problem, Computers € Industrial Engineering,
Vol.55, No.2, pp.465-474 (2008).

Zendaoui, Z. and Layeb, A.: Adaptive cuckoo search al-
gorithm for the bin packing problem, Modelling and Im-
plementation of Complex Systems, pp.107-120, Springer
(2016).

De Carvalho, J.V.: LP models for bin packing and cut-
ting stock problems, Furopean Journal of Operational
Research, Vol.141, No.2, pp.253-273 (2002).

Haouari, M. and Serairi, M.: Heuristics for the variable
sized bin-packing problem, Computers & Operations Re-
search, Vol.36, No.10, pp.2877-2884 (2009).

AN, R, P REIHEE 2 R AAS, T
TA LN & B/ L7z 3 Kot/ v % & JREICE T 5 i
78, WFZEsd B 7 v fb & Mg T (MPS), Vol.2011,
No.17, pp.1-7 (2011).

B, MR, S, KBERE, D F—2
L— VT %2 ZB Loy 7 HuEy R, Sk
HESE, Vol.37, pp.1-11 (2017).

Junior, R.R., Yanasse, H.H., Morabito, R. and
Junqueira, L.: A hybrid approach for a multi-
compartment container loading problem, FExpert Sys-
tems with Applications, Vol.137, pp.471-492 (2019).
Xiang, X., Yu, C., Xu, H. and Zhu, S.X.: Optimization of
heterogeneous container loading problem with adaptive
genetic algorithm, Complezity, Vol.2018 (2018).
Nguyen, S., Zhang, M. and Johnston, M.: A genetic pro-
gramming based hyper-heuristic approach for combina-
torial optimisation, Proc. 13th Annual Conference on
Genetic and FEvolutionary Computation, pp.1299-1306
(2011).

Park, J., Mei, Y., Nguyen, S., Chen, G., Johnston,
M. and Zhang, M.: Genetic programming based hyper-
heuristics for dynamic job shop scheduling: Coopera-
tive coevolutionary approaches, FEuropean Conference
on Genetic Programming, pp.115-132, Springer (2016).
Glanville, R., Griffiths, D., Baron, P., Drake, J.H., Hyde,
M., Ibrahim, K. and Ozcan, E.: A genetic programming
hyper-heuristic for the multidimensional knapsack prob-

23



EERUIEF S

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[38]

[39]

[40]

A=A EE
BT

lem, Kybernetes (2014).

Tan, B., Ma, H., Mei, Y. and Zhang, M.: A Coopera-
tive Coevolution Genetic Programming Hyper-Heuristic
Approach for On-line Resource Allocation in Container-
based Clouds, IEEE Trans. Cloud Computing (2020).
Burke, E.K., Gendreau, M., Hyde, M., Kendall, G.,
Ochoa, G., Ozcan, E. and Qu, R.: Hyper-heuristics: A
survey of the state of the art, Journal of the Operational
Research Society, Vol.64, No.12, pp.1695-1724 (2013).
Gomez, J.C. and Terashima-Marin, H.: Evolutionary
hyper-heuristics for tackling bi-objective 2D bin pack-
ing problems, Genetic Programming and FEvolvable Ma-
chines, Vol.19, No.1-2, pp.151-181 (2018).

Ross, P., Marin-Blazquez, J.G., Schulenburg, S. and
Hart, E.: Learning a procedure that can solve hard
bin-packing problems: A new GA-based approach to
hyper-heuristics, Genetic and Fvolutionary Computa-
tion Conference, pp.1295-1306, Springer (2003).
Terashima-Marin, H., Farias Zarate, C., Ross, P. and
Valenzuela-Rendén, M.: Comparing two models to gen-
erate hyper-heuristics for the 2D-regular bin-packing
problem, Proc. 9th Annual Conference on Genetic and
Evolutionary Computation, pp.2182-2189 (2007).
Allen, S., Burke, E.K., Hyde, M. and Kendall, G.: Evolv-
ing reusable 3d packing heuristics with genetic program-
ming, Proc. 11th Annual Conference on Genetic and
Evolutionary Computation, pp.931-938 (2009).

Burke, E.K., Hyde, M.R. and Kendall, G.: Evolving
bin packing heuristics with genetic programming, Paral-
lel Problem Solving from Nature-PPSN IX, pp.860-869,
Springer (2006).

Burke, E.K., Hyde, M.R., Kendall, G. and Woodward,
J.: Automatic heuristic generation with genetic pro-
gramming: Evolving a jack-of-all-trades or a master of
one, Proc. 9th Annual Conference on Genetic and Evo-
lutionary Computation, pp.1559-1565 (2007).

Burke, E.K., Hyde, M., Kendall, G. and Woodward,
J.: A genetic programming hyper-heuristic approach
for evolving 2-D strip packing heuristics, IEEE Trans.
FEvolutionary Computation, Vol.14, No.6, pp.942-958
(2010).

Burke, E.K., Hyde, M.R., Kendall, G. and Woodward,
J.: Automating the packing heuristic design process
with genetic programming, Fvolutionary Computation,
Vol.20, No.1, pp.63-89 (2012).

Sim, K. and Hart, E.: Generating single and multiple co-
operative heuristics for the one dimensional bin packing
problem using a single node genetic programming island
model, Proc. 15th Annual Conference on Genetic and
Evolutionary Computation, pp.1549-1556 (2013).
Sosa-Ascencio, A., Terashima-Marin, H., Ortiz-Bayliss,
J.C. and Conant-Pablos, S.E.: Grammar-based selection
hyper-heuristics for solving irregular bin packing prob-
lems, Proc. 2016 on Genetic and Evolutionary Compu-
tation Conference Companion, pp.111-112 (2016).
Pillay, N.: A study of evolutionary algorithm selec-
tion hyper-heuristics for the one-dimensional bin-packing
problem, South African Computer Journal, Vol.48,
No.1, pp.31-40 (2012).

Silva-Galvez, A., Lara-Cardenas, E., Amaya, 1., Cruz-
Duarte, J. and Ortiz-Bayliss, J.: A Preliminary Study on
Score-Based Hyper-heuristics for Solving the Bin Pack-
ing Problem, Mezican Conference on Pattern Recogni-
tion, pp.318-327, Springer (2020).

Ross, N., Keedwell, E. and Savic, D.: Human-Derived

© 2021 Information Processing Society of Japan

HEEFILEGA Vol.14 No.3 11-26 (Aug. 2021)

Heuristic Enhancement of an Evolutionary Algorithm for
the 2D Bin-Packing Problem, International Conference
on Parallel Problem Solving from Nature, pp.413-427,
Springer (2020).

[41] Ryser-Welch, P., Miller, J.F., Swan, J. and Trefzer,
M.A.: Tterative Cartesian genetic programming: Cre-
ating general algorithms for solving travelling salesman
problems, Furopean Conference on Genetic Program-
ming, pp.294-310, Springer (2016).

[42] Hu, H., Zhang, X., Yan, X., Wang, L. and Xu, Y.: Solv-
ing a new 3D bin packing problem with deep reinforce-
ment learning method, arXiv preprint arXiv:1708.05930
(2017).

[43] Duan, L., Hu, H., Qian, Y., Gong, Y., Zhang, X., Wei, J.
and Xu, Y.: A Multi-Task Selected Learning Approach
for Solving 3D Flexible Bin Packing Problem, Proc. 18th
International Conference on Autonomous Agents and
MultiAgent Systems, AAMAS ’19, pp.1386-1394, Inter-
national Foundation for Autonomous Agents and Multi-
agent Systems (2019).

[44] Miller, J.F.. Cartesian Genetic Programming, pp.17—
34, Springer Berlin Heidelberg (2011).

[45] HARTZERAME 1 JIS Z 0105 © 2015 @Y€ 2 —
Vs (2015).

[46] Jin, Y.: Surrogate-assisted evolutionary computation:
Recent advances and future challenges, Swarm and Evo-
lutionary Computation, Vol.1, No.2, pp.61-70 (2011).

fit %
Al HBEEShiB&AFTF T /NE -2 Dl

Al(a), (b), (¢) I, DWPORAMITT LT X4
(1A H OWIEE) & fi 13E L7z traing ICB1F B
BOR7IVTY XA (50 HACH DR BEK), BLD, f
WCERE L7z traing (BT AEOFET NI ZLDEFR
RS LA 85— 2 BURT 5. © A (a)

KA1 fL TBREHAMIEENR—2TF 42 1, 20HJEB L0
SFYINELL

Table A:1 The median values and the average ranks of the

baseline 1, the baseline 2, and the proposed method

on fi.

MIGE (j,)  CGPIviest OGPILIe™ capliram
train, — test; (1,1) 301799.15  301799.15 601799.57
trainy — testz (1,2) 851799.16  901799.21  1501799.52
trainy — tests (1,3) 1001799.22 1001799.21  1651799.52
traing — testy (1,4) 1301799.18 1401799.24  2101799.49
traing — test; (2,1) 301799.15  301799.15 501799.49
traing — testy (2,2)  801799.11  801799.11  1401799.49
traing — tests (2,3) 901799.13  901799.13  1501799.48
traing — testy (2,4) 1201799.11 1201799.11  1901799.44
trains — test; (3,1) 301799.15  301799.15 501799.49
trains — testy (3,2)  851799.16  801799.11  1601799.55
trains — tests (3,3) 1001799.21 1001799.22  1701799.54
trains — tests (3,4) 1301799.18 1301799.18  2201799.52
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with fi, fa, respectively.
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Table A2 The median values and the average ranks of the

baseline 1, the baseline 2, and the proposed method

on fQ‘

CGPfQ‘tcStj CGPfg,trainJ CGPfl,trainj

[ EE (]7 l) fa.test, fa,test,

train, — test; (1,1) —598128.51 —598121.49 —298104.18
train, — tests (1,2) —1698117.36 —1498119.19 —898106.34
train; — tests (1,3) —1698117.36 —1648117.36 —998105.45
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(

(

(
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traing — testy (3,4) —2448119.47 —2198117.36 —1298102.71
SEEERE 1.17 1.83 3.00
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Fig. A1 Loading patterns obtained by the initial and best loading algorithms on trains
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