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YT06bI pELNTL 3aaa4vy NpeaBapuUTesIbHON
COPTUPOBKN HA KOHTENHEPHON

nnowanke, Mo MHeHUIO aBToOpPoOB,

TpebyloTCcs MaTemMaTuyeckass MoaeJsb
nporpaMmMupoBaHNs U MHOMOCTYNneHYaTbii
reHeTu4eCcKum asiropuTm ¢ A BOUYHON CXeMOMN
koaupoBaHusi. B npeanaraemom anropurme
ueneBasi pyHKLMNs o6pa3oBaHa NocpeaCcTBOM
onpeaeneHns: KO3PPuUuneHTa He4yeTKoCcTH;
HeCKOJIbKO 3BPUCTUYE€CKNX OrepaTopos
obecneynBaloT pa3paboTky He06XxoaNMbIX
mMeToaAmnYeCcKux v ornepaLnoHHbIX AeiCTBUIA.
Kak MoryT 6bITb AOCTUrHYTbI JIy4YLLNE
peLueHusi, NoKkasaHo Ha ripumMmepe AByX
uccnenoBaHnUn, NOATBEPXX[AAIOLMNX

3¢ PEeKTUBHOCTb rEHETUYECKOI0o aJiropuTMa
¢ GMHapHbIM KOANPOBaHUEM B Ka4yecTBe
cpeacTBa onTUMU3aLNN NPV MOCTPOEHUN
Moaenv npeaBapuUTesIbHOV COPTUPOBKN
KOHTElHepoBs.

KnroyeBsie cioBa: Mopckme

1epeBo3ky, TePMUHaI, KOHTEHepP,
rnpeasapuTesibHas CopTUPOBKA, FeHEeTUYECKU
anropuTM, GUHaPHOE KoAMPOBaHMe,
matemaruyeckas MoAe b, 3BPUCTUKA.
|
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BOTPOCHI TEGP

MHorocrtyneH4aTtbin
reHeTU4eCcKum anropuTm
ANg npenBapuTesibHOU
COPTUPOBKU KOHTEUHEPOB

Jlu Xaoroanv — dokmop Hayk, douenm, 3a6e0youjiil
Kagedpoti 6uzHec-adMUHUCMPUPOBAHUSL,
Yuusepcumem unghopmamuxu Neusoft, Jlarsans,
Kumaiickas Hapoonas Pecny6auka.

Can Jlonewu — npenooasamens, mazucmp HayK,
PYK080OUMeNs 102UCMU4ecKoil 2pynnol, Yrusepcumem
ungpopmamuru Neusoft, Jlarsns, Kumaiickas
Hapoonas Pecnybauka.

0 001IeMy TTpaBUIY, OOBIYHBIE DKC-
MOPTHBIE KOHTEHHEPHI TOCTABJISIIOTCS

B KOHTEWHEPHBIA TEPMUHAJ B CIy-
YaHOW NOC/IEI0BATEIbHOCTU B TEUEHUE CEMU
JIHEW 10 oTnpasieHus cyaHa. Eciau émkoctu
3arpyXarpTcsl Ha KOHTEHEPOBO3 B TOM I10-
psiiKe, B KOTOPOM OHMU PacIiojiarajuch B Tep-
MUHaJIE, 3TO CKOPEe BCEro MPUBEAET K O0JIb-
woil mpobiseme. Korna KOHTEHHEPOBO3
npuOyaeT B MECTO HA3HAUYEHMU ST, MOKET OOHA-
PYXWUTBCS, YTO KOHTEHHEPHI, MPUHAIJIEXA-
LIK€ 3TOMY CYIHY, OKa3aJIUCh MOJ KOHTEHE-
paMu, TIpUHAMJIEXallUMuU Ipyromy. B Takoit
CUTyallMu BCE€ KOHTEWHEpPBI IPYyroro cyaHa
HY>XHO TIEPErpynnupoBaTh U Mepe3arpy3nTh,
YTO MPUBEIET K HEMAJIbIM 3aTpaTaM BPEMEHMU.
YUToObl pelInTh MOAOOHYIO MPOOIIEMY,

Ha MEePBBIA IJIaH BBIABUTAETCS MOHSITUE
«TIpeIBApUTENBHOU copTUpOBKU». [Ipeasapu-
TeJIbHas COPTUPOBKA O3HAYAET, YTO KOHTEN-
HEPbI JOJIKHBI ObITh MEPETPYNITUPOBAHBI 3a-
panee. To ecTb Npexae yeM OHU OyayT 3arpy-
JK€Hbl HA KOHTEHEPOBO3, HEOOXOAUMO yOe-
JIIATHCS, YTO KOHTEWHEDPBI, TPeTHA3HAYEHHbIE
o[, pa3rpy3Ky B MPSIMOI MOCIE€I0BATEIbHO-
CTU, HETIPEMEHHO HaXOHSITCS CBEPXY TeX,
KOTOpble OYIYT pa3rpy>KeHbl B oOpaTHOM
rnocienoBareibHOCTU. OUeBUIHO, UTO MTOPTO-



Basi pabota Moria Obl cTaTh 6071ee 3(pheKTUB-
HOI 1 MeHee dHepro3arpaTHOM MpU IpuUMe-
HEHUHU TIPEIBAPUTETHHON COPTUPOBKU.

B Hacrosuiee BpeMs ucciaeaoBaHUS
O MPENBAPUTEIILHON COPTUPOBKE KOHTEWHE-
POB HaXOmSITCS Ha HayajdbHOM 3Tare. Kum
u ero koMaHja [ 1, 2] paccmaTpuBaliv pooie-
My TIeperpynnupoBKY KoHTeitHepoB. Ho oHn
OBLTM COCPENOTOYEHBI TOJILKO Ha MaplipyTe
JNBVKEHUSI KOHTEHHEPHOTO KpaHa MEXIy
Pa3TMYHBIMU KOHTEWHEPHBIMU TUTOIIAIKaMU
¥ He KacaJliuCh BOITPOCA O TOM, KaK ITPOBOINTH
MpeIBapUTENIBHYIO COPTUPOBKY KOHTEITHEPOB
Ha OT/IeJIbHO B34TOM Tutomanke. [Tocie aToro
Kum npenioxui croco6 pacyera KoJmiecTBa
KOHTEIHEePOB, TTO/IEKAIIINX ITePETPYITITUPOB-
Ke, oleHu1 3G HEKTUBHOCT MpPeaBaAPUTEb-
HOI COPTUPOBKU U TIOIBITAJICS OTIPEICIUTh
TOYHOE MECTOITOJIOXKEHNE TIEPEeMEIIEHHOTO
KOHTeliHepa C MOMOIIbI0 MeTo/Ja BEeTBEH
¥ TPAHMIL ¥ 9BPUCTUYECKOTO TTOIXO/IA.

JIuu npyrue [3, 4] cTpeMUTUCH BBISICHUTD,
KaK CBeCTU K MUHUMYMY KOJIMYECTBO KOHTET -
HEpOB, TTOJIIEXAINX MPeABAPUTEIbHON COp-
TUpOBKe. bblia mocTpoeHa Mo/eib He3aBUCH -
MBIX TTap ¥ ONITUMU3UPOBAH MApPIIPYT IBHKE-
HUS BpUCTUYECKUM criocobom. Poapurec-
MonuHc U ero nociaegoBateau [5]
pa3paboTaiv CBOW METOJ MpeaBapUTeIbHON
COpTUPOBKU. HO OH Cy/TUT MEHBIIYIO IPOU3-
BOIMTEJILHOCTD W YBEJIMYMBAET OTPaHUIMBA -
owue ycaosust. B Kurtae Xao u komeru [6]
TTOCTPOMIIV MOZIEJTh TSI OTITUMU3AIIAN pa3Me-
IIEHWS Ha TUIONIAKe TIPU CIYYaifHbIX YCIIO-
BUSIX HA OCHOBE TTOMCKa (pUTyp 1 pacrio3Ha-
BaHUs U3o0paxkeHui. Llenp — pazmernieHue
KOHTEHEPOB 0e3 MeperpynnupoBKu. bsaHb
U Tpoyure ucciaeaoBateau [7] npeanoxuin
JNBYXCTYIIEHYATHII TUOPUIHBIN aJITOPUTM
B COUYETAHUU C TTIOMCKOM COCEJICTBA M aJiro-
PUTM HE3aBUCUMBIX TTap B KOHTEKCTE paccMa-
TpUBaeMOI MPOOJIEMBI.

Eite ogvH BapuaHT MHHOBAIlMOHHOTO
aJrOpuTMa M ONTUMU3UPOBAHHAS MOIETb
MpeABapUTEILHON COPTUPOBKY TPEACTaBIIE-
HBI B 3TOW CTaThe.

1. TIOCTPOEHUE
ONTUMU3NPOBAHHOU MOAEN
1.1. IMoaxox K pemieHnIo MPodJIeMbl
OnuH KOHTEWHEPHbBI TEPMUHAT COCTOUT
13 HECKOJIBKUX TUIOUIAJIOK, a 3aa4a IpenBa-
PUTEJIbHOM COPTUPOBKHU MIPEBPALLIAETCS B pa3-
PabOTKY TTOC/IENOBATETEHOCTH TIEPEMETIIEHUST
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(a) — NMepBoHayanbHOe pacrnonoxeHne

(b) — OkoHYyaTenbHoe pacrnosoxeHune

Puc. 1. Unnioctpaumns npo6aemMbi npeaBapuTesIbHOi
COPTUPOBKU.
KOHTEHHEPOB 1 MEePerpymniupoBKy Ha ILIO-
LIaJKe, YTOOBI YOeaUThCsI, YTO KOHTEHHEPhI
CyIHa, MOCTaBJIEHHOIO MO/ IMOrPy3Ky B Iep-
BYIO 0UYepelb, HAXOISTCS CBEpXy KOHTEIHEPOB
CylHa, clenyioiiero no ouepeau. Puc. 1(a)
MOKa3bIBaeT MePBOHAYAIBHYIO CXeMY pacIio-
JoxeHus, a puc. 1(0) — oKOHYATEJIbHYIO
CcXeMmy.

OpHa rumore3a 3aKI04aeTcss B TOM, UYTO
BCe pabOTHI O MPEeBAPUTEIbHON COPTUPOB-
K€ IIPOBOJISITCS HA OTHOM IUIOIAAKE, a Ipyras
TUIIOTe3a — YTO KOHTEHEephl Ha HEeil UMEIoT
OIMHAKOBBIN pa3Mep U MOCIeA0BaTeIbHOCTh
UX 3arpy3KU SIBJISIETCST (PUKCUPOBAHHOIA.

HyxHo noctuub ABYX lieJieii: BO-TEPBbIX,
yOeIUThCS, YTO KOHTEMHEPHI OOJIbILIE HE HYX-
HoO OyIeT mepeMeniaTh, €CJIM OHU pa3MeIleHbI
B COOTBETCTBUM C OKOHYATEJbHOU CXeMOit
DPACMOJIOKEHMST; BO-BTOPBIX, BPeMsI IlepeMe-
LLIEHUST KOHTEHEPOB HEOOXOIMMO COKPATUTh
HaCTOJIBKO, HACKOJIbKO 9TO BO3MOXKHO.

1.2. MaremaTnyeckas MoJejb

IlepemeHHBIEe U MapaMeTphbl B MOAEIU
BKJIIOYAIOT B ce0sI:

N: KonnuecTBo OTCEKOB.

M: MakcuManbHbIf HOMEP apTUK.

H: MakcumanbHasl BbICOTa OTCEKa.

h(0): BbicoTa KOHTEIHEPOB B psiily i B Ha-
YaJbHbII MOMEHT BpeMEHMU.

aij(O) : Homep naptuu koHTeliHepa,j B psi-
Iy i B HaYaJIbHbIA MOMEHT BPEMEHU.
i=1,2,..., N,j=1,2,..., h(0);

k, k=12-M,0<j<h(0),Vi
a,(0) =
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COPTUPOBKN KOHTENHEPOB




1 3 3
2 2 2
2 4 3
4 4 1
a b ¢

Puc. 2. Mpumep npeaBapuTesibHOV COPTUPOBKU.

[lepemeHHbIE peleHus:

x(f)=i — o3HavaeT pa3rpy3Ky KOHTeliHepa
Ha BepllMHe psifa j Ha 3Tare f;

y(f)=j — 03HayYaeT Morpy3Ky KoHTeliHepa,
KOTOPBII BBITPY>KAeTCsI Ha ITare ¢ Ha BepIlIu-
He pdna,.

s mpeaBapuTeIbHON COPTUPOBKY MaTe-
MaTuyecKasi MojieJib MIOCTPOeHa CASIYIOIUM
obpazom:
min7 (1)
TIPH YCIIOBUH, YTO
a,T)2a,, (T),j=12,h(T)-1,Vi

i,j+1 (2)
0, i=x(t),j=h(t-1)
4,(0)=1, 0 E=Di=y0),  j=h-D+1
a,(t-1), makace
(t-1)—1, i =x(r)
h(0) =1 h@-1)+1,i=y()
h(t=1), maxoce

ho(t=1)>0

3

“

©)
(6)
x(t)e{l,2, - N},r =12, (7
y(t)efl, 2, N}, t=1,2,--,T (8)

B obo3nauenHolt Mmomenu dopmyma (1)
SIBJIIETCS 1IeJIeBOI (DYHKIIMEH [Tt MUHIMATh-
HOTO BPEMEHMU MPEIBAPUTEIbHON COPTUPOB-
k1. @opmyia (2) — 3TO orpaHUYEHUE IS
TpeOOBaHMIT OKOHYATEJIbHOM CXEMBbI pacIo-
noxeHusi. OHO 03HAUYaeT OKOHYAHUE Orepa-
1Y TI0 TepeMeleHnI0. To ecTh Bce KOHTel -
HEepbl B MEHbIIIEH mapTuu (3arpyxaembie
B CY/IHO, TTOCTaBJICHHOE IO/ TTOTPY3KY B Mep-
BYIO OU€PE/ib) HAXOSITCS CBEPXY KOHTEHTHEPOB
OoJIpIIIeil TapTUX (3arpy>kaeMbIX BO BTOPYIO
ouepenb). Gopmyia (3) onpenessieT OrpaHu-
yeHwue s Tpoliecca nepeMenieHusi. Ml
MpeAroiaraeM, YTo Mocje OJHOro JTarna Te-

By (t=1) < H
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peMelleHus MapTusi KOHTeMHEePOB B TOM MeC-
Te, IJle HaxXOAUJIach epeMelleHHas UX 4acThb,
coctapisger 0, a mapTus nepeMeleHHbIX
KOHTEWHEPOB SBJISIETCS MapTUE, KOTOpOU
OHU ObLIU. J1J151 ApyruX KOHTeHHEPOB MapTUs
X HaXOXKIEHMS OcTaeTCs Hem3MeHHoM. Dop-
my7a (4) OIUIETBOPSIET METOI M3MEHEHUS
BBICOTHI PsIA0B. YKC0 «ILTtoC 1» 03HayaeT, 4To
OJIMH KOHTEMHED 3arpy»kaeTcsl B psiji, B TO Bpe-
MS KaK YMCJIO «<MUHYC l» 3HAYUT, YTO OJUH
KOHTeIHep BHITpYKaeTcs U3 psiaa. @opMyTbl
(5) 1 (6) IEMOHCTPUPYIOT MPENebl BhICOThI
psima. @opmyisl (7) 1 (8) — orpaHUYCHUS TS
nepeMeHHbIX pelieHus. pu atoMm x(f) u y(r)
JIOJIKHBI OBITh LEJbIMU YMCTIaMU.

2. PASBPABOTKA AJITOPUTMA

W3-3a ee HeMMHEITHOCTA MaTeMaTHIECKOM
MOJIEIN OOJIBIIE TTOAXOINT HaJIeKHBIN MeTa-
3BPUCTUICCKII aJITOPUTM, HEXKEITA TPaIAIIN-
OHHBII METOI MaTEMaTUIECKOTO ITPOTrpaMMU-
poBaHUs. UMEHHO O3TOMY MHOTOCTYITCHYA~
TBhIA TEHETUYECKUU aJITOPUTM, OCHOBAHHBIN
Ha IBOMYHOM KOJZe, KaK pa3 W IIpUMEHEH
B 3TOM cTaThe K 3amade MpeaBapuTeIbHOMN
COPTUPOBKU.

2.1. IleneBasa pyHkuus

st Takoi (YHKIMKW mpeajaraeTcs Mc-
M0JIb30BAaTh METOM, OCHOBAHHBIN Ha YMCIC
obpatHoro nopsiaka. Ho BHauane HeoOxoau-
MO BBECTH HEKOTOpPEIC M3 CBSI3aHHBIX C HUM
OTIpEeNE/ICHUN.

Omnpenenernue 1: B omHO# TTOCIEMI0BATE B~
HOCTH ITOPSTIOK ABYX (DUTYP IIPOTHUBOITOJIOKEH
HX pa3Mepy, I8¢ (DUTYPhI HA3bIBAIOTCS B 00paT-
HOM Tiopsike. O011Iee Yo 00paTHOTO T10-
psIIKa B OTHOM TTOCIeIOBATEILHOCTH SIBIISICT-
¢sI OOpaTHBIM YHMCJIOM.

Omnpenenenue 2: B omHOM psimy mooxe-
HUe (CBepXy BHI3) IBYX KOHTCITHEPOB ITPOTH-
BOTIOJIOKHO MIX HOMEPY ITapTUH (0T MEHBIIICH
K OOJIBIIIeit), 3TN KOHTCHHEPHI HAa3hIBAIOTCS
B o0OpaTHOM mopsake. Mbl cunTaem OOIIyI0
CyMMy OOpaTHOTO TTOpsIKa, (DOpMUPYEMYIO
OTHUM KOHTCHHEPOM M KOHTCHHEpaMU ITOM
HUM, YKCJIOM 0OPaTHOTO TTOPSIIKA KOHTEIHe-
pa. OmHO YnCiI0 00PaTHOTO MOPSIIKA KOHTEH -
Hepa YMHOXAaeT pacCTOSTHUE MEXIY HUM
¥ BEPXHUM KOHTCHHEPOM U SIBIISICTCST YUCIIOM
CMEIIaHHOTO 0OPaTHOTO MTOPSIIKA.

Omnpenenenne 3: OOIIast cymMa BCeX YHCeT
MYyTaHOTO OOPaTHOTO TTOpsiIKa KOHTeiHepa
BBICTYTIACT YHUCIIOM ITyTAHOTO 0OPATHOTO TT0-
psinka psina. @opmya nmprodpeTaeT BUIL:
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Iar 1 Iar 2

(x.1) (x.0) e

lar T

(507)

Puc. 3. Unmoctpauns peLueHns.

h(i)
confiiseli] = ZN,.,, xd,, )

h=1
rne confuseli] — 9UCIO MyTaHOTO OOPAaTHOTO
nopsiika pana i; h(i) — Beicora psana i; N, —
YHCJI0 B 00paTHOM IOPSIKE KOHTelHepa
C BBICOTOM 4 B pany I; d, — paccrosgHme Mex-
JIy KOHTEIIHEPOM C BBICOTO i M KOHTEITHEPOM
HaBepxy. Kak moka3zaHo Ha puc. 2, yucia
obpaTHOTO TopsiaKa B psaax a, b vi ¢ — 310 0,
1 1 7 COOTBETCTBEHHO.

Omnpenenenue 4: O01Iast cyMMa BCex urcell
IIyTaHOTO OOPAaTHOTrO MOpsaKa PSIIOB — 3TO
YUCJIO CMEIIIAHHOTO 00PaTHOTO ITOPSIIKA TUI0-
maaku. Gopmyiia mprodpeTaeT CICAYIOINIA
BUI:

N
confuse = Zconfuse[i ], (10)
i=1
TIe confuse — 3TO YMCIIO OOPATHOTO TTOPSIIKA
Ha KOHKpPeTHOI tuiomanke; N — HoMep psiga
B BEPXHEW YaCTU IIOLIAIKN.

OueBUAHO, YTO YUCIJIO OOPATHOTO MOPSIIKA
TOKa3bIBaeT, KaK MHOTO TPYIHOCTEH IIPUCYT-
CTBYET MpPU TIPEABAPUTECIHLHON COPTUPOBKE,
¥ TEM CaMbIM JEMOHCTPUPYET CBOE MPeIHA3-
HavyeHue OBITh LieJieBoii pyHKImei. Llenb e
aJrOpPUTMa COCTOUT B YMEHBIIICHUM YHUCIIa
00paTHOTO TMOPSIAKA, TTOKa OHO HE ITPEeBPaTUT-
ca B 0, mpuyeM, KOHEUHO, ITOCPEIACTBOM
NpeaBapUTEIbHOU COPTUPOBKU.

2.2. MeTo KOJMPOBAHUS

TTockonbpKy MaKCMMaJIbHOE BpeMs Tepe-
MEIIeHUsI He MOXKET OBITh YCTAHOBJICHO paHee
pacyera, TpeOyeTCsI MMETh MHOTOCTYTIEHYA-
TBI TIEPUOJ TEHETUYECKOTO aJITOPHUTMA C IBO-
WYHBIM KogupoBaHueM (X, y). Hampumep,
K =135, ecim

X: 65341,

Y: 42135.

DTO 03HAYaeT, YTO OIepalns 1o IepeMe-
IIEHWIO, BO-TIEPBBIX, €CTh MepeMelIeHe
oT psiga 6 K psay 4; BO-BTOPBIX, OT psaa 5
K psimy 2; OCTaJIbHOE OCTAeTCS HEM3MEHHBIM
1o 1ara 5.
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B nmopo6HOM Buie OMHAPHOTO KOAMPOBA-
HUSI MOXET BO3HUKHYTb CAMIIKOM MHOTO
HEHYXXHBIX IIEPEMEILIEHU, €CJI XPOMOCOMBbI
X 1 Y nIpyuHUMAIOT y4acTue B TeHETUYECKOM
aJiropuTME OJHOBpPeMeHHO. M36eras aToro,
Mbl BBOJAMM X B T€HETUUYECKUI aJITOPUTM,
B TO BpeMsl KaK Y reHepUpyeTCsl U3 HEKOEro
BPUCTUYECKOTO OIepaTopa.

Mb1 Morau Obl onMcaTh 9BPUCTUYECKUIA
oIrepaTop CJeAyIuM 00pa3oM: KOraa Impo-
HUCXOIUT IepeMellieHe K BepXHEMY KOHTei-
Hepy B psiy m, yMeHbllIeHHOE 3HaueHue E[n]
Yyucjaa o0paTHOTO MOpPsAKA B APYTUX psaax
JIIOJI)KHO OBITh 3a(pMKCUPOBAHO B IEPBYIO
ouepelib.

E[n] = confuse[n]—confuse'[n] , (11)

rae confuse[n] — 4MUCIIO OOPATHOTO TTOPSIAKA
IO TIepeMEIIICHUST BEpXHETO KOHTeHepa B psi-
Iy m K psiny n; confuse’ [n] — 9uciio oopaTHo-
ro TOpsIIKa ToCIe MepeMeIleHUsT BEPXHETO
KOHTeHepa B PSIAY M K PSILy A.

2.3. Onepanuu B reHeTHYECKOM AJITOPUTME

ToJIbKO OJTHa XpOMOCOMa B KaKJI01 YacTh
MOXET YyJ4acTBOBATh B OTIEPAIIUSIX T10 Iepece-
YEeHWIO M M3MeHeHUo. Torma McIoiab3yeTcst
e/IMHas TOYKa MeTo/Ia TiepecedeHs KOHTAKTa.
DTO 03HAYaeT, YTO BHIOOP TOYKM KOHTAKTa
clIy4aeH, U OH MEHSIeT MOALCTIOUYKM (JacTu
CTPOKM) Ha 00eUX CTOPOHAX BbIOpaHHOM TOY-
KU conpukocHoBeHMs. U ciyvaitHoe 1iesnoe
yucyio Mexay 1 u N paccMarpuBaeTcst Kak
paspsiiHOe 3HaYeHWe B TEHHOM Bapualliu.

B 3TOM MHOTOCTYITEHYATOM TeHETUIECKOM
anroputme K 1mraroB paboTsl 110 mepemelte-
HUIO OyIeT cleslaHo B Kaxnoi dase, 41ciio
00paTHOTrO MopsIIKa CTAHET MOCTOSTHHO CHU-
KaThCs OO TeX Mop, Mmoka He moiaet no 0,
aJITOPUTM 3aKaHUYMBAETCS B TO XK€ BPEMSI.

2.4. PenieHue 1o ycoBepiieHCTBOBAHUIO

ITo okoHYaHUU aJiroprT™Ma OYIET MOJTyde-
Ho pemieHue ¢ T mraraMmu paboTHI 10 TIepeMe-
1eHuto (puc. 3).

CTOUT OTMETUTB, YTO PEIIIEHNE MOXKET BKITIO-
YyaTh HEKOTOPbIE OeCIoIe3HbIe Orepalu.
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3 7 016 6|5
3|0f6 51517 915
3[6]5|12|8]|0]|5 611

Puc. 4. NMNepBoHa4yanbHas cxeMma pacrosioXeHns:
B akcnepumeHTe 1.

1 5 4 i/
3joje6f1|s 5
J|oj6]2]|5 516

Puc. 5. ®uHanbHas cxema akcriepumeHTa 1.

Ta6amua 1
CpaBHenye NPOU3BOAUTEILHOCTH AJrOPUTMA
MMponomku- | [InuHa 1mara OnTrMaabHOE pelleHne
TEJBHOCTh
paboThI
AJITOpUTM, IEMOHCTPUPY- | 63 € 18 9,4) (7,3) (2,7) (2,7) (8,4) (8,7) (9,7) (5,1) (6,7)
eMBlii B CTaThe (8,9 (6,1) (2,6) (2,3) 9,2) (1,2) (8,2) (7,2) (5,2)
[4] 5¢ 31 (8,7) (4,1) (3,7) (2,4) (6,7) (2,4) (2,3) (2,7) (8,4)
(0,3) (8,2) (9,6) (1,2) (5,1) (5,2) (9,2) (9,2) (7.3)
(9,6) (5,0) (7,9) (8,9) (6,9) (7,5) (7,9) (6,1) (6,3)
(6,8) (3,6) (1,6) (8,6)
2 1 5 412
/ /4 / / /51 / /
NVEVEIARRNE 3 2 ! 1S3
2|s|e|/4]|1]5]2]3]6|6]5 /4 R K274 R IR KA R
411|3[5]6|6]|2|6|1]|3]4]4 411(3(3]2 6|6|4]6]|5|4
al2lel3l2l1lel1ls]2l1]6 412]|6]3|2|1|6|6]|5]6]|5]|6

Puc. 6. MepBoxayanbHas cxema aKkcnepuMmeHTa 2.

Curyanug 1: (a, b) (b, a) — ().

J1J1s TOTO Xe caMOro KOHTeliHepa, Koraa
MBI TIepeMelaeM ero M3 psijia a B psin b
Y TYT 3Xe U3 psifia b B psiz a He3aMeJTUTENIbHO,
nepemeltieHue (a, b) u nepemenieaue (b, a)
HY>KHO OTMEHMUTD.

Curyamug 2: (a, b) (b, c) — (a, ¢).

J17151 TOTO 3Xe caMoTo KOHTelHepa, Koraa
MBI TlepeMelaeM ero U3 psifa a B psia b,
a3aTeM M3 psia b B psl ¢ He3aMeITUTEbHO,
nepeMenieHue (a, b) u nepememenue (b, ¢)
Heo0X0AUMO OOBEAMHUTD IJISI TlepemMeltie-
Hud (a, c).

Curyamug 3: (a, b) (c, d) (b, a) = (c, d).

JJ1st TOTO Xe caMOro KOHTeliHepa, Koraa
MBI [TepeMelaeM ero U3 psijia a B psii b, a 3aTeM
u3 psaa b B psiza, eciiM Bce ornepaliy HU4ero
He MEHSIIOT C PSIZIOM a C PSIioM b, TiepeMertie-
Hue (a, b) u mepemermenue (b, a) ciremyeT oT-
MEHMUTb.

Curyammg 4: (a, b) (c, d) (b, e) — (a, ¢)
(c, d).
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Puc. 7. OkoH4aTesibHasi cxema 3KCrepuMeHTa 2.

Hns Toro ke caMoro KOHTeliHepa, Koraa
MBI IIEpeMelIaeM ero U3 psiaa a B psaa b, 3aTem
u3 psiga b B psif e, ecau pou3BoauMast padbo-
Ta HUYETO He JAejaeT C pSaoM a, psaoM b
U PSIIOM €, TIepeMeliieHue (a, b) u nepemelte-
Hue (b, €) He0OXOAUMO OOBEIMHUTD IS TIe-
pemenieHus (a, e).

OueBUIHO, UTO B cUTyauusx 1 u 2 onuca-
HO HeNpepbIBHOE OECIIo/Ie3HOe TMepeMelle-
Hue. [IpepbiBUCTOE OecoNe3HOe IMepeMelie-
Hue HaOmoaaeTcs B cutyauusax 3 u 4. C 1enblio
YIIY4IIeHUS PeIIeHUs 9BPUCTUIECKUI orepa-
TOP UCIOJb3YeTCS M3HAYaIbHO JJISI OTMEHBI
0eCIOJIE3HBIX OIepalvii U COXPaHEHUSI CXEMbI
PAacMoIoXKeHUsI KOHTEHEPOB B CEKIIUU HEU3-
MEHHOW.

3. 3KCNEPUMEHTAJIbHbIXA AHANIN3
B MozenbHOM 3KCIIEPUMEHTE aJITOPUTM
BBINOJTHsIETCS TTporpamMmoii Visual C++6.0.
151 cpaBHEHMSI BCe Pe3YJIbTaThl IOJIyYEHbI
Ha ruiatdopme Intel Core i51.9GHz CPU.
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COPTUPOBKU KOHTEMHEPOB



Tabumua 2

CpaBHeHHE NPOU3BOAUTEIHLHOCTH AJTOPUTMA

IIpononxu- JnuHa OnTuManbHOE peleHne
TEJIbHOCTh ara
paboThl
Oracratest |335¢ 36 (7,3) (9,4) (8,4) (2,7) (8,7) (2,7) (9,3) (9,11) (9,0) (8,9) (3,9) (10,9)
(3,9) (2,9) (4,3) (7,3) (10,2) (10,3) (8,10) (6,10) (2,10) (8,10) (7,10)
(8,3) (4,8) (6,8) (7,4) (7.,8) (4,7) (4,7) (1,7) (6,7) (6,4) (11,6) (11,6)
(5,1) (11,7) (6,11) (2,4) (6,11) (5,6) (2,6)
[3] 318 ¢ 47 (3,0) (4,3) (11,3) (4,1) (9,11) (9,3) (5,7) (0,11) (0,9) (0,9) (2,0) (2,9)
(10,2) (10,0) (7,10) (7,3) (7,9) (7,0) (3,7) (6,10) (6,7) (6,3) (6,5) (4,6)
(5,4) (2,6) (8,6) (2,6) (11,2) (11,8) (11,4) (0,4) (11,0) (5,11) (8,11)
(1,11) (2,5) (2,11) (4,2) (1,2) (3,2) (8,2) (8,3) (8,1) (5,8) (10,8) (4,8)

IlepBoHauaabHask cxeMa pacroJIOXKEeHUs
KOHTEITHEPOB B 9KCIIEpUMEHTe 1 Takas 3Ke, Kak
u B [4] (Ha muiowaake 10 psaoB, B KaXXI0M U3
HUX B BBICOTY pa3MEIleHbl 5 KOHTEHHEPOB).
Cxema nokasaHa Ha puc. 4.

C MOMOIIIbIO aJITOPUTMa aBTOPbI CPaBHM-
BaJIM ONTUMAJIBLHOE IO LIeJISIM PelIeHUE C pe-
meHussMu B [4]. Pesynbrathl mpeacTaBieHbl
B Tabauie 1.

ITo xony aHanu3a oOHApyXeHO, YTO, XOTS
BpeMsi pabOThI 10 aJITOPUTMY, TIPEICTABICHHO-
My B cTaThe, 0oJiblie (63 ¢ — mpuemMiieMoe
BpeMsi), HO KaueCTBO PEIICHMsI JIUIle 1 JUTMHA
111ara — 3TO TOJIbKO ToJIOBUHA 1ara B [4]. Bce
ornepalyy Io MpeaBapUTeIbHONM COPTUPOBKE
3aBEPILIAIOTCS B TEYSHME BCETO JIMIIIb 18 11aros,
M OKOHYATeJIbHas CXeMa PacIoJIOXKEeHUsI B 9KC-
nepumeHTe 1 mokazaHa Ha puc. 5. [IpeaBapu-
TeJIbHasi COPTUPOBKA 10 OITMCAHHOMY aJITOPUT-
My 00€I1IaeT OOJIBIITYI0 SKOHOMUYECKYIO BHITOJTY.

IlepBoHavabHas cCXeMa pa3MelleHHsI KOH-
TEHHEPOB B AKCIIEPUMEHTE 2 Takasl e, 4TO U
onucaHHas B [3] (Ha ruiomanke 12 psinoB BbI-
coToit B 5 KoHTeliHepoB). CxeMa Ioka3zaHa
Ha puc. 6.

C IOMOIIbIO aJITOPUTMa CPaBHUBAETCS
OINTUMAJIbHOE pellieHre ¢ peleHusIMu B [3].
PesynsraTel B Tabnuie 2.

W3 aHanu3a ciieyer, YTo pe3yJIbTaThl C 1e-
JIOYMCJICHHBIM ITPOrPaMMUPOBAHUEM Ha OCHO-
BE CETEBOI MOJIE/IM MTOTOKA B [3] 1 pe3y/IbTaThl
BKCIIEPUMEHTA CBUIETEJILCTBYIOT O TIPEUMY-
ILIECTBE MPEUIOXKEHHOTO B CTaThe aJIrOPUTMa:
BpeMsl paboThl Mo ero cxeme Bcero 335 c,
HO Ka4yeCTBO pellieHus ydiie. Bee onepaiu
10 MPeIBapUTEIbHOM COPTUPOBKE BBIITOIHSI -
foTcd 3a 36 maros, Ha 11 1aroB MeHblIe, YeM
¢ anroput™MoM B [3]. OkoHuaTelbHas cxema
3KCIepUMEHTa 2 TIpeacTaBieHa Ha puc. 7.

BbiBOAbl

B npoBeneHHOM McCie0BaHUY PACCMO-
TpeHa mpoobseMa npeaBapuTeIbHON COPTU-
POBKM KOHTEWMHEPOB Ha TePMUHAJIbHBIX
IUTOIIAaAKaX MOPCKUX MOPTOB. bbina moc-
TpoeHa MaTeMaTudyeckasi MoAesb porpamM-
MUPOBaHUS, 0a30BbIM [IJII KOTOPOU cTal
MHOT'OCTYMNEeHYAThI!i TEHETUYECKUI anaro-
pUTM, OCHOBaHHBbI Ha OMHAPHOM KOJUPO-
BaHUM. B 3TOM anropmtme aBTOPHI IalOT
onpeaeseHe Yuciay oOpaTHOTO Mmopsiaka,
JIeJIaloT ero 1ejeBol QYHKIUe u mpeia-
raroT MCIOJb30BaTh BO3MOXHOCTU IBPU-
CTUYECKOro omepaTtopa Mpu BbipaboTKe
pemeHuii. Pe3ynpTaTsel 3KCIIEPpUMEHTOB
nokasajiau, 4TO aJiTOPUTM, IE€MOHCTPUpPYE-
MBI/A B XypHaJbHOU CTaThe, CIOCOOEH
obecreyuTh 0oJiee ONTUMAJIbHOE CMEILE-
HUE JJUHBI LIara, 4eM aJrOPUTMbI, TOCTPO-
€HHBIC Ha 3BPUCTUYCCKUX METOIAX.
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PROBLEM

ABSTRACT

In order to solve the pre-marshalling problem
in container yard, a mathematical programming
model and a multi-stage genetic algorithm with
binary encoding scheme are required. In the pro-
posed algorithm, the objective function is designed
via the definition of confuse coefficient; several

mathematical model, heuristics.

Background. In general, normal export contain-
ers are delivered to container terminal in a random
sequence within seven days before ship departure. If
the containers are loaded on container ship in the
order they were located in the terminal, it will very
likely lead to a big problem. When a container ship
arrives, it may be found that the containers belonging
to this ship are under some containers belonging to
other ship. In that situation, all the other ships’ con-
tainers need to be regrouped and reloaded, that will
result in time expenditures.

In order to solve this problem, the term «pre-
marshalling» is put forward in this article. Pre-mar-
shalling means that containers need to be regrouped
in advance. Thus before they are loaded into the
container ship it is necessary to be sure that contain-
ers which need to be unloaded in forward sequence
are always on the top of those ones in backward se-
quence. Obviously, the port work could be more ef-
ficient and less energy-consuming through pre-
marshalling.

At present, the research about container pre-
marshalling is at the initial phase. Kim and his team
[1, 2] have considered the container regrouping
problem. But they focused on moving route of the
container crane between different bays, and not
solved an issue how to pre-marshal the container in
one specific bay. After that, Kim put forward a tech-
nique to calculate the number of containers to be
regrouped, evaluated the performance of pre-mar-
shalling, and tried to find an exact location of shifted
container by using branch-bound method and heu-
ristic approach.

Lee and others [3, 4] sought to find out how to
minimize the number of pre-marshalled containers.

(a) — Initial container layout in a bay

MULTI-STAGE GENETIC ALGORITHM FOR CONTAINER PRE-MARSHALLING

Li Haoyuan, Neusoft University of Information, Dalian, People’s Republic of China.
Sun Dongshi, Neusoft University of Information, Dalian, People’s Republic of China.

heuristic operators provide development of neces-
sary methodical and operational actions. The way
how to achieve better solutions is shown at the
example of two researches, confirming the effi-
ciency of genetic algorithm with binary encoding
as an optimizer to construct a container pre-
marshalling model.

Keywords: sea transportation, terminal, container, pre-marshalling, genetic algorithm, binary encoding,

An independent pairs (IP) model was built and the
moving route was optimized by heuristic way. Ro-
driguez-Molins and his followers [5] designed a
specific method for pre-marshalling. But the
method could show less performance even in-
creases number of limiting conditions. In China, Hao
and colleagues [6] built a model to optimize the bay
location under random conditions on the base of
figure search and pattern recognition. His goal was
to arrange containers without regrouping. Bian and
other researchers [7] offered a two stage hybrid
algorithm combining neighborhood search and IP
algorithm in the context of considered issue.

An innovative algorithm and optimized pre-mar-
shalling model are highlighted in this article.

Objective. The objective of the authors is to
consider multi-stage genetic algorithm applicable to
solve a problem of container pre-marshalling at ter-
minals of sea ports.

Methods. The authors use general scientific
methods, mathematical programming, multi-stage
genetic algorithm, modeling, simulation, hypothesis
construction, comparative analysis.

Results.

1. Construction of a mathematical model

1.1. Problem description

One container yard consists of several bays, and
pre-marshalling problem turns out to design the
container shifting sequence and regrouping in the bay
to make sure the forward-ship containers locate on
the top of the backward-ship ones. Pic. 1 (a) shows
an initial layout in a bay, and Pic. 1 (b) is a final layout
in a bay.

(b) — Final layout in a bay

Pic. 1. lllustration of pre-marshalling problem.
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One hypothesis is that all the pre-marshalling
operations take place in one bay and another hypothe-
sis is that the containers in one bay have the same
size, and the loading sequence is fixed.

Two goals should be achieved: firstly, to make
sure that there will be no further shifting of containers
if they are loaded in the sequence of the final layout;
secondly, it is necessary to reduce shifting time as
much as possible.

1.2. Mathematical model

Variables and parameters in the model include:

N: The number of bays

M: Maximum batch number

H: Maximum height of the bay

h(0): The height of containers in row i at the initial
time.

a,(0): The batch number of container j in row i at
the initial time.
i=1,2,..., N, j=1,2,..., h(0)

k, k=12,--M, 0<j<h(0),Vi

‘zy'(()) = {

0, else

Decision variable:

X(t)=i means unloading of container on the top of
rowjon step t;

y(t)=j means loading of container which is un-
loaded on step t on the top of row .

For pre-marshalling a mathematical model is built
as follows:

min7 (1)
such that

a,(T)za,, (T),j=12,h(T)-1,Vi (2)

0, i=x(t),j=h(t-1)
a,j(t) = ax([)'hx")(t—])(t_l)’ i= y(t)a ] = hi(t_1)+l (3)
a,j(t*l)a else
h(t=1)-1, i=x()
h()={ Bt =D+1i=y(1) (4)
h(t-1), else

h,t=1)>0 (5)
h,t-)<H (6)
x(t)e{l,2,---,N},t=12,-T (7)
y(t)e{laz"“?N}’t:1a2a“"T (8)

In the described model, formula (1) is the objec-
tive function for minimum pre-marshalling time.
Formula (2) is the constraint for the requirements of
the final layout. It stands for the end of shifting work.
That is, all the containers in smaller batch (loaded in
forward ship) are on the top of the ones in bigger
batch (loaded in backward ship). Formula (3) deter-
mines the constraint for the shifting operation pro-
cess. We assume that after one step of shifting, the
batch of the containers in the locaion, where the
shifted containers were, is 0, and the batch of the
shifted containers is the batch where they were in.
For other containers, the batch stays the same.
Formula (4) is changing method for the height of
rows. The figure «plus 1» means that one container
is loaded in the row, while the figure «minus 1» means
that one container is unloaded from the row. For-
mula (5) and formula (6) are the height limits of row.
Formula (7) and formula (8) are the constraints for
decision variables. Expressions x(t) and y(t) must be
integer.

Pic. 2. An example of pre-marshalling.

2. Algorithm design

Due to the nonlinearity of the mathematical
model, the robust meta-heuristic algorithm is more
suitable than the traditional mathematical program-
ming method. So, a multi-stage genetic algorithm
based on binary code is applied to the pre-marshalling
problem in this article.

2.1. Objective function

For this function it is proposed to use a method
based on the number of reverse order. At first, some
related definition need to be introduced.

Definition 1: In one sequence, the order of two
figures is opposite to their size, two figures are called
in a reversed order. The total number of reversed
order in one sequence is the inverse number.

Definition 2: In one row, the position (from top to
bottom) of two containers is opposite to their batch
number (from small to big), these containers are
called in a reversed order. We call the total sum of
reverse order forming by one container and the con-
tainers below it the container’s reverse order number.
One container’s reverse order number multiplies the
distance between it and the top container and is the
container’s confused reverse order number.

Definition 3: The sum total of all of containers’
confused reverse order number is the row’s confused
reverse order number. The formula is as below:

h(i)
confuseli]= Z N, xd, , (9)
h=1
where confuse[i] is the rowi’s confused reverse order
number; h(i) is the height of row i; N, is the number in
reverse order of the container with height h in row I;
d, is the distance between the container with height
i and the container on the top. As shown in Pic. 2, the
reverse order number in rows a, b and c are 0, 1 and
7 respectively.

Definition 4: The sum total of all of rows’ confused
reverse order number is the bay’s confused reverse
order number. The formula is as below:

N
confuse = ZCUnfuse[i 1, (10)
i=l
where confuse is the reverse order number in specific
bay, N is the row number in the top bay.

Obviously, the reverse order number means how
much difficult pre-marshalling operation is, so it is
designed to be objective function. And the goal of the
algorithm is decreasing the reverse order number
until it turns to be 0, of course, through pre-marshal-
ling.

2.2. Coding method

As the maximum time of shifting could not be fixed
before calculation, itis necessary to have a multistage
period of genetic algorithm with (X, y) binary encoding.
For example, K =5, if
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Step 1 Step 2
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Pic.6. Initial layout of experiment 2.

X:65341,

Y:42135.

That means the shifting operation is: firstly, shift-
ing from row 6 to row 4; secondly, from row 5 to row
2; the rest stays similar until step 5.

In this kind of binary encoding, too much needless
shifting may occur if chromosomes X and Y participate
in genetic algorithm at the same time. Avoiding this,
we enter Xinto genetic algorithm, while Y is generated
from a kind of heuristic operator.

We could describe the heuristic operator as fol-
lows: when the shifting to the top container in row m
occurs, the decreased value E[n] of reverse order
number in other rows needs to be fixed at first.

E|n] = confuse|n]—confuse'[n] (11)

where confuse[n] is the reverse order number before
shifting of the top container in row m to row n; confuse’
[n] is the reverse order number after shifting of the
top container in row m to row [n].

Step T

Pic. 3. lllustration of a solution.
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Pic.5. Final layout of experiment 1.
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Pic.7. Final layout of experiment 2.

2.3. Operations in genetic algorithm

Only one chromosome in every part could par-
ticipate in crossing and variation operations. In this
case, single point of contact crossing method is used.
That means that choosing a point of contact is ran-
dom, and it changes the substrings (parts of rows) on
both sides of the chosen point of contact. And the
random integer between 1 and N is regarded as a
place value in genic variation.

In this multi-stage genetic algorithm, K steps of
shifting work will be done in every phase, the reverse
order number will constantly go down until it comes
to be 0, the algorithm ends at the same time.

2.4. Improvement solution

When the algorithm ends, a solution with T steps
of shifting work will be obtained (Pic. 3).

It is worth noting that the solution may include
some useless operations as follow:

Situation 1: (a, b) (b, a) — ().

Table 1

Comparison of algorithm performance

Operation time Step length | Optimal solution
The 63s 18 9,4) (7,3) (2,7) (2,7) (8,4) (8,7) (9,7) (5,1) (6,7) (8,9) (6,1)
algorithm in (2,6) (2,3) 9,2) (1,2) (8,2) (7,2) (5,2)
this article
[4] 5s 31 (8,7) (4,1) (3,7) (2,4) (6,7) (2,4) (2,3) (2,7) (8,4) (0,3) (8,2)
9,6) (1,2) (5,1) (5,2) (9,2) (9,2) (7,3) (9,6) (5,0) (7,9) (8,9)
(6,9) (7,5) (7,9) (6,1) (6,3) (6,8) (3,6) (1,6) (8,6)
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Table 2

Comparison of algorithm performance

Operation time | Step length

Optimal solution

This article |335s 36

(7,3) 9,4) (3,4) (2,7) (8,7) (2,7) (9,3) (9,11) (9,0) (8,9) (3,9) (10,9)
(3,9) (2,9) (4,3) (7,3) (10,2) (10,3) (8,10) (6,10) (2,10) (8,10) (7,10)
(8,3) (4,8) (6,8) (7.4) (7,8) (4,7) (4,7) (1,7) (6,7) (6,4) (11,6) (11,6)
(5,1) (11,7) (6,11) (2,4) (6,11) (5,6) (2,6)

3] 318 47

(3,0) (4,3) (11,3) (4,1) (9,11) (9,3) (5,7) (0,11) (0,9) (0,9) (2,0) (2,9)
(10,2) (10,0) (7,10) (7.,3) (7,9) (7,0) (3,7) (6,10) (6,7) (6,3) (6,5) (4.,6)
(5,4) (2,6) (8,6) (2,6) (11,2) (11,8) (11,4) (0,4) (11,0) (5,11) (8,11)
(1,11) (2,5) (2,11) (4,2) (1,2) (3,2) (8,2) (8,3) (8,1) (5,8) (10,8) (4,8)

For the same container, when we move it from row
a to row b, and move it from row b to row a immedi-
ately, then displacement(a, b) and displacement (b, a)
need to be canceled.

Situation 2: (a, b) (b, ¢) — (a, c).

For the same container, when we move it from row
a to row b, and then move it from row b to row c im-
mediately, displacement(a, b) and displacement (b, c)
need to be combined to move (a, c).

Situation 3: (a, b) (¢, d) (b, a) — (¢, d).

For the same container, we move it from row a to
row b, then move it from row b to row a. If all operations
do nothing with row a and row b, displacement (a, b)
and displacement (b, a) need to be canceled.

Situation 4: (a, b) (c, d) (b, e) —>(a, e)(c, d).

For the same container, we move it from row a to
row b, then move it from row b to row e. If all work do
nothing with row a, row b and row e, displacement (a,
b) and displacement (b, e) need to be combined to
move (a, e).

Obviously, continuous useless shifting is described
in situations 1 and 2. Discontinuous useless shifting is
described in situations 3 and 4. For the improvement
of solution, a kind of heuristic operator is put forward
to remove useless operation on the premise of keeping
the bay layout unchanged.

3. Experimental analysis

In simulation experiment, the algorithm is com-
pleted with Visual C++ 6.0. For comparison’s sake, all
the results are obtained on the platform of Intel Core
i51.9GHz CPU.

Initial layout of containers in experiment 1 is the
same asin [4]( 10 rows are included in the bay, and the
height of each row is 5). The layout is shown in Pic. 4.

With the help of the algorithm, the authors com-
pared the optimum solution with the solutions in [4].
The results are shown in Table 1.

During the analysis it was found out that though the
operation time with the suggested algorithm is longer
(though 63 s is an acceptable time), but the quality of
solution is better and the step length is just half of that
in [4]. All pre-marshalling operations finish within only
18 steps, and the finial layout of experiment 1 is shown
in Pic. 5. The pre-marshalling will be completed more
quickly with the procedure, described in this algorithm,
and more economic benefit will also be obtained.

Initial layout in experiment 2 is the same as in [3]:
12 rows are included in the bay, and the height of each
row is 5. The layout is shown in Pic. 6.

Through the algorithm, the optimum solution is
compared with the solutions in [3].The results are
shown in Table 2.

The analysis of the results with integer program-
ming based on network flow model in [3], and ex-
periment’s results proves the advantage of the algo-
rithm suggested in this article: its operation time ac-
cording to the scheme is just 335 s, but the quality of
solution is better. All pre-marshalling operations finish
only within 36 steps, 11 steps less than in the algorithm
in [3]. And the finial layout of experiment 2 is shown
in Pic. 7.

Conclusions. Pre-marshalling problem regard-
ing containers at terminal sites of sea ports was
considered in the article. A mathematical program-
ming model was built and multi-stage genetic algo-
rithm based on binary coding was used as basic for
this model. In this algorithm, the authors define the
reverse order number, make it an objective function
and offer to use capacities of the heuristic operator
for solution evolution. The experiment results have
shown under the same simulation environment and
conditions, that the suggested algorithm could pro-
vide more optimal shifting of step length then algo-
rithms in based on heuristic models.
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