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Tom tat
Cang container 1 co s& quan trong trong van chuyén container toan cau. Cau bdi 1a Nhan 16/06/2025
yéu td quan trong anh huéng dén thong lugng hoat dong cua cang. Tuy nhién, nhiéu Dugc duyét  25/07/2025
ti}lh hu{mg khong chac chan trong hoat dong cua Fhﬁng g(') thé géy ra sy cham t‘ré Cong b 30/10/2025
tong thé cho quy trinh 1am viéc. Nghién ctru nay dé cap dén viéc dieu do va tai dicu
d6 cau bii trong truong hop can cau bi hong ngiu nhién. Trinh ty cong viée cho tat
ca cac can ciu duogc xac dinh bﬁng thuat toan meta-heuristic v&i muc tiéu tdi thiéu
makespan, thoi gian hoan thanh cong viéc cudi cing. Trong qua trinh van hanh can
truc, néu mot sb can truc bi héng, mot quy trinh duoc ap dung dé tai diéu do can cau

Tu khoa
diéu d, tai diéu do, meta-
X . . ~ : . L. heuristics, t6i vu hoa, ciu
nham giam thiéu sy cham tré cla tat ca cac ?Gng viéc. Thltlat toén, meFa-heurlstlc, bii
mot nhanh cuta tri tu¢ nhan tao, dugc phat trién dé gidi quyét cac van de toi uu voi
kich thudc bai toan thuc trong thoi gian tinh toan hop 1y. Céc thuc nghiém sé duoc
st dung dé x4c minh hiéu suét cua thuat toan.
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1. Pit van dé

Vén tai container dong mot vai tro khong thé thiéu
trong dong chay thwong mai toan cau, va cic cang
container, v&i tu cach 1a nhiing trung tdm diéu phdi
quan trong, giit vi tri huyét mach trong chudi cung ting
qudc té. Hiéu qua hoat dong ctia cic cang nay, dic biét
la trong khau xt Iy container tai bai, c6 anh hudng sau
rong dén chi phi logistics, thoi gian van chuyén hang
hoa va ning lyc canh tranh téng thé cia cac nén kinh
té. Trong bdi canh do, viéc didu do6 va tai didu do cho
ciu bai (Yard Cranes - YCs) ndi 1én nhu mot bai toan
t6i wu hoa then chét. Tuy nhién, mdi trudng van hanh
cang container von di rat ning dong va chia dung vo
s6 yéu té bat dinh, tir hong hoc thiét bi dot ngot, sy
thay d6i trong lich trinh cia tau va xe tai, cho dén thoi
gian xtr 1y container khong dong déu. Nhitng yéu to
nay khong chi lam phirc tap hoéa viéc xay dung mot
lich trinh t6i wu ban diu ma con c6 thé khién cac ké
hoach d dinh sin nhanh chéng tré nén khong con kha
thi, doi hoi phai ¢ cac co ché tai diéu do linh hoat va
higu qua.

Su kém hiéu qua trong viéc diéu do YC khong chi don
thuan 1am tang chi phi van hanh tryc tiép tai cang, nhu
chi phi nhién liéu, nhan cong va béo tri thiét bi. Quan
trong hon, n6 con gy ra nhitng chi phi gian tiép dang
ké cho toan bo chudi cung tmg. Chang han, thoi gian
xtr 1y container tai bai kéo dai dan dén viéc tau phai
neo dau chd doi 1au hon tai cang, ddng thoi gdy ra tinh
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trang tac nghén cho cac phuong tién van tai duong bo
dén nhéan hoic giao container. Diéu nay khong chi lam
tang chi phi luu tau va luu xe ma con pha v lich trinh
van chuyén da duge hoach dinh cén than, kéo theo
nhimg anh huéng tiéu cuc dén cac khau tiép theo
trong chudi cung tng, tir viéc cic nha san xuat khong
nhan dugc nguyén liéu dung han cho dén viéc hang
hoa khong dén tay nguoi tiéu dung theo ké hoach. Hau
qua cudi cung la thiét hai vé kinh té, mit mat doanh
thu va suy giam uy tin cia cac bén lién quan trong
chudi cung tmg.

Hoat dong hiéu qua cia YC 1a nén tang cho ning suat
cua mot cang container hién dai. Viéc hiéu 15 vai tro,
cac loai YC va dic biét 1a cac yéu té bat dinh anh
hudéng dén hoat dong cua chung la bude dau tién va
quan trong nht trong nd lyc t6i uu hoa. YCs dong vai
trd trung tdm trong viéc quan 1y va di chuyén
container trong pham vi bai cua cang container. Chung
thuc hién cac nhiém vu thiét yéu bao gébm xép d&
container tr cac phuong tién van tai ndi bo (nhu xe
dau kéo) 1én cac chdng container trong bai luu trix,
hodc nguoc lai, léy container tir bai dé dua Ién xe tai
hodc tau hoa phuc vu cho viéc van chuyén ra khoi
cang. YC la cau nbi quan trong giira hoat dong xép do
tau tai cau tau (thuc hién bai cau bd - Quay Cranes) va
mang ludi van tai ndi dia, ddm bao dong chay
container dugc lién tuc va hi¢u qua. Co nhiéu loai YC
khéac nhau, mdi loai c¢6 nhiing dic diém va ung dung
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riéng biét, pht hop véi cac diéu kién van hanh va quy
mod cang khac nhau: cau gian banh 16p (Rubber Tyred
Gantry Crane - RTGC):day 14 loai YC phd bién nhét,
duoc sir dung rong rai tai cac cang container trén toan
thé giéi. RTGC di chuyén trén cac banh 16p cao su,
cho phép chung c6 kha ning co ddng cao trong viéc di
chuyén giita cac diy container (block) va cac lan
duong khac nhau trong bai. Ngudn ning luong chinh
ciia RTGC truyén thong 1a dong co diesel, tuy nhién,
ngdy cang c6 nhiéu cang chuyén sang sir dung RTGC
chay dién (E-RTGC) hodc RTGC lai (hybrid) dé giam
phat thai va chi phi nhién liéu. Uu diém cta RTGC la
tinh linh hoat cao va chi phi diu tu co s& ha t?mg ban
dau thap hon so voi RMGC. Tuy nhién, chiing thudng
doi hoi khong gian di chuyén rong hon va chi phi bao
tri ¢6 thé cao hon.

Ciu gian banh sit (Rail Mounted Gantry Crane-
RMGC): RMGC di chuyén trén hé théng ray cd dinh
duoc lép dat doc theo cac block container. Ching
thuong duge cap ngudn bang dién ludi, giup loai bo
khi thai tai chd va giam tiéng on so v6i RTGC chay
diesel. RMGC thuong cé kha nang ty dong hoa cao
hon, cho phép xép chong container véi mat do cao hon
va tbc do di chuyén gian nhanh hon khi c6 tai. Loai
ciu nay dic biét hiéu qua cho cac cang c6 quy mé 16,
ludng hang 6n dinh va yéu ciu cao vé mat do luu trix
va ty dong hoa, cling nhu cac cang can (intermodal
terminals) noi container dwoc chuyén truc tiép giira
tau hoa va xe tai. Nhuoc diém chinh cia RMGC la chi
phi dau tu ban diu cao cho ca cdu va hé thong ray,
cung vdi tinh linh hoat kém hon RTGC do bi gidi han
trén duong ray.

Van dé tai diéu do nhiéu tic gia da nghién ctru dién
hinh nhu nghién ciru [1]. Bai bao ndy dé& xuat mot
phuong phap dé sip xép lai ké hoach cho bén db va
can truc boc do tai cac cang container nhim ddi phé
v6i sy thay d6i thuong xuyén trong thoi gian cap cang
clia tau thuyén. Cac nha nghién ciru da xay dung mot
md hinh Lép trinh nguyén tuyén tinh hdn hop (Mixed-
Integer Linear Programming - MILP) dé giai quyét
ddng thoi bai toan phan bd bén dd va can truc (Berth
Allocation and Crane Assignment Problem - BACAP).
Vi nghién ctru [2], tac gia giai quyét van dé 1ap lich
cho cau truc bai tai cac cang container, von bi anh
huéng boi nhidu yéu t6 khong chic chan nhu thoi gian
xe tai dén va khdi lugng cong viéc cua cau truc. Cac
tac gia d& xudt mot phuong phap chu dong (proactive
strategy) bang cach xdy dung mé hinh l4p trinh ngiu
nhién nhim tao ra mot lich trinh ¢6 dinh duy nhat, co
kha ning thich tng tot v6i nhiéu tinh hudng khac nhau

ma khong can phai diéu chinh lai. Muyc tiéu ciia mo
hinh 13 ti thiéu hoa gia tri ky vong clia tong thoi gian
hoan thanh cong viéc va tong thoi gian cho cia cac tac
vu. Dé giai quyét bai toan, mot thuat toan di truyén tiy
chinh (tailored genetic algorithm) da dugc phat trién.
Két qua thuc nghiém cho thiy viéc phan bd khdi
luong cong viéc mot cach can bang giita cac cau truc
giup cai thién hiéu qua van hanh chung cta cang. Bai
bao [3] nghién ctru van dé t6i uu héa viée sip xép lai
lich trinh cho YC khi xdy ra cac su ¢ ngau nhién va
khong thé doan trude tai khu vuc container nhap cua
cang. Dé giai quyét vin dé nay, cic tic gia da xay
dyng mot mo hinh sap xép lai lich trinh cho YC véi
muc tiéu 1a tao ra mot ké hoach méi c6 do sai 1éch it
nhit so véi lich trinh ban dau. Bai bao [4] lai ¢6 hudng
tiép can khac, khi nghién ctru cho cang c6 hinh chir U.
Bai b4o nay giai quyét van dé lap lich trinh tich hop
cho nhiéu loai thiét bi (cﬁu truc bén, xe van chuyén noi
bd, va YC) tai cac cang container co bd tri hinh chit U
va ap dung ché d6 van hanh chu trinh kép (double-
cycling). Thach thirc chinh 1a sy khong chic chin
trong thoi gian van hanh cia thiét bi, c6 thé giy ra
hiéu tng day chuyén (cascade effects) lam cho lich
trinh ban dau trd nén kém hiéu qua. Dé giai quyét van
dé nay, cac tac gia dé xuat mot phuong phéap 1ap lich
chi dong (robust-proactive) méi. Ho xdy dung mot
md hinh t&i wu hoa hai myc tiéu: vira giam thiéu tong
thoi gian hoan thanh cong viéc vira toi da hoa tinh 6n
dinh cta lich trinh. Mot chi s6 dya trén ciu tric mang
phirc hop bit dinh (complex network structure
entropy) duoc dung dé danh gida mirc d6 on dinh va
loai bo hiéu ung day chuyén. Chi sb nay dinh lugng
chat lugng cua cac "khoang thoi gian trong" (gap time
slots) gitta cac hoat dong, von duge xem 1a bo dém dé
hap thu sy bat dinh. M6 hinh duogc giai quyét bang
thuat toan di truyén sap xép khong thong tri NSGA-II.
K¢é tiép mot nghién ciru vé van dé tai diéu do cau bo,
[5]. Bai bao nay nghién ctu van dé sép xép lai lich
trinh tich hogp cho viéc phan bo bén d va can truc boc
d& khi d6i mat véi cac sy kién khong chic chin nhu
tau bi tré va tau dot xuat khong c6 trong ké hoach cap
cang. Nhirng sy kién nay c6 thé 1am gian doan ké
hoach ban dau, gy ling phi tai nguyén va lam giam
hi€éu qua hoat dong ctia cang. Cac thir nghiém s6 cho
thdy thuét toan IGA duoc dé xuét co toc do giai quyét
nhanh hon dang ké so véi cac bo giai thwong mai va
cac thudt toan heuristic khac (nhu SA, PSO), voi do
léch trung binh v& chét lugng giai phap khong vuot
qua 6 %.
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Tam quan trong ciia YC trong chudi logistics tong thé
1a khong thé phu nhan. Hiéu suét 1am viéc cua ching
anh huong truc tiép dén thoi gian quay vong cua tau.
Viéc diéu phdi YC hiéu qua gitp giam thiéu thoi gian
chd doi cua tau va xe tai, tdi wu hoa viéc st dung
khong gian bai quy gia, va dam bao sy két ndi thong
sudt giita cac phuong thirc van tai khac nhau, tir d6
nang cao nang luc canh tranh cua cang.
D6i tuong nghién ciru ctia bai bao 1a bai toan diéu do
va tai diéu do YC dudi tac dong cia cac yéu té khong
chic chin. Nghién ctru tap trung vao viéc xu 1y hai
loai bat dinh chinh: kha ning xay ra hong hoc cau dot
xut va sy thay d6i vé thoi gian dén cta cac tac vu so
v6i du kién.
Duéi day s& dé cap dén viéc mo ta bai toan chi tiét
cung voi mo hinh toan. Tiép theo s& 1a giai thuat duoc
dé xuat dé giai quyét van dé. Sau do 1a thyc nghiém s6
dé chirg minh tinh hiéu qua cia bai toan. Phan cudi
cung 1a két luan cua nghién cuu.
2. M0 hinh bai toan
M6 hinh bai toan duoc thiét 1ap dé tai diéu do lich
trinh 1am viéc ciia YC trong bai container khi c6 yéu
t6 bat dinh xay ra. Dudi day 1a chu thich cac ky hiéu
duoc dung trong mo hinh toan.

I Tap hop cac cong viéc chua hoan thanh

K Tap hop cic cau co thé hoat dong

p;  Thoi gian xur ly cbng viéc i
Thai gian cau di chuyén tir vi tri cong viéc i
tai vi tri cong viéc j
r,  Thoi gian sin sang lam viéc cua can cau k
a;  Thoi gian cong viéc i dén
M S6 duong du l6n

Bién quyét dinh

Bién nhi phan, c6 gia tri 1 khi container i

dugc gan cho can cau k

Bién nhi phan, c6 gia tri 1 khi cong viéc i

Yijk — dugc tién hanh ngay truéc cong viéc j boi

cau k

Bién lién tuc, thé hién thoi gian bt dau cong

Viéc i

Cmax Thoi gian hoan thanh cong viéc cudi cling
M& hinh toan
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Si

Ham muc tiéu
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2Yijiy < Xie + Xj Vi, j € Lk -
eEK

z Yiig < Xy VIE Lke K 4)

jELi%j
z Yijg < Xig VIE Lke K (5)
jELi%j
Si=za Viel (6)
SiZ Tk — M(l—Xik)
, (7)
Vie Lke K
S;=Si+pi+t;—M(1—VYy) -
vi,je I,i #j,ke K

Mo hinh toén hoc nay duoc thiét ké dé tim ra mot lich
trinh lam viée t6i wu cho cdc cin céu, véi muc tiéu
chinh 1a hoan thanh tit ca cac cong viéc duoc giao
trong khoang thoi gian ngan nhat c6 thé, duoc biéu thi
bang viéc tdi thiéu hoa thoi gian hoan thanh tong thé.
Pé 1am dugc diéu nay, moé hinh dam bao rang mdi
cong viéc phai duoc phan cong cho duy nhit mot can
cAu, déng thoi xac dinh mot cach chit ché trinh tu
thuc hién cong viéc cho mdi can ciu dé tao thanh mot
chudi hop 18 va lién mach. Bén canh d6, mé hinh tuan
thu cac rang budc thuc té vé thoi gian: mot cong viée
khong thé bat dau trudc khi ca can ciu va xe container
twong ng san sang, va phai doi cho cong viéc trudc
d6 trong chudi hoan thanh, c¢6 tinh d&én ca thoi gian xir
Iy va thoi gian di chuyén giita cac vi tri. Cudi cung,
thoi gian hoan thanh tong thé duoc xac dinh boi thoi
diém cong viéc cudi cung trong toan bo lich trinh két
thac.

Yéu t6 bat dinh ma bai toan dit ra d6 1a thoi diém ma
can truc k sin sang dé nhan cong viéc mai. bPéi voi
can tryc khong bi 16i, dy 1a thoi diém né hoan thanh
cong viéc cudi cung trudc sy cd. Pbi vé6i can truc bi
16i, day la thoi diém sira chita hoan tat, néu thoi gian
sira chira 1 v cung c6 nghia 1a cdu d6 khong thé tiép
tuc 1am viéc trong ca lam viéc ndy. Ngoai ra yéu td bét
dinh con nim & thoi diém xe container cua cong viée i
dén noi.

3. Giai thuat Simulated Annealing lai véi Local
Search

Day 1a mot phién ban cai tién cua giai thuat Simulated
Annealing (SA). N6 két hop sttc manh kham phé ciia
SA truyén thong, voi kha nang quay lui dé tranh téi uu
cuc bo, v6i mdt chién lwoc Local Search (LS) manh
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mé trong vi€c tim kiém tai mdi budc. Muc tiéu cudi
cing van 1a tim ra lich trinh c6 thoi gian hoan thanh
tong thé (makespan) thap nhat. Hinh 1 thé hién luu d6
giai thuat. Trong phan ndy, cic mo ta vé giai thuat s&
dugc trinh bay chi tiét.

Biéu dién loi giai: loi giai ctia bai toan thé hién mot
lich trinh cu thé, trong d6 cac cong viéc duoc sip xép
va phan b6 cho timg can truc.

Céc tham sb cua giai thuat bao gém: nhiét do ban dau,
dugce dat ¢ gia tri cao dé thuét toan co thé dé dang
chap nhan cic tim kiém khong tt nhim kham pha
rong rdi khong gian 101 giai; ty 1& 1am ngudi, thé hién
tdc do giam nhiét do sau mdi vong ldp ngoai (vi du:
0,995); nhiét d6 tbi thiéu, 1a gia tri gidi han ma tai do
thuat toan dimg lai; va s6 luong 1an can, biéu thi sd 1oi
giai 1an can ngdu nhién duoc tao ra va so sanh trong
mdi vong lap trong.

Qua trinh cua giai thuat SA lai voi LS gdm hai vong
lap chinh. Vong 13p ngoai chiu trach nhiém diéu chinh
nhiét do theo co ché 1am ngudi, bat dau tir nhiét 6 cao
va giam dan sau mdi lan 1ap. Khi nhié¢t d¢ & muc cao,
thuat toan d& dang chip nhan cac budc di khong tt;
nguoc lai, khi nhiét 3§ gidm, chi nhiing céi tién moi
dugc chip nhan. Vong lip trong tip trung vao viéc tim
kiém 14n can. Tai mdi 1an 1ap, thuat toan tao ra cac 1oi
giai 1an can ngau nhién bang cach thay ddi vi tri cac
cong viéc va chon 101 giai tot nhit trong sb do. Két qua
la mét ung vién chét lugng cao dugc chon dé tién
hanh budc tiép theo.

Tha thuat quay lui (Co ché Chip nhén cua SA): sau
khi vong l3p trong tim duoc 10i giai 1an cin t6t nhat,
thuat toan s& quyét dinh c6 nén di chuyén dén 1oi giai
nay hay khong. Py chinh 1 "thu thuat quay lui": Néu
1an can tét hon: 101 giai moi ludn duge chip nhan. Néu
lan c4n té hon: 161 giai m&i van c6 thé duoc chap nhan
v6i mot xac suat nhat dinh, dugc tinh b?mg cong thuc:

AE 1a d6 chénh 1&ch makespan (Iuén duong).

T 1a nhiét o hién tai cua vong lap ngoai.

Khi T cao, xac suat p 16n, thuat toan d& dang chap
nhén cac budc di xdu dé thoat khéi tdi uru cuc bg.

Khi T thap, x4c suét p rt nho, thuat toan gan nhu chi
chap nhan cac bude di tot hon.

Khoi tao 1o giai ban dau
Cho loi giai Hign hanh 13 10 giai
ban dau

Ngimg giai thudt,

tra vé két qua

Giam nhiét do (T = Tr)

Cip nhat 16i giai Tét nhit

Cép nhatloi giai Hién
hanh

oi gidi Lan can tot nhit c0
thoa dieu kién cap nhat Loi
giai Hién hanh cua SA?

‘Tgﬂo 101 gidi 1in cn tl 19 gidi hién h;‘mh|

Loi gidi Lan can
t0t hon 10 giai Lan
cén Tot nhat?

‘ Cap nhdt 31 gidi Lan cdn T4t nhét
Hinh 1. Luu d thuat toan
4. Thuc nghiém sé
Pau tién trong phan thuc nghiém sé nay, cac tham sb
cua giai thuat s€ dugc xac dinh thong qua phuong

phap quy hoach thuc nghiém. Bang 1 thé hién 49 lan
chay giai thuat voi cac tham sb thay doi giira hai murc
cao va thap, co xét dén gia tri trung binh cua tham sb.
Céac gia tri cao va thip dugc st dung trong phan
nghién ciru nay dua trén thoi gian tinh toan c6 thé
chap nhan duoc d6i v6i giai thuat. Giai thuat dugc tién
hanh véi bai toan c6 kich thudc twong duong véi thuc
té, v6i 50 cong viée va 20 YC lam viéc, thoi gian tinh
toan lau nhat khi thay doi cac tham sd 1a 1230 gidy
trén may tinh x&ch tay, CPU core i7, 10750H, ram

p=e AE/T 32Gb, hé¢ diéu hanh Window 11 véi ngdn ngir 1ap trinh
Trong do: Java 8 vé6i IDE la Eclipse.
Bang 1. Makespan cua 10 giai khi cac tham s giai thuét thay doi
STT NP iét Lémm Gioi \{()ng Makespan | STT NP it Lanl, Gioi \{()ng Makespan
do nguoi han lap do nguoi han lap
1 1000 0,999999 1,000 10 202 26 1000 0,999999 1,000 100 181
2 100  0,999900 1,000 100 187 27 1000 0,999900 0,010 10 179
3 1000 0,999999 0,010 100 161 28 100  0,999999 0,010 10 166
4 1000 0,999999 0,010 10 164 29 100  0,999900 1,000 10 212
5 100  0,999999 0,010 100 166 30 1000 0,999900 1,000 100 184
6 1000 0,999900 0,010 100 169 31 1000 0,999900 1,000 10 212
7 550  0,999950 0,505 55 185 32 100  0,999900 0,010 100 170
8 550  0,999950 0,505 55 187 33 100  0,999999 1,000 100 180
9 100  0,999900 1,000 10 214 34 550  0,999950 0,505 55 184
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10 550 0,999950 0,505 55 184 35 1000 0,999999 0,010 10 165
11 1000 0,999900 1,000 100 187 36 550  0,999950 0,505 55 183
12 1000 0,999999 1,000 100 182 37 1000 0,999999 0,010 100 162
13 100  0,999999 0,010 10 164 38 550  0,999950 0,505 55 186
14 100  0,999999 1,000 100 182 39 550  0,999950 0,010 55 175
15 1000 0,999900 1,000 10 207 40 550  0,999999 0,505 55 179
16 100  0,999900 0,010 10 183 41 550  0,999950 0,505 55 186
17 1000 0,999900 0,010 10 180 42 550  0,999950 0,505 10 199
18 100  0,999999 1,000 10 201 43 550  0,999950 0,505 55 183
19 100  0,999900 0,010 100 176 44 100  0,999950 0,505 55 182
20 100  0,999900 0,010 10 181 45 550  0,999900 0,505 55 180
21 100  0,999999 0,010 100 162 46 550  0,999950 0,505 55 185
22 1000 0,999999 1,000 10 203 47 550  0,999950 0,505 100 180
23 1000 0,999900 0,010 100 173 48 1000 0,999950 0,505 55 180
24 100 0,999900 1,000 100 187 49 550 0,999950 1,000 55 191
25 100 0,999999 1,000 10 198
Két qua toi uu ctia bo tham s giai thuat la: nhiét do 3 200 10 592,67 4,30 1409
ban dau 1000, toc do lam ngudi 0,999999, gisi han 4 200 5 115693 7,10 841
nhiét do dung 1a 0,01 va vong lip 13 60. Hinh 2 thé 5 150 30 166,64 1,03 1965
hién su anh huc’f’ng cua cac nhan to chinh khi tién hanh 6 150 20 23313 1.92 1472
thuc nghiém doi voi gia tri ham muc ti€u cua giai 7 150 10 45013 3.58 1182
thudt. 8 100 30 12600 000 1673
s ATy Gk oyl 9 100 20 161,20 1,32 1342
m - o~ 10 100 10 294,40 3,11 924
" n ™ _ 11 100 5 563,60 4,81 575
! 0 500 1080939390 093985 1000080 05 0 50 00 12 50 10 175’27 0’96 568
Hinh 2. Db thi cac nhan t chinh trong bai toan quy 13 50 5 319,27 1,62 446
hoach thuc nghiém. 14 30 5 193,40 1,06 405
Mot s bai toan voi cac kich thude khac nhau duoc 15 20 5 145,60 0,91 383

dua ra dé thir nghiém giai thuat. Mdi van dé giai thuat
tién hanh tinh toan dé kiém tra d6 phén tan. Két qua
giai thuat van hanh 6n dinh, sai s6 giita cac 1an tinh
toan nho (dudi 3 %), Bang 2 thé hién cac lan tinh toan
cua giai thudt vdoi cac bai toan co kich thude khac
nhau. Thoi gian tinh toan dai nhat khoang 40 phit,
nhung diéu nay la co thé cha‘ip nhén duoc cho viée diéu
d6 cho ca mot ca lam viéc dai. i véi cac truong hop
tai diéu do, do sb luong cong viéc va s6 YC can tai
diéu d6 s& khong qua nhiéu, khi do6 thoi gian tinh toén
giam di dang ke.
Bang 2. Chay thur nghiém giai thuat

S6 Db lc Thoi gian
STTcong S6 chu Makespan .° ;  tinhtoan
n chuan
viéc (s)
1 200 30 215,30 1,42 2214
308,17 1,19 1777

2 200 20
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5. Két luan

Bai bao da nghién ctru vé viéc diéu do va tai diéu do
cho YC trong cang container trong cac diéu kién bat
dinh. Trong bai bdo nay, mo hinh toan di dwoc dé
Xuét, qua do, yéu to bat dinh dugc thé hién thong qua
thoi gian sin sang hoat dong ctia cau, néu thoi gian
sin sang 1a v cung dong nghia v&i cau bi hong hoc
khong thé phuc hoi trong ca lam viéc. Dé tim kiém 1oi
giai cho bai toan, thuat toan SA lai vdi LS da dugc deé
xuét. qua phan thuc nghiém sd, cac tham sb cua giai
thuat da duoc tim ra, cu thé: nhiét d6 ban dau 1000,
tbc do 1am ngudi 0,999999, gii han nhiét do dimg 1a
0,01 va vong lap 1a 60. Ngoai ra, mot sé van dé voi
kich thu6c khac nhau da dugc giai véi giai thuét, két
qua cho thiy giai thuat dua trén nén tang cua viéc tao
10i giai ngiu nhién nhung két qua sau nhiéu lan tinh
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toan van 6n dinh, va thoi gian tinh todn ndm trong gidi Loi cAm on

han cho phép. Nghién ctu nay dugc tai trg béi Truong Pai hoc
Nguyén Tat Thanh, Thanh phé H6 Chi Minh, Viét
Nam.
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Optimizing yard crane scheduling and rescheduling under uncertainty using

a meta-heuristic framework
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Abstract Container terminals are important facilities in global container transportation. Yard cranes are key
factors influencing the throughput of port operations. However, many uncertain scenarios in their operation can
cause delays to the overall workflow. This study addresses the scheduling and rescheduling of yard cranes in cases
of random crane breakdowns. The job sequences for all cranes is determined using a meta-heuristic algorithm to
minimize makespan. During crane operations, if some cranes break down, a procedure is applied to reschedule the
cranes in order to minimize the delay of all jobs. The meta-heuristic algorithm, as a branch of artificial
intelligence, is developed to solve realistic-scale optimization problem within a reasonable computation time.
Numerical experiments are conducted to verify the algorithm's performance.

Keywords scheduling, rescheduling, meta-heuristics, optimization, yard cranes
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