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Diéu d6 hoat dong cua can cau bd cang hang
hon hop tai Viet Nam

Nguyén Vii Anh Duy, Phan Thi Mai Ha

Tém tit — Can cAu bo 12 thiét bi chat va dé
hang héa tir tau xuéng xe tai ciia cang va ngugc
lai. Nang suét ciia cAu bo anh hwéng truc tiép
t6i ning suit van hanh cia cang. Tai Viét Nam,
do diic thii cac cing ciia chiing ta, hang héa dén
cang khong phai chi hang héa dwgc dong trong
container nhw cic cang I6m trén thé giéi, con c6
nhirng hang héa roi, hang siéu truwdng siéu trong
dwogc van chuyén khong dong container. Nghién
ctru nay tap trung vao van dé diéu d9 hoat dong
ciia can cau bo tai cac cadng hang héa vira duge
dong trong container, vira ¢6 hang héa khong
dong trong container, hang roi, hang siéu
trwong siéu trong, ciang hang hoa hén hop.
Trong bai bao, md hinh toan cia vin dé diéu do
can cau bo sé dwgc thanh 13p. Giai thuat meta-
heuristic sé dwoc ap dung dé tim nghiém cia bai
toan trong thoi gian tinh toan hop ly. Va giii
thuat sé dwgc danh gia thong qua thyc nghi¢m
s0.

Tir khéa - Piéu dj, cin ciu bo, cing hing héon
hop, meta-heuristic.

1 GIOI THIEU

Trong bai bao nay chung t6i s& nghién ciru vé
viéc diéu do hoat dong cua can cau bd tai
cang bién hodc séng (hinh 1). Véi dic thu cua cac
cang cua nudc ta, cic tau van chuyén khong chi
mang theo toan container, nhung c6 nhiéu hang hoa
khéac nhau cling van chuyén trén mot tau. Cac hang
hoa d6 c¢6 thé c6 mot phan dwoc dong goi trong

container, mot phan dé riéng 1&.
Trén thé gi6i viéc nghién ciru hoat dong didu do
clia can cau bo (Quay Crane Scheduling Problems)
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da dugc nghién ctru tir lau. Cong trinh cua Daganzo
[1] 14 nghién ctru dau tién vé hoat dong diéu do cua
can ciu bo. Tac gia nay da dé xuat mot giai thuat
dé xac dinh s luong can ciu bo dé 1am viéc & cac
khoan ctia nhiéu tau cung lic. Trong nghién ctru
nay tac gia da gia st mdi mot khoang tau 1a mot
nhiém vu dbi voi can cau. Cong trinh [3] d nghién
ctru hoat dong déng thoi cua nhiéu cin ciu bd hoat
dong chung véi nhau voi rang bude cac cin ciu
khong dugc chong ldn ving lam viée véi nhau.
Trong nghién ciru cia Kim va Park m¢t khoang tau
duoc chia 1am nhiéu nhiém vu. Nhom tac gia da
dung hai giai thuat dé xac dinh trinh tu lam viée
cho cac can cau bo d6 1a Brach and Bound va giai
thuat kinh nghiém (GRASP, Greedy Randomzied
Adaptive Search Procedure) vdi muc ti€u la cuc
tiéu thoi gian phuc vu cho tau vao cang
(makespan). Rang budc khong chdng lan ving lam
viéc ciing dugc nghién ctru & nhitng nghién ciru
khac nhu [5] va [8]. Trong nghién ciru [5] vén dé
dugce mo hinh hoa tuong ty nhu van dé biéu dd két
hop song phuong (blpartlte graph matchlng
problem). Trong d6 mdi nhiém vu cua can ciu
duoc xem nhu mot diém va trong s6 cac canh két
ndi cua cac diém duoc xac dinh nhu 1a dai luong
dac trung cho khoang cach tir can ciu toi nhiém vu.
Hon nita, vin dé dwoc dién giai véi nhimng rang
budc phirc tap hon. Van d& dugc giai quyét théng
qua giai thuat qui hoach dong (Dynamic
programming) va giai thudt tabu search. Béi vi mo
hinh dugc 1ap dya trén giad tri loi nhudn cia cac
nhiém vu, vén kho khin trong viéc ap dung vao
thyc té, nén viéc tmg dung nghién ciru nay vao doi
thyc khong dé& dang. Nghién ctru [6] cai tién mo
hinh cua [3], nho d6 tac gia da giai dugce toi wu cho
cac bai toan vira va nho. Nhom téc gia da phat trién
giai thuat Branch and Cut dé tim 10i giai tdi wu cho
cac bai toan 16n hon. Bén canh d6 mot s6 nghién
ctru khac ¢b ging cai tién tir md hinh cua [3] nhu

(2], [4] va [7].
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Tom lai, trén thé gidi van dé diéu do can ciu bo
khong phai 14 van dé méi, n6 da dugc nhiéu tac gia
quan tdm va nghién ctru. Nhung khong c6 nghién
clru ndo dé cap dén van dé twong tu nhu tinh hinh
thuc té cac cang & nudc ta. Khi mot tau dén cang,
mdt tau c6 nhiéu loai hang hoa khic nhau can phai
dd tai va chat tai tai cang. Nhitng loai hang hoa
khac nhau lai doi hoi nhitng thiét bi phuc vu khac
nhau. Trong nudc ta hién nay van chua co nhiéu
nghién ctru vé van dé nay, nén viéc nghién ctru hoat
dong & bo cang 1a vo cling can thiét dé nang cao
nang suat va giam chi phi van hanh.

Thanh phé HO6 Chi Minh c¢6 rat nhidu cang,
nhung viéc 4p dung k¥ thuat hau can, Logistic, &
day van chua duoc phat trién nhidu. Viéc xép do
container 1én va xudng tau da sd phu thudc vao
kinh nghiém cua cong nhan lai cAn cdu bo. Véi
cach van hanh nhu vay, nang suét cua viée xép do
container 1én va xudng tau khong cao, thoi gian chd
doi gitta cac 1an nang ha 16n, phai dich chuyén
nhiéu 1an cac container trong mot chu ky lam viéc
(rehandling).

Viéc Xép dd phu thudc vao kinh nghi€ém cua lai
ciu, din dén ning suat lao dong phu thudc nhiéu
vao con ngudi dan dén viéc ning suat phuc vu tau
dén va ra khoi cang khong 6n dinh, d6i khi lam tré
gi0 khoi hanh cua tau. Ngoai ra viéc quan 1y nhan
su va dao tao cho nhan vién 14i cdu cling mat nhiéu
thoi gian va chi phi hon.

Bai bao dugc viét theo trinh tu sau: phﬁn 2 md
hinh toan cua vin dé dugc thanh lap, trong phﬁn 3,
giai thuat Simulated Annealing (SA) duoc dé xuét
dé giai bai toan, phan 4 danh gia sy hiéu qua cta
giai thuat va phan 5 dua ra két luan cua nghién ctru
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Cong thirc (1) ham muc tiéu ciia bai toan ti wu,
@, VA a, 14 trong sb clia thoi gian hoan thanh tit ca
cong viéc va tong thoi gian hoan thanh cong viéc
clia cac can cdu. Thong thuong o, >a,. O day ta
chon ¢ =10, a, =1. (2) rang budc thé hién mdi
quan h¢ giira thoi gian hoan thanh tat ca cong viéc
va thoi gian hoan thanh cong viéc cua timg cin cau.
(3) thé hién gia tri cta thdi gian hoan thanh cong
viéc cua ting cin cdu, trong d6 T thé hién cong
viée cudi cling dugc hoan thanh (4) va (5) thé hién,
chi c6 mot cong viée duge tiép ndi sau cong viée
bat dau hodc nguoc lai chi c6 mdt cong viée trude
khi cong viéc két thic dugc tién hanh. 0 thé hién
cong viéc bat dau. Rang budc (7) 1a rang budc can
bang dong. Rang budc (8) thé hién mbi quan hé vé
thoi gian hoan thanh cia hai cong viéc ndi tiép
nhau trong hoat dong cua mot can cau. ) thé hién
mdi quan hé trude sau dbi véi cac cip cong viée co
quan hé tru6e sau. Rang bude (10) va (11) thé hién
gia tri cia bién Z; . (12) thé hién moi quan hé cua
chc cap cong viée khong duoc tién hanh dong thoi.
(13) rang budc tranh sy xung dot ciia cic can cau
trong qué trinh lam viéc. (14) xac dinh thoi gian
hoan thanh cua cong viéc dau tién trong danh sach
cong viéc cuia timg can cau. Va (15), (16) 1a cac
rang bugc bién.

Bai toan trong bai bdo nay co thé gian lugc lai
thanh bai todn nguoi giao hang (TSP), ma day la
bai toan thuat toan bét dinh trong thoi gian da thic
(NP), nén vén dé diéu do can ciu bo & nghién ctru
nay cling 1a bai toan NP. Khong c6 phuong phap
xac dinh nao c6 thé giai hiéu qua bai toan trén trong
thoi gian tinh todn da thuc. Do d6 mdt gia thuat

meta-heuristic (giai thuat SA) s& dugc dé& xuit dé
giai bai toan nay trong phin tiép theo cia bai bao.

3 GIAI THUAT SIMULATED ANNEALING (SA)

Trong nghién ctru nay, giai thuat SA dugc dé
xuét dé giai bai toan. SA 1a mot giai thuat tim kiém
t6i wu co thé quay lui khi 161 giai hién hanh méc ket
tai mot tdi vu cuc bd. Hinh 2 thé hién luu dd thuét
toan SA., trong d6: Q(*): gia tri ham muc tiéu cua
10i giai (*), T,&, 7 1a cac tham s6 cia giai thut.
Loi giai ban dau dugc tao ra bang qua trinh sau:

3.1 Khdi tao loi gidi ban dau

Budc 1: gita cac can ciu, can cdu co thoi gian
hoan thanh cong viéc trude dugce chon, gia st do 1a
can ciu k

Budc 2: mot tdp hop nhiing cong viéc kha
dung (F) dbi véi can céu d6 duoc tao nén. Nhiing
cong viéc O xa can cau duge x6a di khi thoa bat
phuong trinh sau:

r [

—C—|j|< max il VieF  (@7)

Trong d6, I, : vi tri hién hanh cua can céu k,
hang s6 nam giita 0 va 1.

Budce 3: ding cO quay (roulette wheel) dé lwa
chon mot cong viéc trong F sau khi da x6a nhitng
cong viéc thda (17), va gan vao danh sach cac cong
viéc cho can cau k.

Budc 4: Néu tit ca cac cong viée da duoc gan
cho can céc can cau, dimg chwong trinh va tra lai
101 giai ban dau. Néu khong, quay lai bude 1.

3.2 Tao loi giai ldn cdn:

Trong bai bao nay dé tao mot 10 giai 1an can hai
cong viéc sé dugc lyu chon ngiu nhién va hoan ddi
trinh ty 14n nhau (trong trinh ty lam viéc cia mot
can ciu hay giira cac can ciu).

Hon nira, khi thay d6i phai luén kiém tra tinh
kha dung cta 10i gidi vi sy thay dbi trinh tu cong
viéc ¢ thé gdy xung dot vé vi tri lam viée cua
nhitng can cdu va quan hé vé tinh trudc sau cua
cong viéc. Néu xung dot 1a khong gian lam viée cua
can ciu thi thoi gian nhan rdi s& duoc tinh thém vao
trude khi can can cau gy xung dot thuc hién cong
viée. Néu xung dot vé thtr tu trude sau thi 10 giai
moi bi loai.
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4 THUC NGHIEM SO

Trong bai nghién ciru nay giai thuat SA dugc dé
xuit dé giai bai toan. Phan thuc nghiém sé nay s&
danh gi4 tinh hiéu qua cua giai thuat duogc dé Xuét.
Giai thuat nay s€ dwugc so sanh véi gidi thuat
GRASP (greedy randomized adaptive search
procedure) dugc dé xuit trong nghién ctru [3]. Ca
hai giai thuat dugc lap trinh bang ngdn ngii Java 8,
va chay trén may tinh dung hé diéu hanh Windows
10, cAu hinh may tinh nhu sau: CPU core 17, 8GB
ram. Cac van dé dugc str dung & phan nay dugc tao
ngiu nhién véi sb lugng can cau bo can diéu do tir
2 dén 4 can cdu va sb nhiém vy nim trong khoang
tir 5 dén 20. Tham sb cua SA duoc chon nhu sau: T
=100, 7 =0,999999, va & =0,01, hingsér=0,7.
Két qua so sanh dugc trinh bay ¢ bang 1.

Giai thuat cho két qua gan t6i wu hon so véi giai
thuat GRASP, tuy nhién do sy linh hoat dé tao ra
161 giai méi hon so voi giai thudt GRASP nén SA
c6 thoi gian tinh toan cham hon. Nhung véi thoi
gian tinh toan nho hon 40 gidy, ngudi ding co thé
cho doi duge khi lich trinh cho can cu bo s& duoc
1én lich theo chu ky hang tuan.

Bang 1 Bang s6 liéu so sanh giita GRASP va SA

Tao lii giai ban
dau (LGBDY

Léni giai 16t nhit (LGTN)

Sao chép (Lén gidi ban diu)

Tao I gai lin ¢iin (LGLC)
tir LGHH

Q(LGLC) <Q(LGHHY

O LGHEH - LGEC)

Hodic r < e

[ LGHH = Sao chép (LGLC) ]

QILGHH) < Q(LGTM)

Y

[ LGTN = Sao chép (LGHH) }

Hinh 2. Luu db thujt toan Simulated Annealing

sé GRASP SA (4)-(B)
sTT | lwone sé fa‘n Gia tri Théi gian Gia tri Thei gian T x100
cong cau ham muc tinh toan ham muc tinh toan !
viéc tiéu (A) (gidy) tiéu (B) (giay) (%)
1 5 2 9153.2 8008.4 84.19 12.51
2 7 2 8473.6 0.04 8051.0 10,88 4,99
3 9 2 9000.8 0.04 8893.6 11.56 1.19
4 11 2 15972.6 0,04 159228 12.80 0.31
5 13 3 151812 0.05 140508 26.62 7.45
6 15 3 22616.0 0.04 17457.8 30.10 22.81
7 17 3 21464.4 0.04 17121.2 26.69 20,23
8 18 3 21744.8 0.04 18417.0 28.84 15.30
9 19 3 22107.2 0.05 19459.2 37.78 11.98
10 20 3 228658 0.04 21983.4 31,53 3.86
toan da thirc. Mot giai thuat SA da dwoc dé xuat dé
5 KET LUAN giai bai toan. Giai thuat dd dugc chirng minh tinh

Bai bao di nghién ctru van dé diéu do can cau b
tai cdc cang hang hon hop & Viét Nam. Bai toan da
dugc 1ap mod hinh toan, nhung day 1a mét bai toan
NP nén khong ton tai mot phuong phap gidi xéc
dinh nao c6 thé giai bai toan trong thoi gian tinh

hiéu qua trong phan thyc nghiém sb. Giai thuat co
thé dua ra két qua gan t6i wu hon so véi giai thuat
GRASP d3 dugc nghién ctu [3] dé xuit trude do.
Dé tai co thé duoc phat trién thém khi két hop thém
md hinh thdng ké dé bai toan gan véi thyc té hon.
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Quay cranes scheduling at mixed cargo ports
In Viet Nam

Nguyen Vu Anh Duy, Phan Thi Mai Ha

Abstract - Quay cranes are used to discharge
cargo from and load onto a wvessel. The
throughput of a port highly depends on the
efficient operations of quay cranes. In Vietnam
ports, the cargo ports not only receive
containers, but also other kinds of cargo. This
study focuses on the scheduling problem of the
quay cranes in these ports. The mathematical
model is developed, and a meta-heuristic
algorithm is used to solve the problems in
reasonable computation time. The numerical
examples are used to validate the performance
of the algorithm.

Index Terms - Scheduling, quay crane, mixed
cargo port, meta-heuristic.



