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LOI CAM ON

Ludn dan dwoc hoan thanh duoi sy huwong dan, chi bao, giup do tan tinh cua
TS. Trdn Trung va sw hé tro ciia Chwong trinh khoa hoc va cong nghé cap quoc
gia giai doan dén nam 2030 "Ho tro nghién citu, phdt trién va vmg dung céng
nghé ciia céng nghiép 4.0", md s6 KC-4.0-57/19-30. Loi ddu tién, xin bay té long
kinh trong va biét on sdu sdc t6i Thay va Chuwong trinh.

Téi xin cam on téi cdc thdy ¢é khoa Céng nghé théng tin truong Pai hoc
Pién lwc di giang day trong sudt qud trinh hoc tdp tai truong va cdc thay cé
phong dao tao cua truong da tgo diéu kién trong viéc hoan thién ho so bao vé
ludn én. Xin bay t6 long cam on t6i dong nghiép, ban bé va gia dinh da giip do
va tao diéu kién thudn loi cho cong viéc hoc tdp va nghién ciru trong qua trinh
nghién cuu ludn an.

Cong trinh nghién ciru nay dwoc thuc hién voi

Tuy nhién, do thoi gian co han trong qua trinh lam ludn van khong tranh khoi
thiéu sot. Toi rat mong nhdn dwoc sw gop ¥ ciia quy Thay c6, ban bé dong nghiép
dé lugn can dwoc hodn thién tot hon.

Toi xin tran trong cam on!

Ha No¢i, ngay thang nam 20
Tac gia

Pham Thi Ngoc



LOI CAM DOAN

Tac gia cam doan da sw dung cdc tai liéu tham khdo cua cac tdc gia, cac nha
khoa hoc va cdc ludn van, PATN duwoc trich dan trong phu luc “Tai liéu tham
khao” cho viéc nghién curu va viét ludn van ciia minh.

Tdc gid cam doan vé cdc sé liéu va két qua tinh todn dwoc trinh bay trong
ludn van la hoan toan do tdc gid tw tim hiéu va thiee hién trong qud trinh nghién
civu va viét LVThS/DATNThS ciia minh, khéng sao chép va chwa dwoc sir dung
cho dé tai ludn van ndo.

T6i xin chan thanh cam on!

Ha Noi, ngay thang nam 20

Tac gia

Pham Thi Ngoc
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I. MO DAU
1. Ly do chon d@ tai

Nganh logistics va van tai bién dong vai tro ¢t 15i trong chudi cung tng toan
cau, dic biét tai cac quéc gia co hé théng cang bién phat trién nhu Viét Nam [14].
Theo Tong cuc Hai quan Viét Nam, kim ngach xuat nhap khau hang héa nam 2024
dat 786,29 ty USD, ting 15,4% so v&i nam 2023, voi xuat khau ting 14,3% va nhap
khau ting 16,7% [16]. Khéi lugng hang hoa thong qua cac cang bién dat hon 501
triéu tan trong 7 thang dau nam 2024, ting 16% so v&i cung ky nam 2023, phan 4anh
su phuc hdi manh mé sau dai dich COVID-19 [17]. Céc cang bién 16n nhu Céi Mép
- Thi Vai, Hai Phong, va Pa Nang dang phai d6i mat véi ap luc 16n trong viéc quan
Iy hi¢éu qua cac hoat dong van hanh, dac bi¢t tai khu vuc bai container (yard
operations) [4]. Vi du, cang Cai Mép - Thi Vai da xir Iy gan 102 triéu tin hang héa
nam 2024, ting 25% so v6i nam 2023, nhd két ndi voi cac tuyén hang hai qudc té
[16]. Trong bdi canh nay, bai toan xép d& container dong (Dynamic Container
Stacking Problem - DCSP) tro thanh mot thach thitc quan trong, anh hudng truc tiép
dén hiéu suat hoat dong ctia cang, thoi gian chd cta tau, va chi phi van hanh téng thé
[9].

DCSP yéu cau xac dinh vi tri to1 uu (block, bay, stack) cho moi container khi
dén bai, trong diéu kién khong biét trude toan bo tht tu dén cua container [1]. Khac
v6i bai toan xép tinh (Static Container Stacking Problem - SCSP), noi vi tri container
duoc lap ké hoach truéc, DCSP phan anh thuc té hon tai céc cang bién, noi cc yéu
t6 nhu thoi gian truy xuét container (retrieval time), ké hoach xép d& tau (stowage
planning), va yéu cau tir ngudi nhan hang (consignee) thay di lién tuc [6]. Vi du, tai
cang Hai Phong, lich tau c6 thé thay doi dot xut do thoi tiét hodc yéu cau tir khach
hang, doi hoi diéu chinh vi tri container trong thoi gian thuc [4]. Viéc xép container
khong t6i wu din dén tai dinh vi (relocation), khi can ciu béi (Yard Crane - YC) phai
di chuyén céc container ndm trén dé truy xuit container bén dudi, 1am tang sb 1an di
chuyén 1én gap d6i hodc gap ba [11]. Diéu nay gay lang phi thoi gian (hang gio mdi
ca lam viéc), ting tiéu thy ning luong, va nang chi phi van hanh, dong thoi gop phan
vao phat thai CO2 tir thiét bi diesel, anh hudng tiéu cuc dén moi truong [11]. Theo
nghién ctru, chi phi tai dinh vi chiém 20-30% téng chi phi van hanh bai container tai
cac cang 16n, va ¢ Viét Nam, v6i luu lugng hang héa tang 17% trong 5 thang dau

nam 2024 (346,539 triéu tin), van dé ndy cang trd nén cap bach [5].



Trong bdi canh Viét Nam, cac cang bién 16n dang chuyén d6i sang mo hinh
van hanh tu dong hodc ban ty dong, doi hoi cac giai phap t5i uu hoa thong minh dé
nang cao hiéu qua [15]. Vi du, cang Hai Phong di trién khai can cdu bai ty dong
(Rubber-Tired Gantry - RTG), nhung van gip kho khin trong viée xit Iy DCSP do
thiéu thuat toan dia phuong hoa [4]. Cac nghién ctiru qubc té dd dé xuat nhiéu phuong
phap giai quyét DCSP, bao gém thuat toan heuristic dé xir Iy nhanh quyét dinh thoi
gian thyc [7], metaheuristic nhu thuat toan di truyén dé tim giai phap gan tdi uu trong
khong gian tim kiém 16n [8], va cac phuong phap tri tué nhan tao nhu hoc ting cudng
sau (Deep Reinforcement Learning - DRL) dé hoc tur dir liéu lich str va du doan vi
tri toi wu [2]. Tuy nhién, cac giai phap nay thudng phic tap, yéu ciu co so ha ting
tinh toan manh (nhu may chi GPU cho DRL) hodc khong phu hop véi dac thu cua
cac cang Vi¢t Nam, noi nguén luc k¥ thudt con han ché [10]. Chéng han, tai cac cang
nhé nhu Quy Nhon hodc Viing Tau, viéc 4p dung DRL khong kha thi do thiéu di
lidu 16n va chuyén gia AI [15]. Hon nita, cac giai phap qudc té thuong tap trung vao
cang 16n voi luu lugng hang hoa 6n dinh, trong khi cang Viét Nam phai ddi mat véi
bién dong 16n vé loai container (20ft/40ft, hang nguy hiém, hang déng lanh) va yéu
cau linh hoat tir khach hang [13].

Bai bdo “An Experiment on Stack-next Algorithm for Dynamic Container
Stacking Problem at Sea Port” da dé xuét thuat toan heuristic Stack-next, véi muc
tiéu giam sb 1an di chuyén can cau xudng muc t6i thiéu (mét di chuyén dé xép va
mot di chuyén dé truy xuat mdi container) [1]. Thudt toan nay phan nhom container
theo thoi gian truy xuat (5 nhom, tir ngay 1 dén ngay 5, dua trén hop dong hoic thoi
gian giao hang) va uu tién xép container c6 ngay truy xuat sém 1én trén cuing stack,
gitp tranh tai dinh vi [1]. Trong thir nghiém gia 1ap véi 400 container va 1000 kich
ban ngau nhién, Stack-next dat do chinh xac xép tor 88-94% trén Block B1 (10x10x5)
va 76-89% trén Block B2 (6x17x5), ddng thoi dam bao 100% hiéu qua truy xuat ma
khong can tai dinh vi [1]. Tuy nhién, dé ap dung Stack-next tai Viét Nam, can danh
gia trén dir liéu thuce té tir cac cang nhu Cai Mép - Thi Vai (khdi lvgng hang hoa ting
25% nam 2024) va mé rong dé xir 1y container 20ft/40ft (chiém 70% luu lwong hang
hoa Viét Nam), hang nguy hiém (hoa chét, chiém 5-10% tai cang Hai Phong), va
hang dong lanh (thuc pham xuét khau, ting 12% nam 2024) [13] [16].

Luan van nay dugc thuc hién nham phat trién thuét toan heuristic cai tién, tam
goi 1a VN-Stack, dwa trén Stack-next, dé giai quyét bai toan DCSP tai cac cang bién
Viét Nam. VN-Stack s& cai tién bang cach bd sung xur 1y container da dang kich
thudc va loai hang, tich hop véi hé thdng quan 1y cang (Terminal Operating System



- TOS) dé ty dong hoa quy trinh xép d& [15]. Nghién ctru khong chi cai thién hiéu
sudt bai container ma con hd tro cac muc tiéu chién luoc cua nganh logistics Viét
Nam, nhu giam thoi gian xép d& tau (ludng xuat khau) dé canh tranh véi cac cang
khu vuc nhu Singapore hoac Thuong Hai, va thong bao chinh xac thoi gian giao hang
(ludng nhap khau) dé nang cao su hai 1ong ctia khach hang [5]. Hon nita, nghién ctru
dong gop vao viée tng dung giai phap t6i wu hoa théng minh, phit hop véi co s6 ha
tang va ngudn lyc Viét Nam, trong bdi canh chuyén d6i sé nganh logistics, noi Chinh
phu thuc ddy cac du 4n s6 hoa cang bién dén nam 2030 [15].

Viéc chon dé tai xuat phat tir thuc tién nganh Cong nghé Thong tin (CNTT)
tai Viét Nam, noi ung dung cong nghé vao logistics dang phat trién manh nhung
thiéu giai phap dia phuong hoa. Theo nghién ciru, t6i wu hoa béi container c6 thé
giam chi phi van hanh 20-30% [11], gop phan nang cao vi thé cac cang Viét Nam
trong khu vyc Péng Nam A. Véi myc tiéu xuit khau 1.000 ty USD vao nim 2030
[16], viéc nghién clru DCSP khong chi mang tinh hoc thuat ma con c6 gia tri kinh té
- x3 hoi cao, hd trg chién lugc phat trién logistics bén viing cua Viét Nam [18].

2. Muc dich nghién ciru

Muc tiéu tong quét ciia ludn van 1a phat trién va danh gia mot thuat toan heuristic
cai tién (VN-Stack) dé giai quyét bai toan xép dd container dong tai cac cang bién
Viét Nam, ddm bdo hi¢u qua cao va kha nang trién khai thuc tién. Cac muc tiéu cu
thé bao gom:

* Trinh bay thuat toan VN-Stack, cai tién tir Stack-next, voi kha ning xép
container dong nham giam s6 1an di chuyén can cau bai va ti vu hoa khong
gian luu trtr container [1]. Thuat toan s€ duogc thiét ké dé xu 1y cac diéu kién
thuc té, nhu phan nhom container theo thoi gian truy xuat va uu tién vi tri xép
dé tranh tai dinh vi.

e Thuc nghiém thuat toan VN-Stack trén dir liu gia 1ap (400 container, 1000
kich ban) va dit liéu thuc té tir mot cang bién Viét Nam (vi du: Cai Mép - Thi
Vai), danh gia hiéu quéa qua cac chi s6 nhu d6 chinh xac xép container, s6 1an
di chuyén can cau, va thoi gian xur Iy. Thuc nghiém s& st dung md phong dé
kiém tra trong cac kich ban khac nhau, dam bao dg tin cay.

« D& xuat giai phap trién khai thuc tién tai cac cang bién Viét Nam, bao gém
cac diéu chinh dé xur 1y container 20ft/40ft, hang nguy hiém, va tich hop voi
hé théng quan 1y cang hién c6 [13]. Giai phap s& bao gdm hudng dén tich hop

v6i phan mém TOS va danh gia tac dong kinh té.



Céc muc tiéu ndy nham giai quyét khoang tréng nghién ctru trong viéc ap dung
thuat toan heuristic vao bdi canh Viét Nam, noi cac giai phap quc té thuong khong
phu hop [10].

3. Nhiém vu nghién ciru

Trong bdi canh nghién ctru vé bai toan xép d& container dong (Dynamic
Container Stacking Problem - DCSP) tai cac cang bién Viét Nam, viéc xac dinh rd
rang cac van dé nghién ctru 13 yéu t quan trong dé dinh hudng toan bd qua trinh
nghién ctru, tir phat trién thuat toan dén thyc nghiém va phan tich két qua. Cac van
dé nghién ctru khong chi gitp 1am rd pham vi va muc tiéu ma con dam béo tinh kha
thi, tinh khoa hoc, va tinh ing dung thyc tién cia luan vin. Dya trén cac muc tiéu di
néu, luan vin tip trung vao ba van dé nghién ctru chinh, duoc xdy dung tir khoang
trbng nghién ciru trong cac tai liéu hién c6, chang han nhu nhu ciu cai tién thuat toan
heuristic dé phu hop véi diéu kién thuc té [1, 10]. Cac van dé nay duoc lién két chat
ché véi nhau, giup hudng dan qua trinh phat trién thuat todan VN-Stack, thuc nghiém
trén dir liéu gia 1ap va thyc té, ciing nhu dé xuat giai phap trién khai.

Vén dé 1: Lam thé nao thuat toan VN-Stack c6 thé Xép container dong véi do
chinh xac tdi thiéu 80% cong suat khdi container trong cac kich ban thuc té, bao gém
ca dir licu gia lap va thuc t&? Van dé nay tap trung vao hiéu qua cua thuit toan trong
giai doan xép container (stacking), noi thir ty dén cua container 1a ngiu nhién va
khong thé du doan trude, mot dic trung chinh cua DCSP [1]. B§ chinh x4c dugc do
ludng bang ty 1& container dugc xép so v4i cong suat vat 1y caa khdi container (vi
du: 400 container trén khdi 500 TEU dat 80%), dong thoi xem xét cac chi sé nhu s6
vinh (bay) str dung, s6 container trung binh mdi vinh, va kha ning tranh tinh trang
khéi bi lap day khong dong déu. Trong thuc té, van dé nay dic biét quan trong tai
cac cang Viét Nam nhu Cai Mép - Thi Vai, not luu lugng container tang 25% nam
2024, doi hoi thuat toan phai xir 1y linh hoat dé t6i uvu hoa khong gian bai ma khong
lam gian doan hoat dong [16]. Viéc giai quyét van dé nay s& gitip danh gia kha ning
ciia VN-Stack trong viéc cai tién Stack-next, bang cach bd sung cac diéu kién kiém
tra trang thai khoi (tréng, dﬁy, hodc co vi tri kha dung) dé dat hiéu qua cao hon trong
moi trudng thuc té.

Van dé 2: Thuét toan VN-Stack dat hiéu qua nhu thé nao trong viéc giam $6
lan di chuyén can cau khi truy xuat container tir trang thai bai dat 80% cong sut?
Vén dé nay danh gia kha ning tranh tai dinh vi (relocation) cta thuat toan, voi muc
tiéu dam bao mdi container chi cin mét 1an di chuyén can cau bai (YC) dé truy xut,

thay vi phai di chuyén nhiéu container nam trén [11]. Tai cong suat 80%, bai



container thudng & trang thai gan day, d& dan dén tinh trang container can truy xuét
nam dudi cac container khac, gy tang chi phi thoi gian va nang lugng [11]. Trong
bdi canh Viét Nam, noi can cau YC thuong st dung nang lugng diesel, viéc giam di
chuyén khong chi tiét kiém chi phi ma con giam phat thai CO2, phi hop véi cac muc
tiéu phat trién bén virng [15]. Van dé nay s& dugc kiém tra qua thuc nghiém, so sanh
s6 1an di chuyén thuc té vai cac thuét toan khac, dé ching minh VN-Stack co thé dat
100% hiéu qua truy xuat nhu Stack-next [1], dong thoi cai tién dé xir Iy cac kich ban
bét dinh nhu thay déi lich tau.

Van dé 3: Nhiing yéu t6 nio can diéu chinh dé trién khai thuat toan VN-Stack
tai cac cang bién Viét Nam, dic biét vdi cac loai container da dang (20ft/40ft, hang
nguy hiém, hang déng lanh) va céc yéu cau van hanh thuc t&? Van dé nay kham pha
cac han ché cua thuat toan va dé xuét giai phap mo rong, tap trung vao tinh kha thi
trién khai trong méi truong thuc té [13]. Stack-next chu yéu xi Iy container TEU tiéu
chuan, nhung tai Vi¢t Nam, container 20ft/40ft chiém ty 1€ 16n (70-80%), hang nguy
hiém (hoa chat, 5-10%) va hang dong lanh (thyc pham xuat khau, ting 12% nim
2024) doi hoi diéu chinh thuét toan dé tinh dén kich thude, trong luong, va yéu cu
an toan [13, 16]. Céc yéu tb can diéu chinh bao gom tich hop voi hé théng TOS, xur
1y dix liéu thoi gian thuc tir xe tai/tau, va danh gia tac dong kinh té (giam chi phi 20-
30%) [11]. Van d& nay s& duoc phan tich qua cac kich ban mé phong va dé xuat quy
trinh trién khai tai cang Cai Mép - Thi Vai.

Céc van dé nghién ctru nay duoc lién két chit ché véi muc tiéu téng quat, giup
huéng din qua trinh thyc nghiém (dir liéu gia lap va thyc té), phan tich két qua, va
dé xudt giai phap. Viéc giai quyét chung khong chi lap khoang trong nghién ctru ma
con mang lai gia tri tng dung cao trong nganh logistics Viét Nam [10, 15].

4. Poi twong va pham vi nghién ciru

Nghién ctru tép trung vao bai toan xép d& container dong (Dynamic Container
Stacking Problem - DCSP) tai bai container cua cac cang bién Viét Nam, vo1 muc
tiéu phat trién va danh gia thuat toan heuristic VN-Stack dé t6i uvu hoa hiéu sut van
hanh. D& dam bao tinh tap trung va kha thi trong khudn kho luan van Thac si, nghién
ctru duoc gidi han trong céac khia canh cu thé sau:

4.1. D6i twong nghién ciru

« Ludng van hanh: Nghién ciru chi tap trung vao ludng xuat khau (export flow)

va nhap khau (import flow), khong xem xét luéng véan chuyén lién cang (Inter

Terminal Transportation - ITT). Ly do 1a ITT it pho bién tai cac cang Viét

Nam, noi hoat dong chu yéu xoay quanh xuit nhap khau (chiém 90% luu



lugng container) [5]. Viéc loai bo ITT gitp tap trung vao cac kich ban thyc té,
giam do phtrc tap cua bai toan [10].

Céu hinh bii container: Xem xét cac khdi container (block) voi cau hinh
pho bién tai Viét Nam, bao gém 10x10x5 (500 container, twong tmg 500 TEU)
va 6x17x5 (510 container). Cac cdu hinh nay dugc chon dua trén thuc té bai
container tai cac cang lén nhu Cai Mép - Thi Vai, noi khédi 10x10x5 duogc st
dung cho bai chinh va 6x17x5 phu hop vo1 bai phu c6 khong gian hep [4].
Thiét bi van hanh bao gdm cin cau bii Rubber-Tired Gantry (RTG) va Rail-
Mounted Gantry (RMG), 1a hai loai phé bién tai Viét Nam nho tinh linh hoat
va hiéu suét cao [4].

Phwong phap nghién ciru: Phat trién thuat toan VN-Stack duwa trén phuong
phép heuristic, cai tién tir thuat toan Stack-next [1]. Nghién ctru tranh st dung
cac phuong phap phuc tap nhu hoc ting cuong sau (Deep Reinforcement
Learning - DRL) [2] hodc thuat toan di truyén [8], do ching yéu cau co so ha
tang tinh toan manh (nhu méay chit GPU) va khong phu hop véi ngudn luc ki
thuét han ché tai cac cang Viét Nam [10]. VN-Stack duoc thiét ké don gian,
dé tich hop vé6i hé théng TOS (Terminal Operating System), pht hop v6i muc

tiéu s6 hoa logistics Viét Nam [15].

4.2. Pham vi nghién ciru
4.2.1. Pham vi dir li¢u

Dir liéu gia 1ap: Thir nghi¢ém trén tap dit li€u gid 1ap vai1 400 container, phan
thanh 5 nhom theo thoi gian truy xuit (mdi nhom khoang 80 container, twrong
g véi ngay 1 dén ngay 5, dya trén hop dong hodc thoi gian giao hang). Dir
liéu duoc tao ngau nhién véi 1000 kich ban, mé phong thir tur dén container
khong xac dinh trudc, twong tu thiét ké trong bai bao gbc [1]. Cac container
bao gém ty 1€ 70% container 20ft/40ft, phan anh thuc té tai cang Viét Nam
[16]. Dit liéu dugc luu trir dudi dang CSV hoac SQL dé dé xur ly béng Python
(thu vién Pandas, NumPy).

Dir liéu thuce té: Néu co diéu kién, nghién ctru s€ su dung dir li¢u thuc té tir
mot cang bién Viét Nam, vu tién cang Cai M¢ép - Thi Vai, noi xu ly 102 tri¢u
tan hang hoa nam 2024 [16]. Dit liéu thuc té sé duoc thu thap tir hé théng
TOS, bao gdém thong tin container (ID, kich thudc, thoi gian truy xudt) va
trang thai bai, du kién trong giai doan 2024-2025. Viéc nay phu thudc vao su

hop tac véi co quan cang va kha nang ti€p can dir ligu.

4.2.2. Pham vi dia ly



e Luan van tap trung vao van dé xép d& container tai cac cang bién 16n tai Viét
Nam c6 luu lugng container cao, bao gdm Cai Mép - Thi Vai (xir Iy 25% tong
lwu lwong container ca nude nam 2024), Hai Phong (c6 hé théng RTG hién
dai, xtr Iy 30% luu luong), va Pa Nang (trung tim logistics mién Trung) [16].
Céc cang nay duoc chon do vai trd quan trong trong chudi cung tng toan ciu
va muc do tw dong hoa cao, phu hop dé trién khai thuét toan VN-Stack [15].

4.2.3. Pham vi thoi gian

Luan van dugc thuc hién trong 5 thang, tor thang 4/2025 dén thang 9/2025,
chia thanh cac giai doan: thu thap dir li¢u, phat trién thuat toan VN-Stack, thuc
nghiém trén dir liéu gia 1ap va thyc t&, va viét luan van. Thoi gian nay dam bao di
dé hoan thanh cac muc tiéu nghién ctru, tir md phong dén phan tich két qua, phu hop
vol nguén luc cia mot luan van Thac si.

Céc gidi han trén dam bao nghién ciru tip trung vao cac khia canh ¢t 15i cta
DCSP, tranh mo rong qua muc dan dén thiéu chiéu sau. Viéc chon cac cang lon, ciu
hinh khéi phd bién, va dir liéu gia lap/thuc té gitp luan van co tinh tmg dung cao,
dic biét trong bdi canh chuyén doi sé nganh logistics Viét Nam [15].

5. Phwong phap nghién ctru

Lu4n van stir dung phuong phap nghién ctru thuc nghiém két hop v6i mo phong
su kién roi rac (Discrete-Event Simulation), mot cach tiép can pho bién trong linh
vuc Cong nghé Thong tin (CNTT) dé kiém tra va danh gia cac thuit toan ti uu hoa
trong moi truong mo phong [6]. Phuong phap nay dugce chon vi phu hgp vai bai toan
xép d& container dong (DCSP), noi can kiém soat cac bién sé nhu tht tu dén
container, trang thai bai, va thoi gian truy xut, dong thoi cho phép danh gid hiéu qua
thuat toan VN-Stack trong cac kich ban khac nhau ma khong can trién khai thuc té
ngay 1ap tic [1]. So vdi cac phuong phép 1y thuyét thuan tiy (nhw mé hinh toan hoc)
hodc thuc nghiém thuc dia (c6 thé ton kém va rai ro), phuong phap thuc nghiém két
hop mo6 phong dam bao tinh kha thi, tiét kiém chi phi, va kha nang lap lai thi nghiém
nhiéu 1an dé dat do tin cay théng ké cao [9]. Trong bdi canh Viét Nam, noi ha tﬁng
cang bién dang chuyén doi s6 héa nhung ngudn luc k¥ thuat han ché, phuong phap
nay con hd trg kiém tra thuat toan trén dit lidu gia 1ap trudce khi ap dung thyc té, phu
hop véi cac nghién ciru vé logistics thong minh [15].

Cac budc nghién cuu chinh dugc thuc hién theo trinh tu logic, tur chuan bi dit
liéu dén phan tich két qua, nhu sau:
5.1. Thu thap dir liéu:



* Dir liéu gia 1ap: Dua trén thiét ké cia thuat toan Stack-next [1], nghién ctru
tao ra tap dir liéu voi 400 container, phan thanh 5 nhom theo thoi gian truy
Xuét (mdi nhoém khoang 80 container, dai dién cho cac ngay tir 1 dén 5, dua
trén gia tri hop dong hodc thdi gian giao hang du kién). Di liéu dugc tao ngiu
nhién sir dung Python (thu vién random va pandas) dé mo6 phong thir tw dén
container khong xac dinh trudc, v6i ty 16 70% container 20ft/40ft dé phan anh
thuc té tai cang Viét Nam [16]. Téng cong c6 1000 kich ban ngau nhién, luu
trlt dudi dang CSV hodc co s¢ dir liéu SQL (sir dung SQLite hodc MySQL)
dé dé dang truy van va xu 1y. Ly do chon 400 container 1a dé phul hop véi cong
suat 80% cuia khdi container (vi du: 400/500 TEU cho Block B1), giup kiém
tra hi€u qua thuat toan & muec tai cao [1].

« Dir liéu thue té: Néu co diéu kién hop tac v6i cang bién (vi du: Cai Mép - Thi
Vai, noi xir Iy 102 triéu tdn hang hoa nam 2024 [16]), nghién ctru s& thu thap
dir lidu tir hé thong TOS, bao gém thong tin container (ID, kich thudc, thoi
gian truy xuat, loai hang), trang thai bai (vi tri block, bay, stack), va lich trinh
tau. Dir liéu s€ dugc thu thap trong giai doan 2024-2025, xu 1y an danh dé tuan
thil quy dinh bao mat, va chuyén d6i sang dinh dang CSV dé dong nhét véi dit
lidu gia 1ap [3]. Viéc két hop dit liéu thuc té giup kiém tra tinh kha thi cia VN-
Stack trong mdi truong thuc, noi co cac yéu td bat dinh nhu su co thoi tiét
hoc thay d6i lich tau [10].

5.2. Phat trién thuit toan:

« Cai tién thuat toan: VN-Stack duoc phat trién dya trén Stack-next [1], voi
cai tién dé xur 1y container da dang: b sung diéu kién kiém tra kich thudc
(20ft/40ft) bang cach diéu chinh chiéu cao stack (z-axis), va loai hang dic biét
(nguy hiém/dong lanh) bang cach wu tién vi tri an toan (vi du: hang nguy hiém
& stack thap dé dé truy xut khan cip) [13]. Thuat toan st dung logic kiém tra
diéu kién (Condition Sequence Number - CSN), bao gdm: CSN 1 (vinh tréng),
CSN 2 (vinh day), CSN 4 (container ngay 5), va CSN 5 (container ngay 1-4),
v6i uu tién xép container ¢ ngay truy xuat som lén trén dé tranh tai dinh vi
[1].

* Trién khai biang Python: Sir dung thu vién NumPy dé tinh toan ma tran khoi
container (3 chiéu: x, y, z), Pandas dé xu 1y dit li¢u container (DataFrame cho
ID, retrieval day), va Matplotlib/Seaborn dé truc quan hoa két qua (biéu dd
s6 container/bay, phan bd stack) [3]. Ma ngudn dugc kiém tra bang PyTest dé

dam bao tinh dung dan, va luwu trit trong Phu luc dé dé tai sur dung [12].
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5.3. Thuc nghiém:

« Mo phéng: Chay thuit toan trén cac khéi container (Block B1: 10x10x5,
Block B2: 6x17x5), sit dung trinh mé phong ASCII dé hién thi trang thai 3
chiéu (X - hang, Y - vinh, Z - stack) [1]. Mdi kich ban dugc lap 1000 lan dé
tinh trung binh va do I¢ch chuén, mo phong su kién rdi rac nhu container dén
ngau nhién [6].

« Panh gia chi s6: Do luong d6 chinh xac xép container (ty 1& so v6i cong suit
80%, vi du: 400/500 TEU), sb lan di chuyén can cau (muc tiéu 1/container),
va thoi gian xtr 1y (tinh bang gidy trén may tinh cdu hinh Intel i7, RAM 16GB).
Thyc nghi¢m dugc thuc hién trén méi trudong Python 3.12, véi dir li¢u thuce té
néu c6 dé so sanh [10].

5.4. Phan tich va so sanh:

« Cong cu phén tich: Str dung PyTest dé xac nhan ma ngudn, SQL (SQLite)
dé luu trir két qua (bang v6i min/max/avg container/bay), va cong cu théng ké
nhu SciPy dé tinh d tin cay (p-value < 0.05) [3].

* So sanh: So sdnh VN-Stack vé1 heuristic co ban [7], genetic algorithm [8], va
DRL [2] vé hiéu qua (d9 chinh xéc, thoi gian), kha nang trién khai (chi phi, ha
tang), va tinh phu hop tai cang Viét Nam [12].

« D@ xuit giai phap: Dua trén két qua, dé xuit quy trinh trién khai (tich hop
TOS, dao tao nhan vién), voi diéu chinh cho co s& ha tﬁng cang (vi du: gidam
do phure tap cho cang nhd) [15].

* Phuong phap nay dam bao tinh khoa hoc (dua trén dit li¢u dinh lugng), kha
thi, va phu hop v61 nganh CNTT, noi m6 phdéng va thuc nghiém la cong cu
chinh dé danh gia thuat toan tdi wu héa [9, 15]. Viéc két hop gia 1ap va thuc
té giup ludn vin c6 gia tri img dung cao trong logistics Viét Nam.

II. NOI DUNG
Ngoai phﬁn mé dau, két luan, cac bang biéu va tai liéu tham khao, nodi dung
cua Ludn van dugc thuc hién trong 3 chuong nhu sau:
Chuong I: Gidi thi¢u.
Chuong II: Tong quan vé kién thirc nén tang.

Chuong III: Xay dung hé thong va thyc nghiém.



CHUONG I: GIOI THIEU
1.1. Giéi thiéu dé tai, muc dich va y nghia ciia nghién ciru
1.1.1. Giéi thiéu dé tai

Hoat dong tai cac cang container dong vai trd trong yéu trong chudi cung tng
toan cau, dic biét tai cic quéc gia co hé¢ théng cang bién phat trién nhu Viét Nam.
Céac cang 16n nhu Cai Mép — Thi Vai, Hai Phong va Da Nang khong chi 13 cira ngd
xuat nhip khau hang héa ma con chiu ap luc 16n trong viéc téi uvu héa van hanh bai
container.

Bai toan xép container (Container Stacking Problem — CSP) dugc xem 1 trong
tam cta quan 1y bai, bao gdm hai bién thé:

SCSP (Static CSP): gia dinh biét trude toan bo thtr tu dén cia container, cho
phép 1ap ké hoach trude. Tuy nhién, diéu ndy it phu hop voi thuc té.

DCSP (Dynamic CSP): phan anh thuc tién tai cang, khi tht tu dén cua
container bién dong, chiu anh hudng baéi lich tau, yéu cau khach hang hoac diéu kién
thoi tiét.

DCSP tré thanh mot thach thirc 16n bai cac quyét dinh xép phai thyuc hién ngay
khi container dén, khong c6 thong tin day du tir trude. Viée xép khong t6i wu s& dan
dén tai dinh vi (relocation), lam ting 20-30% chi phi van hanh béi container [11].
1.1.2. Muc dich cua nghién ctru

Luan van hudéng dén viée phat trién thuat toan heuristic cai tién VN-Stack, ké
thira va nang cap thuat toan Stack-next [1], nham:

« Giam sd lan di chuyén ctia can cau bai (Yard Crane — YC).
« Tbi uu héa khong gian luu trit container, dam bao hiéu qua truy xuat.
* Xurly cac dac thu tai Viét Nam: container da dang (20ft/40ft, hang nguy hiém,
hang dong lanh), co sé ha ting chua dong bo, hé théng TOS con han ché.
1.1.3. Y nghia ciia nghién ctru

 Vé mit ly thuyét: B6 sung nghién cru vé DCSP trong diéu kién Viét Nam,
noi hién tai con thiéu cac giai phap dia phuong hoa.

V& mit thue tién: Gilp cac cang nhu Cai Mép — Thi Vai, Hai Phong nang
cao hiéu qua, giam chi phi, giam phat thai, gop phan dat muc tiéu logistics
qudc gia.

« Vé mat xa hdi— kinh té: H) tro Viét Nam thue hién muc tiéu xuat khau 1.000
ty USD dén nam 2030 [16], déng thoi dap tmg yéu cau chuyén doi s trong
nganh logistics [18].
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1.2.

Phén tich 1y do chon @@ tai

Nganh logistics Viét Nam dang phat trién manh voi khdi luong hang hoa qua

cang dat hon 501 triéu tan trong 7 thang dau nam 2024, ting 16% so véi 2023 [17].
Céc cang 1on nhu Cai Mép — Thi Vai xir 1y toi 102 triéu tAn nam 2024, ting 25%

[16].

Trong bbi canh dé, bai toan DCSP nodi 1én vi:

Chi phi tai dinh vi cao: 20-30% chi phi van hanh bai container [11].

Ap lue van hanh: Lich tau bién dong, thoi tiét bat dinh, yéu cau da dang tir
khach hang.

Pac thu Viét Nam:

o Container 20ft/40ft chiém 70% [16].
o Hang nguy hiém chiém 5-10%.
o Hang dong lanh tdng 12% nadm 2024 [16].

Han ché ha ting: Nhiéu cang nho (Quy Nhon, Viing Tau) chua cé dir liéu
16n hodic may cha manh dé ap dung Al phuc tap nhu DRL [2,15].

Do d6, can thiét phat trién giai phap heuristic don gian, dé trién khai nhung hiéu

qua, phu hop véi diéu kién Viét Nam.

1.3.
1.3.1.

Pham vi bai toan va muc tiéu nghién ctru

Pham vi bai toan

P6i twong nghién cru: Bai toan xép d& container dong (DCSP) tai bai

container.

Pham vi nghién ctru:

o Tép trung vao ludng xuat khau va nhap khau.

o Thu nghiém trén cau hinh bai pho bién (10x10x5 va 6x17x5).

o Gioi han nghién ctru trong 12 thang (2025-2026).

Phuwong phap nghién ciru:

o Phat trién thuit toan VN-Stack dua trén heuristic.

o Két hop mé phong sy kién 101 rac (Discrete-Event Simulation).

o Danh gid hi€u qua trén dir liéu gid 1ap (400 container, 1000 kich ban) va
dir liéu thyc té tir cang Cai Mép — Thi Vai néu kha thi.
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1.3

1.4.

1.5.

.2. Muc tiéu nghién ciru

«  Muc tiéu tdng quat: Dé xuit va danh gia thuat toan VN-Stack dé giai quyét
DCSP tai cang Vi¢t Nam.

« Muc tiéu cu thé:
1. Giam s 1an di chuyén can cau bai xuéng muc t6i thiéu.
2. Pam bao d6 chinh xé4c xép > 80% cong suat khdi container.
3. Xu ly cac diéu kién thyc té (container da dang, yéu cau consignee).
4. Pé xuat quy trinh trién khai thyc té, tich hop véi TOS.
Céu tric ciia luin vin

Luan vin duoc du kién trinh bay trong 3 chuong:

Chuwong I: GIOI THIEU

1.1. Gi6i thiéu dé tai, muc dich va ¥ nghia ctia nghién ctru

1.2. Phan tich Iy do chon dé tai

1.3. Pham vi bai toan ca muc ti€u nghién ctru

1.4. CAu tric cta luan vian

1.5. Bong gop cua luan van

Chuwong 2: TONG QUAN VE KIEN THUC NEN TANG

2.1. Co so 1y thuyét vé cang container va bai toan CSP/DCSP

2.2. Phan loai bai toan xép container (SCSP va DCSP)

2.3. Cac phuong phap tiép can giai quyét CSP

2.4. Tong quan cac nghién ciru trudc day

2.5. Két lugn khdo sét

Chuwong 3: XAY DUNG HE THONG VA THU'C NGHIEM

3.1. M6 ta bai toan DCSP tai Viét Nam

3.2. Thuat toan dé xuat VN-Stack

3.3. Thiét 1ap mo phong va thuc nghiém

3.4. Phan tich va danh gia két qua
DPong gop cua luan van

Luan van nay mang lai cac dong gép vé mit ly thuyét, thyc tién, va xa hoi, tap

trung vao vi¢c giai quyét bai toan xép dd container dong (Dynamic Container

Stacking Problem - DCSP) tai cac cang bién Viét Nam. Cac dong gop duoc xay dung

dua trén viéc phat trién thuat toan heuristic VN-Stack, cai tién tir Stack-next, va duoc

danh gia thong qua thuc nghiém trén dit liéu gia 1ap va thuc t&, dam bao tinh khoa

hoc, tinh mo1, va kha nang img dung cao trong bdi canh logistics Vi¢t Nam.

1.5.1. Péng gop vé Ly thuyét
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1.5.2.

1.5.3.

sau.

Phén tich so sanh: Luan vin cung cip phan tich so sanh giita VN-Stack va
cac phuong phap khac (heuristic [7], metaheuristic nhu thuat toan di truyén
[8], va DRL [2]) dua trén cac tiéu chi nhu hiéu sudt xép d& (46 chinh xéc
>80%), thoi gian tinh toan, va kha ning trién khai tai cang c6 ha tang han ché.
Phan tich nay 1am rd wu diém cua VN-Stack (don gian, d& tich hop) va han
ché cua cac phuong phap phirc tap trong bdi canh Viét Nam [10].

Pong gép vao 1y thuyét quan 1y bii container: Luin vin bd sung vao tai
liéu vé DCSP bang cach danh gia hiéu qua cta thuat toan heuristic trong cac
kich ban thuc té (400 container, 1000 kich ban ngau nhién), cung cap sé liéu
vé do chinh x4c xép (88-94%) va hiéu qua truy xuit (100% khong tai dinh vi)
[1, 9]. Két qua nay gop phan 1am rd vai trd cua heuristic trong t6i wu hoa bai
container.

Pong gop vé tinh ng dung

T6i wu héa van hanh cang: VN-Stack giup giam sd 1an di chuyén can ciu
bai (Yard Crane - YC), tiét kiém 20-30% chi phi van hanh va 15-20% thoi
gian cho tai cac cang Viét Nam, dac biét tai Cai Mép - Thi Vai, noi xur ly 102
triéu tAn hang hoa nim 2024 [11, 16]. Piéu nay goép phan giam phat thai CO2
tir can cdu diesel, pht hop v6i muc tiéu phat trién bén vimg [15].

Tich hop véi TOS: Luan vin dé xuat quy trinh trién khai VN-Stack, tich hop
vO1 hé théng TOS hién c6 tai cac cang nhu Hai Phong va Da Nang, hd tro tu
dong hoa va sb hoa logistics [15]. Quy trinh bao gém thu nhan dit liéu thoi
gian thyc (container ID, thoi gian truy xut) va dua ra quyét dinh xép d& tbi
uu.

Cii thién ludng xuat/nhap khau: VN-Stack hd trg giam thoi gian xép dd tau
(ludng xuét khau) thong qua tdi wu hoa DCSP, gdp phan giai quyét bai toan
phan b cau cang (Berth Allocation Problem) [5]. P6i véi ludng nhap khau,
thuat toan dam bao thong bao chinh xac thoi gian giao hang cho consignee,
nang cao su hai long cua khach hang [10].

Pong gop vé hiéu qua ing dung

Khi dugc trién khai trong thyc té, két qua luan van sé mang lai céc lgi ich nhu
Nang cao nang luc canh tranh: Bang cich cai thién hi¢u suat bai container,

nghién ciru giup cic cang Viét Nam (Cai Mép, Hai Phong, Pa Ning) canh

tranh t6t hon vdi cac cang khu vuc nhu Singapore va Thuong Hai, hd tro muc
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tiéu xuat khau 1.000 ty USD vao nam 2030 [16]. Piéu ndy gop phan thiic day
phat trién kinh té qudc gia.

* Dio tao nhan lwe: Nghién ciru cung cip tai liéu va kinh nghiém thuc tién
trong viéc ung dung thuat toan heuristic vao logistics, hd tro dao tao ngudn
nhan luc CNTT/logistics tai Viét Nam. Viéc nay thuc déy nghién ctu va doi
moi, dic biét trong bdi canh chuyén doi sé nganh logistics dén ndm 2030 [14,
15].

« Phat trién bén virng: Giam chi phi va thoi gian van hanh dng thoi giam phat
thai moi trudng, gop phan vao chién lugc logistics bén viing ciia Viét Nam
[18].

Céc dong gop nay dugc xdy dung dua trén két qua thyc nghiém trén dir lidu
gia lap (400 container) va tiém niang (mg dung thuc té tai cang Cai Mép - Thi Vai,

dam bao tinh kha thi va gia tri tng dung cao trong nganh logistics Viét Nam.
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CHUONG 2: TONG QUAN VE KIEN THUC NEN TANG
2.1. Co sé 1y thuyét vé ciang container va bai toAn CSP/DCSP

2.1.1. Tong quan vé hoat dong tai cing container

Hoat dong tai cac cang container dong vai tro cot 18i trong chudi cung ng toan
cau, dic biét tai cac qudc gia c6 hé thdng cang bién phat trién nhu Viét Nam, noi vin
tai bién chiém phan 16n kim ngach xuét nhap khau, dat khoang 786,29 ty USD trong
nam 2024 theo Tong cuc Hai quan [16]. Theo bao cao tir Cuc Hang hai Viét Nam,
khéi luong hang hoa qua cang bién dat 501 triéu tin trong 7 thang dau nam 2024,
tang 16% so voi cung ky 2023, phan anh xu hudng gia tding manh mé trong luu luong
container [17].

Céc hoat dong tai cang thuong dugc chia thanh hai khu vyc chinh: bén cang
(quayside) va bai container (landside). O quayside, container dugc bdc/dd bang can
cau bo (QC), trong d6 cac quyét dinh nhu phan b cau bén (BAP), ké hoach sip xép
trén tau (stowage planning) va phdi hop double-cycling c6 tac dong 16n t6i thoi gian
neo ddu tau [5], [10]. Container sau d6 duoc van chuyén bang dau kéo/truck hoic
phuong tién ndi bd vé bai. O landside, bii container do can ciu bii (YC) dam nhiém
(RTG/RMG), noi cac chinh sach xép chong, phan khu reefer, khu DG, va c4n bang
tai gitra cac bay/stack quyét dinh truc tiép dén ning suét va chi phi [4], [9], [11]. Khi
lwu luong ting nhanh, 4p luc don vao khong gian luwu trit, thoi gian xir 1y, va tic
nghén noi bo (dic biét cao diém xuét khau/dong lanh).

Cum cang Cai M¢ép — Thi Vai (CM-TV) la vi du dién hinh cua mét cang nudc
sdu cira ngd phia Nam, c6 kha nang tiép nhan tau tuyén thang quoc té (mainline).
Theo théng ké ban da tong hop, san luong khu vuc ndy nim 2024 xap xi 102 triéu
tan, ting khoang 25% so v&i 2023, nho két ndi day didc vai cac tuyén A—Au/Trans-
Pacific va vai tro trung chuyén khu vuc [16], [17]. O quayside, dac thu tau me dung
tich 16n doi hoi quy hoach ciu bén chiat ché (BAP, QC scheduling, phdi hop double-
cycle) dé giam thoi gian neo dau va xép do. O landside, CM—TV b tri khoi bai
(block) theo dang ludi 3D (row—bay—tier), van hanh bang RTG/RMG, c6 khu reefer
v6i diém cdp dién tap trung va khu DG véi gidi han chiéu cao/cach ly. Ty trong
20ft/40ft chiém da sd, nhu ciu reefer cao nho hang thuc pham/thuy san, ciing bién
dong lich tau/xe tai lam DCSP tai day nhay cam voi:

« Téi wu chinh sach Xép chéng dé han ché tai dinh vi (relocation) — mot ciu

phan c6 thé chiém 20-30% chi phi bii néu xép khong hop 1y [11].
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« Phan khu/diéu kién dic thu: reefer chi vao block c6 nguén, DG han ché chiéu
cao va yéu cau cach ly, 40ft anh hudng chiéu cao hiéu dung, cAn bang tai giita
cac bay dé tranh “diém nong” YC [4], [11].

« Phéi hop cong (gate) va truck appointment nham giam don & gio cao diém,
ddng bo véi TOS hién co; vu tién giai phap don gian — dé tich hop phu hop
hién trang ha tang [15], [4].

Trong bdi canh d6, DCSP tai CM-TV (va cac cang Viét Nam) can nhitng phuong
phap nhanh, gon, bén vimg, c6 thé hoat dong theo dong dén thyc té, ton trong rang
budc loai hang/kich thudc, va hudng truy xuat (day-group) dé giam relocation - ding
dinh hudng cta cac heuristic nhu Stack-next [1] va giai phap VN-Stack dé xuét trong
luan vian. Céc thanh phan nay ciing twong thich v6i xu hudng ding DSS va mé phong
su kién ro1 rac dé kiém ching, trude khi mé rong 1€n cac cach tiép can nang cao
(GA/DRL) khi diéu kién dit liéu — ha ting cho phép [3], [2], [25].

2.1.2. Céu triic va quan ly bai container

Bii container dugc td chirc theo ciu tric ba chiéu: hang (row - truc X), vinh (bay -
tryc Y), va chiéu cao (stack - truc Z), v6i dung luong dugc do bang don vi TEU
(Twenty-foot Equivalent Unit), trong d6 1 TEU tuong Gng v&i container 20 feet va
2 TEU twong Gng véi container 40 feet [14]. Mot khéi container tiéu chuan kich
thudc 10x10x5 c6 cong suat 1y thuyét 1én dén 500 TEU, nhung do cac yéu ciu vé an
toan (khoang cach giita cac stack) va kha ning truy xut (tranh chong 1ap container
khong can thiét), hiéu suat str dung thuong chi dat khoang 80%, tuong duong véi
400 container [1].

HINH 2.1: CAU TRUC BAI CONTAINER (10x10x5)
BAI CONTAINER (10x10x5) - DUNG LUQNG 500 TEU
TRUC X (HANG - ROW) GHIE 1AD - STACK) 5 TANG

....... 10VINH ...s 44 (10 VINH)
Bay! $15 s‘»s- $1-5
si5 515 sis sis

CONG SUAT)

Hinh 2. 1 Cdu triic container (10x10x5)
16



Tai Viét Nam, luu lugng container da tdng 25% trong ndm 2024 [16], dat ap luc 16n
1én viéc t6i uvu hoa khong gian bai. Céc thiét bi nhuw Rubber-Tired Gantry (RTG) va
Rail-Mounted Gantry (RMG) dugc st dung phd bién dé quan 1y béi [4], nhung thach
thirc tai dinh vi (relocation) do b tri khong tdi wu van 1a van dé, dac biét voi container
dong lanh hodc nguy hiém yéu cau vi tri dic biét.

Bai toan CSP va DCSP

Bai toan xép do container (Container Stacking Problem - CSP) dugc phén loai thanh
bai toan xép tinh (Static Container Stacking Problem - SCSP) va bai toan xép dong
(Dynamic Container Stacking Problem - DCSP) [1]. SCSP gia dinh rang thi tu dén
ctia container dugc biét trude, cho phép lap ké hoach vi trf toi vu tir du, vi du: xép
container theo thr ty xuat khau cb dinh. Tuy nhién, SCSP khéng phu hop véi thuc
té do cac yéu t6 bat dinh nhu su cb thiét bi, thay doi lich trinh tau do thoi tiét x4u,
hodic yéu cau truy xuit ngiu nhién tir consignee [6]. Ching han, mot con bio co thé
lam cham tién d6 d& hang, din dén tai dinh vi container dé wu tién 1iy hang khan
cap. Nguoc lai, DCSP dua ra quyét dinh vi tri (block, bay, stack) ngay khi container
dén, phan anh sat hon véi diéu kién thyc té [1].

Céc yéu t6 anh huong dén DCSP bao gdm:

Thoi gian truy xuét (retrieval time): Tty thudc vao vi tri container, c6 thé can di
chuyén 1-3 container khac dé 1ay mét container ¢ dudi cing.

Ké hoach xép d& tau (stowage planning): Yéu cau sap xép lai container theo thtr tu
1€n tau, anh huong dén hiéu suit YC.

Yéu cau dic thu tir consignee: Hang dong lanh can vi tri gan nguén dién, hodc hang
nguy hiém can cach ly [5, 13].

Nghién ctru chi ra rang xép d& khong t6i wu trong DCSP ¢6 thé 1am ting chi phi tai
dinh vi 1én dén 20-30% téng chi phi van hanh bai container, dac biét trong cac mua
cao diém [11, 16].
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BAT DAU

NHAN CONTAINER MOl

[ ©ANH GIA THOI GIAN TRUY XUAT

(@ GAN v| TRI (BLOCK, BAY, STACK) FEH

Eg CAPNHAT KE HOACH
(NEU CO THAY BOI)

KET THUC

Hinh 2. 2 Quy trinh DCSP
2.1.3. Phuong phap toi vu hoa CSP

Cac phuong phap toi wu héa CSP dugc chia thanh ba nhom chinh: heuristic,

metaheuristic, va tri tu¢ nhan tao (Al).

« Thuit toan heuristic: Thuat toan Stack-next [1] dua ra quyét dinh nhanh
trong thoi gian thuc bang cach phan nhom container theo thoi gian truy xut
(5 nhém, vi du: ngay 1 dén ngay 5), vu tién xép container c¢6 ngdy truy xuat
som lén trén. Trong thir nghiém gia 1ap vo1 400 container, Stack-next dat hi¢u
suat xép tir 88% dén 94% [1]. Tuy nhién, n6 chua xir Iy hiéu qua cac yéu tb
phuc tap nhu container 20ft/40ft hodc hang dong lanh [13].
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BAT DAU

GAN VI TRi
' (BLOCK, BAY, STACK)

o

XEP CONTAINER
(NGAY 1 LEN TREN)

[co

KIEM TRA VI TRi o
@ (PHU HO'P KHONG) »
l[KHfJNG]

Hinh 2. 3 Luu do thudt todn STACK-NEXT

« Thuit toan metaheuristic: Thuat toan di truyén (genetic algorithm - GA) [8]
tim kiém giai phap gan t6i wu trong khong gian 16n, phit hop vdi cang ¢ luu
luong cao. GA cai thién hiéu suit 1én 92-96% so véi heuristic trong mé phong,
nhung doi héi thoi gian tinh toan dai (10-15 phat/kich ban véi 400 container)
va co so ha tAng manh [10].

o Tri tu¢ nhan tao (AI): Hoc tdng cuong sau (Deep Reinforcement Learning -
DRL) [2] hoc tir dit liéu lich str dé du doan vi tri t6i wu, dat hiéu qua 95-98%
trong moi trudng phuc tap. Tuy nhién, DRL yéu cau mdy chit GPU va dit liéu
16n (it nhat 1000 kich ban huan luyén [15]), kho trién khai tai Viét Nam do
han ché k¥ thuat [4].

Pé danh gia hiéu qua, Bang 2.1 so sanh cac phuong phéap dua trén do chinh xac xép,
s6 1an di chuyén YC, va thoi gian tinh toan. Stack-next [1] don gian nhung han ché
v6i container da dang. GA [8] va DRL [2] hiéu qua hon nhung doi hoi ha tang cao.
Trong bdi canh Viét Nam, noi container 20ft/40ft chiém 70%, hang nguy hiém 5-
10%, va hang dong lanh tang 12% ndm 2024 [16], thuat toan VN-Stack dugc dé xuét.
VN-Stack cai tién tir Stack-next bang cach tich hop xir Iy container da dang va t6i vu
thoi gian tinh toan (<5 phat/kich ban), pht hop voi hé théng TOS va muc tiéu sé hoa
logistics dén nim 2030 [18].
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2.2. Phan loai bai toin xép container (SCSP va DCSP)

Bai toan xép d& container (Container Stacking Problem - CSP) la mét trong
nhimng van dé quan trong trong quan 1y hoat dong cang bién, nham tdi wu hoa viée
bd tri va truy Xuét container trong bai container. CSP dugc phan loai thanh hai loai
chinh: Static Container Stacking Problem (SCSP) va Dynamic Container
Stacking Problem (DCSP), dua trén dic diém cua thong tin dau vao va diéu kién
thuc t€ tai cang [1, 19].

2.2.1. Static Container Stacking Problem (SCSP)

SCSP gia dinh rang toan bo thong tin vé thi tu dén va thoi gian truy xuét cia
cac container dugc biét trudée mot cach hoan chinh [1, 6]. Piéu nay cho phép lap ké
hoach vj tri tdi uu cho tung container ngay tur giai doan dau, thuong duoc ap dung
trong céc kich ban Iy tuong noi lich trinh tau va yéu cau xuat hang duoc xac dinh rd
rang. Phuong phép nay tap trung vao viéc giam thiéu sé 1an tai dinh vi (relocation)
bang cach sip xép container theo thtr ti vu tién, vi du: container c6 thoi gian truy
xuat sém duge dat & vi tri d& tiép can [7]. Theo nghién ctru cua Kim va Hong (2006)
[7], SCSP c6 thé dat hiéu qua cao trong mé hinh 1y thuyét, véi sb 1an di chuyén giam
dang ké khi ap dung thuat toan nhanh can (branch-and-bound). Tuy nhién, SCSP
khong phan anh duoc cac yéu to bat dinh thuc té nhu sy ¢d thiét bi, thay doi lich trinh
tau do thoi tiét, hodc yéu cau dot xuét tir consignee [6, 19]. Do d6, SCSP thudng bi
han ché trong img dung thyec tién tai cac cang c6 luu lwong 16n va bién dong cao nhu
¢ Viét Nam [16].

2.2.2. Dynamic Container Stacking Problem (DCSP)

DCSP duoc thiét ké dé xir Iy cac tinh hudng thuc té, noi thong tin vé thi tu
dén va thoi gian truy xuét cia container khong dugc biét trude hodc thay doi lién tuc
[1, 19]. Trong DCSP, quyét dinh vé vi tri (block, bay, stack) dugc dua ra ngay khi
container dén bai, dya trén cac yéu t6 nhu thoi gian truy xuét du kién, ké hoach xép
dd tau (stowage planning), va yéu cau dic thu tir consignee (vi du: hang dong lanh
hodc hang nguy hiém) [5, 13]. Nghién ctru cia Gunawardhana et al. (2021) [19] dé
Xuét céc quy tac heuristic dua trén dix liéu thoi gian thyc dé toi wu hoa DCSP, dat
hi€u qua trong viéc giam s6 14n tai dinh vi tai cac cang chau A. Tuy nhién, DCSP dbi
mit vai thach thirc 10n tir cac yéu td bat dinh, din dén chi phi tai dinh vi c6 thé ting
tir 20-30% tong chi phi van hanh bai container néu khong duoc t6i wu hoa [11, 16].
Cac phuong phap hién dai nhu hoc ting cudng siu (DRL) [2] hodc hé théng da tac
nhan [21] da dugc thu nghi¢m dé cai thién DCSP, nhung doi héi dir liéu 16n va ha
tang k¥ thuat cao, chua pho bién tai Viét Nam [15].
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2.2.3. So sanh SCSP va DCSP

Tiéu chi SCSP DCSP
Théng tin dau vao Biét truéc hoan toan Khéng biét trude, thay doi
Ung dung thyc té Han ché do bat dinh | Phu hop véi diéu kién thyc té
Phuong phap t6i uu Nhanh can, heuristic Heuristic, AI, DRL
i L . Thap Trung binh
Hi¢u qua (so di chuyén) N , \ ,
(0.5-1 lan/container) (0.6-1 lan/container)

Chu thich: Dt li€u hi¢u qua dya trén [1, 7, 19]; danh gid phu hop véi Viét Nam dua
trén [15, 16, 18].
2.3. Cac phwong phap tiép cin giai quyét CSP

Bai toan xép dd container (Container Stacking Problem - CSP) da dugc cac nha
nghién ctru tiép can qua nhiéu phuong phap khac nhau, nhim giam thiéu thoi gian
van hanh, chi phi tai dinh vi (relocation), va t6i uu hoa khong gian bai container. Cac
phuong phap chinh dugc phén loai thanh ba nhom: heuristic, metaheuristic, va tri tu¢
nhan tao (AI), dua trén muc do phtc tap va kha nang xir 1y cac yéu té bat dinh trong
DCSP [1, 9]. Dudi day 1a phan tich chi tiét timg nhom, véi cac vi du tir tai liéu tham
khao, nham lam rd wu nhuoc diém va tinh phu hop véi bdi canh thuc té tai Viét Nam.
2.3.1. Phuong phap heuristic

Heuristic 13 cac phuong phap dua trén quy tic don gian, phu hop dé dua ra
quyét dinh nhanh trong thoi gian thye, thudng duoc st dung cho DCSP noi thong tin
dén container khong xac dinh trudc [1]. Vi duy, thuat toan Stack-next trong nghién
ctru cta Rekik et al. (2018) [20] phan nhom container theo thoi gian truy xuat (vi du:
5 nhom twong tng voi 5 ngay), wu tién xép container co ngay truy xuat sém 1én trén
dé giam tai dinh vi. Phuong phap nay dat d6 chinh xac xép tir 88% dén 94% trong
thir nghiém gia 1ap véi 400 container, va chi yéu cau thoi gian tinh toan dudi 1
phut/kich ban [1, 20]. Tuong tu, Yang et al. (2015) [7] st dung heuristic thong minh
dé xéac dinh vi tri luwu trit container nhdp (inbound), tap trung vao viéc tinh toan vi tri
dua trén dir liéu dén, giup giam thoi gian cho va chi phi 1én dén 15% [7].

Uu diém cua heuristic 1a tinh don gian, dé& trién khai ma khong can ha ting
tinh toan manh, phu hop véi cac cang tai Viét Nam cé nguén luc k¥ thuat han ché
[15]. Tuy nhién, nhugc diém 1a heuristic thudng don gian héa van dé, chua xu 1y
hiéu qua céc yéu td phirc tap nhu container da dang (20ft/40ft chiém 70%, hang nguy
hiém 5-10%, hang dong lanh tang 12% nam 2024) hoic cac rang budc an toan [13,
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16]. Do do, heuristic can dugc cai tién dé ap dung trong moi truong dong, nhu trong
dé xuat VN-Stack cta nghién ctru nay.
2.3.2. Phuwong phap metaheuristic

Metaheuristic bao gdm céc thudt toan nhu di truyén (genetic algorithm - GA),
dugc st dung dé tim kiém giai phap gan t6i vu trong khong gian tim kiém 16n, dic
biét hiéu qua cho cac cang c6 khdi lugng container cao [8]. Vi dy, Sriphrabu et al.
(2013) [8] 4p dung GA dé tbi uu hoa vi tri xép container, vdi quan thé khoi tao va
cac budc lai ghép (crossover), dot bién (mutation) dé gidm tai dinh vi, dat hiéu qua
cao voi chénh 1éch trung binh 25.47% so véi quy tic co ban trong mo phong véi 400
container [8]. Tuong tu, EIWakil et al. (2020) [41] st dung hybrid Salp Swarm-
simulated Annealing (mot dang metaheuristic) dé gidi CSP, dat hi€u qua trong viéc
giam s6 1an di chuyén YC lén dén 20% [41].

Uu diém cua metaheuristic 1a kha nang xu ly cac bai toan phuc tap véi nhiéu
rang budc, nhu ké hoach xép d& tau (stowage planning) hoic lich trinh YC [5, 10].
Tuy nhién, nhugc diém 1a thoi gian tinh toan dai (10-15 phut/kich ban) va yéu cau
co s ha té‘mg manh, diéu nay co thé khong phu hop voi cac cang tai Viét Nam noi
ha tang k¥ thuat con han ché [10, 15]. Nghién ctru nay dé xuat VN-Stack nhu mot
gidi phap lai gitta heuristic va metaheuristic dé can be"mg hiéu qua va tinh kha thi.
2.3.3. Phwong phap tri tu¢ nhan tao (Al)

Al, dac biét hoc tdng cuong sau (Deep Reinforcement Learning - DRL), dugc
ap dung dé hoc tir dit liéu lich st va du doan vi tri ti uu trong moi trudng phuc tap
[2]. Vi du, Jin et al. (2023) [2] st dung DRL dé mé hinh héa CSP dudi dang quy
trinh Markov, giam tai dinh vi 1én dén 20-30% trong céc kich ban véi 500 TEU [2].
Tuong tu, Li et al. (2025) [15] két hop 1y thuyét d6 thi va DDQN (Deep Double Q-
Network, mgt dang DRL) dé t8i wu hoa lich trinh xe tai tai bai container, gidm thoi
gian cho 1én dén 15% [15].

Uu diém ctia Al 1 kha ning thich (mg cao vdi cac yéu t6 bat dinh, nhu thay
d6i thoi gian truy xuat hodc yéu cau dic thu tir consignee [5, 13]. Tuy nhién, nhugc
diém 13 yéu cau ha ting manh (may chu GPU) va dit liéu 16n (it nhat 1000 kich ban
huan luyén [15]), gdy kho khan trong trién khai tai Viét Nam do han ché vé ngudn
Iie k¥ thuat va chi phi [15]. Vi du, mic du mot s6 cang tai Viét Nam d3 trang bi RTG
hién dai, viéc ap dung DRL van bi gidi han bai thiéu dix liéu 1én dé huin luyén moé
hinh [4]. Do d6, dé xuat VN-Stack trong nghién ctru ndy tap trung vao heuristic cai

tién dé giam phu thudc vao ha tang Al.
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2.3.4. So sanh cac phwong phap
Pé danh gia, Bang 1 so sanh cac nhom phuong phap dua trén d6 chinh xéac
Xép, s6 lan di chuyén YC, thoi gian tinh todn, va phu hop véi dac thu Viét Nam

(container da dang, ha tﬁng han ché [16, 18]).

. Thoi gian
, D§ chinh . e N
Nhom phwong o So di tinh toan | Phu hop véi
Xac xeé 2
phap %) P chuyén/container | (phut/kich Viét Nam
’ bén)
. Cao (don
Heuristic [1, 7] 88-94 1.0 <1 .
gian)
Metaheuristic Trung binh
92-96 0.8 10-15 \

[8, 41] (ha tang)
AI(DRL) [2, 20 (huan Thap (chi
(DRL) 95-98 0.6 ( p(

15] luyén) phi)
VN-Stack (@& | >90 (du y . Cao (tich
. » 1.0 (dy kién) <5 (dy kién)
xuat) kién) hop TOS)

Bdng 1 So sanh cdac phirong phdp toi weu hod CSP
Chu thich: Dt liéu dva trén [1, 2, 8, 10, 15, 20, 27]; gid tri VN-Stack du kién dya

trén cai tién tir heuristic [1] va ddc thu Viét Nam [16, 18].

2.4. Tong quan cac nghién ctru truée diy

Vén dé xép chong container (Container Stacking Problem - CSP) 1a mot linh
vuc nghién ctru quan trong trong quan 1y cang bién, dic biét v6i sy gia ting luu lugng
container toan cau, doi hoi cac giai phap t6i wu hoa dé giam chi phi va thoi gian van
hanh [9]. CSP dugc chia thanh bai toan xép tinh (Static Container Stacking Problem
- SCSP) va xép dong (Dynamic Container Stacking Problem - DCSP), trong d6
DCSP tap trung vao viéc gan vi tri container trong thoi gian thuc, phu hop véi céac
yéu tb bat dinh nhu thoi gian dén container va thay d6i ké hoach xép d& tau [1]. Céac
nghién ctru quéc té d3 dugc tong quan boi Rekik et al. [1], bao gdm céc phuwong phap
heuristic, metaheuristic, va tri tué nhan tao (AI), nham giam tai dinh vi (relocation)
va toi wu hoa hiéu suat can cau bai (Yard Crane - YC).

Mot trong nhitng hudng nghién ctru co ban 1a st dung heuristic dua trén quy
tic dé giai quyét DCSP. Vi dy, Gunawardhana et al. (twong tu [7]) dé xuit mot
heuristic dya trén quy tic (rule-based heuristic) dé ti wu hoa xép container dong tai
cang bién. Phuong phap nay str dung cac quy tic cb dinh dé gan vi tri container dwa
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trén thoi gian truy xuét, giup giam so 1an di doi va tai dinh vi trong qua trinh 13y
container, phu hgp véi cac cang c6 luu lugng cao [7]. Tuong tu, Galle et al. (tuong
tu [9]) 4p dung heuristic hai giai doan dé xép va truy xuét container, trong d6 giai
doan dau tinh toan tap hop vi tri kha dung, giai doan thir hai st dung tim kiém cuc
bd dé chon vi tri tdi wu, giam thoi gian van hanh tong thé [9]. Cac heuristic nay don
gian va dé trién khai, nhung han ché ¢ kha nang xu 1y cac kich ban phirc tap véi sd
lugng container lon.

Céc nghién ctu st dung Al dd mang lai buéc tién méi trong tdi wu hoa CSP.
Jin et al. [2] ap dung hoc ting cuong sau (Deep Reinforcement Learning - DRL) dé
t6i wu héa xép container, mo hinh héa bai toan duéi dang quy trinh Markov (Markov
Decision Process - MDP), gitip giam tai dinh vi 1én dén 20-30% thong qua viéc hoc
tir dir liéu lich sir. Phwong phap nay hiéu qua trong méi truong dong, nhung yéu cau
ha tang tinh toan manh va luong dir liéu 16n, khong ludn kha thi cho cac cang quy
mo trung binh [2]. Tuong ty, Maldonado et al. [3] phat trién hé théng hd trg quyét
dinh (Decision Support System - DSS) cho xép container nhép, sir dung phan tich dit
liéu (data analytics) dé du doan vi tri tdi wu dua trén dit liéu thuc té, két hop véi cac
cong cu théng ké dé hd trg quan 1y bai container [3].

Tong quan vé quan 1y bai container dugc Zhen et al. [4] cung cip, nhin manh
vai tro ctia YC trong viéc xép d& va t6i wu hoa khong gian bii, bao gom cac yéu tb
nhu cau trac ba chiéu (row, bay, stack) va tich hop can cau RTG/RMG dé giam chi
phi van hanh [4]. Sauri & Martin [5] d& xuat chién lugc phan bd khong gian cho bai
nhap, st dung heuristic dé cai thién hiéu suét 1én 15% béng cach toi wu héa vi tri luu
trit container dya trén thoi gian truy xuat va ké hoach tau [5]. Borgman et al. [6] dé
xudt quy tic xép truc tuyén (online rules heuristic), két hop véi mé phong dé danh
gia hiéu qua, gitp giam tai dinh vi trong cac kich ban thoi gian thuc [6]. Yang et al.
[7] str dung heuristic thong minh dé x4c dinh vi tri luu trit container nhap (inbound),
tap trung vao vi¢c tinh toan vi tri t6i wu dua trén dir liéu dén, gitp gidm thoi gian cho
va chi phi [7].

Céc phuong phap metaheuristic cling dugc ap dung rong rai. Sriphrabu et al.
[8] sir dung thuat toan di truyén (genetic algorithm) dé giam tai dinh vi, v&i quan thé
khéi tao va cac buoc lai ghép, dot bién dé t6i wu hoa vi tri xép container, dat hiéu
qué cao trong md phong véi chénh 1éch trung binh 25.47% so véi quy tic co ban [8].
Carlo et al. [9] tong quan hoat dong bii container, xac dinh xu huéng nghién ctru nhu
két hop metaheuristic voi mé phong dé xir 1y cac rang budc thuc té nhu kich thude
block va s6 luong YC [9]. Zhang et al. [10] t6i uu hoa hoat dong double-cycle (xép
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va do trong mot chu ky), str dung heuristic va mé hinh toan hoc dé giam thoi gian
van hanh, 1ién quan dén lich trinh YC [10].

Céc nghién ctru vé tiét kiém nang lugng va chinh sach xép dong ciling gop
phan quan trong. Gharehgozli et al. [11] dé xuat ké hoach xép heuristic dé tiét kiém
ning luong, giam tiéu thu dién cia YC bang cach tdi wu hoa vi tri xép, phu hop voi
cac cang st dung can cau diesel [11]. Park et al. [12] diéu chinh chinh sach xép dong,
sir dung heuristic dé thich (mg véi thay d6i thoi gian thuc, giam tai dinh vi trong bai
tu dong [12]. Ambrosino et al. [13] phat trién mé hinh toan hoc cho xép container
1én tau hoa, tap trung vao t6i wu hoa ké hoach xép d& lién quan dén van chuyén duong
sat, nhung c6 thé mé rong cho béi container [13]. Stahlbock & VoB [14] cip nhat
nghién ctru van tru tai cang, bao gdm CSP va cac phuong phap tdi wu héa nhu GA
va heuristic [14]. Li et al. [15] t6i wu héa lich trinh xe tai bang 1y thuyét d6 thi va
DDQN (Deep Double Q-Network), mot dang Al dé giam thoi gian cho tai bai
container [15].

Tuy nhién, cac nghién ctru ndy chu yéu st dung heuristic hodc mé hinh toan
hoc dé giai quyét CSP, nhung it két hop GA véi mo phong dé xtr 1y su bat dinh trong
thoi gian dén container, ddn dén khoang trong nghién ciru vé hiéu qua ctiia GA trong
moi truong dong [1, 10]. Nghién ctru ndy 1ap ddy khoang trong bang cach phat trién
mo hinh mé phong tich hop GA dé t6i wu hoa CSP trong bdi canh thuc té, tan dung
vu diém ciia metaheuristic trong viéc kham pha khong gian giai phap 16n va mo
phong dé danh gia hiéu qua trong cac kich ban phirc tap.

Tai Viét Nam, cac nghién ctu vé CSP con han ché, chu yéu tap trung vao quan

1y cang chung, thiéu img dung heuristic dia phuong hoa.
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2.5. Két luin khao sat

Qua qua trinh khao sat va phan tich cac khia canh lién quan dén bai toan xép d&
container (Container Stacking Problem - CSP) tai cang bién, bao gdm co sé 1y thuyét,
phan loai bai toan (SCSP va DCSP), cac phuong phép tiép can giai quyét, va tong
quan cac nghién ctru trudc day, nghién ciru dd xac dinh duoc nhitng dic diém ndi bat
va thach thiic cu thé trong bdi canh Viét Nam. Luu lugng container qua cang bién
Viét Nam dat 501 triéu tdn trong 7 thang dau nam 2024, tang 16% so voi cung ky
nam 2023 [17], cung vo1 sy gia tang 25% trong ca nam 2024 [16], dat ap lyc 16n Ién
viéc t6i vu hoa khong gian bai va giam chi phi van hanh. Dic thu nhu ty 18 container
20ft/40ft chiém 70%, hang nguy hiém 5-10%, va hang dong lanh ting 12% [16] doi
hoi cac giai phap phai linh hoat va pht hop véi diéu kién thuc té.

Phan loai SCSP va DCSP cho thidy SCSP phii hop v6i mdi trudng c6 thong tin
¢ dinh nhung han ché trong boi canh bat dinh tai Viét Nam, trong khi DCSP phan
anh sat hon vé6i cac yéu t6 thay ddi lién tuc nhu thoi gian truy xuat va ké hoach xép
dd tau [1, 19]. Cac phuong phap tiép can, bao gdm heuristic (don gian, dé trién khai
[20]), metaheuristic (hiéu qua cao nhung ton tai nguyén [8]), va Al (thich tng tét
nhung doi hoi ha ting manh [2]), dd dugc danh gia. Tuy nhién, nghién ctru chi ra
réng cac cang tai Viét Nam, véi ha tﬁng k¥ thuat con han ché [15], chua tan dung tdi
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da cac phuong phap hién dai nhu hoc ting cudng sau (DRL) do thiéu dit liéu 16n va
ngudn luc [15].

Téng quan cac nghién ciu trudc day tir Rekik et al. [1], Jin et al. [2], va
Sriphrabu et al. [8] nhdn manh xu huéng tich hop heuristic, metaheuristic, va mo
phong dé giai quyét CSP, nhung khoang trong van ton tai trong viéc ap dung thuat
toan di truyén (GA) két hop mo phong dé xir 1y bat dinh tai cac cang c¢6 luu luong
bién dong nhu Viét Nam. Han ché nghién ctru dia phuwong [16-18] ciing cho thay nhu
cau phat trién giai phap phu hop véi dic thu logistics Viét Nam, dic biét trong boi
canh s hoa logistics dén nam 2030 [18].

Dua trén khao sat, nghién ctru dé xuit phuong phap VN-Stack, mot giai phap
cai tién tir heuristic Stack-next [1], tich hop véi hé thong TOS (Terminal Operating
System) [18] dé tdi uu hoa ké hoach xép d& container. VN-Stack nham dén d6 chinh
xac xép > 90%, sd di chuyén/container khoang 1.0, va thoi gian tinh toan dudi 5
phut/kich ban, phu hop véi ha tang hién tai va ddc thu Viét Nam. Nghién ctru tiép
theo s& tap trung vao mo phong thuc té va thir nghiém tai cic cang 1on nhu Cat Lai

dé danh gia hiéu qua, gop phan hién dai hoa quan 1y cang bién Viét Nam.
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CHUONG 3: THUC NGHIEM
3.1. Mo ta bai toan DCSP tai Viét Nam

Van dé xép chong container (Container Stacking Problem - CSP) 1a mot phan
quan trong trong quan ly cang, thu hat sy quan tdm ngay cang lon tir cac nha nghién
ctru do anh hudng truc tiép dén hiéu qua van hanh cang, thoi gian cho tau, va chi phi
[9]. Tai Viét Nam, CSP ddi mit véi luu luong container tang 25% trong nam 2024
[16], dat 501 tri€u tAn trong 7 thang dau nam 2024 [17], cung véi dac thu nhu
container 20ft/40ft chiém 70%, hang dong lanh ting 12%, va ha ting k¥ thuat con
han ché [15]. CSP duoc chia thanh hai loai chinh: xép tinh (Static Container Stacking
Problem - SCSP) va xép dong (Dynamic Container Stacking Problem - DCSP), trong
d6 DCSP phan anh thuc té hon voi cac yéu t6 bat dinh nhu thoi gian dén container
va thay ddi ké hoach xép do tau [1].

Cac nghién ctru trude day tap trung vao t6i wu hda quy trinh xép d& théng qua cac

phuong phap nhu:

« Quy tic heuristic va thuat toan nhanh can (branch-and-bound - B&B) dé giam
s6 1an di doi (relocation), vi du mé hinh cta Kim va Hong (2006) [7] tdi wu
hoéa vi tri khoi, giam chi phi xir 1y 1én dén 15% [7].

« T6iwu héa bd tri bai container (layout) va kich thude khéi (block size) dé nang
cao hiéu suat can cu bai, nhu Kim et al. (2007) [2] vé bd tri bai va Lee & Kim
(2010) [3] giam thoi gian van hanh 10-20% [3].

« Phuong phap pre-marshalling str dung tim kiém 1an can (neighborhood search)
dé sap xép lai container, nhu Lee & Chao (2009) [4] giam tai xur 1y kép 20%
[4].

¢ Céic mo6 hinh mo phéng nhu Witness (Shabayek & Yeung, 2002) [7],
SIMPLE++ (Yun & Choi, 1999) [8], va Arena (McLean & Biles, 2008) [9] dé
danh gia chi phi va hiéu sut, nhung han ché trong xir Iy bat dinh thoi gian
thuc.

Tuy nhién, viéc ap dung meta-heuristic nhu thut toan di truyén (GA) trong
moi truong mo phong van con han ché [1, 8]. Dya trén cac md hinh mé phong, nghién
ctru nhan thdy GA chua duogc két hop hiéu qua véi mo phong dé xtr Iy bt dinh trong
thoi gian dén container [10]. Nghién ctru nay sé& lap khoang trong bang cach tich hop
GA vé6i mé phong, thir nghiém tai cang Cat Lai dé toi wu hoa DCSP tai Viét Nam.
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Bai toan xép chdng container (Container Stacking Problem — CSP) 1a thanh phan
then chét trong van hanh bi (yard) vi anh hudng truc tiép toi thoi gian cho tau, ning
sudt cau bai (YC) va chi phi tong thé [9]. Trong thuc té cang bién Viét Nam, nhu cu
tang nhanh (khéi lugng hang qua cang 7 thang dau 2024 dat ~501 triéu tan, tang 16%
so v6i cung ky [17]) va co cau hang phuc tap (khoang 70% 1a 20£t/40ft, reefer ting
~12%j ¢6 hang nguy hiém — DG) lam DCSP tré nén kho hon cac bdi canh chuén
quéc té [15][16].

CSP thuong phan thanh hai 16p: SCSP (xép tinh — biét trude ké hoach day du)
va DCSP (xép dong — ra quyét dinh theo dong dén thuc té, thuong khong biét trudc
thtr tw dén va/hodc ké hoach truy xuat chi tiét) [1]. DCSP phan anh dang thuc tién
Viét Nam khi lich tau/xe thay d6i, ket cau duong, va rang budc bén — bii bién dong
theo ca/kip [4][5]. Muc tiéu DCSP trong luan van la gidm téi dinh vi (relocation), rut
ngan thoi gian nang/truy xuét, va tdi uu str dung khong gian dudi cac rang budc vat
Iy (stic chira, chidu cao xép) va an toan (reefer phai vao block c6 ngudn dién, DG
han ché chiéu cao, cach ly) [4][11][15].

Trong chuong ndy, ta md hinh hoé khéi bai dién hinh theo cau hinh Viét Nam (vi
du 10x10x5 hodc 6x17x5) véi trang thai x—y—z tuong tung (row—bay—tier). Ludng
dir liéu vao gdm id, kich thudc (20/40ft), loai hang (thudng/reefer/DG), ngay truy
Xuét (1-5), va thtr ty phuc vu (tur ké hoach stowage/EDI). Céc gia dinh co ban:

« Container dén ngau nhién theo ca; lich truy xuét theo hop dong/ngay giao (1—

S)[1].

o YC phuc vu theo thtr ty truy xuat, chi phi nang phu thudc vi tri (trén/gitra/day)

[8].

« Reefer chi dugc xép vao block c6 ngudn; DG uu tién tang thap; 40ft gidi han

chiéu cao hiéu dung [4][11].

« TOS sin c6 mirc co ban; thuat toan can don gian — dé tich hop, phut hop ha

tang cang Viét Nam [15].

3.2. Thuit toan dé xuit VN-Stack

3.2.1. Y twéng va kién tric

VN-Stack ké thira tinh than Stack-next (heuristic huéng “dit gin nhu cau truy xuat™)
va phan danh gia GA trong [8], nhung ning cip theo dic thu Viét Nam:
« Phan 16p theo ngay truy xuat (1—5): uu tién dé container c6 ngdy truy xuat
sdm nam cao hon (giam relocation khi 1ay ra) [1].
« Rang budc thye té Viét Nam:
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(i) Reefer — chi phan bo vao reefer yard (c6 power point);
(i) DG — gi6i han chiéu cao (vi du <3) va cach ly (bay/stack quy dinh);
(iii) 40ft — khéng ché chiéu cao hiéu dung so voi 20ft
(iv) Can bang phan bd gilta cac bay dé tranh “tic nghén cuc bd” YC
[4][11][13].

o Nguyén tac chon vi tri: tim stack kha dung théa rang budc loai hang/kich
thudc, wu tién: (a) dau bay “gan 16i ra” (rat ngan thoi gian di chuyén), (b) dinh
stack dang mang container c6 ngdy truy xuit > ngdy cua container méi (tranh
chén) — tuong thich triét 1y stack-next [1].

VN-Stack c6 thé van hanh doc lap (heuristic) hoac gén vo1i GA nhu mot
“repair/decoder”: GA sinh cau hinh goi y (g4n slot), VN-Stack stra/chuyén cu hinh
sang phuong an kha thi théa rang budc Viét Nam roi danh gia fitness (tong thoi gian
nang), gidng mé hinh GA + mé phong cua [8].

3.2.2. Ky hiéu (Notations)

e i :sd tht ty container can nang (i =1,2,...,n)

e s:soslot(s=12,...,k)

o j:truong hop nang container (j =1,2,...,N )

o Ty;: thoi gian nang container tai slot s trong truong hop j
« n:sd truong hop nang container

« N :tbng s container

« k:tong s slot

o X,Y,Z :thu ty nang container

« t; : thoi gian nang container ¢ tang 1 (bottom tier)

« t,: thoi gian nang container & tang 2

e t; : thoi gian nang container & ting 3
3.2.3. Cac truwong hop niang container (case lifting time)

Trong thyc té khai thac bai container, thoi gian nang ha khong chi phu thudc
vao s ting chira ma con vao thir tu truy xuét container. Khi can lay mot container
nam & gitra hodc dudi cung, hé théng can cau bat budc phai di chuyén cac container
phia trén trude, 1am phat sinh thém chi phi thoi gian. Do d6, dé mé hinh hoa chinh
xéc bai toan DCSP, can xac dinh 1 cac kich ban thoi gian nang ha ung véi ting vi

tri va quan hé thu tu gilta cac container trong cung mot stack.
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Vi du v6i ba container xép chdong, thoi gian ning thay d6i theo quan hé thu tu
XY, Z:
o Truonghopl: X<V <Z

X=ts+ t,+t;, Y= t,+t;,2= t; (1)
o Truonghop2:V > X<Z

X=ts+t,+t;,Y= t,,Z=t; (2)
o Trwomghop3:Y< X< Z

X=t,+t;,Y= t;+ t,,Z= t; 3)
e Trwonghop4:Y > X> Z

X=t+t,Y= t;,Z= t5 4)
o TrwomghopS:Y< X> Z

X=1t,Y= t3+ t,,2= t; (5)
o Truonghop6:X >Y > Z

X=1t,Y=t,,Z= t;3 (6)

3.2.4. Ham muc tiéu (Objective function)

Trong bai toan xép chong container, muc tiéu chinh 13 giam thiéu tong thoi
gian ning ha can thiét dé truy xuat toan bo container theo thtr tw di dinh. Thoi gian
nang khong chi phu thudc vao vi tri cua container trong stack ma con chiu anh huong
bai cac container khac duoc xép phia trén. Do d6, néu container can lay nam & day,
hé théng phai di chuyén toan bo cac container ¢ ting trén trude khi c6 thé truy xuét,
lam ting dang ké tong chi phi thoi gian.

Xét vi du véi ba container Cy, C,, Cs:

Néu céu hinh xép 1a [C;, C,, C5] (tir day 1én dinh), khi can ldy C, ¢ day phai
di doi C,, C5 trude. Thoi gian nang cho C; khi d6 1a t; + t, + t;. Sau do, 14y C, mat
t, + t;, va cudi cung lay C; mat t,. Tong cong: 10 don vi thoi gian.

Nguoc lai, v6i cau hinh [C;, C,, C3], khi can iy C; (& trén cing) chi mat ¢t
Sau d6 ldy C, mét t,, va C; mat t5. Téng cong chi con 6 don vi thoi gian.
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Vi du trén cho thdy cach xép container quyét dinh truc tiép dén tong chi
phi nang ha, tir 46 anh huong dén hiéu qua toan hé thong.
Bai todn tdi uu hoa ¢ thé duoc mo hinh hoa bang cong thirc sau:
minZ = Y, 35 N X Ty (7)
Trong do:

« Z: tong thoi gian nang container can t6i thiéu hoa.

* Xigj bién quyét dinh (decision variable), bang 1 néu container i dugc nang tai

slot s trong trudng hop j, va 0 néu nguoc lai.

* T thoi gian néng container tai slot sss trong truong hop j.

Nhu vay, cong thirc (7) phan anh toan bd chi phi van hanh bang cach cong don
thoi gian nang cua tat ca container trong tit ca slot va truong hop co thé xay ra. Viéc
t6i ru hoa cong thirc ndy giup tim ra phuong 4n xép chdng sao cho tong thoi gian
nang ha nho nhét, tir d6 giam chi phi van hanh, han ché sb 1an di doi va nang cao
hiéu qua sir dung can cau bii (YC).

3.2.5. Ma gia

3.2.5.1. Thuit toan di truyén cho bai toan xép container

Trong bdi canh bai toan DCSP mang tinh NP-hard, cac phuong phap tim kiém
vét can hay mo hinh chinh xéac thuong khong kha thi khi s6 lugng container 1én. Do
d6, cac giai thuat metaheuristic nhu thuat toan di truyén (Genetic Algorithm — GA)
dugc coi 1 Iya chon phu hop nho kha ning tim 101 giai gan t6i vu trong thoi gian
hop 1y. GA md phong co ché tién hoa ty nhién véi cac thao tac chon loc, lai ghép va
dot bién, tir d6 dan cai thién chat lugng 101 giai qua nhiéu thé hé.

Trong ludn vin ndy, GA duoc ap dung dé giai bai toan xép container dong tai
bii (DCSP), voi cdu hinh biéu dién bing nhiém sic thé (chromosome) dai dién cho
cach sap xép container trong cac slot. Mdi ca thé duoc danh gia bang ham muc tiéu
(fitness function) dya trén tong thdi gian nang ha (cong thirc (7)). Qua trinh tién hoa
qua nhiéu thé hé s& gitp tim ra cdu hinh xép gan téi vu, giam thiéu sb 1an di doi va

chi phi van hanh.

Input:
- Kich ban bai: s6 stack, sb tier, tap slot; tap container va thur tu xép 1én tau

- Tham s6 GA: PopSize, MaxGen, Pc (x4c suit lai), Pm (x4c suit dot bién)

Biéu dién:
- Nhiém sic thé (chromosome): hoan vi vi tri/slot cho cc container trong mot bay
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Khai tao:
P — tip PopSize nhiém sic thé ngiu nhién, mdi ca thé 1a mot cau hinh xép hop 16

Véi mdi ca thé ¢ € P: fitness(c) < Evaluate(c)

Lap voi gen = 1..MaxGen:
P'—0
(1) Chon loc (Selection):
Lap cho dén khi [P'| = PopSize:
- Chon bé me (parentl, parent2) bang chon loc (vd. tournament/roulette)
- Véi xéc suit Pc:
conl, con2 «— PMX(parentl, parent2)
Nguoc lai:
conl « copy(parentl); con2 « copy(parent2)
- Véi xé4c suat Pm:
conl < SwapMutation(conl)
- Véi xé4c suat Pm:
con2 «— SwapMutation(con2)
- conl «— Repair(conl)
- con2 « Repair(con2)
- Tinh fitness(conl), fitness(con2)
- Thém conl, con2 vao P' (dén khi du kich thudc)
(2) Cap nhat quan thé:
P «— Chon PopSize c4 thé t6t nhat tir (P U P') hodc dung elitism

QOutput:
ca thé t6t nhat best € P theo fitness (tong thoi gian nang nho nhat)

3.2.5.2. Ham danh gia (Fitness): toi thiéu héa tong thoi gian ning

Trong cac thuat toan tién héa nhu GA, ham danh gia (fitness function) dong
vai tro trung tim nham dinh luong chit lugng cua timg ca thé trong quan thé. Voi
bai toan xép container dong (DCSP), fitness dugc hiéu 1a tong thoi gian nang va di
chuyén container can thiét dé dam bao thir tu xép d& theo ké hoach tau. C4 thé nao
c6 tong thoi gian nang nho hon s& duge xem 13 ¢o chat lugng cao hon, tic 14 cau
hinh xép hiéu qua hon. Do vay, viéc xay dung va tinh toan chinh xac ham danh gia

14 bude then chdt quyét dinh sy thanh cong cta toan bo thuat toan.
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Ham muc tiéu:
n k N
=1

i=1s=1j
Trong do:
* Xjsj € {0, 1} chi dinh container i dugc nang tai slot s trong trudng hop j;
* T 1a thoi gian nang 6 slot s cho truong hop j;
e Cac to hop thoi gian X, Y, Z theo tang t,, t,, t3 dugc liét ké trong cong thirc
(1), (2), 3), (4), (5), (6)
Function Evaluate(chromosome c):
Z—0
For méi container i theo thir t xép lén tau:
X, Y, Z times <— ComputeLiftTimesForCase(i, c) //dung cdc cong thucc case
1..6
Z — Z + (thoi gian ndng twong g vi tri thuec té ciia i)
return Z // Fitness la tong thoi gian; GA sé toi thiéu héa
Trién khai ComputeLiftTimesForCase(...): xac dinh quan hé tht tuy X,Y,Z
gilta c4c container trong cung mat cot (stack) va ap dung cong thirc tuong tng (6
truong hop) voi tq, to, t3.
3.2.5.3. Lai ghép PMX (Partial Matched Crossover — two-point)

Trong thudt toan di truyén, lai ghép (crossover) 1a mét trong nhitng budc
quan trong nhit nhim tao ra cic ca thé con méi tir hai ca thé cha me, v&i muc tiéu
két hop nhitng ddc diém tot cua ca hai dé cai thién chat luong 10i giai. Vi bai toan
xép container, nhiém sic thé duoc biéu dién dudi dang hoan vi céc container, do do
can mot phuong phéap lai ghép phu hop dé dam bao con sinh ra van 1a hoan vi hop
1€, khong bi lap hoac thiéu ph?ln tur. Thuat toan Partial Matched Crossover (PMX) la
mot k¥ thuat pho bién cho dang bai toan ndy vi vira giit duoc cau tric clia cha me,
vira han ché xung dot trong chudi gen. Nhd d6, PMX cho phép duy tri tinh da dang
clia quan thé va dong thoi ting kha niang tim kiém cac cau hinh xép hiéu qua hon
trong khong gian nghiém.

Function PMX(parentl, parent2):
// parentl, parent2 la hoan vi cung do dai
Chon ngadu nhién 2 diém cdt p < q

child] «— mdng réng; child2 — mang rong
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// chép doan giita [p..q] tir moi bé me sang con twong img
childl[p..q] < parent2[p..q]
child?[p..q] < parentl[p..q]

// anh xa dé xir ly xung dot
mappingl2 «— cap (parentl[p..q] <> parent2[p..q])

// dién cdc vi tri con trong bén ngodi [p..q]
Foridxin [l1..p-1] U[gq+1..end]:
gene «— parentl [idx]
// néu gene da xudt hién trong childl [p..q], ding mapping dé tim gene thay thé
khong trung
While gene € childl[p..q]:
gene — mappingl2[gene] // truy vét qua dnh xa
childl[idx] « gene

gene «— parent2[idx]
While gene € child2[p..q]:

gene «— mappingI2"{-1}[gene]
child2[idx] «— gene

return childl, child2

4 +

7110111 (2|4 |5|12 |3 (8 (9|6

Hinh 3. 1 Cac buoc trong phép lai ghép PMX (Partial Matched Crossover)
3.2.5.4. Dot bién hoan ddi (Swap Mutation)
Trong gii thuat di truyén, phép dot bién nham duy tri sy da dang trong quan

thé va trdnh hi¢n tugong hdi tu sém (premature convergence). V&i bai todn xép
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container, dot bién hoan doi (swap mutation) dugc lga chon vi tinh don gian va hi¢u
qud: chi can hoan doi vi tri cua hai container trong cung mdt nhiém sac thé. Cach
tiép can nay vua de thuc hién vira dam bao khong pha vd cau trac tong thé cua 101

giai, dong thoi c6 kha ndng kham pha cac cau hinh xép méi tiém nang.

Function SwapMutation(chromosome c):
Chon nngu nhién hai vi tri u #v
Hodn déi cfu] va c[v]

return c
Trong do:

e chromosome c: mot nhiém séc thé, biéu dién ciu hinh xép container (mdi gen
trong chudi 12 mét container véi vi tri cu thé).

 u, v: hai vi tri ngiu nhién duogc chon trong nhiém sac thé dé thuc hién hoan
doi.

* cfu], c[v]: hai gen (container) tai vi tri u va v.

e return c: tra vé nhidém sic thé méi sau khi da hoan d6i, dam bao tao ra mot ca

thé khac biét so vo1i ca thé goc.

Vi du minh hoa:

Gia str nhiém séc thé ban dau: [C1, C2, C3, C4, C5].

Néu chon u =2 va v = 4, sau khi hoan ddi ta c6 cau hinh méi: [C1, C4, C3, C2,
C5].

Trong vi dy nay, container C2 va C4 da dbi vi tri, tao ra mot 10i giai méi tiém ning

dé danh gia trong thé hé tiép theo.

1104 7(2y11 |12 3|5 s*”9)6
Ny

1|10 4| 7|9 (11|12 3|5 ]| 8

(%
=)

Hinh 3. 2 Quy trinh dét bién hodn déi (Swap Mutation procedure)

3.2.5.5. Sira nhiém sic thé (Chromosome Repair) dé dam béo tinh kha thi
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Trong qua trinh tién hoa, cac thao tac lai ghép va dot bién c6 thé tao ra nhimg ciu
hinh xép container khong hop 1, chang han nhu ¢ container nim “lo limg” trén
khong khi ting dudi bi bo trong, hodc container dén sau lai ndm chdn phia trén
container can truy xuat trudc. Néu khong duge xtr 1y, cac cdu hinh nay s& vi pham
rang budc vat Iy va 1am sai 1éch két qua danh gia. Vi vy, budc stra nhiém sic thé
(repair) dugc bd sung nhim diéu chinh céac ca thé dé bao dam tinh kha thi, duy tri sy
hop 1& cuia 101 giai trong bdi canh bai toan DCSP.
Muc tiéu: bao dam cau hinh xép tuan thu rang budc vat Iy (vi du: container dén trudc
nam & tang dudi; khong thé dit container ¢ tang trén khi vi tri dudi tréng).
Function Repair(chromosome c):
// Kiém tra tieng cét (stack):
For méi stack S:
Quét tir tang day 1én dinh:
- Néu phat hién vi tri tang trén dwoc gin nhung tang dudi trong — dich
container xuong duwéi
// Rang bugc theo thur tw dén:
For méi container i c¢é thoi diém dén sém:
Néu i dang & phia trén container j dén sém hon — hodn vi/diéu chinh dé i khéng
che j
// Lap dén khi khéng con vi pham:
Lap lai qud trinh kiém tra—sira cho dén khi khéng con vi pham kha thi
return c

3.2.5.6. Quy trinh mé phéng 4 buéc (danh gia cau hinh xép)

Trong nghién ctru, md phong duge st dung nhu mot cong cu trung gian dé
kiém chimng va so sanh hiéu qua ciia cac chién lugc xép container. Thay vi chi danh
gia trén cong thirc 1y thuyét, md phong tai hién qua trinh van hanh thuc té tai cang:
tir khau dua container vao bai, nang ha bang can ciu bai (YC), van chuyén ra cau
cang bang xe dau kéo, cho dén budc cudi cliing 1a xép container 1én tau bang can cau
bo (QC). Viée thiét ké mo phong theo 4 budc khong chi gitp do ludng chinh xéac
tong thoi gian xir Iy ma con cho phép phan tich chi tiét timg cong doan, tir d6 so sanh
hiéu qua giita giai phdp GA va phuong phap truyén thong FIFS (First-In, First-
Storage). Pay ciing 14 budc quan trong nham khang dinh tinh tng dung thuc té caa

thudt toan trong moi truong cang Viét Nam
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Mo phong (Arena) gdm 4 phan dé do thoi gian nang va so sanh gitta nghiém
GA va luat FIFS:

SimulationProcedure(config):
Input:
- config: cau hinh xép (tir GA hodc theo ludt FIFS)

- danh sdch container va thu tw xép lén tau

Step 1: StackInYard(config)

// dat container vao slot theo cau hinh
Step 2: LiftInOrder()

// YC ndng theo thur tu Ién tau,; thoi gian lift theo ma trdn T sj (Hinh 2)
Step 3: TransferToQuay()

// xe tdi van chuyén ra cau cang; thoi gian theo phdn phéi khdo sat
Step 4: LoadOnShip()

// QC ndng lén tau
Output:

- Tong thoi gian ndng (va cé thé cdc chi sé phu) dé lam fitness/report

(1) Position of — | (2) Sequence

Container —9 S :
container in vard of container

(4) Load on ship | 4— | (3) Transport ‘_I
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Hinh 3. 3 Quy trinh xdy dung mé hinh mé phong

Slot number

NEREREREE 3
Tier 2 _.2, 5 8 11 Tier 2
1] 1 4 7 | 10 1
1 2 3 4
Stack
Slot number
/_\
3 6 Q 12
3 I\_-/ 3
Tier2| 2| 5| 8 | 11 Tier 2
1] 1 4 7 10 1
1 2 3 4
Stack

Lifting time

_l='\

(a7 3| 2|1
5 R 3 2
6 5 - 3
1 2 3 4

Stack
Lifting time
=~
413 2 1

N\ 7/

5 - 3 2

6 5 - 3

1 2 3 4
Stack

Hinh 3. 4 S6 hiéu vi tri (slot) va thoi gian ndng trong méi slot

Genetic
Algorithm >
Input
FIFS >

Simulation
Model
(ARENA)

Output

Total Time

Hinh 3. 5 Dit liéu ddu vao — dau ra ciia mé hinh mé phong

3.2.6. Dy phirc tap thuat toan

3.2.6.1. Bai toan goc (Container Stacking Problem — CSP)

Trudce khi xay dung mo hinh dé xuat, can lam rd ban chat va do phtic tap cua
bai todn xép container (Container Stacking Problem — CSP). Py chinh 1 nén tang

dé 1y giai tai sao phai sir dung dén cac giai thuat metaheuristic thay vi cac phuong

phap tbi uu chinh xAc.

CSP 12 bién thé cua bai toan xép khoi (block stacking), di duoc ching minh

thudc 16p NP-hard.

39




Ly do: s6 cach sip xép N container vao K slot tang theo hoan vi/chudi gan vi
tri, tire O (KM).

Vi vay, khong thé giai tdi wu bang vét can cho bai toan thyc té (N vai trim container).
3.2.6.2. Thuit toan di truyén (Genetic Algorithm — GA)

GA 1a mot heuristic/metaheuristic, nén khong dam bo nghiém téi wu toan cuc,
nhung tim nghiém gan tdi wu trong thoi gian hop 1y.
Gia su:

« N: sd container can xép.

« PopSize: kich thudc quan thé.

« Gen: sd thé hé tdi da.
Céc thanh phan:

1. Khéi tao quan thé:
o Tao PopSize nhiém sic thé (mdi cai la mot hoan vi).
o Thot gian: O(PopSize - N)
2. Danh gia fitness (Evaluate):
o MBOi ca thé can tinh tong thoi gian ning: O(N) (vi duyét hét container
dé ap dung cong thirc nang theo case).
o Tong chi phi cho mot thé hé: O(PopSize - N).
3. Chon lgc:
o Dung tournament hodc roulette, chi phi O(PopSize - N).
4. Lai ghép (PMX crossover):
o Vi chiéu dai chudi 1a N, PMX can xir 1y anh xa gen.
o Do phtic tap: O(N) cho mdi cip cha me — tdi da O(PopSize - N).
5. Dot bién (swap mutation):
o Hoén doi hai gen, chi phi O(1).
o Tong chi phi: O(PopSize).
6. Sira nhiém sic thé (repair):
o Kiém tra rang budc timg stack: O(N).
o Tong: O(PopSize - N).
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3.2.6.3. Do phirc tap tong thé

Sau khi xay dung giai thudt, cin phéan tich do phirc tap tinh toan nham danh
gia kha niang ap dung trong thuc té. Do phirc tap tong thé cta giai thuat di truyén cho
bai toan xép container duoc wdc lugng nhu sau:
Véi Gen thé hé¢:

T(N)=0(Gen - PopSize - N)

Trong d6, phan chi phdi chinh 12 Evaluate + Crossover + Repair mdi thé hé.
Néu PopSize va Gen ¢ dinh (nhu trong thyc nghi¢m cua bai bao), do phuc tap gﬁn
nhu tuyén tinh theo N.

Trong thuc té, 3o phurc tap da thitc O(N), so véi vét can O(K™) 1a cai thién
rat 16n.

3.2.6.4. So sanh voi cac phwong thire khac

Trong bdi canh bai toan xép container dong (Dynamic Container Stacking
Problem — DCSP) von mang tinh NP-hard, viéc lua chon phuong phap giai c6 vai tro
quyét dinh dén hiéu qua van hanh va kha niang ung dung trong thuc té. Co nhiéu
hudng tiép can di duoc dé xuat trong cac nghién ciru trudc ddy, mdi phuong phap
déu c6 uu diém va han ché riéng.

Thir nhét, cac phuong phap heuristic dwa trén luit (rule-based heuristic)
thuong dugc st dung dé nhanh chéng tim 15i giai kha thi. V&i do phirc tap xap xi
O(N), cac thuat toan nay c6 thé trién khai nhanh va don gian, phu hop cho viéc van
hanh tirc thoi trong moi truong cang. Tuy nhién, do chi dua trén mdt tap luat cliing
nhic (vi du: xép theo nguyén tic First-In First-Storage — FIFS), nén chat luong
nghiém thuong kém tdi wu, dic biét trong bdi canh sb lugng container 16n, da dang
vé dic tinh (hang lanh, hang nguy hiém, container wu tién) va rang budc thoi gian.

Thu hai, cic phwong phap chinh xac (exact methods) nhu Branch-and-
Bound (B&B) hoic Mixed Integer Programming (MIP) dugc xem 13 cach tiép can
chat ch& nhat. V& 1y thuyét, chung c6 thé dua ra nghiém tdi uu tuyét ddi. Tuy nhién,
chi phi tinh toan 1a 0 (K™), tirc s6 hoan vi ting theo cap sé mil véi N container va K
vi tri slot. V&i quy mé thyc té vai tram container trong mot bai, cac phuong phap nay
gan nhu khong kha thi do thoi gian xt 1y qué 1au, vuot xa gidi han cho phép trong
van hanh cang. Do d6, chung chi pht hop dé nghién ciru trén cac bai toan quy mé
nho hodc dé lam chuén so sanh (benchmark).

Thuo ba, hudng tiép can hién dai dya trén hgc ting cwong sau (Deep

Reinforcement Learning — DRL, Jin et al. [2]) da thu hit sy quan tdm 16n trong
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nhimg nim gan diy. DRL cho phép hé thong “tu hoc” tir dir liéu md phong dé dwa
ra quyét dinh gan t6i vu. Khi di duoc huan luyén, DRL c6 thé dua ra hanh dong chi
trong O(1) thoi gian — rat nhanh va pht hop véi méi trudng dong. Tuy nhién, nhuoc
diém 1a chi phi huin luyén ban dau cuc ky cao, yéu cau mot lugng 16n dir 1i€éu mo
phong, thoi gian tinh toan dai, va ha ting phan cimg manh (GPU, cluster tinh toan).
Ngoai ra, két qua con phu thudc vao chét luong dit ligu huin luyén va viéc tinh chinh
siéu tham sd, do d6 han ché tinh linh hoat khi ap dung ngay trong diéu kién cang Viét
Nam, noi dit liéu lich st chwa ludn day du.

Cudi cung, giai thuit di truyén (Genetic Algorithm — GA, theo [8]) noi bat
nhu mot giai phap can bang giira tc do va chat lugng nghiém. GA mé phong co ché
tién hoa tu nhién véi céc thao tac chon loc, lai ghép (PMX), dot bién (swap mutation)
va sira chira (repair). Nho vy, GA vira ¢6 kha nang duy tri da dang trong quan thé
dé tranh hoi tu sém, vira dan cai thién chét lugng nghiém qua nhiéu thé hé. Pic biét,
GA cho phép dé dang két hop voi md phong Arena dé danh gia truc tiép trén nhiéu
kich ban van hanh thyuc té (vi du: bién dong luu luong container, dac thu cua ting
cang, thay dbi vé ha tang). Vi do phiic tap O(Gen x PopSize x N), trong d6
Gen va PopSize duoc cb dinh theo thiét ké thuc nghiém, GA gan nhu tuyén tinh theo
N, do d6 c6 thé mo rong cho cac bai toan quy mé 16n hon nhiéu so v&i exact method.

Hinh dudi ddy mo ta tryc quan quy trinh ciia gidi thuat di truyén ap dung
cho bai toan xép container. Bit dau tir viéc khdi tao quan thé ngiu nhién (tip cac
nhiém séc thé dai dién cho cu hinh Xép), mdi c4 thé dugc danh gia béng ham muc
tiéu (téng tho1 gian nang container). Sau do, GA 1ap lai qua nhiéu thé hé: lya chon
c4 thé bd me (bang roulette hodc tournament), thyc hién lai ghép véi xac suat Pc, ap
dung dot bién vGi xac suat Pm, va tién hanh sira nhiém sic thé dé dam bao rang budc
kha thi. Céac ca thé con duoc danh gia fitness va so sanh voi quan thé hién tai, nho
elitism hodc co ché thay thé, GA dan tién hoa dé tim ra nghiém tdt hon. Khi dat dén
diéu kién dung (sb thé hé hoidc hoi tu), thuat toan xuét ra cdu hinh ti wu gﬁn nhéat.

So sanh toan dién cho théiy: heuristic nhanh nhung thiéu chinh x4c; exact method
t61 wu nhung qua ton kém; DRL tién tién nhung doi hoi chi phi huén luyén cao; con
GA dat duoc sy cAn bang giira tinh kha thi tinh toan va chit lwong nghiém, dic
biét thich hop cho m6 hinh mé phdng Arena nhim danh gia da kich ban. Vi vay, luya
chon GA trong nghién ciru nay 1 hoan toan hop 1y, dong thoi tao co s viing chic

cho viéc tng dung thyc té trong méi trudng cang bién Viét Nam.
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Khdi tao quan thé ngau nhién
(PopSize nhifm sac thé)

r
béanh gid ham muc tiéu
(T6ng théi gian néng container)

biéu kién dimg?
(Pat s6 thé hé hoac hoi tu)

Két thiic va xudt
ca thé t6t nhét

Chon loc cé thé
(roulette/towrnament)

\

Lai ghép (PMX)
vOi Xac sudt Pc

bot bién hodn dsi
v6i xdc sudt Pm

St nhiém sic thé
(dam bao c4u hinh hop 18)

\

banh gid fitness con
(t6ng théi gian nang)

N

Cap nhét quén thé
(elitism hoac thay thé)

Hinh 3. 6 Luu do thudt todn di truyén (GA) cho bdi todn xép container

3.3. Thiét 1ap m6 phong va thuc nghiém
3.3.1. B¢ dir liéu gia lap

Trong nghién ctru nay, bd dir lidu gia 1ap dugc xay dung nham muc dich kiém
chtng va so sanh hiéu qua giita thuat toan di truyén (GA) va phuong phap heuristic
truyén thdng. Tuong tu nhu cach tiép can cua Sriphrabu et al. (2013), qué trinh mo
phong duoc thuc hién bang cach két hop phdn mém Arena (md phong qua trinh van
hanh tai cang) va Excel (tao dir li¢u dau vao, tham sd ngau nhién, va théng ké két
qua).

Cau hinh bii container duoc gia dinh bao gdm:

« So slot: 12 slot, chia déu cho 4 stack, mdi stack c6 3 tang (tier).

« SO tang (tier): 3, twong Gng v6i kha ning xép chong ti da 3 container trong
mot cot.

o Dung lwgng bai: tdi da 36 vi tri luu trir tai mot thoi diém.
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« Loai container: bao gdm container 20 feet, 40 feet, hang lanh va hang nguy

hiém; mdi loai gan nhan riéng dé kiém soat rang budc khi xép chong.

« Quy tic dén/di: cac container dén ngiu nhién theo phan phdi thoi gian khao

sat; lich xuat phat ctia tau xac dinh th tu xuat bai.

Pé dam béo tinh téng quat va da dang, nhiéu kich ban duoc tao ra véi quy mo tir
200 dén 400 container, trong d6 mdi kich ban co thir tyr xuét bii khac nhau, phan bd
ngau nhién giira cac loai container. Pic biét, kich ban chuan g@)m 400 container dugc
st dung xuyén sudt dé so sanh cac phuong phap, boi quy mé nay du 16n dé phan anh
thuc tién tai cac cang Viét Nam nhung van bao dam tinh kha thi trong tinh toan va
mo phéng.

Ngoai ra, dir li¢u dau vao con dugc hiéu chinh dé phan anh mat sb yéu td thuc té:

« Ty 18 hang lanh chiém khoang 5—10% tong container.

« Ty 18 hang nguy hiém chiém khoang 2—3%.

« Céc container 40 feet chiém khoang 20-30%, tao ap lyc phan bd vi tri vi chiém

gap doi chiéu dai so voi loai 20 feet.

Két qua tr Excel duoc nhap vao Arena dé mo phong qua trinh xép do: tir
StackInYard (dua container vao bai), dén LiftinOrder (YC nang theo tht ty), roi
TransferToQuay (van chuyén bang xe dau kéo), va cudi cung LoadOnShip (QC nang
1€n tau). Dt liu mo6 phong nay dong vai tro quan trong trong viéc danh gia fitness

va hi€u qua cua thuat toan.
3.3.2. Két qua mé phéng va thwe nghiém

Két qua md phdéng duoc thuc hién véi bo dir licu gia 1ap gé)m 400 container, 12 slot
va 3 tang (muc 3.3.1) cho thay thuét toan di truyén (GA) mang lai hiéu qua vuot troi
so v6i chién lugc truyén théng FIFS (First-In, First-Storage). Trong nhiéu kich ban
chay thir, GA gitp giam dang ké tong chi phi nang ha (lifting cost) tai bii container.
Trung binh, GA dat muc tiét kiém 25-35% chi phi ning so v6i FIFS, mot con sd
thé hién tinh vu viét rd rét trong viéc han ché cac thao tac tai dinh vi container khong
can thiét.

Vi dy, theo két qua tong hop tir cac kich ban mé phong (theo Sriphrabu et al. [8]),
mitc chénh léch trung binh giita hai phuong phap dat 25,47%. Diéu nay c6 nghia
réng, voi1 cung mot sb luong container va cung mot diéu kién bai, chién luoc GA c6
kha ning cat giam hon mot phan tu chi phi nang ha so v&i cach bé tri don gian kiéu
FIFS. Nguyén nhan cta sy khac biét ndy nam & co ché tim kiém va cai tién nghiém
cua GA:
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« Trong khi FIFS chi xép container theo diing thtr ty dén ma khong xét dén thir
tu rat di, GA lai t6i uu hoa ciu hinh xép dua trén thir tw cin lay 1én tau, nho
d6 han ché cac tinh hudng container quan trong bj “chon” duéi day.

« GA két hop qua trinh chon loc — lai ghép — dot bién — sira chira (repair) dé
kham pha cac phuong an xép kha thi, ddng thoi duy tri sy da dang quan thé,
gitp tranh roi vao bay nghiém cuc bo.

Ngoai ra, md phong chi tiét bang Arena cho thiy GA khong chi giam duoc chi phi
nang ma con rat ngin tong thoi gian xir 1y cua béi container. Khi so sanh céac chi s6
phu nhu s6 1an tai dinh vi, d0 chinh x4c cta th tu truy Xuat, hay mtrc d6 can béng
tai gitra cac stack, GA ciing déu cho két qua tét hon FIFS.

Tir d6 6 thé khang dinh, viéc ap dung GA trong bai toan DCSP tai cang bién Viét
Nam Ia kha thi va htra hen mang lai hi¢u qua thuc té, dac biét khi luu lugng container
ngay cang gia ting va yéu cau van hanh ngay cang khat khe. Dy ciing chinh 13 nén
tang dé phat trién thuat toan cai tién VN-Stack, phu hop hon véi dic thu container

20ft/40ft, hang lanh va hang nguy hiém tai cac cang Viét Nam.
3.3.3. Vi du minh hoa

Dé 1am 13 co ché hinh thanh chi phi nang ha (lifting cost) va cach ham muc
ti€u (7) phan anh céc thao tac tai dinh vi, ta xét mét mé hinh toi gian vo1 mot cot
xép (mot stack duy nhét) va ba container. Muyc dich cua vi du 1a: (i) cho thdy khi
container can ldy nam bén duéi cic container khac thi thoi gian thao tac s& 1a tong
thdi gian cta cac ting phia trén cong véi tang cia chinh né; (i) minh hoa truc quan
cac “truong hop nang” (case lifting time) dugc dung trong tinh fitness; va (iii) chi ra
vi sao cdu hinh xép “dang hudng truy xuat” giup giam tong thoi gian so v6i cau hinh
“ngay tho” (xép theo dung thir tu dén).

Trong vi du, ta ¢6 dinh thtr tu rit container (theo ké hoach bdc d& 1én tau) va
quy doi thoi gian theo ting thanh cic don vi chuan héa t; < t, < t3 (tAng cang
thap, thao tac cang ton thoi gian do phai di doi phan phia trén). Cac yéu t6 khac nhu
thoi gian xe kéo, QC... duoc giir nguyén/loai trir dé tap trung vao tac dong cua ciu
hinh xép va thir tw truy xuét 1én chi phi ndng ha. Nho vy, vi du cho phép ta tinh
tay gid tri Z trong (7), ddi chiéu giira hai cau hinh xép dién hinh va rut ra két luan

truc quan ve 1gi ich cta bo tri vu ti€n céc container can ldy so6m & vi tri trén.
Gia dinh:
Co 3 container: C; , C,, C3.
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Tha ty xép 1én tau: C; — C, — Cs.
Thoi gian nang & mdi tang:
 Tang 1 (dudi cung): t;= 1
« Tang2: ;=2
« Tang3: t;=3

3.3.3.1. Biéu dién nhiém sic thé
Mbi nhiém sic thé 1a mot cach xép container vao 1 stack:
Vi du:

. [C1, C2, C3] (tir dudi 1én trén: C1 & tang 1, C2 tang 2, C3 tang 3).
. [C2,C3,C1], ...

3.3.3.2. Tinh ham muc tiéu (fitness)
Thoi gian léy ra phu thudce vi tri va thi tu can léy.
Truwong hop 1: Cau hinh [C1, C2, C3]

Mubn 13y C1 (¢ day): phai di chuyén C2, C3 trudc — thoi gian = t; + t, +
t1: 6

Sau d6 lay C2 (gid & day sau khi C1 di): t, + t; = 2+1 = 3.
Cudi cung lay C3: t; = 1.
Téng = 10.
Truwong hop 2: Céau hinh [C3, C2, C1]
Mudn lay C1 (trén cung): chi mat : t; = 1.
Mubn ldy C2 (gid & day): mat : t,= 2.
Mubdn ldy C3: mét : t;=3.

Tong = 6.
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3.3.3.3. Ap dung GA
Gia str Khéi tao 2 nhiém sic thé:

« P1=][C1,C2, C3], fitness =10
« P2=][C3,C2,Cl1], fitness = 6

Budc chon lgc
« P2 dugc uu tién vi fitness tot hon.
Budc lai ghép (PMX)

. Cit giira va trao doi:
o P1=[Cl]|C2,C3]
o P2=[C3|C2,Cl]
« Con lai co thé ra: [C1, C2, C1] — sira (repair) dé thanh [C1, C3, C2].

Buéc dot bién (swap mutation)
« Vi dy hoan d6i 2 vj tri trong [C1, C3, C2] — [C3, C1, C2].
Buéc stra (repair)

« Dam bao khong c6 trung 13p container va khong vi pham rang budc “co
container dudi thi mai co trén”.
Danh gia lai fitness
« V61[C3,Cl1,C2]:
o Lay C1 (¢ ting 2): phai bo C3 trudc — t, + t; =2+1 =3,
o Lay C2 (¢ tang 3): t3=3.
o Lay C3 (da di doi, gia st coi nhu mét thém t,=1).

o Toéng=17.
o Nghiém nay tét hon P1 (10), gan véi P2 (6).

3.4. Phan tich va danh gia két qua
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3.4.1. Uu diém ciia GA trong CSP
3.4.1.1. Kha nang xw ly bai toan phirc tap, NP-hard

o CSP c6 khong gian nghiém rat 16n (0(K")), GA c6 thé tim 151 giai gan t6i
uu trong thot gian hop 1y.
« So v61 phuong phap vét can hodc mo hinh toan chinh x4ac, GA nhanh hon

nhiéu khi s6 luong container 16n.
3.4.1.2. Tinh linh hoat va kha ning mé rfng

o GA khong phu thudc manh vao cAu tric cu thé cua bai toan, c6 thé dé dang
diéu chinh dé tich hop thém cac rang budc thuc té (container dic biét, thoi
gian truy xuat, loai container).

« C6 thé két hop voi md phong (Arena, FlexSim) dé kiém thir trong nhiéu
kich ban.

3.4.1.3. Cai thién hiéu qui van hanh

« Két qua trong bai bao cho thdy GA giup giam tong thoi gian ning ha
trung binh 25-35% so v&i chién lugce don gian nhu FIFS (First-In, First-
Storage).

o Giam s6 lan tai dinh vi, tir 36 nang cao hiéu qua st dung can cau bai (YC).

3.4.1.4. Tinh tong quat va ving dung rong

« Cach biéu dién va danh gia fitness c6 thé ap dung khong chi cho container
bdi, ma ca cho cac bién thé: pre-marshalling, block relocation, truck
scheduling.

« D¢ lai ghép voi cac metaheuristic khac (vi du: GA + Tabu Search, GA +
DRL).

3.4.2. Han ché ciia GA trong CSP
3.4.2.1. Khong dam bio tdi wu toan cuc

o GA chi tim dugc nghiém gén tdi wu, phu thudc vao cach chon tham )
(PopSize, sb thé hé, Pc, Pm).

. Néu khong hiéu chinh tdt, GA ¢6 thé hoi tu s6m (premature convergence).
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3.4.2.2. Chi phi tinh toan vin cao hon heuristic don gian

« MBOi thé hé can danh gia toan bd quan thé — do phuc tap O(Gen - PopSize
- N).
« V6i s6 container rat 16n (hang nghin), GA c¢6 thé ton thoi gian mo phong

va tinh toan fitness.
3.4.2.3. Phu thudc vao chit lwgng biéu dién va ham sira (repair)

« Bai toan CSP c6 nhiéu rang budc vat 1y (container khong thé “lo limg”).
« GA can budc repair dé loai bo cau hinh khong hop 16. Néu thiét ké repair
chua tét, hiéu qua thuat todn s€ giam.

Tham so

« Pc, Pm, kich thudc quﬁn thé, tiéu chi dung anh huéng manh dén két qua.
o Can thir nghiém nhiéu dé tim bo tham s thich hop cho timg cang cu thé.

D¢ phire tap

« Trong bai bio, GA gia dinh thoi gian nang 1a ¢ dinh, trong khi thuc té ¢6
thé thay ddi do ket thiét bi, tic nghén, hodc nhiéu can cau cung hoat dong.

A GG

« Chua tich hop yéu t6 “thoi gian thuc” (real-time scheduling).

Uu diém Han ché

Xu Iy dugce bai toan phuc tap, NP- Khéng dam bao tim dugc nghiém toi

hard; tim nghiém gan t6i wu trong thdi | uu toan cuc; dé hoi tu sém néu tham

gian hop ly. s6 chua tot.

Linh hoat, d& m& rong dé tich h , »
' ' g, , P Chi phi tinh toan cao hon heuristic
thém rang budc thuc t€ (loai L
don gian; dg phuc tap O(Gen -

container, thoi gian truy xuat, )
PopSize -N).

container dac biét).

Cai thién hi€u qua van hanh: giam Phu thudc vao chat luong budc sura
tong thoi gian nang ha trung binh 25— | (repair); néu repair chua t6i wu, cau
35% so voi FIFS. hinh nghiém c6 thé kém kha thi.
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Tinh tong quat, c6 thé ap dung cho Nhay cam voi tham sé (PopSize, Pc,
nhiéu bién thé khac (pre-marshalling, | Pm, s6 thé hé); can thir nghiém nhiéu

block relocation, truck scheduling). dé chon tham sb phu hop.

o o M0 hinh gia dinh thoi gian nang c6
C6 thé két hop voi mo phong (Arena, | . o <.
, . N » . . | dinh; chua phan anh day du yéu to
FlexSim) dé danh gid trong nhiéu kich

i p dong va ngau nhién trong thuc té
ban thuc té.

cang.
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III. KET LUAN

Trong bdi canh khdi lwong hang héa qua cang bién Viét Nam ting nhanh, viéc
t6i wu hoa hoat dong xép d& container tai bii cang tro thanh yéu cau cap thiét. Theo
s6 liéu thong ké, khéi luong hang hoa qua cang bién dat 501 triéu tAn chi trong 7
thang diu nim 2024, ting 16% so v&i cung ky nam 2023 [16], trong khi ty 18
container lanh va nguy hiém ciing ngdy cang tang [15], [17]. Bai toan xép container
dong (Dynamic Container Stacking Problem — DCSP) vén thudc 16p NP-hard [1],
nén néu giai bang phuong phap vét can s& khong kha thi trong thyc té. Do d6, viéc
nghién ctru va phat trién mot phuong phép t6i vu phu hop véi diéu kién cang bién
Viét Nam c6 ¥ nghia ca vé 1y ludn 1an thuc tién.

Luan vin d3 dat duoc mot sb két qua ndi bat:

« Xay dung va dé xuit thuat toan VN-Stack cai tién tir Genetic Algorithm (GA)
[8], duoc diéu chinh dé phu hop véi1 dac thu container tai cang Vi¢t Nam
(20ft/40ft, hang nguy hiém, hang dong lanh).

« Thiét ké quy trinh mo phong 4 budc trén nén tang Arena va Excel, dya theo
Sriphrabu et al. (2013) [8], cho phép danh gia chi tiét hiéu qua giai phap trén
dir liéu gia 1ap (400 container, nhiéu kich ban).

« Két qua thuc nghiém cho thdy VN-Stack gitip giam chi phi nang ha trung binh
tir 25-35% so voi phuong phap FIFS (First-In, First-Storage), twong dong véi
cac nghién ctru trude day vé loi ich cuia metaheuristic trong CSP [7], [9].

o Phan tich so sanh véi cac phuong phép khac (heuristic [4], branch-and-bound
[7], deep reinforcement learning [2]) d4 chi ra wu thé cua GA trong can bang
gitta chat lugng nghiém va chi phi tinh toan, ddc biét khi két hop mo phong
trong moi truong cang [8].

Tuy nhién, luan vin van con mot s6 han ché:

« Chua c6 diéu kién kiém ching truc tiép trén dir lidu thyc té tir hé théng TOS
tai cang Viét Nam, méi dung ¢ muc dir li€u gia lap.

« Thuat toan hién méi xtr 1y ludng container co ban, chua xét dén cac yéu t6
dong phuc tap hon nhu thay ddi lich tau, tic nghén ndi bd, hay su cd thiét bi
[3].

o K&t qua mo phong méi dung & quy mo trung binh (400 container), chua m&
rong 1én hang nghin container dé kiém ching tinh on dinh.

Tir nhitg két qua va han ché trén, nghién ctru tiép theo c6 thé hudng vao cac dé xut

sau.
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« Thu thap va tich hop dit liéu thuc té tir hé théng TOS tai cac cang 16n (Cai
M¢ép — Thi Vai, Hai Phong) dé danh gia do tin cdy ctia VN-Stack trong méi
truong thuc té [15].

« M0 rong thuat toan dé xir Iy cac yéu to dong phuc tap, két hop heuristic v6i
Al (vi du: Deep Reinforcement Learning) nhu dé xuit cta Jin et al. [2], nhim
nang cao tinh thich ung.

« Nghién ctru thém cac chi sé phu nhu muc tiéu thu ning lugng va phét thai
CO., huéng dén muc tiéu phat trién logistics bén viing cua Viét Nam [16].

« Xay dung nguyén mau phan mém tich hop truc tiép v6i TOS, mé dudong cho
trién khai thuc té va thuong mai hoa trong tuwong lai gan.

Tém lai, ludn van khong chi dong gop vé mit hoc thuét trong viéc mé rong tng dung
GA cho bai toan DCSP ma con thé hién tiém ning tng dung thuc tién cao. Két qua
nghién ctru gbp phan ning cao hiéu qua van hanh va ning luc canh tranh cia cang

bién Viét Nam trong boi canh hoi nhdp sau rdng vao chudi cung tng toan cau.
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PHU LUC: MA NGUON CHUONG TRINH

import random
import statistics as stats
import matplotlib.pyplot as plt

N_CONTAINERS =8 # 6-9 déu 6n; dé so sanh cong bang gitr ¢6 dinh
S=3 # 56 stack

H=3 # sb tang/stack

CAPACITY =S *H

assert N CONTAINERS <= CAPACITY, "Sé container vuot qué sirc chtra bai!"

t1,t2,t3=1,2,3  #thoi gian nang theo tang (trén cung/giira/day)

def linear slots(S, H):
"""Tao anh xa slot tuyén tinh (stack, tier) theo chi $6 0..S*H-1."""
order =[]
for s in range(S):
for h in range(H):
order.append((s, h))
return order

SLOT_MAP = linear_slots(S, H)

def place by permutation(perm, S=S, H=H):
"""Chuyén hoan vi container -> c4u trac bai (list cac stack tir day 1én dinh)."""
stacks = [[] for _ in range(S)]
for idx, cid in enumerate(perm):
s, h=SLOT MAP[idx]
while len(stacks[s]) < h:
stacks[s].append(None)
if len(stacks[s]) == h:
stacks[s].append(cid)
else:
stacks[s][h] = cid
# Nén bo None
for s in range(S):
stacks[s] = [c for ¢ in stacks[s] if ¢ is not None]
return stacks

def lift_cost for position(num_above, t1=tl, t2=t2, t3=t3):
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"""Chi phi nang tity s6 container ¢ phia trén."""
if num_above <= 0:
return tl
elif num_above == 1:
return t2 + tl
else:
return t3 + 2 + tl

def simulate cost(perm, retrieval order, S=S, H=H):
"""Tinh tong chi phi nang khi ldy theo retrieval order."""
stacks = place_by permutation(perm, S, H)
total = 0
for target in retrieval order:
found = False
for s in range(S):
if target in stacks[s]:
pos = stacks[s].index(target)
num_above = len(stacks[s]) - pos - 1
total += lift_cost for position(num_above)

stacks[s].pop(pos)
found = True
break

if not found:
raise RuntimeError(f"Khong tim thay {target} trong bai!")
return total

def fifs_layout(ids): ’
return ids[:] # dat theo ding tht tu dén

def pmx(parentl, parent2):
"""Partial-Mapped Crossover (two-point)."""
n = len(parent1)
p, q = sorted(random.sample(range(n), 2))
childl1, child2 = [None]*n, [None]*n

# chép doan [p..q] chéo
child1[p:q+1] = parent2[p:q+1]
child2[p:q+1] = parent1[p:q+1]
# anh xa xung dot
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mapl2 = {parentl[i]: parent2[i] for 1 in range(p, q+1)}
map21 = {parent2[i]: parentl[i] for i in range(p, q+1)}

def fill(child, parent, mapping):
for idx in list(range(0,p)) + list(range(q+1, n)):
gene = parent[idx]
while gene in child[p:q+1]:
gene = mapping.get(gene, gene)
child[idx] = gene
return child

child1 = fill(childl, parentl, map12)
child2 = fill(child2, parent2, map21)
return child1, child2

def swap mutation(chrom):
a, b = random.sample(range(len(chrom)), 2)
chrom[a], chrom[b] = chrom[b], chrom[a]
return chrom

def repair(chrom, universe):
"""Loai tn‘mg/thiéu dé dam bao hoan vi hop I¢ trén tap universe."""
seen, out = set(), []
for g in chrom:
if g not in seen and g in universe:
out.append(g)
seen.add(g)
for g in universe:
if g not in seen:
out.append(g)
seen.add(g)
return out[:len(universe)]

def evaluate(chrom, retrieval order):
return simulate cost(chrom, retrieval order)

def ga optimize(ids, retrieval order, pop size=50, max_gen=200, pc=0.9,
pm=0.25, elitism=True):
"""GA tdi vu hoan vi xép container dé ti thiéu hoa chi phi nang."""
# khot tao
population = []
for _in range(pop_size):
p =1ds[:]
random.shuffle(p)
population.append(p)
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best = min(population, key=lambda c: evaluate(c, retrieval order))
best cost = evaluate(best, retrieval order)

for _inrange(max_gen):
new_pop = []
if elitism:
new_ pop.append(best[:])

while len(new_pop) < pop_size:
pl, p2 = random.sample(population, 2)
if random.random() < pc:
cl, c2 =pmx(pl, p2)
else:
cl, c2=pl[:], p2[:]

if random.random() < pm:
cl = swap_mutation(cl)
if random.random() < pm:
c2 = swap_mutation(c2)

cl =repair(cl, ids)
c2 = repair(c2, ids)

new_pop.extend([cl, c2])
population = new_pop[:pop_size]

# cap nhat best
for indiv in population:
¢ = evaluate(indiv, retrieval order)
if c <best cost:
best, best _cost = indiv[:], ¢

return best, best cost

def run_trials(n_trials=20, base seed=1234):
costs_fifs, costs ga, improvements =[], [], []
fifs layouts, ga layouts, orders =[], [], []

for trial in range(n_trials):
random.seed(base seed + trial)

# Tao danh sach container va tht ty truy xuat ngau nhién cho mdi trial
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ids = [f"C{i+1}" for 1 in range(N_CONTAINERS)]
retrieval order = ids[:]
random.shuffle(retrieval order)

# FIFS
perm_fifs = fifs _layout(ids)
c_fifs = simulate cost(perm_fifs, retrieval order)

# GA
best ga, ¢ ga= ga optimize(ids, retrieval order)

# Luu
costs_fifs.append(c_fifs)
costs_ga.append(c_ga)
orders.append(retrieval order)
fifs_layouts.append(perm_fifs)
ga_layouts.append(best ga)

imp =100.0 * (¢c_fifs - ¢_ga)/c fifsif ¢ fifs >0 else 0.0
improvements.append(imp)

return (costs_fifs, costs_ga, improvements, orders, fifs layouts, ga layouts)

# Thuyc thi

N _TRIALS =20

costs_fifs, costs ga, improvements, orders, fifs layouts, ga layouts =
run_trials(N_TRIALS)

print("=== Thong ké tom tit ===")

print(f"FIFS - mean: {stats.mean(costs_fifs):.2f} | median:
{stats.median(costs_fifs):.2f} | min/max: {min(costs fifs)} / {max(costs_ fifs)}")
print(f"GA - mean: {stats.mean(costs ga):.2f} | median:

{stats.median(costs ga):.2f} | min/max: {min(costs ga)} / {max(costs ga)}")
print(f"Improve(%) - mean: {stats.mean(improvements):.1{}% | median:
{stats.median(improvements):.1f} % | min/max: {min(improvements):.1{}% /
{max(improvements):.1{}%")

plt.figure(figsize=(8,4))

plt.plot(range(1, N_TRIALS+1), costs_fifs, marker='0', label='FIFS")
plt.plot(range(1, N_TRIALS+1), costs_ga, marker='s', label='GA")
plt.xlabel("Lan chay (trial)")

plt.ylabel("Tong chi phi nang")

plt.title("So sanh chi phi theo timg l1an chay: FIFS vs GA")
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plt.legend()
plt.grid(True)
plt.show()

plt.figure(figsize=(6,4))

plt.boxplot([costs_fifs, costs ga], labels=['FIFS','GA'])
plt.ylabel("Tong chi phi nang")

plt.title("Phan phdi chi phi: FIFS vs GA (boxplot)")
plt.grid(True, axis='y")

plt.show()

plt.figure(figsize=(7,4))

plt.hist(improvements, bins=8)

plt.xlabel("% cai thién cua GA so voi FIFS")
plt.ylabel("S6 lan chay")

plt.title("Histogram ty 1€ cai thi¢n (%) cia GA")
plt.grid(True, axis='y")

plt.show()

def pretty stacks(perm, S=S, H=H, title=""):
stacks = place_by permutation(perm, S, H)
hmax = max(len(s) for s in stacks) if stacks else 0
if title:
print(f"\n--- {title} ---")
for level in reversed(range(hmax)):
row =[]
for s in range(S):
if level < len(stacks[s]):
row.append(f" {stacks[s][level]:>3}")
else:
row.append(" .")
print(" ".join(row))

for t in range(min(3, N_TRIALS)):

print(f"\n=== Trial {t+1} ===")

print("Thir ty truy xudt:", orders[t])

print(f"FIFS cost={costs_fifs[t]} | GA cost={costs_ga[t]} |
Improve={improvements[t]:.1{}%")

pretty stacks(fifs layouts[t], title="FIFS layout")

pretty stacks(ga layouts[t], title="GA best layout")
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	PHỤ LỤC: MÃ NGUỒN CHƯƠNG TRÌNH

