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Tém tit

An toan trong vdn chuyén hang nguy hiém la yéu
cau cot 16i doi véi thuyén vién, lyc heong quan 1y
cdang va cdc don vi ludn chuyén hang héa. Nghién
ctru nay xdy dung cong cu tra cuu thong minh dwa
trén kj thudt tri thire dé hé tro kiém sodt hang
nguy hiém theo Bé ludt Hang nguy hiém Hang hdi
Quédc té méi nhat 2024 (International Maritime
Dangerous Goods Code - IMDG Code 2024). H¢
théng vmg dung k thudt Thé hé tang cwong truy
xudt RAG (Retrieval-Augmented Generation) véi
vector nhiing 3072 chiéu (vector embedding) ciing
ki thugt Tinh chinh ting cuwong truy xudt
(Retrieval-Augmented Fine-Tuning - RAFT) nham
16i wu héa viéc ra quyét dinh ciia Thuyén triecng,
thuyén vién, Sy quan an todn cang va cdc chii thé
c6 lién quan dén hoat dong kiém sodt hang nguy
hiém ludn chuyén qua cing bién. Bang cdch mé
hinh héa dinh luong né luc tde nghiép va do phirc
tap quy trinh kiém sodt, nghién ciru chimg minh
hé théng dat do chinh xdc trén 95% voi thoi gian
phan hoi dudi 10 gidy, givp giam thiéu rii ro tir
Yéu t6 con nguwoi. Gidi phdp cung cdp mét tro' Iy
0 tin cdy, gitip ndi dia héa quy trinh an toan hang
hdi va ndng cao hiéu qua phoi hop giita cdc lyc
leong khai thac cang bién Viét Nam.

Tur khoa: Hang nguy hiém, quan ly cang, IMDG
Code 2024, thuyén trieong, thuyén vién, sy quan
an toan, RAG (Retrieval-Augmented Generation),

3072-dim Vector Embedding, RAFT (Retrieval-
Augmented Fine-Tuning).

Abstract

Dangerous goods safety is a fundamental
requirement for seafarers, port management
forces, and logistics units. This study develops an

intelligent search tool based on knowledge

engineering to support the control of dangerous
goods according to the latest International
Maritime Dangerous Goods Code 2024 (IMDG
Code 2024). The system utilizes Retrieval-
Augmented Generation (RAG) with 3072-
dimensional vector embeddings and Retrieval-
Augmented Fine-Tuning (RAFT) to optimize
decision-making for Masters, seafarers, Port
Safety Officers, and stakeholders involved in the
control of dangerous goods movement through
seaports. By  mathematically  modeling
operational effort and control process complexity,
the research demonstrates over 95% accuracy
with response times under 10 seconds, mitigating
risks associated with human factors. The solution
provides a reliable digital assistant, localizing
maritime  safety processes and enhancing
operational coordination among Vietnamese
seaport authorities.

Keywords: Dangerous goods, port management,
IMDG Code 2024, Masters, seafarers, Port Safety
Officers, RAG (Retrieval-Augmented
Generation), 3072-dim  Vector Embedding,
Retrieval-Augmented Fine-Tuning (RAFT).

1. Mé dau

Hoat dong van chuyén hang nguy hiém qua cac
cang bién Viét Nam dang ngdy cang tré nén phie tap
do nhu cdu vé hoa chit va ning lwong phuc vu san
xudt ting cao. Cong tic kiém sodt an toan hién nay ddi
mit voi nhiéu thach thire, tir viée danh gia rii ro chua
day du dén sy cham tré trong cap nhat cac quy dinh
quéc té. Dic biét, sy ra doi caa Bo ludt Hang nguy
hiém Hang hai Qudc té phién ban 2024 bd sung sta
d6i (IMDG Code Amendment 42-24/2024 Edition)
v6i cac quy tic nghiém ngit méi vé pin cong nghé
mai va vat liéu ty phat nhiét yéu cdu mot co ché thuc
thi nhanh chéng tai cac bén cang.
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Hién nay, thuyén vién va nhan vién cang van con
ap dung cach thirc tra ctru thu cong cac tai liéu gidy vé
hang nguy hiém dan dén khoéng dam bao tinh kip thoi
va dé dan dén sai s6t trong cac tinh hudng khan cap.
Dir ligu thanh tra ctia IMO cho thiy “c6 t&i 34% cac
16 hang nguy hiém ton tai sai s6t vé mat tuan thi do
quy trinh tra ctru thu céng lac hau” [4]. Bén canh do
thi cach thic tra cru nhanh cling da dugc thuc hién
nhung thudng phu thude vao cac dich vy tra ciru qudc
té nhu Hazcheck Online v6i mirc phi ban quyén rat
cao (dao dong tir 182 dén 565 USD/nguoi ding/nam),
gy khé khin cho viéc trién khai ap dung trén dién
rong. Do d9, viéc nghién ctru xay dung mdt cong cu
tra ctru dién tir ndi dia tich hgp cong nghé mo hinh
ngon ngit 16n (Large Language Model - LLM) khong
chi giup lam chii cong nghé ma con 1a yéu cau cip
thiét d¢ dam bao an toan tuyét ddi cho hoat dong cang
bién.

2. Cac quy chuin an toan va cip nhiat IMDG
Code 2024

2.1. Phén logi hang nguy hiém ludn chuyén qua
cding

Theo B luat IMDG, hang nguy hiém duoc phan
loai dya trén ban chat Iy hoa va mirc d6 rii ro d6i véi
con ngudi, tau bién va moi truong. Hé théng phan loai
bao gdm 9 nhom (Classes) chinh, trong d6 mot sb
nhom duogc chia nho thanh céc phan nhom (Divisions)
dé cu thé hoa tinh chit nguy hiém.

Bing 1. Hé thong phan loai hang nguy hiém cdp

nhdt phién bdin 2024
Bin chét nguy Vi du cap nhit
Nhém .
hiém chinh 2024
| Chét va vat phdm | UN 0514 (Thiét bi
nd dép hia)
Cac loai chit khi
~ UN 3553  (Khi
2 (Dé chay, Doc, o
. i Disilane)
Khong chay)
4 Chat rén tu phan | UN 1361 (Carbon -
tng/bbc chay SP978)
. UN 3554 (Gallium
8 Chat an mon manh \
trong vat pham)
9 Céac loai nguy | Pin Natri-ion UN
hiém khac 3551, 3552

Mirc @6 nguy hiém cua hang héa (trir Nhom 1, 2,
5.2, 6.2 va 7) dugc xac dinh thong qua cach thic yéu
céu dong goi (Packing Group - PG): PG I (nguy hiém
cao nhét), PG II (nguy hiém trung binh) va PG III
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(nguy hiém thép). Viéc tra ctru chinh xac PG la bét
budc dé xac dinh tiéu chuin bao bi va cac diéu kién
phén tach khu chira hang (segregation). Trong phién
ban 2024, chat Tetramethylammonium hydroxide
(UN 3423) di duoc nang 1én PG I do ddc tinh cao, ddn
dén cac yéu cau dong goi khat khe hon va cam van
chuyén duéi dang sé lugng gi6i han.

2.2. Nhiitng cdp nhdt quan trong trong IMDG
Code 2024 (Amendment 42-24)

Phién ban 2024 mang dén nhiing thay d6i bat budc
tur 01/01/2026, dac biét 1a Quy dinh dac biét SP978
yéu cdu giam sat nhiét d6 dong goi nghiém ngit cho
Carbon dé ngin ngira ty phat nhiét. Su phuc tap nay
doi héi luc lwong tac nghiép phai c6 cong cu hd tro
thong minh dé dam bao tudn thi.

2.3. Y twong xdy dung gidi phdp cong nghé tiv
nhu cau thuc té

Xuit phat tir nhu cau thuc tién can tra ciru nhanh
thong tin hang nguy hiém, tac gia da hinh thanh y
tuong xay dung cong cu tra ciru nhanh st dung thuét
toan thong minh dya trén quy trinh nhu sau:

Tir cac thong tin vé hang nguy hiém va cac quy
dinh vé an toan trong IMDG Code ciing nhu céc tiéu
chuan quy dinh & nudc ta, nghién ctru s& thyc hién sé
ho4 ngudn tai lidu thong tin nay tich hop dudi dang co
so dir liéu (database). Thong qua céc thuat toan, cong
cu tin hoc va tri tué nhan tao (Al), dit li¢u nay dugc
xay dung thanh mgt ung dung cho phép nguoi dung
¢6 thé tra ctru nhanh tryc tuyén (online) thong tin hang
nguy hiém bang cach nhap thong sé dé tra ciru 1a ma
s6 Lién hop qudc (UN Number) hodc ngudi dung c6
thé trong tac hoi dap dang Tro 1y a0 (Chatbot). Giai
phap nay gitp thuyén vién va lyc lugng quan 1y cang
cling nhu cac ¢4 nhan céan tra ctru thong tin ¢6 thé dé
dang tiép can linh hoat cac kién thrc an toan quan 1y
hang nguy hiém mot cach chuan xac va kip thoi.

3. M6 hinh héa hé thong va Ky thuit tri thirc

D¢ hién thyc héa y tuong trén, tac gia da tién hanh
nghién clru ng dung cac phuong phap toan hoc dinh
luong dé cau trac lai quy trinh quan tri nghiép vu.
3.1. Pinh lwong né luc tic nghiép ciia lwc
lwong hang hdi

Nghién ctru do luong nd luc phdi hop gitra cac tac
nhan (Qudn tri vién, Nhan vién, Khach hang) trong
mo hinh ca hoat dong dugc biéu dién béi ham mé hinh
sau:

My = T, UR) (M

Trong do:
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T latap hop cac tac nhan st dung hé théng, cu thé
gdm c6 03 tac nhan chinh (Qudn tri vién, nhén vién,
khdch hang). Trong &6 khdch hang tiy theo tinh chat
nghé nghiép c6 thé phan loai thanh thuyén vién, qudn
ly cang, don vi Logistics, ...

U 1a tap hop céc ca hoat dong, bao g6m cac chirc
néang chinh cua hé théng: Quan Iy (nguoi diing, tai liéu,
khdch hang), dang ky tai khoan, tim kiém thong tin,
héi dap chatbot, cap nhat ho so,...

R 1a tap hop quan hé giita tdc nhan va ca hoat
dong hoac gitra cac ca hoat dong véi nhau

b6 phuc tap cia md hinh M, trong tra ciru hang
nguy hiém hang hai duoc dinh lwong bang ham trong
s6 x4c dinh d6 phuc tap C(M,.) dua trén quy mod
cua cac tap hop thanh phan:

C(Mye) = wrlT| + wy Ul + wg|R| )

Trong d6:

|7'| 1a tap hop cac tac nhén, thé hién cho cac bén
lién quan tryc tiép tham gia va quy trinh xtr 1y hang
nguy hi€m, dac biét 1a cac loai khdach hang tham gia
(Thuyén vién, quan Iy cang, don vi logistics ...) SO
lurong loai tdc nhan cang 16n, sy phan manh trach
nhiém va nhu cdu xac thirc théng tin cang cao, lam
tang d¢ phuc tap chung.

Coéng nghé s6, tw dong hoéa va trng dung hang hai

|U| 14 tap cc tac vu an toan cbt 151 can phai thuc
hién theo quy dinh (Kiém tra IMDG 2024, 1ap Safety
Checklist ...). Pay 1a thong s quan trong vi IMDG
Code 2024 c6 cang nhiéu quy dinh thi s6 lwong |U|
cang tang, dan dén sé luong tac vu ciing ting theo ti
1¢ thuan.

|R| thé hién sb luong cac ludng trao dbi thong tin
va tuong tac ky thuat gitra cac cac tdc nhan va tac vu.

Bdng 2. Ma trdn so sanh cdp

Chi s T U R Trong 50
Tacnhan () | 1 | 1/3 | 172 0.16 (wp)
Tac vu (U) 3 1 2 0.54 (wy)
Quanhé (R) | 2 | 12 1 0.30 (wg)

Céc trong s6 wr, wy va wg phan anh mirc 6 déng
gop cua ting thanh phan vao do phic tap tong thé.
Céc trong s6 nay (voi didu kién wr + wy + wg = 1)
duogc tinh toan qua ma tran so sanh cap (Bang ) cta
phuong phdp Phéan tich tht bac (AHP-Analytic
Hierarchy Process). Cac gia tri so sanh cé@p dugc xac
lap dwa trén danh gia cua cic chuyén gia hang hai vé
muirc do anh hudng cua quy trinh kiém soat va ludng

su dung

Quan trivien

Khach hany

hem / sua / x0a
tai liew
7
3
ludes

Nh:

Hinh 1. So dé ca sii dung hé théng tra citu hang nguy hiém
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thong tin ddi v6i rui ro sai sot trong thuc té van hanh
theo IMDG Code 2024. Bén canh d6, viéc xac dinh
trong sb wy c6 gia tri cao nhét (0,54) nhim phan anh
thuc té cac sai sot chu yéu hién nay (34% [4]) xuat
phat tr sy phtrc tap trong viéc thuc hién céc tac vu tra
cru va tuén thi céc quy tac ciia IMDG Code 2024. T
6, thé hién chi s6 C(M,.) 1a can ct hop ly, gop
phan hd tro tinh gon cac bude xt 1y, giup giam thiéu
ap luc va rii ro do yéu t con ngudi.

Dé hop 1y hoa quy trinh thiét ké, nghién ctru thuc
hién gop céc ca hoat dong twong ddng ngit nghia thanh
ca st dung chung "Quan ly Tai khoan".

Hinh 1 mé ta cac tic vu (ca hoat déng) cu thé ma
hé thdng s& thuc hién va cung cap mot cach don gian,
hiéu qua dé hiéu va trao d6i yéu cau véi cac bén lién
quan. N6 thé hién tng xtr ciia hé théng ddi vdi bén
ngoai, trong mot hoan canh nhat dinh, xét tir quan
diém cta nguoi st dung. N6 mé ta cac yéu cau ddi véi

hé thong, c6 nghia la nhitng gi hé thong phai thyc hién.

3.2. Kién triic hé thong va mé hinh div liéu tri
thirc hang hdi

Hé thdng dugc thiét ké theo kién trac huéng ddi
tuong, tap trung vao viéc nang cao hiéu qua ludng xir
1y thong tin gifra cac tdc nhan véi nhau va gdp cac ca
hoat dong twong ddng vé ngir nghia, giam thiéu su
phirc tap trong quan 1y tai khoan va phan quyén.

Mo hinh 16p d6i twong ding dé mé ta cau tric tinh
ciia hé théng hudng dbi tugng, biéu didn cac 16p
(class), thudc tinh, phuong thirc hoat dong va mdi

SegregationBar HezerdCless

Subsidiary_Hererds [

LabelsMark sPlacards

DangerousGoods

EmergencySchedule

PackingGroup
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quan hé giita ching, 1am cau ndi giira phén tich va
thiét k& hé thong, h trg trién khai va bao tri.
Mai 16p C; trong hé théng c6 thé duoc biéu dién
dudi dang mot b ba nhu sau:
C,:(N,', A,‘, 0,) (3)

Trong dé:

N; 1a tén cua 16p (Trong so dd Hinh 2 thi NV; 14 tiéu
dé & 6 trén cung ciia mdi khdi nhu: DangerousGood,
UNCode,...).

A; 1a tap hop cac thudc tinh (attributes) cua 16p.
Mbi thude tinh a €4; duogc dinh nghia béi mot tén va
mot kiéu dit liéu (Trong so 6 Hinh 2 thi 4; 1a danh
sach cac bién & 6 giita méi khdi nhu: un_number,
proper_shipping name, packing_group).

O; 1a tap hop cac phuong thirc (operations) cua
16p. Mdi phuong thitc 0 €0;  ¢6 mot dinh danh, danh
sach tham s6 va kiéu tra vé (Trong so @6 Hinh 2 thi O;
1a danh sach cac ham/thao tic & 6 dudi cing mdi khdi
nhu: get, add, update, delete,...)

Hinh 2 thé hién cic 16p (class) xir 1y can thiét phai
¢6 trong hé théng. Voi mdi 16p, dic ta cac truong
thong tin va phuong thuc (ham chic nang) xu ly
thong tin. Céac 16p c¢6 mdi quan hé 1-1 hodc 1-n véi
nhau, thé hién méi lién két ludng xir Iy dit liéu, thong
tin khi cac tac nhan thyc hién cac ca st dung trong
hé thong.

Co so dit liéu cua cac 1op duoc chuén hoa dé luu
trir day du cac thude tinh cua hang nguy hiém nhu:
UN Number, Proper Shipping Name (PSN), Class,

Uncese User_Groups

Pemissions Group_Permissions.

User

User_Permissions

Document

CustomeType

Hinh 2. Co sé di¥ liéu hé thong
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Packing Group, va IMDG Segregation. Chi s6 lién két
gitra cac 16p (Coupling Between Objects - CBO) dugc
t6i thiéu hoa dé ting kha ning béo tri va nang cip hé
thdng khi cac quy dinh qudc té thay doi, thé hién qua
cac chi sé dinh luong sau:

a) D¢ lién két doi twong (CBO): Phan anh tinh doc
lap cua cac khau kiém soat an toan. Trong quan tri
hang hai, mét CBO thap ¢am bao rang khi quy tic vé
Nhom dong géi (Packing Group) thay doi, né khong
gdy 16i cho quy trinh Phan tach (Segregation) khu vurc
chira hang. CBO dugc xac dinh theo cong thurc:

CBOsystem = 2i=1|{C;| C; phu thudcvao C;}|  (4)

Trong d6: C; 1a 16p quy trinh dang xét; C; 1a cac
16p khac ¢6 lién két truc tiép véi C..

b) D¢ phirc tap quy trinh nghiép vu (M): Do luong
tinh tinh gon trong luéng quyét dinh cuia sy quan hién
truong thong qua chi sé Cyclomatic (M):

M=|E|-|V|+2P (5)

Trong d6: |E| 14 s§ canh (ludng diéu khién nghiép
vu); | V] 1a s6 dinh (cac thao tac/quyét dinh thyc té cia
sT quan quan Iy hién trudng); P 1a sb thanh phan lién
thong (P=1).

Chi s6 M chirg minh hé théng AI d t6i gian hoa
"duong di" trong tu duy ra quyét dinh ctia con nguoi,
tur do giam ty 1€ sai sot do ap lyc cong viéc.

3.3. 86 héa tri thirc k thudt cao: RAG va Vector
Embedding 3072 chiéu

Hé thong Gmg dung k¥ thuat Retrieval-Augmented
Generation (RAG) v6i mo hinh text-embedding-3-
large dé bién van ban tai lidu quy dinh theo IMDG
Code va quy dinh Viét Nam thanh cac vector 3072
chiéu. Do twrong ddng nghiép vu duoc tinh toan bing
ham Cosine Similarity:

sim(q,di)=lql|-11dillg-di (6)

Trong dé: ¢ 1a vector truy van kién thirc ciia ngudi
dung; di 1a vector doan tri thirc theo quy dinh chuan
IMDG Code; g.di 1a tich vé hudng; || . || biéu thi do
dai vector.

Quy trinh s héa tri thirc IMDG phuc vu hd tro tra
ctru tuong tac Chatbot Al ng dung k¥ thuat RAG véi
kha nang truy xuat tri thirc dong, mo hinh nay tao ra
mot co ché sinh van ban "c6 din chimg", gitip cac hé
thong Al tang do tin cdy, d& kiém chung hon va dé
dang tuy bién theo ngit canh sir dung cu thé.

Mot h¢ thong RAG dién hinh bao gom bdn thanh
phan chinh: Xay dung chi muc (Indexing), truy xuat
(Retrieval), tang cuong ngilt canh (Augmentation), va
sinh ngdn ngit (Generation). Mdi thanh phan dong vai

Coéng nghé s6, tw dong hoéa va trng dung hang hai

tro cu thé trong viéc dam bao hé théng ¢6 thé sinh ra
dau ra chinh xéc va co can ctr.

(1) Indexing RAG: Qud trinh ma hoéa tai liéu
IMDG thanh vector dit lidu. Qué trinh nay nham
chuén bi dir liéu tri thirc dé truy xuat sau nay. Tai liéu
van ban dugc chia nho thanh cac doan (chunk), sau
do6 anh xa thanh vector nglt nghia thong qua mo hinh
embedding.

Céac vector nay két hop cung v6i metadata s&
duoc luu vao mdt co so dir liéu vector (goi 1a vector
store) nhu FAISS, Chroma hodc Qrand. Qua trinh
nay chi thuc hién mot 1an khi dir liéu ngudn thay doi
(Hinh 3).

Embedding Model

o
% | ) o BB ey
= i

Chunks
o '

.. BN .

sto
P

s

Hinh 3. Qua trinh Indexing RAG

(2) Retrieval RAG: Qua trinh chatbot tim kiém
doan vin ban lién quan dén cau hoi nguoi ding. Khi
ngudi dung dit cau hoi, hé thdng s& anh xa truy vén
thanh vector va tim kiém céc doan vin ban gin nhét
vé mit ngir nghia trong co s di lidu vector. Chién
lugc phd bién 1a top-k retrieval, trong d6 k doan lién
quan nhét s& duogc chon dé dua vao budc tiép theo
(Hinh 4).

Hinh 4. Qua trinh Retrieval RAG
(3) Augment RAG: Qua trinh gop thong tin truy
xuét vao cau hoi hay con goi 1a ting cudng ngir canh.
Céc doan vin ban dugc truy xuét s& dugc gop lai cing
v6i cau hoi gbe dé tao thanh ngir canh dau vao cho mo

Hinh 5. Qua trinh Augment RAG
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hinh sinh. Pay la diém cdt 16i gitp mo hinh sinh
khong chi dya vao tri thirc bén trong ma con tan dung
thong tin tir tai liéu thyuc t& dé tao ciu tra 161 (Hinh 5).

(4) Generation RAG: Qua trinh m6 hinh ngén
ngit 16n sinh ra cdu tra 10i cudi ciing. M6 hinh ngén
ngit 16n (LLM) s€ sinh ra cau tra 101 dua trén ngit canh
dugc ting cudng. M6 hinh c6 thé 1a GPT-3.5, GPT-4,
LLaMA, Mistral, hay cac mo hinh ma ngudn mé khac.
Dau ra thuong mang tinh tréi chay, ty nhién va chinh
xé4c hon so véi cac mé hinh khong dugc hd trg béi tri
thirc nén (Hinh 6).

" " /O/O\O\ ‘
M o SmSmey > UM -==-- -> (A=
(query + context) Y d

Hinh 6. Qua trinh Generation RAG

3.4. Chién lwge chia nhé dir liéu SDPM va kj
thudt RAFT

Dé dam bao duy tri sy d6ng nhat ngir canh trao doi
trong mot khung hoi thoai dai gita ngudi dung va
chatbot nhdm tranh viéc chia vin ban 1am mat ngit
nghia, nghién ctru tmg dung chién lugc nghién ctru ap
dung chién lugc chia nho dir lieu SDPM (Semantic
Double-Pass Merging). Qua trinh chia nhé (chunking)
duoc thyc hién qua hai budc:

Budre 1: Phan doan so b duya trén cdu trac logic.

Bude 2: Su dung "cira s6 trugt" (skip-window)
nhin trudce 2 doan dé gop cac mini-chunks c6 do twong
ddng ngit nghia cao

Vi du SDPM: Thuc hién gép bang quy dinh dac
biét (Special Provision) bi chia cdt qua nhiéu trang
PDF thanh mét khoi tri thire thong nhat dé Al truy
xudt tron ven.

Pé xay dung cong cu tra clru, md hinh ngoén ngir
dugc Iya chon cho dé tinh chinh 1a LLaMA3.2 3B - mot
bién thé nho gon thugc thé hé tht ba cua dong LLaMA
tir Meta AL Vi khoang 3 ty tham s&, md hinh can bing
t6i rru gitra hiéu nang va chi phi trién khai tai cang. Hé
thdng str dung mé hinh nhiing text-embedding-3-large
dé chuyén ddi tri thae IMDG thanh vector 3072 chiéu.
MO hinh ngon ngit 16n (Large Language Model - LLM)
dugc huan luyén dé phan biét giira "tai liéu vang" (chtra
tri thirc dang) va "tai lidu nhidu". Qua trinh huin luyén
bao gém cac budc suy luan Chain-of-Thought (CoT)
dé dam bao Chatbot AI lu6n trich dan dung ngudn tri
thirc tir IMDG Code khi phan hi thuyén vién.
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H¢ thdng duoc tinh chinh bang ky thuat RAFT
(Retrieval-Augmented Fine-Tuning) hay con goi la
Tinh chinh ting cudng Truy xudt, 1 mét phuong phap
huén luyén mé hinh ngén ngir tién tién, két hop giita
strc manh truy xuét tri thirc dong ctia RAG va kha ning
hiéu sdu chuyén nganh cia Fine-tuning, & ddy RAFT
dong vai tro 12 "bd loc tu duy” giup tro Iy Al khong chi
doc Bo luat IMDG 2024 ma con biét cach suy luan nhu
mot chuyén gia hang hai thuc thy.

Viée Fine-tuning mé hinh LLaMA3.2 3B dugc thuc
hién theo k¥ thuat RAFT, sit dung LoRA (Low-Rank
Adaptation) dé ti wu hoa tai nguyén tinh toan. Mo hinh
duoc huin luyén dé phan biét gitra "tai liéu vang" va tai
liéu nhiéu thong qua chudi suy luan Chain-of-Thought
(CoT) va ép budc trich dan nguyén vin (Verbatim).
Diéu nay gitp tro 1y s6 loai bé hoan toan hién tugng éo
giac thong tin.

4. Két qua thue nghiém va Sy phdi hop da
nganh

4.1. Hanh trinh xdy dwng trang web tra ciru
NetX va sw phéi hop chuyén gia IT

Viéc xay dung thanh cong trang web tra cliu truc
tuyén NetX (https:/netx.com.vn/) 1a két qua cua nd luc
phdi hop da nganh. Véi vai tro 14 gidng vién khoa hang
hai két hop véi kinh nghiém thyc té thudng xuyén lam
viée trén tau hoa chat, tac gia dong vai tro 1a "Ngudi dinh
hudng chuyén mon" - thyc hién xac 1ap cac logic an toan
cta IMDG Code 2024 va cac quy dinh nha nudc vé hang
nguy hiém, tir d6 hoach dinh phuong phap va huéng
nghién ctru dé hoan thanh muc tiéu “Nghién ctru xdy
dung cong cu tra ctru théng minh hudéng dan kiém soat
hoat dong luan chuyén hang nguy hiém qua cang bién
Viét Nam”. Tuy nhién, dé chuyén hoa phan "Noi ham tri
thirc hang hai" nay thanh tng dung 6n dinh, tac gia da
phéi hop chit ch& véi cac chuyén gia Cong nghé thong
tin (IT). Sy dong hanh nay gitp tdi wu hoa thuat toan
RAG va khong gian vector 3072 chiéu, dam bao hé
théng vén hanh tron tru véi dit liéu thuc té 16n nham xay
dung thanh cong ung dung tra ctu dién t&r hang nguy
hiém dép tmg yéu ciu nghién ciru da dé ra.

* Danh gid két quad vmg dung:

Cong cu tra ctru thong minh tao ra sy thay doi
mang tinh dot pha so v6i phuong phap tra ciru truyén
thong. Giao dién NetX cho phép nguoi ding truy cap
Dashboard théng ké va Chatbot Assistant 24/7.

Viée str dung vector embedding 3072 chiéu gitip hé
thong xir Iy hiéu qua cac truong hop hang hoa co tén
tuwong ty nhung tinh chét hoa hoc khac biét hoan toan,
tir 6 giam thiéu riii ro sip xép nham hang tai cang.
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Coéng nghé s6, tw dong hoéa va trng dung hang hai

Pugc cung cdp bai NetX

Hé théng quan ly hang héa
nguy hiém

Giai phap toan dién cia NetX vé tuan thi ma IMDG, phén loai hang héa
nguy hi€m va quan ly an toan hang hai. Hop Iy héa hoat déng caa ban
vdi cdng nghé tién tién.

Hang héa nguy'

Hé théng quan Iy

B3t d3u mién phi Tim higu thém ’
Buoc cic chuyén gia hang hai trén todn thé gidi tin cdy - Chimg nhan m3 IMDG

e

Gido duc & Pao tao ¥ 1 {
Phét trién chuyén ﬂan{“iiw ]
L e

=

Lt

Hé théng quan ly hang héa nguy hiém
Moi thir ban cin d€ quan ly hang héa nguy hiém mét cich an toan va hiéu

qua vai NetX

Hinh 7. Giao dign trang chii H¢ théng tra ciru trwee tuyén hang nguy hiém (NetX)

Bdng 3. Danh gia hiéu qud cong cu tra ciru thong minh

Chi s danh gia

Tra ctru thii cong

Cong cu théng minh

Can cir xac dinh/
Nguﬁn

Thoi gian truy véan trung binh

5-15 phat

<10 gidy

Po ludng thyc té

Do chinh xac thong tin

70 - 80% [4], [21]

>95% [15, Tr.1], [18]

[4], [21], [15], [18]

Céap nhat quy dinh mai

Cham (mua sach mai)

Ttc thoi (realtime)

DPodng bo realtime

Tha cong, tén thoi

Kha ning trich din ngudn . s s s
& & gian, dé nham lan

Tu ddng, chinh xac K¥ thuat RAFT

HO tro ra quyét dinh Khong co

C6 (Chain-of-

Thought) Kha nang suy luan LLM

4.2. Loi ich thuee tién va trién vong

Vé mit kinh té, cong cu nay gitip cac doanh nghiép
cang bién va van tai bién Viét Nam tiét kiém duoc
dang ké phi ban quyén hang nim so véi viéc sir dung
cac phan mém ban quyén trén thé giéi hién nay. V&
mat an toan, kha nang trich dan truc tiép tir "tai liéu
chuin" cua k¥ thuat RAFT gitp nguoi dung c6 thé an
tam tin tuong tuyét ddi vao cac chi dan ciia Chatbot
trong céc tinh hu6ng thao tac voi hang nguy hiém hozc
(g pho su cd hoa chat bai vi cong nghé Chatbot ciia
trang Web chi cho phép A tim kiém thong tin gi6i han
trong tai li¢u da duoc kiém duyét dé dua vao database
cua ung dung.

5. Két luan

Nghién ctru da xay dung thanh cong cong cu tra
ctru théng minh huéng din kiém soat hang nguy hiém

SO 86 (04-2026)

tai cang bién Viét Nam. Véi viéc tich hop cac quy dinh
moi nhat tir IMDG Code 2024 va tng dung céac cong
nghé Al tién tién nhu RAG, RAFT va vector
embedding 3072 chiéu, hé thong da giai quyét triét dé
bai toan vé toc d6, do chinh xac va chi phi. Cong cu
khong chi 1a mot img dung phan mém ma con 1a mot
"trg' ly thong minh" gitp chuin hoa quy trinh an toan,
g6p phan dua nganh hang hai Viét Nam tién gan hon
t6i tiéu chudn cang bién xanh va théng minh trén
truong quéc té.
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