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Tém tit:

Giao hang tré lam suy giam chat heong dich vy va gia tang chi phi xit Iy trong chudi cung g, trong khi cdc
mo hinh dy bdao phirc tap thuong kho chuyén hoa thanh quyét dinh quan tri. Thuc nghiém sw dung bo dir liéu
tong hop SynDelay céng bé nam 2025 gom 155.488 quan sdt. Sau khi loai cac bién dinh danh va bién chi
xudt hién sau thoi diém tié’p nhan don, 3 thudt toan Logistic Regression, Random Forest va XGBoost duoc
ddnh gid trén tdp kiém tra phan tang 20%. Két qud cho thdy, XGBoost dat Macro-F1 cao nhat (0,4825), véi
precision 0,8753 va recall 0,5152 doi véi I6p giao tré. Phan tich SHAP xdc dinh phwong thire vin chuyén la
Yéu t6 chi phoi manh nhat, tiép theo la gid tri don hang va céac ddc trung dia 1y. Két quda minh hoa tiém ning
két hop dy bao va gidi thich dé hé tro sang loc don hang rui ro, déng thoi chi ra hiéu qua du bao can duoc
dién gidi than trong do dit liéu tong hop va sw mat can bang gitta cdc I6p.

Tir khéa: giao hang tré, tri tué nhdn tao cé kha nang gidi thich, XGBoost, SHAP, logistics

Explainable artificial intelligence for multi-class delivery status prediction
Abstract:

Late deliveries reduce service quality and increase exception-handling costs in supply chains, while complex
predictive models are often difficult to translate into managerial decisions. This study uses the 2025 SynDelay
synthetic dataset comprising 155,488 observations. After removing identifier variables and variables
available only after order receipt, three algorithms: Logistic Regression, Random Forest, and XGBoost, are
evaluated on a stratified 20% test set. The results show that XGBoost achieves the highest Macro-F1 score
of 0.4825, with a precision of 0.8753 and a recall of 0.5152 for the delayed-delivery class. SHAP analysis
identifies shipping mode as the most influential predictor, followed by order value and geographic features.
The findings illustrate the potential of combining prediction and explainability to support shipment-risk
screening, while also indicating that predictive performance should be interpreted cautiously because of the
synthetic nature of the data and class imbalance.
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1. it van dé

Tinh ding han 1a mét chi ti€u trung tam cua chét lugng dich vu logistics. Khi mdt don hang khong dat
thoi diém cam két, doanh nghiép c6 thé phat sinh chi phi diéu phdi lai, cham soc khach hang, boi hoan va
suy giam uy tin. Trudc sy bung nd cia céng nghé s, hoc may mé ra kha ning chuyén di liéu tac nghiép
thanh canh bao sém, nhung gia tri thuc té phu thugc khong chi vao d¢ chinh xac ma con vao kha ning giai
thich cho ngudi ra quyét dinh.

Theo Baryannis, Dani va Antoniou (2019), dy bao rui ro chudi cung tmg luén ton tai danh doi giita hiéu
ning va kha niang dién giai. Mot mo hinh hop den c6 thé cho diém du bao tét nhung khé duge chap nhan
néu nha quan tri khong biét yéu t6 nao 1am ting rii ro. SHAP do Lundberg va Lee (2017) dé xuat cung cap
gia tri dong gbp cua tirng bién cho mot du bao, nhd d6 két ndi mé hinh phire tap véi nhu cau giai trinh. Bai
viét dit 3 cau hoi: (RQ1) mé hinh nao can bang tot nhit 3 trang thai giao hang; (RQ2) mé hinh nhan dién
16p giao tré & mirc nao; va (RQ3) nhiing bién nao chi phdi du bao giao tré? Péng gop cua bai viét 1a mot
quy trinh thir nghiém tranh dung thong tin tuong lai va 16p giai thich SHAP hudng téi irng dung van hanh.

2. Nén tdng va cac nghién ciru truée

2.1. Du dodn giao hang bing hoc mdy

Bai toan c6 thé dugc md hinh hoa dudi dang phan loai da 16p, trong d6 ham du bao anh xa thong tin
kha dung khi tiép nhan don sang mot trong ba trang thai. Logistic Regression tao dudng co s& tuyén tinh
va dé kiém tra. Random Forest két hgp nhiéu cay quyét dinh trén cac mau va tap bién ngiu nhién, nho
d6 c¢6 kha ning mo hinh hoa quan hé phi tuyén va tuong tac giita bién (Breiman, L., 2001). XGBoost xdy
dung tuln tu cac cdy ting cudng dé sta sai sé ciia mo hinh trude, ddng thoi 6 co ché didu chuin va lay
mau gitp lam viéc hi¢u qua voi dir liéu bang (Chen, T., & Guestrin, C., 2016).

2.2. Tri tu¢ nhdn tgo co khd nang gidi thich

SHAP dua trén gia tri Shapley dé phan b chénh 1éch giira du bao ctia mot quan sat va gia tri nén cho
ting bién dau vao (Lundberg, S. M., & Lee, S.-1., 2017). Cach tiép c4n nay khong ching minh quan h¢
nhéan qua, nhung gitp kiém tra tinh hop 1y, phat hién viéc vo tinh ding thong tin tuwong lai va xac dinh
bién can wu tién trong van hanh. Tuy nhién, cach giai thich can phu hop v6i nguoi sir dung. Nhan vién van
hanh thuong can biét vi sao mot don cu thé bi canh bao; ngudi quan 1y lai quan tim yéu té nao thudng
xuyén anh hudng dén toan hé thong.

2.3. Vai tro va gidi han ciia div liéu tong hop

Dit liéu logistics thuc thudng khé cong bé vi chira thong tin khach hang, gia ban, tuyén van chuyén va
nang lyc cla ddi tac. Dit liéu téng hop hoc cac mau théng ké cua dir liéu géc roi tao ra cac ban ghi moi,
nhd d6 hd tro chia sé va thir nghiém ma khong cong bé truc tiép timg giao dich. Téng quan ciia Fonseca
va Bacao cho théy, d@r liéu bang téng hop c6 thé phuc vu bao v¢ riéng tu, tang dir liu va huin luyén mo
hinh; chét lwong van phai dugc xem xét trén ca tinh hitu ich, mirc giéng dit lidu gbc va kha nang ap dung
cho bai toan cu thé (Fonseca, J., & Bacao, F., 2023). Vi vay, SynDelay phu hgp dé so sanh phuwong phap
va kiém tra quy trinh, nhung két qua khong phai 1a bang ching truc tiép vé ty 18 giao tré cia mot doanh
nghiép hay qudc gia. Cac nghién ciru gin dy con mo rong dy bao chdm giao bang dit liéu theo thoi gian
va thong tin kinh té bén ngoai. Ching han Gabellini va cong su sir dung mé hinh hoc sau ciing cac chi bao
kinh té dé du bao sd ngay giao sém hodc tré trong nganh cong nghiép 6 t6 (Gabellini, M., Civolani, L.,
Calabrese, F., & Bortolini, M., 2024).
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3. Dit liéu va phwong phap nghién ciru

3.1. B§ di¥ li¢u va bién muc tiéu

Nghién cuu str dung t&€p syndelay vl.csv tu kho dir li¢u chinh thirc cua SynDelay (Xu, L., Long, Y., &
Brintrup, A., 2025). B dir liéu duogc tao b@ing mo hinh sinh dir liéu bang hoc tur dir li€u giao hang thuc,
nham duy tri cac quan hé thong ké, dong thoi giam rii ro riéng tw. Tép thuc nghiém co 155.488 quan sat,
41 bién dau vao va bién label. Theo quy udc cia bo dit liéu, label 0, 1 va 2 1an luot biéu thi giao som, dung
han va tré. Trong chinh tép v1 duoc sir dung, 3 16p c6 lan lugt 36.724, 29.055 va 89.709 quan sat; 16p tré
chiém 57,7%.

Hinh 1. Phin bé trang thdi giao hing trong SynDelay

Phan bé trang thai giao hang
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3.2. Chudn bi dit li¢u va tranh diing théng tin twong lai

Thoi diém dy bao dugc xac dinh 1a khi doanh nghiép tiép nhan don. Vi vay, nghién ciru loai shipping
date, order_status, cic bién dinh danh don hang/khach hang/san pham va cac bién lgi nhudn c6 thé chi
hoan thién sau xtr 1. 22 bién ban dau duoc giir lai; tir order date sinh thém thang, thtr trong tun va gio,
tao thanh 24 dac trung sau bién doi. Khéng c6 6 thiéu trong tap bién dugc chon. Bién sb duoc dién trung
vi va chuén héa; bién phan loai dugc dién béng gia tri xuét hién nhiéu nhat va chuyén thanh ma sb, trong
d6 gia tri chua gap ¢ tap huin luyén nhan ma -1. Cach chon nay ngin mo hinh nhin thay két qua tuong lai
roi ghi nhé dap an.

Béang 1. Nhom dac trung st dung trong mo hinh

Nhém Bién dai dién
Pon hang Gia tri mua, giam gia, sb lwong, gia sdn pham, loai thanh toan
Khach hang Phan khuc, qubc gia, bang, ma viing, toa do
Tuyén giao Thi trwéng, thanh phd/québc gia/vung/bang nhan hang
Thoi gian Thang, thir trong tuan va gi® dat hang
Van chuyén Phwong thirc van chuyén

3.3. Cich hudén luyén va dinh gid

Dit liéu duoc chia ngau nhién ¢ phan ting thanh 80% huén luyén (124.390 quan sat) va 20% kiém tra
(31.098 quan sat), voi sb khoi tao ngu nhién 42. Trong sb 16p can bang duoc ap dung trong qué trinh huén
luyén. Logistic Regression, Random Forest 250 cay va XGBoost 500 cay dugc so sanh trén cling tap kiém
tra. Cac chi sb gom accuracy, Macro-F1, Weighted-F1 va precision, recall, F1 riéng cho 16p tré. Sau d6
TreeSHAP gidi thich mo hinh XGBoost trén mau ngau nhién 1.200 quan sat kiém tra. Cau hinh va s6 khoi
tao duoc c¢b dinh dé ngudi khac co thé chay lai va kiém tra két qua.
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4. Két qua nghién ciru
4.1. Khd nang dw dodn

Bang 2. Két qua trén tap kiém tra

Mo hinh Acc. Macro-F1 W-F1 P-late R-late F1-late
XGBoost 0.5496 0.4825 0.5508 0.8753 0.5152 0.6486
Random Forest 0.5733 0.4736 0.5568 0.8750 0.5495 0.6750
Logistic Regression 0.4959 0.4376 0.5119 0.8162 0.5020 0.6217

XGBoost dat Macro-F1 cao nhit, 0,4825, nén duoc chon theo tiéu chi chinh. Random Forest dat accuracy
0,5733 va Weighted-F1 0,5568, cao hon XGBoost, nhung phan b hiéu ning giita 3 16p kém can bang hon.
Logistic Regression c6 Macro-F1 0,4376, cho thiy quan hé giita ddc trung va trang thai giao hang khong
hoan toan tuyén tinh. Chénh l1éch giita accuracy va Macro-F1 ciing khang dinh viéc chi bao céo accuracy s&
che khuat kho khan & cac 16p it quan sat.

i véi 16p giao tré, XGBoost dat precision 0,8753 nhung recall 0,5152. Néi cach khac, canh béo tré ctia
mo hinh ¢ d6 tin cdy tuong ddi cao, song gin mot nira s6 don tré chwa dugc phat hién. Tuy chi phi bo sot,
doanh nghiép c6 thé ha ngudng canh bao dé ting recall, doi lai s canh bao sai tang. Day la quyét dinh nghiép
vu khong thé thay thé chi bang t6i wu mét chi sb ki thuat.

Ma tran nham 14n cho thay, mé hinh nhan dién 90,9% 16p giao sém nhung chi 20,2% 16p dung han; phan
16n 13 cta 16p ding han bi chuyén sang giao sém hodc giao tré. Vi 10p tré, mé hinh nhan dién dung 9.243
trén 17.942 quan sat kiém tra. Két qua phan anh ranh gi6i giira 3 trang thai kho hon bai toan nhi phan va cho
thiy, can thém dir liéu vé khoang cach thuc, tai mang ludi, thoi tiét hodc SLA dé phan biét dung han tét hon.

4.2. Gidi thich mé hinh bang SHAP

Phuong thiic van chuyén c6 Mean |[SHAP| 1,2886, vuot xa cac bién con lai. Biéu nay cho théy, lua chon
muc dich vu van chuyén 1a tin hi¢u trung tam ma XGBoost st dung dé phan biét rui ro tré. Sales per customer
va tong gi4 tri mdt hang dimg tiép theo, lan luot dat 0,0845 va 0,0798. Cac bién kinh do, ma ving, thanh phd
giao, vi d6 va bang giao hang cting xuét hién trong nhom dau, phan anh vai tro tong hop cua khong gian dia 1y.

5. Y nghia ciia két qua va cach ap dung

Thir nhdt, két qua tra 161 RQ1 rang XGBoost cung cip su can bang t6t nhét giira 3 16p theo Macro-F1,
du Random Forest c6 d§ chinh xac cao hon. Véi cic don tré, do chinh xac cao phut hop cho quy trinh chi ¢
ngu(“)n luc xtr Iy mot danh sach canh bao ngén; nguoc lai, muc tiéu bao vé€ SLA nghiém ngat can ti vu recall
(Baryannis, G., Dani, S., & Antoniou, G., 2019).

Thir hai, phuong thirc van chuyén 14 tin hiéu ¢ gia tri van hanh rd nhat. Doanh nghiép c6 thé xay dung
bang theo ddi rui ro theo phuong thirc van chuyén, két hop tuyén dia 1y va gid tri don dé wu tién kiém tra
nang luc nha van chuyén, diéu chinh mac dich vu hodc chi dong thong bao khach hang. Hé thdng nén hién
thi ca xac suit du bao va 3 dén 5 yéu t6 SHAP 16n nhit cua timg don, thay vi chi tra vé nhén tré/khong tré.

Thir ba, @ chinh xac vira phai khong phai that bai cia mé hinh ma phan dnh gidi han thong tin tai thoi
diém dat hang. Mot hé thong trién khai c6 thé cap nhat du bao theo 2 giai doan: 1an dau khi tiép nhan don va
1an hai khi c6 thong tin 1y hang, tai mang ludi hodc tién do van chuyén. C4u tric nay vira duy tri canh bao
som vira tan dung dit liéu méi, dong thoi phai luu ddu phién ban dé bao dam kha ning giai trinh.

Mot cach trién khai don gian 1a thém cot diém rai ro vao man hinh quan 1y don hang. Mdi dau ca, hé thong
xép cac don tir rii ro cao xudng thap va hién thi 1y do chinh, ching han phwong thirc van chuyén, tuyén dia
1y hodc gia tri don. Phan hdi ctia nhén vién can duoc luu dé dbi chiéu véi két qua giao thyc té. Sau mot thoi
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gian, doanh nghiép co thé do s6 don tré tranh duoc, chi phi can thiép va sé canh bao khong can thiét thay vi
chi theo ddi diém F1 trong méi truong thir nghiém.

6. Két luan

Nghién ctru da xay dung va danh gid quy trinh XAI du doan 3 trang thai giao hang trén 155.488 quan sat
SynDelay. Sau khi tranh dung thong tin tuong lai, XGBoost dat Macro-F1 0,4825 va precision 0,8753 cho 16p
tré. SHAP cho thiy, phuong thirc van chuyén, gia tri don hang va dia Iy 1a cac nhom tin hiéu chinh. Két qua cho
thay, viéc két hop du bao véi giai thich ¢6 thé hd trg doanh nghiép sang loc don rii ro va phan bo ngudn lyc can
thiép c6 cin cir hon. Nghién ctru tiép theo nén thu thap dit liéu don hang Viét Nam, bd sung thoi tiét - giao thong
- khoang cach, thuc hién dédnh gid ngoai mau theo thoi gian va hiéu chinh ngudng dua trén chi phi nghiép vu m
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