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1 Ly do chon dé tai

Trong bdi canh d6 thi héa va su phat trién nhanh ctia cac dich vu van tai thong minh
nhu Grab va Uber, viéc du bdo thdi gian di chuyén (ETA — Estimated Time of Arrival)
trd thanh yéu t6 then chét d€ t6i uu hoéa diéu hanh va nang cao trai nghiém ngudi dung.
Cac phuong phap théng ké truyén thong thudng gip khé khin khi xd ly dit liéu giao
thong bién dong manh va phi tuyén. Do d6, dé tai lya chon mo hinh hoc may XGBoost
nham xay dung mot giai phap du bao ETA c6 dd chinh xdc cao va kha ning ng dung
thuc tién.

2 Tong quan vé van de nghién ciru

Nhiéu nghién ciu truéc diy st dung cidc mo hinh thdng ké nhu ARIMA hay
Kalman Filter, nhung cic phuong phap nay bi han ché bdi gia dinh tuyén tinh nén khé
md ta cdc quan hé phiic tap trong dit liéu giao thong. Su phat trién ctia hoc mdy véi Ran-
dom Forest, Gradient Boosting va XGBoost, ciing nhu cac mo6 hinh hoc sau nhu LSTM
hay GNN, da md ra kha ning cai thién dang ké chat luong du bao. Trong s6 d6, XGBoost
dugc lua chon lam phuong phép chinh nhd su can bang giita hiéu ning, do chinh xac,
kha nang mé rong v6i di li€u 16n va tinh giai thich dugc ciia mo hinh.

3 Muc dich nghién citu

Muc dich ctia dé tai 1a xay dung mdt m6 hinh hoc may c6 kha ning du bdo chinh
xéc thoi gian di chuyén trong mdi trudng do thi bang cach khai thac cac dic trung khong
gian—thdi gian va ngit canh. Nghién ctiu tap trung vao viéc thiét ké quy trinh khai pha
dit liéu c6 hé théng, bao gdm lam sach dif liéu, xi ly ghép ban do, xay dung dic trung,
huén luyén mo6 hinh XGBoost va ddnh gid thong qua cic chi s6 RMSE, MAE va MAPE.
Ngoai ra, phuong phdp SHAP dudgc st dung dé phan tich vai trd cla tiing dic trung, giip
mo hinh ddm bdo tinh dién giai.

4 P6i twgng va pham vi nghién ciu

Ddi tudng nghién cttu ctia dé tai 1a mo hinh XGBoost va céc ky thuat khai pha di
liéu ho trg du béo thdi gian di chuyén clia phuong tién. Pham vi nghién cttu tip trung
vao b dit liéu taxi cong cong New York (NYC Taxi) nam 2024 véi hon 2 triéu ban ghi.
Dit liéu dudc phan tich trong diéu kién lich st va ban tinh, chua md rong sang dit liéu
thoi gian thuc hodc cac yéu td du bdo theo ngit canh dong tai thdi diém hién tai.



5 Phuong phap nghién ciu

Pé tai st dung phuong phdp tiép can dinh luong két hop véi ki thuat khai pha di
liéu va hoc mdy. Qua trinh nghién ctfu gdm cac budc: (1) thu thap va tién xi ly dit liéu tir
NYC Taxi Dataset; (2) xay dung dic trung khong gian, thdi gian va ngit canh; (3) huin
luyén md hinh XGBoost véi téi uu siéu tham sd; (4) danh gia mo hinh bing céc chi s6
RMSE, MAE, MAPE; va (5) phan tich mo6 hinh bang SHAP nham dam bao kha ning
dién gii va hd trg trién khai thuc té.



CHUONG 1: BAI TOAN DU POAN THOI GIAN VAN TAI
HANH KHACH

1.1 Gigi thiéu bai toan du doan thgi gian van tai hanh khach
1.1.1 Dinh nghia va muc tiéu cua bai todn

Bai toan du doan thdi gian van tai hanh khach (Estimated Time of Arrival — ETA)
12 mot trong nhiing van dé trong tAm trong linh vuc giao thong thong minh (Intelligent
Transportation Systems — ITS). Muc tiéu chinh ctua bai toan la uéc lugng chinh xac
khoang thdi gian ma mdt phuong tién van tai, chang han nhu taxi hoic xe buyt, s& mit
d€ hoan thanh hanh trinh tir diém dén dén diém tra khach trong diéu kién giao thong
thuc té.

Trong pham vi clia dé 4n ndy, nghién cttu tip trung vao du bao ngin han (Short-
Term Forecasting), tiic 1a udc lugng thoi gian di chuyén trong khoang vai phiit dén mot
gio ké tiép. Loai du bao nay c6 y nghia thuc tién cao trong cac hé thong diéu phoi van tai
thoi gian thuc (real-time dispatching), dic biét dbi véi cac dich vu taxi cong nghé, noi
viéc ra quyét dinh phan bd phuong tién can dugc thuc hién nhanh chéng va chinh xdc.

Ban chit cla bai toan 1a tim mot ham hdi quy f(x) mo td mdi quan hé gilta thoi
gian di chuyén y va céc dic trung dau vao x (chang han nhu vi tri, thoi diém, loai phuong
tién hoic diéu kién giao thong).

Du bdo ngan han dong vai trd then chét trong viéc hd trg ra quyét dinh tic thoi,
gidp ti uu héa qud trinh diéu phdi va phan bs phuong tién, nang cao hiéu qua khai thac
doi xe, gidm thoi gian chd doi cia hanh khéch va ting do tin ciy ctia dich vu. Trong bdi
canh d6 thi c6 mat do giao thong cao, viéc phat tri€n mo hinh du bdo chinh xac theo thoi
gian thuc 12 mot thach thic quan trong nhung can thiét dé hudéng t6i hé théng giao thong
thong minh va bén viing.

1.1.2  Ung dung gidi quyét bai todn trong thuc té
Bai toan du bdo thdi gian di chuyén (ETA — Estimated Time of Arrival) khong chi

mang y nghia cung cip thong tin cho ngudi st dung, ma con déng vai trd trung tim trong
viéc toi uu héa chi phi van hanh trong cac hé thong van tai hanh khach va logistics. Vé
bén chit, mdi lién hé gitta ETA va chi phi van tdi la mdi quan hé nhan qua truc tiép trong
ham muc tiéu kinh té ctia doanh nghiép.
Trong thuc té, tdng chi phi vin hanh C khong chi bao gdm chi phi nhién liéu, ma
12 ham téng hop clia nhiéu thanh phan:
C = Ghnién ticu + Cahan sy + Ceo hoi

trong d6 ETA dong vai trd 1a tham s6 dau vao quan trong anh hudng dong thai dén ca ba
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thanh phan chi phi trén. Mot mo hinh du bao ETA chinh xdc cho phép t6i uu héa ham
chi phi C thong qua céc co ché sau:

« Giam thui gian rong (Idle time): Du bdo ETA chinh xac gitip hé théng diéu phbi
phuong tién dén diém dén theo nguyén tic Just-in-Time, han ché tinh trang xe dén
s6m va chd ddi trong khi dong co van hoat dong, tif d6 gidm lang phi nhién liéu va
chi phi van hanh khong tao ra gia tri.

« Téi wu vong quay phuong tién: ETA ding tin cay cho phép nha quén 1y xay dung
lich trinh xép chdng céac chuyén (trip-chaining) mot cach chit ché hon, rit ngan thoi
gian chét gitta cac chuyén va ting s6 lugt phuc vu trén cing mot ngudn luc tai xé,
qua d6 gidm chi phi nhan sy trén mdi chuyén di.

* Giam chi phi co héi: Viéc giam sai s6 du bao ETA gitip han ché cac tdn thét do tré
gio, hily chuyén hoic khiéu nai tir khach hang, dong thdi tranh cac khoan phat hop
dong trong logistics va nang cao muic d hai long ctia ngudi st dung dich vu.

Do do, bai toan du bao ETA khong chi dung lai § viéc nang cao do chinh xac cua
m6 hinh hoc mdy, ma vé& ban chit chinh 12 bai todn tdi vu héa hiéu qua kinh té va bién
16i nhuan cho doanh nghiép van tai thong qua viéc ra quyét dinh dua trén dit liéu.

1.1.3 Cdc nghién cuu lién quan trong lich siw

D¢ 4n tap trung trinh biy tdng quan cic nghién cttu lién quan dén bai toan du dodn
thoi gian di chuyén (Estimated Time of Arrival — ETA), bao gdm céc phuong phap thong
ké truyén thdng, cac mé hinh hoc mdy, va cac mo hinh hoc sau hién dai. C4c nghién ctu
trude day chii yéu hudng ti viéc tan dung dit liéu lich st hanh trinh, di liéu giao thong
theo thdi gian thuc, va dic trung khong gian — thdi gian d€ udc lugng chinh xac thoi
diém mot phuong tién sé dén dich. Cac ky thuat dugc ap dung trai dai tif mo hinh hoi
quy tuyén tinh, hoi quy Poisson, cho téi cdc mo hinh ning cao nhu Random Forest,
Gradient Boosting, va cic mang no-ron sau (Deep Neural Networks — DNN) [1, 2].

Tir ndm 2015 trd di, su phat trién manh mé ctia cdm bién GPS, dif liéu ban dd so,
va hé thong thu thap dit liéu giao thong da tao diéu kién d€ cdc md hinh hoc siu dua trén
kién tric mang no-ron hoi tiép (RNN) va mang no-ron tich chidp (CNN) dudc 4p dung
rong rii trong linh vuc ETA. Nghién cifu cia Wang va cong su (2018) da dé xuat mo
hinh DeepTTE — mot mang hoc sau end-to-end két hop ca thong tin theo chudi (LSTM)
va dic trung ban do, dat két qua cai thién RMSE tir 20% dén 30% so véi cdc md hinh
hoc mdy truyén thdng [28]. Tuong tu, Li v cong su (2019) di gidi thiéu mo hinh ST-NN
(Spatio-Temporal Neural Network), tin dung CNN dé€ trich xuét dic trung khong gian
va LSTM d€ hoc phu thudc thoi gian, dat MAE giam trung binh 15% so véi baseline
Gradient Boosting [3].



Theo tdng hop clia dé 4n, cac phuong phap ETA c6 thé dugc chia thanh hai loai
chinh. Loai thit nhit dua trén mo hinh huin luyén trudc hodic moé hinh nén tang (pre-
trained / foundation models) vé dit liéu giao thdng, sau d6 tinh chinh (fine-tune) hoic
két hop véi thuit toan khiac dé€ du doan ETA. Loai thi hai 12 cdic mo6 hinh end-to-end
dugc huin luyén truc tiép tir dit liéu dau vao dén két qua du doan thdi gian dén dich.

(1) M6 hinh st dung dac trung tir mo hinh huén luyén trudce. Vi du, Xu va
cong su (2020) da st dung md hinh Graph Convolutional Network (GCN) huén luyén
trudc trén dit liéu ban do giao thong d€ sinh dic trung tuyén dudng, sau d6 két hop véi
Gradient Boosted Decision Trees (GBDT) d€ du doan ETA cho dich vu giao hang trong
do thi, dat MAE giam 12% so v6i Random Forest. Nghién ctiu cua Ke va cong su (2017)
ciing cho thdy viéc két hop dic trung tit ban d6 va dit liéu GPS lich st v6i mo hinh
XGBoost gitip giam sai s6 du doan tir 8.2 phit xudng con 6.5 phiit trung binh cho taxi
tai Bac Kinh [6, 2].

(2) M6 hinh end-to-end. Trong d6, toan bd pipeline tir di liéu thd (chudi GPS,
diéu kién giao thong, thdi tiét) dén ETA dudc hoc truc tiép bdi mot mo hinh hoc siu.
Nghién ctiu DeepETA ctia Google (2020) 4p dung kién triic két hop LSTM va Attention
d€ du dodn thdi gian dén clia phuong tién trong Google Maps, dat cai thién 50% do chinh
xac ETA trong cic tuyén dudng phic tap so v6i md hinh trudc d6 [4]. Tuong tu, Bai va
cong su (2021) da dé xuat mod hinh Transformer-based ETA (TETA), khai thac quan hé
dai han gitta cac diém GPS, dat RMSE gidm 18% so véi DeepTTE trén bd dit liéu taxi
New York City [5].

Ngoai ra, mot s6 nghién ctiu gan day tap trung vao viéc tich hop thong tin theo thdi
gian thuc nhu tinh trang tic nghén giao thong, su kién thoi tiét, hoic dit lidu tir thiét bi
IoT d€ nang cao do chinh xdc du doan. Vi du, Zhang va cong su (2022) da bd sung di
liéu thoi tiét va su kién xa hoi vao mo hinh Gated Graph Neural Network, gitp cai thién
do chinh x4c ETA thém 9% trén cac tuyén giao hang dong diic [25]. Nhiing két qua nay
chiing minh ring viéc 4p dung cdc mo hinh hoc sau va ky thuat khai thac dit liéu da
ngudn khong chi nang cao hiéu suit du doan ETA ma con gitp mo hinh thich dng t6t
v6i bién dong giao thong phiic tap. Pay 1a nén tang quan trong dé tiép tuc cai tién cac hé
théng du dodn thoi gian di chuyén trong tuong lai.

1.2 Cac phuong phap du doan truyén thong trude day
1.2.1 Phwong phdp dua trén thong ké

Céc mo6 hinh théng ké c6 dién dong vai trd nén tang trong bai toan du bdo thdi gian
van tai hanh khach. Trudc khi cdc k¥ thuat hoc mdy va hoc sau phé bién, nhiing mo hinh
tuyén tinh nay vira dé trién khai vira tao chuin so sanh (baseline) cho cic phuong phap

hién dai.



a) Mo hinh ARIMA/SARIMA
M0 hinh (Autoregressive Integrated Moving Average — ARIMA) la mdt trong nhiing
phuong phap théng ké kinh dién va dugc st dung rong rai nhét cho bai toan du bao
chudi thoi gian. Co s6 1y thuyét ctia ARIMA dua trén gia dinh ring gid tri tuong lai
ctia mot chudi thdi gian cé thé dudc biéu dién dudi dang mot ham tuyén tinh cia
cdc quan sat va sai s6 du bdo trong qua khii. M6 hinh nay bao gébm ba thanh phan
chinh:

o Tu hoi quy (Autoregressive — AR): M6 hinh héa mbi quan hé giita mot quan sét
hién tai va mot s6 lugng cac quan st trude d6 (do tré).

e Tich hop (Integrated — I): St dung phép sai phan (differencing) dé lam cho
chudi thdi gian trd nén ding (stationary), tdc 1a cdc tinh chit thdng ké nhu
trung binh va phuong sai khong thay ddi theo thdi gian.

o Trung binh trugt (Moving Average — MA): M6 hinh héa mdi quan hé giita mot

quan sat hién tai va sai s6 du bao ctia cdc quan st trudc do.

Mot md hinh ARIMA khong c6 thanh phan mua vu dudc ky hiéu 14 ARIMA(p,d,q),
trong d6 p, d, va g 1an ludt 1a bic cla cdc thanh phan AR, I va MA. Dang toan hoc

tong quat ciia mo hinh Ia

(12@3’) (1-B dY,_c+<1+ZeBJ> &. (1.1)

j
Trong do :
e Y; 1 gia tri ctia chudi tai thoi diém ¢.
e Blatoan ti lui (BY; =Y,_1).
* ¢; va 6; 1a cac tham s6 ciia md hinh.
* ¢ 12 hing sb.
* & la nhiéu trang (white noise).

Quy trinh xay dung mo6 hinh ARIMA thudng tuan theo phuong phap luan Box—Jenkins,
bao gdm céc budc:

 Nhdn dang mé hinh (Identification): Kiém tra tinh ding ctia chudi thdi gian
thong qua viéc quan sit biéu do chudi va cac ham tu tuong quan (ACF) va tu
tuong quan riéng phan (PACF). Néu chudi khong ding, thuc hién phép sai phan
(tham s d) cho dén khi chudi tré nén diing. Dua vao hinh dang ctia ACF va
PACF ctia chudi di ditng, x4c dinh céc bac p va g tiém ning.



e Udc lugng tham s6 (Estimation): St dung cac phuong phdp nhu hodp 1y cuc dai
(Maximum Likelihood) d€ udc lugng cédc tham s6 ¢; va 6, clia m6 hinh da nhan
dang.

e Kiém dinh chdn dodn (Diagnostic Checking): Kiém tra xem md hinh c6 phu
hop hay khong bang cach phan tich phan du (residuals). Phan du ctia mot md
hinh t6t phai tuan theo phan phdi nhiéu tring, tic 1a khong c6 tu tuong quan.
Céc kiém dinh théng ké nhu Ljung—Box c6 thé dudgc sit dung cho muc dich nay.

DE xti ly cdc chudi thoi gian ¢ tinh mua vu 16 rét (vi du cdc mau hinh Lip lai hang
ngay hoidic hang tuan trong dif liéu giao thong), mo hinh ARIMA dudc mé rong
thanh mo hinh ARIMA Mua vu (Seasonal ARIMA — SARIMA). SARIMA bd sung
thém cac thanh phan mua vu (P,D, Q),,, trong d6 P, D, Q 1a cac bac AR, I, MA clia

thanh phan mua vu va m 1a d6 dai cua mot chu ky mua vu.

Cac mo hinh ARIMA va SARIMA tuong dbi don gian, dé trién khai va c6 khé niing
dién giai cao. Céc tham sb ctia md hinh cung cip cdi nhin rd rang vé cach céc gia
tri trong qua khd anh hudng dén du bdo tuong lai. Chiing hoat dong hiéu qua ddi
v6i cdc chudi thdi gian ¢6 xu hudng (trend) va tinh mua vu (seasonality) ro rang va
thudng dugc st dung 1am mdt md hinh co s6 (baseline) manh mé dé so sanh vdi céac

phuong phap phtc tap hon.
Han ché 16n nhit cia ARIMA/SARIMA 1a ban chit tuyén tinh ctia chiing. Cdc md

hinh nay khong thé ndm bat dudgc cac mbi quan hé phi tuyén phic tap von c6 trong
hé thdng giao thong do thi. Ching chi xem xét su phu thudc vé mit thdi gian clia
mot chudi duy nhét va hoan toan bd qua cic tuong tic khong gian—tiic 1a anh
hudng ti cac tuyén dudng hoic cac phuong tién khac trong mang ludi. Do d6, hiéu
suat ctia chuing suy giam dang ké khi c6 céc su kién bat thuong (su cd, thoi tiét x4u)
hoic nhitng thay déi dot ngot trong diéu kién giao thong ma khong dudc phan dnh
trong dit lidu lich sit. Mot s& nghién ctu thuc nghiém tham chi con cho thiy ring
mo hinh SARIMAX (SARIMA véi cic bién ngoai sinh) c¢6 hiéu sudt kém hon so
v6i cac mo hinh chudi thdi gian khic trong mot sb trudng hop cu thé [7].

b) Bo loc Kalman
Bo loc Kalman, do Rudolf E. Kalman phat trién, 1a mot thuit toan dé quy t6i uu
dugc thiét ké d€ udc tinh trang thai ciia mot hé thong dong hoc tuyén tinh tif mot
chudi cic phép do c6 chita nhiéu. Trong bdi canh du doan ETA, hé théng dong hoc
chinh 12 chiéc xe buyt, va trang thdi cia né bao gdm cac bién nhu vi tri va van tdc.
B0 loc Kalman hoat dong theo mot chu trinh hai budc: dy bao va cap nhat. N6 lién
tuc cip nhat du dodn vé trang thai clia xe buyt bang cach két hop mot cach tdi uu
du doan tif md hinh chuyén dong (dua trén trang thai truéc d6) véi dit liéu do Iudng
thuc té (vi du tit GPS/AVL). M6 hinh khong gian trang thai ctia bo loc Kalman
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bao gdm hai phuong trinh chinh: phuong trinh qua trinh va phuong trinh do ludng.
Thuat toan hoat dong theo hai budc:

(1) Budc Du bdo (Prediction/Time Update): BO loc du bao trang thai va hiép
phuong sai 18i clia hé thong tai thdi diém hién tai, dua trén udc tinh tir thoi
diém tru6e do.

* Du bdo trang thai tién nghiém:
)et|t—1 = Ft)et—1|t—1 + By (1.2)
e Du béo hiép phuong sai 16i tién nghiém:

P_1=FP__1F +0 (1.3)

(2) Budc Cdp nhdt (Update/Measurement Update): Sau khi c6 dugc phép do méi
y:, b0 loc sé hiéu chinh lai du bao tién nghiém dé c6 dudc udc tinh hau nghiém
(da dudc cai thién).

 Tinh d6 Igi Kalman:
T T -
Ki = By oH,T (HiBy BT +R;) (1.4)
» Cap nhat udc tinh trang thai hau nghiém:
)et|t = xAt\t—l +K; ()’t - HtxAt\t—l) (1.5)
e Cap nhat hiép phuong sai 16i hau nghiém:
Pt|t = (I_Kth)Pt\tfl (1.6)

Trong d6 £ 1a vector trang thdi, P 12 ma tran hiép phuong sai 1i, F; 1a ma tran chuyén
ddi trang thai, B; 1a ma tran diéu khién, u, 13 vector diéu khién, Q, 1a ma tran hiép
phuong sai nhiéu qua trinh, H; 1a ma tran do ludng, R; 1a ma tran hiép phuong sai
nhiéu do ludng va y; 1a vector do ludng.

Céc dic tinh van hanh ctia bo loc Kalman ¢6 thé khai quat qua nhiing diém sau.

 Diém manh: BoO loc Kalman cuc ky hiéu qua trong viéc loc nhiéu tir di liéu
cam bién (nhu GPS) va cung cip cic udc tinh trang thdi dugc hiéu chinh lién
tuc trong thdi gian thuc. Thuit todn c6 téc do tinh todn nhanh do cdc phuong
trinh don gian, 1am cho né rat phit hdp cho céc ting dung truc tuyén (online).

* Dié¢m yéu: Gia dinh co ban ctia bo loc Kalman tiéu chuén vé tinh tuyén tinh cia
hé thong va nhiéu tuan theo phan phdi Gauss 12 mot han ché 16n. Giao thong

do thi 12 mot hé thong c6 tinh phi tuyén cao, 1am gidm hiéu qua ctia KF. Mic

8



dil c4c bién thé nhu B6 loc Kalman M4 rong (Extended Kalman Filter — EKF)
va B0 loc Kalman Khong mui (Unscented Kalman Filter — UKF) da dudc phat
trién dé xt 1y tinh phi tuyén, ching vin con nhiing gidi han va c6 thé khong &n
dinh.

Vugot ra ngoai vai trd 12 mot md hinh du bdo don thuan, bd loc Kalman thuc chat 13
mot framework tich hop, dai dién cho mot budc nhay vot vé mit khai niém i cac
mo hinh ngoai tuyén (offline) nhu ARIMA sang cic hé théng truc tuyén (online)
c6 khé ning tu hiéu chinh. N6 déng vai trd nhu mot cau ndi gilta thé gidi thong ké
thuan tdy va cac hé thong diéu khién thdi gian thuc. Trong khi ARIMA dudc huin
luyén trén dit liéu lich st va dua ra du bdo ma khong c6 co ché stia sai tifc thoi, KF
dugc thiét ké véi mot vong 1dp “du bado—do ludng—hiéu chinh”. N6 dua ra mot du
dodn, so sanh n6 véi mot phép do thuc té (vi du: vi tri GPS méi), va st dung su
khdc biét (sai s6) d€ diéu chinh lai udc tinh ctia minh. Do d6, KF khong chi 1a mot
md hinh du bado ma con la mot “bo loc” va “bd udce tinh trang thai”, lam cho no trd
thanh mot thanh phan quan trong trong nhiéu hé théng ITS, thudng dugc két hop
v6i cac mo hinh khac (vi du: mang no-ron két hop KF) dé tan dung uu diém cta ca
hai.

Nhin chung, cic phuong phap thong ké cd dién van 1a chuan tham chiéu quan trong,
song han ché trong viéc md hinh héa quan hé phi tuyén va tuong tac khong gian—thoi
gian phtic tap ctia hé thong giao thong hién dai.

1.2.2 Phwong phdp dwa trén mé hinh hoc mady

Céc m6 hinh hoc mdy truyén thong da ndi 1én nhu nhiing gidi phap thay thé manh
mé cho han ché clia cdc phuong phap thong ké trong viéc md hinh héa quan hé phi tuyén
va dic trung phtc tap. Du khong xt ly ciu tric khong—thdi gian tinh vi nhu hoc séu,
chiing dat hiéu qua t6t véi dit liéu luong vita phai va thudng dem lai do chinh x4c cao.

a) Hoi quy k-Lang giéng gﬁn nhét (k-Nearest Neighbors — kNN Regression).

kNN la phuong phap hoc may don gian, truc quan va thuoc nhom “hoc Iudi”, tic
khong xay dung mdt md hinh tudng minh trong giai doan huin luyén. Khi du bdo
cho mot diém dii liéu méi (vi du dic trung hanh trinh hién tai), thuét toan tim k
diém dit lidu tuong tu nhit trong tap huin luyén theo mot thuéc do khoang cach
(thuong dung khoang cach Euclidean). Gia tri can du doéan thuong dugc lay trung
binh (hoic trung binh ¢6 trong sd) clia cic lang giéng nay.
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Két qua du dodn ctia kNN dudc tinh theo cong thiic:

k
Z wi(%) yi
9(x) = 5——, (1.7)
(%)

Wi
=1

~

Trong do:

* x 12 di€m dit liéu méi can du doan (vi du dic trung hanh trinh hién tai).

* y; 14 gia tri muc tiéu quan sat dudc ctia diém dit liéu thi i trong tip k ling giéng
gan nhét.

* w;(x) 1a trong sd gan cho lang giéng thif i. Thong thudng w;(x) dudc chon la
nghich dao ctia khoang cich d(x,x;) (vi du w; = 1/d) d€ nhiing lang giéng gan
hon anh hudng manh hon; néu st dung kNN khong trong s6 thi w;(x) = 1.

* d(x,x;) 1a ham do khodng céch giita diém mdi va lang giéng thi i, phd bién
nhat 12 khoang céch Euclid.

Cdc ddc tinh ciia hoi quy kNN c6 thé khdi qudt nhu sau:

e Diém manh: Dé hiéu, dé trién khai, khong gia dinh phan phdi di liéu nén linh
hoat véi cdc mbi quan hé phi tuyén phiic tap.

e Diém yéu: Chi phi tinh todn cao & giai doan du dodn vi phai so sanh vdi toan
bd tap dit liéu huin luyén; kém hiéu qua véi dit lidu thoi gian thuc va chiu anh
hudng clia “16i nguyén chiéu” (curse of dimensionality) néu dic trung khong
dugdc chuén hoa tét.

b) Hoi quy Vector H6 trg (Support Vector Regression — SVR).
SVR 12 bién thé ctia mdy Vector Hd trd (Support Vector Machine — SVM) ting dung

cho hdi quy. Khic v6i hdi quy tuyén tinh, SVR tim mot “6ng” (tube) tdi vu quanh
dit liéu sao cho sai s6 nam trong bién € khong bi phat, trong khi sai s6 vugt ngoai
bién sé chiu muc phat theo chuin cAu tric (Structural Risk Minimization). Nho tht
thuat hat nhan (kernel trick), SVR anh xa di li€u 1én khong gian dic trung cao hon
dé tim siéu phang tuyén tinh chia tdch dit liéu hiéu qua. Céc hat nhan thudng dung
gdm tuyén tinh, da thifc va RBF.

Bai todn tbi uu cia SVR dudc phat bi€u nhu sau:
1 ) 1
minimize =||wl||“+C A EF
ninimiz Al i;(@z &)
subjectto y; — (WT¢(X,') +b)<e+§, (1.8)
(Wl o(x;)+b)—yi < e+&,
&85>0, i=1,...,n.
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Trong do:

* x; la vector dac trung cua quan sat thi i; y; 1a gia tri muc ti€u tuong ung.

¢(-) 1a anh xa (kernel) dua di liéu vao khong gian dac trung cao hon.

w va b la trong so va sai so dich (bias) cua si€u phang hoi quy.

¢ 12 bién dung sai; sai s6 nam trong “6ng” c6 do rong 2¢€ khong bi phat.
o &, ¥ 1a bién trugt (slack variables) cho phép vi pham bién dung sai.

* C > 012 hé sb diéu chinh mifc phat, cAn bing giita 6 phang clia siéu phang va

sai sO huan luyén.

e 112 s0 mau huan luyén.

Giai bai todn trén bang phuong phap dbi ngiu sé dan tdi dang hat nhin ctia SVR,
trong d6 siéu phang t6i vu dudc xac dinh bdi cac vector hd trg.

Cdc ddc tinh ciia hoi quy kNN c6 thé khdi qudt nhu sau:

* Diém manh: Kha ning khdi quat t6t ngay ca véi dit liéu it, nho diéu khién rai
ro qua khép; nhiéu nghién citu cho thy SVR vuot trdi hon mot sé6 mo hinh hoi
quy khéac va ca mang no-ron khi du liéu khong qua 16n.

e Piém yéu: Viéc Iua chon ham hat nhan va tinh chinh siéu tham s6 (C, €, hé s
hat nhan) kha phiic tap va ton thdi gian; chi phi huin luyén ting nhanh néu di
liéu c6 kich thudc 16n.

b) Cay Phan loai va Hoi quy (Classification and Regression Trees — CART).

CART 1a mot trong nhitng thuit toan hoc mdy nén tang va dudc st dung rong rii
cho ca hai bai toan phan loai (classification) va hoi quy (regression). Phuong phap
nay dugc dé xuét bdi Breiman va cong su (1984), dua trén y tudng chia tich khong
gian dic trung thanh cdc ving con (subspaces) sao cho mdi ving c6 do thuan nhit
cao nhit vé gia tri muc tiéu. Mo hinh CART c6 dang céu triic cAy nhi phan, trong
d6 mdi niit (node) dai dién cho mot phép kiém tra diéu kién trén mot dic trung, cac
nhéanh (branches) thé hién két qua ctia phép kiém tra, va cic 14 (leaves) chifa gid tri

du doan cudi cung.

Déi v6i bai toan hdi quy (nhu du doan thdi gian di chuyén), CART tim kiém ngudng
chia s trén ddc trung x; sao cho sai s6 binh phuong tdng (sum of squared errors —
SSE) ctia hai tap con sau chia nhé nhét. Muc tiéu tdi uu dugc biéu dién nhu sau:

misn Z ()’i_)_’R1>2+ Z ()’i_}_’Rz)27 (1.9)
% x,-GRl(j,s) xieRZ(jvs)

trong do:
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* Ri(j,s) ={x|x; <s}vaRy(j,s) ={x|x; > s} lahai ving con dudc chia béi
nguong s trén ddc trung x;.

* Jr, VA Jr, 1an lugt 12 gia tri trung binh cta bién myc tiéu trong hai vang con

tuong ung.

Qua trinh huin luyén ctia CART dudgc thuc hién dé quy tir gbc dén 14 (top-down
recursive partitioning) cho dén khi dat diéu kién ding, vi du nhu sd luong mau
trong niit qua nhod hodic do giam sai sd khong dang ké. D€ tranh hién tuong qua
khép (overfitting), md hinh thuong dudc cat tia (pruning) bang cach loai bod cac
nhanh kém quan trong dua trén ti€u chi xac thuc chéo (cross-validation) hoac do
phuc tap md hinh.

Cdc ddc tinh ciia phuwong phdp CART c6 thé khdi qudt nhu sau:

e Dié¢m manh: D& dién giai, c6 thé xit 1y ca dit liéu sd va phan loai, tu dong chon
dic trung quan trong; hoat dong t6t v6i dif lidu phi tuyén va c6 kha ning md
hinh hoa tuong tac gitta cac dac trung.

* Diém yéu: Nhay cdm vé6i nhiéu va dit liéu huin luyén nho; ciy don 1é thudng
dé bi overfitting, do d6 trong thuc té thudng dudc két hop trong cac md hinh
ensemble nhu Random Forest hodc Gradient Boosting dé ting do on dinh va
chinh x4c.

Nhd kha néng bi€u dién truc quan va dé hiéu, CART thudng dudc xem 1a budc trung
gian quan trong trong viéc phat trién cdc mo hinh phuc tap hon nhu Random Forest,
XGBoost hoidc LightGBM trong bai todn du doan thdi gian di chuyén (ETA) [8].

1.3 Cac phuong phap du doan hién dai
1.3.1 Ung dung mé hinh hoc mdy két hop (Ensemble Learning)

Céc phuong phdp ensemble két hop nhiéu mo hinh “yéu” (thudng 1a ciy quyét
dinh) d€ tao ra md hinh “manh” duy nhét c6 hiéu suit du bo cao hon.

a) Rung nggu nhién (Random Forest — RF).

Riing ngau nhién 12 mot phuong phap hoc mdy truyén théng thuéc nhém mo hinh
tap hop (ensemble learning), dudc dé xuat bdi Breiman (2001) nhu mot md rong
ctia thuét toan CART. Y tudng cbt 16i ctia Random Forest 14 két hgp nhiu cay quyét
dinh (decision trees) dugc huin luyén ddc 1ap trén cdc mau dif liéu ngiu nhién, sau
d6 tong hop (ensemble) két qua du doan cla ching d€ giam phuong sai va ting do
chinh x4c tong thé€ ctia mo hinh.
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Co ché huin luyén ctia RF dua trén k¥ thudt bootstrap aggregating (bagging). Gia
st tap dif liéu huén luyén ban dau c¢6 N miu, mo hinh sé tao ra B ciy quyét dinh,
mdi cay dugc huin luyén trén mot tip con bootstrap (ldy miu ngiu nhién c6 hoan
lai) gdm N phan tii. Tai mdi nit cta cay, chi mot tdp con ngiu nhién gdm m dic
trung trong tong sb6 p dic trung dudc chon dé tim ngudng chia t6t nhat, gidp ting
tinh ngau nhién va gidm hién tudng qua khdp.

Déi v6i bai toan hodi quy (nhu du doan thdi gian di chuyén), két qua du doan cta
Random Forest dudc tinh bing trung binh ctia cic du dodn tif tiing cdy thanh phan:

1 B
(x) =2 ) Th(x), (1.10)
b=1

trong do:

e T;(x) 1a gid tri du dodn ctia cdy thi b dbi v6i diém dit lidu x.

* B 1a tdng s6 ciy trong riing ngu nhién.

Phuong phéap nay gidp giam phuong sai cia md hinh don 1é (CART) ma khong lam
ting dang k€ sai 1éch (bias). Ngoai ra, RF con cung cip cd ché danh gia tAm quan
trong cla dic trung (feature importance) dua trén do giam trung binh cta sai sb

hoic chi s6 Gini, hd trg viéc giai thich mo hinh trong cic bai todn thuc té.

Cdc ddc tinh ciia phuwong phdp Random Forest c6 thé khdi qudt nhu sau:

e Diém manh: Manh mé trudc nhiéu va dif liéu thiéu; c6 kha ning tdng quat tot
nho co ché bagging; hoat dong hiéu qua trén dit liéu phi tuyén va di liéu co
chiéu cao; tu dong udc luong tam quan trong clia dic trung.

e Diém yéu: Chi phi tinh toan cao hon CART; khé dién gidi truc quan khi sd
lugng cay 16n; doi khi c6 xu huéng du doan trung binh (Iam md cac quan hé
cuc tri).

Trong bai todn du dodn thdi gian di chuyén (ETA), Random Forest thudng dugc st
dung nhu mot mo hinh baseline manh, dic biét khi dit liéu c6 s6 luong vira phai va
céc dic trung da dudc thiét ké thi cong. RF ciing 13 nén tang cho cic phuong phap
hoc mdy nang cao hon nhu Gradient Boosting va XGBoost.

d) Phuong phap Tang cuong Gradient (Gradient Boosting) va XGBoost.

Gradient Boosting 12 mot phuong phap hoc mdy truyén théng thudc nhém ensemble
learning, dugc phat trién dua trén y tudng két hop tuan tu nhiéu mo hinh yéu (weak
learners) — thuong 12 cic ciy quyét dinh nhd (shallow trees) — dé tao thanh mot
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mo hinh manh (strong learner). Phuong phap nay dudc gidi thiéu 1an dau bsi Fried-
man (2001), va sau niy dudc cai tién trong nhiéu bién thé hién dai nhu XGBoost,
LightGBM va CatBoost.

Khéc v6i Random Forest (két hop song song nhiéu ciy doc 14p theo co ché bagging),
Gradient Boosting xdy dung md hinh theo cach tuan tu (sequential learning), trong
d6 mdi cay méi dudc huin luyén dé€ stia 16i ctia t& hop céc cdy trudc d6. Cu thé, tai
mdi budc lip m, mod hinh hoc phan du (residual) gitta gid tri thuc t& va du dodn hién
tai, sau d6 cap nhat du dodn tdng thé bang cach cong thém két qua ciia ciy mdi c6

trong sd nhé 1 (learning rate).

Dang tong quat ctia md hinh Gradient Boosting dugc biéu dién nhu sau:
Fn(x) = Fu 1 (%) 1 B (), (1.11)
trong do:

* F,,(x): md hinh sau budc lap thi m,
e 11 € (0,1]: hé s6 hoc (learning rate) diéu chinh tdc do cap nhat,
* h,(x): cdy quyét dinh méi dugc huin luyén trén gradient Am cia ham mat mat

tai buéc m — 1.

Qua trinh t6i vu ctia Gradient Boosting c6 thé hiéu la tim day mé hinh 4, dé cuc

tiéu héa hAm méat mat tong thé:
N
min ) L(yi, F (%)), (1.12)
i=1
trong d6 L(y;, F(x;)) 1a ham mét mat, thuong 1a sai s6 binh phuong ddi véi hdi quy
hoic log-loss d6i v6i phan loai.

XGBoost (Extreme Gradient Boosting) 12 phién ban cai tién manh mé ctia Gradi-
ent Boosting do Chen va Guestrin (2016) phat trién. Thuat toan nay bd sung cic co
ché t6i uu nhu:

« Regularization: thém thanh phan phat L /L, dé kiém soat do phtc tap clia cay,
gidp giam overfitting.

« Shrinkage: sit dung hé s6 hoc nhé dé cip nhit dan mo hinh, tranh cip nhat qua

manbh.

* Column Subsampling: chon ngiu nhién mot phan dic trung tai mdi cdy, ting
tinh da dang tuong tu Random Forest.

e Parallelization: t6i uu héa tinh todn trén GPU hoiic multi-core CPU, gitip huin

luyén nhanh hon nhiéu so véi Gradient Boosting truyén thong.
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XGBoost dudc xem 12 mot trong nhitng thuit todn manh nhét trong cdc cudc thi
trén Kaggle va dudc tng dung rong rii trong thuc té, dic biét 1a cac bai todn du
dodn gid tri lién tuc nhu thdi gian di chuyén (ETA), tiéu thu ning lugng, hay gia tai
chinh. Trong bai toan ETA, XGBoost c6 kha ning mé hinh héa tét cic quan hé phi
tuyén gitta diic trung khong gian — thdi gian, dong thdi vin dam bdo téc dd huin
luyén cao va kha ning gidi thich tuong dbi tot thong qua cac chi s6 tam quan trong
dac trung (feature importance) hodc gia tri SHAP.

Cdc ddc tinh ciia Gradient Boosting va XGBoost c6 thé khdi qudt nhu sau:

e Diém manh: Hiéu ning du dodn cao; kha ning mo hinh héa phi tuyén tét; hd
trg regularization va song song hoa; hoat dong hiéu qua véi dit liéu vua va 16n;

cung cip thudc do quan trong cta dic trung (SHAP, gain, cover).

e Diém yéu: Nhay cam véi tham s6 siéu (learning rate, depth, sb ciy); dé qua
khép néu khong diéu chinh t6t; khé dién gidi khi s6 cdy 16n; thdi gian huin
luyén cao hon mo hinh tuyén tinh hoiic kNN.

Nho su cin bang giita hiéu qua du dodn, toc do va kha ning giai thich, XGBoost
thudng dudgc st dung 1am md hinh chi dao (baseline model) trong nhiéu nghién ciu
va tng dung du doan thdi gian di chuyén (ETA) trude khi so sanh véi cdc md hinh
hoc sau nhu LSTM hay Transformer [19, 26].

Su trdi day cia cac phuong phdp ensemble gilip ning cao hiéu suét cao clia cic
hé thong du bio ETA. Dic biét 1a XGBoost, di danh ddu mot budc ngoit quan trong.
Chung dai dién cho cach hoc “hdp den” manh mé véi kha nang “hdp tan” (black-box)
trong khi bu6c vao xi ly nguyén ciu theo sau. Tuy nhién, thanh cong nay ciing di kém
v6i mot sb danh ddi: kha ning dién giai giam. Trong khi cdc mo hinh thang tuyén tinh
thuong rit minh bach—hoc gia c6 thé biét tAm quan trong va huéng tic dong cia dic
trung mot cach truc tiép—thi mdt mo hinh XGBoost bao gdm hang trim ciy quyét dinh
lai gan nhu khong thé dién gidi truc tiép. Khong dé dé tra 1i cAu hoi “Tai sao mo hinh du
doén chuyén xe ndy sé tré 10 phit?”. Su minh bach bi han ché 12 mot trd ngai trong céc
hé théng quan trong va cé yéu cau giai thich, noi cdc nha quan ly can hiéu nhiéu nguyén
nhan ctia sy chim tré dé c6 thé can thiép mot cach hiéu qua. Khoang tréng vé kha ning
dién gidi nay da truc tiép thiic ddy su ra doi va 4p dung rong rii clia cac phuong phap
giai thich mé hinh hau kiém nhu LIME va SHAP. C6 thé thay, véi nhitng diém yéu nay
cling khong khac cac mo hinh hop den khac, nhung chinh hiéu qua du doan vudt trdi da
giip XGBoost trd thanh lua chon hang dau trong nhiéu hé théng du bdo thdi gian.
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1.3.2  Ung dung mé hinh hoc siu

Hoc siu di tao ra mot cudce cadch mang trong nhiéu linh vuc, va du bao giao thong
cling khong ngoai 1é. Cac kién triic mang no-ron siu ¢6 kha ning tu dong hoc cac biéu
dién dic trung phuc tap ti di liéu tho, dic biét 1a cdc mau hinh khong—thdi gian—thach
thtic 16n ddi véi cac phuong phap truyén thong.

a) Mang B6 nhé Dai-Ngan han (Long Short-Term Memory — LSTM).

LSTM Ia mot bién thé dic biét cia mang no-ron hdi tiép (Recurrent Neural Network
— RNN), dudc Hochreiter va Schmidhuber dé xuit nim 1997 nhiam khic phuc van
dé vanishing gradient trong qua trinh huan luyén chudi dai. Khic v6i mang RNN
truyén théng, LSTM dugc thiét ké véi co ché “bo nhd” gidp luu giit thong tin quan
trong trong chudi dit liéu theo thdi gian dai, dong thoi loai bd cac thong tin khong
can thiét thong qua céc cdng diéu khién (gates).

Trong bai toan du doén thdi gian di chuyén (ETA), di liéu thudng c6 tinh chudi
manh (vi du: vi tri GPS lién tuc, van tdc theo thdi gian, hodc ludng giao thdng theo
phiit). Do d6, LSTM tré thanh mdt trong nhitng md hinh hoc sau hiéu qua nhit dé

hoc cac quan hé phu thudc theo thdi gian (femporal dependencies) trong dit liéu.
Mot khéi LSTM dién hinh bao gdm ba c6ng chinh:
« Cong quén (Forget Gate) — x4c dinh thong tin nao tif trang thai trudc cin dudc
loai bo.

« Cong dau vao (Input Gate) — quyét dinh thong tin mdi nao dugc thém vao bd
nhd.

« Cong dau ra (Output Gate) — xac dinh thong tin nao dugc st dung dé sinh ra

dau ra hién tai.

Céc phuong trinh tinh todn ctia mot don vi LSTM tai thoi diém ¢ dudc md td nhu

sau:
fi = o(Welh—1,x]+by), (1.13)
it:G(VVi[ht—lyxt]+bi), (1.14)
C, = tanh(W,.[h;_1,x:] +b.), (1.15)
Ci=fi*xC1+ixC, (1.16)
oy = 6(Wolhi—1,x:] 4+ by), (L.17)
hy = o, xtanh(Cy), (1.18)

trong do:
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* x;: dau vao tai thoi diém ¢ (vi du: dic trung GPS, toc dd, thai tiét),
e h;_1: dau ra an t budc truée,

e C,: trang thai bo nhd tai thdi diém ¢,

* f,,i;,0,: gid tri clia cac cong quén, dau vao va dau ra tuong tng,
W, va b,: ma tran trong sd va vector bias clia tiing cong,

* : ham sigmoid, tanh: ham kich hoat phi tuyén.

Nho kha ning ghi nhé va hoc cac mau phu thudc dai han trong dit liéu chudi, LSTM
thudng dudc st dung dé du bdo chudi thoi gian, nhan dang giong ndi, va dic biét 1a
du dodn thoi gian dén (ETA) trong giao thong thong minh. Mot bién thé phd bién
khac 1a Bi-directional LSTM (BiLSTM), cho phép mo hinh hoc quan hé theo ca
hai chiéu thdi gian (qud khit va tuong lai), cai thién d chinh x4c trong céc tap dit

liéu c6 bbi canh phiic tap.

Cdc ddc tinh ciia phuwong phdp LSTM c6 thé khdi qudt nhu sau:

* Diém manh: M6 hinh héa hiéu qua dit liéu chudi cé phu thudc dai han; xi 1y t6t
cac tin hi€u dong theo thoi gian; thich hop cho di liéu ¢ thi tu nhu GPS, van
tdc, hay mat do giao thong; hoat dong t6t khi két hop v6i CNN hoic Attention
dé trich xuét dic trung khong gian—thdi gian.

e Diém yéu: Chi phi huin luyén cao; khé diéu chinh siéu tham sb; dé overfitting
khi dit liéu hun luyén nho; kha ning song song héa thip so véi céc kién tric
Transformer.

Trong c4c nghién cifu hién dai vé ETA, LSTM thudng déng vai trd 12 nén tang cho
nhidu mo hinh két hop, chang han nhu ST-NN (Spatio-Temporal Neural Network)
hoidc DeepTTE (Deep Travel Time Estimation) — trong d6 LSTM dugc dung dé
xt 1y chudi dic trung theo thdi gian, trong khi cdc tang CNN hoiic Attention dam
nhiém phan trich xuit dic trung khong gian. Piéu nay gidp md hinh dat do chinh
x4c cao hon dang ké so vdi cac phuong phap hoc may truyén théng nhu Random
Forest hoac XGBoost [27].

b ) Mé hinh Transformer va C¢ ché Chid y (Attention-based ETA Models).

Transformer 12 mot trong nhiing kién tric mang no-ron hoc siu tién tién nhit hién
nay, dudc Vaswani va cong su (2017) gidi thi€u trong cong trinh “Attention Is All
You Need”. Khic véi cac md hinh hoi tiép (RNN, LSTM) dua vao lan truyén trang
thi tuan tu, Transformer dya hoan toan trén cd ché Self-Attention d€ nam bat mbi
quan hé giita cic phan tit trong chudi dit liéu ma khong can xi 1y theo thif tu thoi

gian co dinh.
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Trong bai to4n du doan thdi gian di chuyén (ETA), Transformer va cic bién thé dua
trén Attention nhu DeepETA, ST-Transformer, hay TETA (Transformer-based ETA)
da cho thay hiéu ning vugt trdi so véi cdc md hinh truyén thdng va LSTM, dic biét
trong viéc hoc cic quan hé khong gian—thdi gian phiic tap tir di liéu GPS, ban do
va tin hiéu giao thong.
Co ché Self-Attention cho phép m6 hinh danh gid mifc dd quan trong tucng ddi gitta
cdc phan tif trong chudi dau vao. Cho ma tran dau vao X = [x1,x2,...,x,], cic vector
truy van (Q), khéa (K) va gid tri (V) dudc sinh ra thong qua phép bién ddi tuyén
tinh:

0=XWy, K=XWg, V=XW, (1.19)

trong d6 Wy, Wk, Wy 12 céc ma tran trong s6 dugc hoc. Trong sb chu y (attention
weights) dugc tinh bang:

Attention(Q, K,V) = softma (QKT> V. (1.20)
AN = X s .
Vi

V6i dy 1a kich thudc vector khéa. Co ché nay cho phép md hinh tip trung vao cic

phan t dau vao c6 lién quan nhit dén diém du doan hién tai.

Trong thuc té, kién triic Transformer thuong gém nhiéu 16p Multi-Head Attention,
mdi 16p hoc mot khong gian biéu dién khac nhau ctia mbi quan hé gitta cac diém
dit liéu. Ngoai ra, cdc thanh phan nhu Position Encoding dudc thém vao dé€ cung
cAp thong tin vé thi tu thdi gian cho chudi dau vao, von bi mit di do tinh chit song

song cua Transformer.

Ijng dung trong ETA: Cac mo hinh nhu DeepETA (Google, 2020) va TETA (Bai
et al., 2021) md rong Transformer dé hoc ddng thdi dic trung khong gian va thoi
gian. DeepETA két hop céc ting LSTM va Attention d&€ mé hinh héa chudi GPS ctia
phuong tién, trong khi TETA st dung hoan toan kién tric Transformer, khai thic
mbi quan hé dai han gitta cac diém GPS, thdi gian va diéu kién giao thong. Két qua
thuc nghiém cho thiy TETA dat giam RMSE t6i 18% so v6i DeepTTE va 25-30%
s0 Vi cac mo hinh hoc mdy truyén thong.

Cdc ddc tinh ciia phuong phdp Transformer / Attention-based ETA c6 thé'khdi qudt

nhu sau:

e Dié¢m manh: Kha ning hoc phu thudc dai han vudt troi; xi ly song song tbt; mod
hinh héa quan hé khong gian—thdi gian hiéu qui; dé md rong trén di liéu 16n;
dat do chinh x4c cao trong ETA thuc té (Google Maps, Grab, Uber).

e Dié¢m yéu: Doi hoi dif liéu va tai nguyén tinh todn 16n; khé gidi thich két qua;
yéu cau tinh chinh nhiéu siéu tham s6; d& qua khép néu dit liéu khong di da

dang.
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Nho co ché Attention linh hoat va kha ning xi ly song song, Transformer da tr&
thanh nén tang ctia hau hét cic md hinh ETA hién dai. Cdc nghién ctfu gan day con
m& rong hudng nay sang cac bién thé nhu Graph Transformer Networks (GTN) hay
Spatial-Temporal Transformer, cho phép hoc truc tiép trén dd thi giao thong thuc,
mé ra trién vong 16n trong viéc du doan thdi gian di chuyén chinh xdc trong bdi
canh do thi thong minh [20, 21, 22, 23, 24].

Céac md hinh hoc sau nhu LSTM va Transformer da danh diu budc tién vugt bac
trong bai todn du dodn thdi gian di chuyén (ETA), nho kha ning hoc biéu dién phi tuyén
phtic tap va khai thac dong thdi mdi quan hé khong gian — thdi gian trong dit liéu giao
thong.

LSTM th€ hién uu thé 16 rét trong viéc xi ly chudi dif liéu c6 tinh lién tuc theo thdi
gian, diic biét khi mo hinh can ghi nhé céc trang thai qua khi dai (nhu chudi GPS, toc
do di chuyén, hoic ludng xe theo phiit). Vi ciu triic cdng bo nhé (forget, input, output
gates), LSTM duy tri cAn bing gifta viéc luu giif va quén thong tin, gitip mo hinh héa
chinh xdc cdc quan hé phu thudc dong hoc trong qua trinh di chuyén. Tuy nhién, han
ché chinh cia LSTM 1a kha niing song song héa thip va chi phi tinh toan cao khi do dai
chudi ting, 1am giam hiéu qua trong cac hé théng ETA quy mo 16n.

Ngudc lai, Transformer va cdc bién thé dua trén Attention nhu DeepETA, TETA
hay ST-Transformer da khic phuc diém yéu nay biang cach loai bé lan truyén tuan tu va
thay thé biang co ché Self-Attention. Nhd d6, Transformer c6 thé hoc quan hé giita moi
diém dit liéu trong chudi cung lic, gitip ting téc do huin luyén va dat d6 chinh xac cao
hon trong cic bdi canh giao thdng phiic tap. CAu tric song song ctia Transformer dic
biét phit hop véi dit liéu 16n va da ngudn (GPS, cdm bién, ban dd, thdi tiét), dong thoi
cho phép tich hgp tot hon véi céc kién triic hién dai khac nhu Graph Neural Networks
hoac Multi-head Attention.

1.4 Peé xuét phuong hudng
1.4.1 Khai phd dit liéu trong bai todn du dodn thoi gian di chuyén (ETA)

Trong bdi canh giao thong do thi phic tap, k¥ thuat khai phd dit liéu giit vai tro nén
tang dé€ du dodn chinh x4c thoi gian di chuyén (ETA). Hé thong ETA hién dai can khai
thac khdi luong di liéu 16n va da dang vé khong gian—thdi gian, tir dif liéu GPS/AVL
ctia phuong tién, cdm bién giao thong, thai tiét dén ban dd sb va su kién dic biét. Viéc
tich hop nhiéu nguon dit liéu gitip mo hinh ETA bao quét diy dd cdc yéu td anh hudng;
nghién cttu cho thiy viéc dua thém yéu t6 ngoai canh nhu thdi tiét hay su kién (vi du: 1&
hoi, tai nan) vao mo hinh da céi thién ddng ké do chinh xéac du bao.

Ngudc lai, cich tiép can chi dua trén mot loai dif liéu thudng bd sét tuong quan 4n
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gitta cdc dbi tuong giao thong. Do vy, khai phd dit liéu da ngudn trg thanh chia khéa dé

mo hinh ndm bat mbi quan hé tiém 4n trong hé théng giao thong phiic tap.

Bén canh d6, dit liéu thu thap tho thudng nhiéu va khong day da; néu khong ducc
Xt 1y, chiing ¢6 thé din dén suy luan sai 1éch. Khai pha dit liéu ddm béo 5V ctia dif liéu
16n (Volume, Velocity, Variety, Value, Veracity), dic biét 1a tinh ding dan (veracity) ctia
dit liéu — yéu t6 then chdt quyét dinh hiéu qua ctia cdc md hinh thong minh.

Tém lai, khai phd dif liéu dit nén méng cho toan bd quy trinh ETA: tit chuén bi di
liéu dau vao chat lugng dén kham pha kién thic 4n, gitip mo hinh may hoc du bdo thoi
gian di chuyén mot céch tin ciy va hiéu qua.

Quy trinh khai ph4d di liéu cho bai toan ETA c6 thé chia thanh cidc nhém budc
chinh nhu sau:

a) Thu thap va tich hop dir liéu da nguon Dit liéu GPS/AVL cung cip quy dao chi
tiét theo thdi gian thuc; cdm bién giao thong do dém luu luong va tdc do dong xe;
dit liéu thoi tiét va su kién phan dnh diéu kién moi trudng. Viéc tich hop nay doi héi
dong bo thdi gian va khong gian, tao ra bic tranh toan canh vé giao thong. Céc hé
thong nhu MDTP da chiing minh hiéu qua khi két hop nhiéu ngudn quy dao khéc
nhau.

b) Lam sach va x& Iy dit liéu bat thuong Dit liéu giao thong chita nhidu GPS, diém
ngoai 1& hoic thiéu sét. Cac ky thuat nhu bd loc Kalman, trung binh trudt hodic mo
hinh hoc mdy dudc st dung dé loai bé sai s6 va dong bo héa dit liéu thai gian—khong
gian. Khi dit liéu bi thiéu, cdc phuong phap néi suy hodc dién khuyét dugc 4p dung

dé bao dam tinh nhit quan.

¢) Map-matching va khai thic quy dao (trajectory mining) Sai s6 dinh vi GPS
khién toa do c6 thé 1éch khéi duong thuc té. Thuat toan Markov 4n (HMM) hoic
cong cu ma ngudn md Valhalla dudc st dung dé€ anh xa diém GPS 1én doan dudng
kha di nhét, tdi tao hanh trinh thuc té. Sau d6, k¥ thuit phan cum khong—thdi gian
nhu ST-DBSCAN gitip phat hién cum quy dao tuong dong va loai bd hanh trinh di
thuong.

d) Tao dac trung (Feature Engineering)

Qua trinh tao ddc trung (Feature Engineering) dong vai tro quan trong trong viéc
nang cao hiéu qua ctia md hinh du doan thdi gian di chuyén. Day la giai doan nham
bd sung cac thong tin tiém 4n khong c6 sin trong dit liéu gbc, dong thdi tinh loc va
t6 chifc lai c4c bién dau vao theo huéng gitip mo hinh hoc tot hon mdi quan hé gitia
cac yéu t6 4nh hudng dén thi gian di chuyén.
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e) Phat hién mau va lua chon diic trung

Trudc khi dua vao huin luyén, tip dit liéu dugc lam sach va tinh chinh dé loai bd
cdc ban ghi bat thudng, chang han nhu cic chuyén di c6 thdi ludng qua ngan hoic
qué dai, hoic téc do trung binh vugt mifc gi6i han cho phép. Pdng thdi, budc lva
chon dic trung (feature selection) dudc tién hanh dua trén phan tich tAm quan trong
va tuong quan gitta cac bién. Cac dic trung c6 mic anh hudng thip nhu vendor_id
hay passenger_count dudc loai bo, trong khi cac dac trung tuong quan cao chi

gitt lai mot bién dai dién nhu main_street_ratio d€ tranh trung lip thong tin.

Sau qud trinh xt 1y, tAp dic trung cudi ciing dudc rit gon con khoang 11 bién c6 gid
tri thong tin cao nhat. Cic dic trung ndy bao gdm ca thong tin tinh (nhu ciu tric
duong, diém don va diém trd) va thong tin dong (nhu thdi gian, mat do giao thong,
thoi tiét), gitp md hinh ¢6 cdi nhin toan dién hon vé bdi canh di chuyén.

Céc dic trung sau khi dudc tao ra dudc chuin héa va ma hoa (encoding, normal-
ization) nhim dam bio dong nhit vé ty 1& gia tri va ting hiéu qua huin luyén clia
mo hinh. Viéc xay dung mot hé théng dic trung gidu thong tin va c6 kha ning khai
quét cao 12 yéu t6 then chét gitp cdi thién do chinh xdc ctia mo6 hinh du dodn thoi
gian di chuyén.

Nhd 4ap dung quy trinh khai pha di liéu mot cach bai ban, do chinh xac va hiéu
ning ctia hé thong ETA d6 thi dudc cai thién rd rét. Viée tich hop da ngudn dit liéu gitip
gidm sai s6 du bdo; dit liéu sach va dong bd gitip mo hinh tranh bi nhiéu. Ngoai ra, quy
trinh x@ Iy hop 1y con ddm bao kha ning du bdo gan thdi gian thuc trén quy mo hang
chuc triéu ban ghi moi ngay.

Toém lai, ky thuat khai pha dit liéu dong vai trd trung tAm trong toan bo chudi du
bao ETA. Su két hop gitta khai pha dit liéu chét luong cao va cdc md hinh hoc may hién
dai hita hen mang lai hé thong du bdo thdi gian di chuyén ngay cang chinh x4c, thich ting
va dang tin cdy trong tuong lai.

1.4.2 St dung hoc mdy két hop Ensemble Learning

Qua tdng quan cac phuong phap da trinh bay, c6 thé nhan thiy rang moi hudng tiép
cin — tif cdc mo hinh hoc mdy truyén théng nhu kNN, CART, Random Forest cho dén
cac mo hinh hoc siu hién dai nhu LSTM va Transformer — déu mang nhiing uu diém va
han ché riéng. Cdc mo hinh hoc sau cho phép hoc bi€u dién khong gian—thdi gian phiic
tap, song doi héi lugng dif liéu huan luyén 16n, tai nguyén tinh toan cao va kho giai thich
két qua. Trong khi d6, cdc mo hinh truyén théng c6 kha ning trién khai nhanh, dé dién
giai nhung doi khi bi gidi han vé do chinh x4c trong cdc quan hé phi tuyén phiic tap.

Trong bdi canh d6, thuit toan XGBoost (Extreme Gradient Boosting) dudc lua
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chon 1am md hinh dé& xuit cho dd 4n vi dat dudc su cdn bang t6i wu gitta hiéu suit
du doan, do phtc tap tinh toan va kha nang giai thich. XGBoost 1a mot phuong phap
ensemble learning thudc nhém Boosting, két hop nhiéu cdy quyét dinh yéu thanh mot
m6 hinh manh bang cach huin luyén tuan tu va giam dan sai s6 ctia cac vong trudc. So
v6i Random Forest (dua trén Bagging), XGBoost khong chi gidm phuong sai ma con tdi
uu sai 1&ch (bias) théng qua co ché hoc c6 trong sd, gitip cdi thién dang k€ do chinh xac.

Vé mit ky thuat, XGBoost 4p dung chién ludc gradient boosting v6i ham mat mat
kha vi, co ché regularization (L1, L2) d€ ki€ém soat do phtic tap mo hinh, va ky thuat
shrinkage (learning rate) gitup tranh hié€n tugng qua khép. Bén canh do, kha nang xu ly
dit liéu thiéu, hd tr¢ song song hoéa, va tinh md rong tot trén céc tap dif liéu 16n gitp
XGBoost dic biét phit hdp vdi cdc bai toan du dodn thdi gian di chuyén (ETA) st dung
dit lidu giao thong thuc té.

Mot vu di€ém quan trong khac ctia XGBoost 1a kha niing ddnh gid tdm quan trong
cua ddc trung (feature importance), giup mo hinh khong chi dua ra du doan chinh xac
ma con cung cAp thong tin hitu ich vé yéu t6 nao dnh hudng manh nhit dén thdi gian di
chuyén (vi du: khodng cich, thdi gian trong ngay, tinh trang giao thong). Piéu nay rat c6
gi4 tri trong bdi canh nghién ctu, ndi viée dién gidi két qua va xdc dinh yéu td tic dong
1a can thiét.

Cubi cling, d€ khai thac t6i da tiém ning ctia XGBoost, dd 4n nay két hgp phuong
phép véi cac ky thut tao va chon dic trung (feature engineering) nham ning cao kha
ning biéu dién dif liéu dau vao. Qud trinh niy bao gom trich xuat cic dic trung khong
gian—thoi gian (vi du: khodng cich Haversine, thoi diém trong ngay, ngly trong tuan),
két hop dic trung dinh tuyén (OSRM), va loai bé cdc bién it anh hudng dya trén phan
tich tuong quan. Su két hgp gitta mdt md hinh ensemble manh mé va mot pipeline dic
trung dudc thiét ké cin than ky vong sé mang lai hiéu ning du doan cao, 6n dinh va c6
thé gidi thich dugc — dap dng tét muc tiéu cta d6 4n vé du doan thdi gian di chuyén cho
du liéu taxi do thi.

1.5 Két luin chuong

Chuong 1 da hoan thanh viéc gi6i thiéu khdi quat vé bai toan du dodn thdi gian
di chuyén udc tinh (ETA), cc dng dung thuc té va téng quan vé cic phuong phép giai
quyét, tir théng ké truyén thong dén hoc sau hién dai. Cdc mo hinh thdng ké kinh dién
nhu ARIMA/SARIMA va B loc Kalman bi han ché bédi gia dinh vé tinh tuyén tinh cta
dit liéu, khién ching khong thé nim bat dugc cdc mdi quan hé phi tuyén phiic tap von
c6 trong giao thong do thi. Trong khi d6, céc kién tric hoc sau (GNN, Transformer) mic
dit manh mé trong viéc x{ ly cac mau hinh khong—thdi gian phiic tap, lai thudng doi hoi
tai nguyén tinh toan va di liéu 16n d€ huin luyén. Hoc ting cudng Gradient (GBM), dic
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biét 12 phién ban t6i vu XGBoost, ndi bat 1én 12 mo hinh dudc uu tién hang dau nho kha
ning mod hinh héa cidc mbi quan hé cuc ky phtc tap va thudng xuyén dat dudc do chinh
x4c hang dau trong cic bai toan du bdo.

DE xtt 1y khéi lugng dit liéu khéng 16, GBM da dudc mé rong thanh cic hé théng
phan tan, chiing minh kha nang md rong quy mo 1€n hang tram GB di liéu va dat do
chinh xdc vudt trdi so véi cdc mo hinh hdi quy tuyén tinh hoic mang no-ron truyén thong
trong du bdo ETA. Thanh cong nay dudc xay dung trén nén tang ctia k¥ thuat khai pha
dit liéu bai ban, bao gdm viéc thu thap, 1am sach nhiéu GPS, xi ly ghép ban dd (Map-
matching), va tao dic trung khong—thdi gian chit lugng cao, nham cung cip dit liéu du
vao tin cay cho mo hinh hoc may.

Tém lai, hiéu qua du dodn vuot trdi, kha ning xi 1y phi tuyén, va tinh m3 rong
ctia Gradient Boosting phan tan 1a co s viing chic d€ chuyén sang Chuong 2, ndi sé tap
trung chi tiét vao ky thuat khai phd di liéu va 4p dung Mo hinh du doan XGBoost dé
x4y dung mo hinh du béo thoi gian van chuyén hanh khach.
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CHUONG 2: HUAN LUYEN MO HINH DU BAO THOI GIAN VAN TAT HANH
KHACH

Chuong nay trinh bay quy trinh hun luyén mo hinh du bdo thdi gian van tai hanh
khdch st dung thuét todn XGBoost, bao gdm céc budc khai pha dit liéu khong—thdi gian,
xdy dung dic trung, lua chon md hinh, tinh chinh siéu tham s6 va danh gia hiéu suat.
Muc tiéu 1a thiét 1ap nén tang k¥ thuat viing chiac dé€ phan tich két qua va riit ra két luan
trong Chuong 3.

2.1 Ky thuét khai pha di liéu

Trén cac bo dir liéu NYC Taxi (Trip Duration, Taxi Fare), nhiing 16i giai dat thd
hang cao trén Kaggle déu nhin manh mot quy trinh khai pha dit liéu chit ché, két hop
ti cAu tric quy dao, rit gon hinh hoc, 1am gidu ngit canh khong—thdi gian va bd sung
thong tin mang ludi dudng. Muc tiéu clia quy trinh 1a chuyén d6i toa do GPS va mbc
thdi gian tho thanh mdt khong gian dic trung giau y nghia, 6n dinh phuong sai va c6 kha
ning khdi quat trén céac diéu kién giao thong khac nhau. Noi dung duéi day hé théng hoa
cdc bude chinh va nhém dic trung cbt 16i da ching minh hiéu qua trong thuc nghiém
[29, 15].

2.1.1 Xu ly ghép bdn dé — Map matching

Dit liéu GPS d6 thi chiu anh hudng nhiéu da nguodn, do d6 can 4nh xa cic diém
quan sat 1én do thi dudng thuc (road network) d& khit 1éch vi tri va khoi phuc tuyén
duong hop ly. Céch tiép can phd bién 1a mo hinh 4n Markov (HMM), trong d6 mdi diém
GPS dudc quy chiéu sang mot tip dng vién canh dudng vdi xdc suat phat xa phu thudc
sai s6 do, con x4c suit chuyén tiép phan dnh rang budc hinh hoc va dong hoc gitta céac
canh ké nhau [11].

Bén canh anh xa HMM, cac 16i giai ding hang cao con khai thac cac dich vu dinh
tuyén ma ngudén md (vi du OSRM) d€ suy ra cac dai luong theo mang ludi, nhu thai gian
14i xe t6i uu, chiéu dai 19 trinh theo dudng, sd 1an 1é, s6 niit giao va s6 dén tin hiéu trén
tuyén. Nhitng bién nay mang tinh dién giai cao hon khoang cich dudng chim bay, gitp
md hinh tiép cin gan hon véi chi phi thdi gian thuc té [13].

2.1.2 Sw dung thudt toan Ramer—Douglas—Peucker

Sau ghép ban dd, quy dao van c6 thé day dic diém. Thuat todn Ramer—Douglas—
Peucker (RDP) dugc ap dung dé nén hinh, giit lai tap di€ém “xuong sbéng” dai dién cho
hinh dang tuyén véi sai s6 bién ki€ém soat dudc. Viéc rit gon nay lam giam do phtc tap

tinh toan cho c4c phép suy luin theo mang ludi, dong thdi cai thién tinh 6n dinh cla cic
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dic trung hinh hoc (géc phuong vi, dd udn khiic, chi sé ngodan ngoeo) trudc nhiéu vi tri
cuc bo [12].

2.1.3 Bién doi dit liéu va tao ddc trung méi

Ciéc dic trung khong gian co ban thuong bat diu tir khoang cach hinh hoc giita
diém d6n va trd. Khoang cach haversine mo ta do dai cung tron trén mit cau, trong khi
khodng céach “Manhattan” (taxicab distance) xap xi tdt cho 1uéi phd truc giao ctia New
York. Géc phuong vi (bearing) chuin hoa huéng chuyén dong, con ty s thang tuyén
(khoang cach dudng thang chia cho do dai 1 trinh theo mang) phan 4nh mic d6 ngodn
ngoeéo. Trong bdi canh thanh phd cé nhiéu diém hip din (POIs) anh hudng ludng xe,
khoang céch t6i cac san bay 16n (JFK, LGA, EWR), trong tam Manhattan hay trung
tam thuong mai dudc st dung nhu bién ngit canh cb dinh. C4c bién nhi phan nhan dién
“chuyén san bay” gitip mo hinh hoc cac ché do Iuu thong dic thu [30].

Céc déc trung thoi gian dong vai tro truc chinh d€ mo hinh hod chu ky giao thong.
Thuc hanh t6t bao gdm tach gid trong ngay, ngly trong tuan, thang trong nim; ma hoa
cac khung gid cao diém sang/chiéu; thém cd ngay cubi tuan va ngay nghi 1€ theo lich
Hoa Ky; va, khi sin c6, két hop diéu kién thai tiét dong bo theo mbc thdi gian (nhiét do,
lugng mua/tuyét, gi6). Nhiéu 15i gidi ap dung bién ddi logp cho bién muc tiéu thdi gian
nhiam 6n dinh phan phéi léch phai va giam anh hudng ngoai lai, dong thdi chuin hod
hoic chuén vi (standardization) cho cac thudc do khoang cich dé ting hiéu qua tdi uu
hoa.

Pic trung theo mang lu6i dudng cho thay dong gép ndi troi khi du bdo thdi gian.
Bén canh thdi gian va cu ly 1di xe theo OSRM, s6 1an ré trdi/phai, s6 niit giao va sd phan
doan dudng (segments) trén tuyén la cac bién gin truc tiép véi chi phi tré thuc té. Tai cac
niit giao day dic, thém proxy cho mat do dén tin hiéu hoic gi6i han tdc dd mic dinh theo
phéan loai dudng cang tang tinh mo ta cia mo hinh [14].

Dic trung mat do—dém (counting features) dugce xay dung bing cich phan ménh
khong gian theo ludi déu, geohash hodc cum K-means trén toa do don/tra. Véi mdi 6
hoic cum, ta tinh c4c théng ké lich st nhu s6 chuyén, téc dd trung binh, thdi gian trung
vi theo khung gid; nhiing bién nay thé hién nén tac nghén cuc bo va xu thé theo thdi gian
[16]. K§ thuat “dém c6 diéu kién” (vi du dém sb chuyén trong cling gi va cling cum)
giip mo hinh phat hién hi€u tng tai cuc bd.

Pic trung phan cum con dudc tin dung & mic cao hon biang cach gdn nhin cum
cho di€ém dén va tra, rdi xay dung tuong tic “ciip cum” (origin cluster x destination
cluster). Cach 1am nay cho phép mé hinh hoc cic tuyén OD phd bién nhu “Midtown —
JFK” v6i hanh vi thdi gian 6n dinh. Khi can tinh gon, geohash & nhiéu do phan giai dong

vai tro phan cip khong gian, bS sung hiéu ting da ti 1& cho m6 hinh.
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Cic dic trung tuong tidc dudc hinh thanh c¢6 chd dich nhim ndm bat phi tuyén
gitta khong gian va thoi gian, tiéu bi€u nhu tich s6 clia khodng cich vé6i ¢S gid cao
diém, hoic tuong tc giita cu ly theo mang va lugng mua. Viéc thém céc ty suat toc do
(distance /duration) lich st theo 6 khong gian—thdi gian cling gitp rang budc dy bao vao
bdi cénh giao thong dia phuong. Cudi cling, d€ gidm rdi ro ro ri dif liéu, moi dic trung
dua trén thdng ké lich st can tinh trong khung thdi gian qua khi so véi ban ghi muc tiéu,

va cdc phép chuin hoa phai 16ng trong quy trinh chia train/validation [17].

2.1.4 Phdn tich mé ta va tinh tuong quan ddc trung

Sau khi hinh thanh khong gian dic trung, phan tich md ta gitip thim dinh truc quan
phan phdi va phét hién ngoai lai, trong khi phan tich tuong quan dinh lugng déng vai
trd sang loc. Hé s6 tuong quan Pearson hitu ich véi quan hé tuyén tinh sau cac bién d6i
log, con mutual information va do quan trong hoan vi (permutation importance) phu hgp
hon cho quan hé phi tuyén. Trong thuc nghiém v6i XGBoost, viéc dién giai thong qua
SHAP values cho thiy cic dic trung theo mang ludi (thdi gian/do dai 16 trinh OSRM),
hudng chuyén dong, chi bdo gid cao diém va cum khong gian thudng xép hang cao vé
mtc déng gop, trong khi cic bién ngit canh nhu thdi tiét va sin bay gia ting 6n dinh cho
nhitng tuyén c6 hanh vi khic biét. C4c két qua ndy cting cb luan diém ring két hop dic
trung hinh hoc, khong gian phan cép, ngii canh thdi gian va thong tin ludi dudng 1a chia
kho4 dé€ tdi uu hoa du bao ETA trén dit lieu NYC [18].

2.2 Mo hinh du doan XGBoost

XGBoost (Extreme Gradient Boosting) 1a mot thuét toan hoc mdy manh mé thudc
ho md hinh boosting, dudc thiét ké nham nang cao hiéu suét du bdo thong qua viéc két
hop nhiéu mo hinh yéu (weak learners), thudng 1a cac cay quyét dinh nho, thanh mot mo
hinh t6ng hdp c6 ning Iuc khéi quat héa vugt troi. Trong bai toan du doan thoi gian di
chuyén (ETA), XGBoost dic biét hiéu qua vi c¢6 thé hoc dudc cac mbi quan hé phi tuyén
phtic tap gilfa cdc dic trung khong—thdi gian, nhu tuong tac gitta diéu kién giao thong,
vi tri dia Iy va khung thdi gian. M6 hinh nay da chitng minh uu thé rd rét trong nhiéu bai

todn Kaggle vé trip duration prediction va taxi fare estimation [29].

2.2.1 Nguén géc mé hinh

XGBoost dugc phat trién béi Tiangi Chen va Carlos Guestrin vao nim 2016 trong
bai bao “XGBoost: A Scalable Tree Boosting System” [10]. M6 hinh nay dugc xem la
phién ban céi tién v mé rong cla Gradient Boosting Machine (GBM) truyén théng do
Friedman dé xuét nim 2001. Muc tiéu chinh ctia XGBoost 1a t6i uu héa téc do huin
luyén va kha ning mé rong trén cac tap di liéu 16n, dong thdi duy tri do chinh x4c cao
thong qua co ché chuin héa (regularization) va xi ly song song.
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Khong gidng cdc md hinh boosting trudc d6 chi tap trung vao do chinh xéac, XG-
Boost dudc thiét ké v6i dinh huéng hé théng (system optimization) toan dién. Cu thé, né
khai thac ky thuat song song héa trong qua trinh xay dung cay, t6i uu bd nhé thong qua
block structure va hd tr¢ cd CPU 1an GPU d¢€ ting tdc tinh toan. Chinh nhd khé niing
nay, XGBoost nhanh chéng trd thanh thuat todn tiéu chuan trong cac cudc thi hoc may
quy md 16n nhu Kaggle, noi ma tdc do huin luyén va do chinh xac déu 1a yéu tb quyét
dinh [14, 30].

Ngoai ra, XGBoost hé trd nhiéu dang bai toan khac nhau, bao gém hdi quy, phan
loai, xép hang va du bdo chudi thsi gian. Trong linh vuc giao thong, mo hinh nay ducc
st dung rong rai trong cac bai todn udc lugng thdi gian hanh trinh (ETA), du dodn do tré
phuong tién cong cong, va tdi vu héa diéu phbi xe trong cac nén tang chia sé hanh trinh
(ride-sharing platforms) nhu Uber, Lyft hodac Grab.

2.2.2 Cac tinh ndng chinh

XGBoost ké thira co ché hoc ting cudng dan (additive boosting) tit GBM, trong dé
cac mo hinh yéu dugc huin luyén lién tiép dé€ gidm sai sd con lai ctia md hinh hién tai.
Mai cay quyét dinh méi dudc xay dung dua trén phan du (residuals) ctia dy doan truée
do, va tdng hop lai tao thainh mo hinh cudi cung. Céch tiép can niy cho phép XGBoost
dan hoc dudc cdc mau phifc tap ma ciac mo hinh tuyén tinh khong thé nim bit.

Mot trong nhiing cai tién cbt 16i cia XGBoost 1a viéc bd sung diéu khoan chuin
hoéa (L1, L2 regularization) vao ham muc tiéu, gitp ki€m soat do phiic tap cia cay va
tranh hién tugng qua khép (overfitting). Ham muc tiéu cua XGBoost ¢6 dang:

K

Z =Y 10,5+ Y Q(fi) (2.21)
i=1

k=1

vOi Q(fi) = ¥T 4 3A X w3, trong d6 T 1a sb niit 14 clia cdy va w; 1a trong s tai mdi
14. Thanh phan Q( f;) gitip rang budc do phiic tap, cho phép md hinh can bing gitta kha
niang khdp dit liéu va do tong quat hoa.

Ngoai co ché chuidn héa, XGBoost con c6 nhiéu dic diém k¥ thuit ndi bat:

« T6i wu hoa phén tach: Thuat todn Weighted Quantile Sketch gitp xac dinh diém
chia (split point) hiéu qua ngay ca khi dit liéu c6 trong s6 khong dong déu.

« Xt Iy thiéu dix liéu: XGBoost ty dong hoc huéng phan nhanh tbi uu khi gip gia tri
thiéu, do d6 khong can thay thé thii cong (imputation).

« H6 trg tinh song song: Qua trinh xay dung cdy dudc song song héa theo chiéu dic
trung thay vi theo mau, gitip tin dung tot tai nguyén CPU/GPU.
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« Tinh m6 rong cao: Chu triic dif lidu theo dang cot nén (block structure) gitip mod
hinh mé rong quy mo 1én hang trim GB dit liéu ma van dam bao tdc do huan luyén
cao [10].

Nhd cic cai tién nay, XGBoost thuong dat hiéu suit vugt trdi trong cc bai todn ¢
dic trung phi tuyén va tuong tc phtc tap, dic biét khi két hop véi cac ky thuat khai pha
di liéu khong—thdi gian da trinh bay 6 Muc 2.1.

2.2.3 Ung dung ciia mé hinh

Trong bai todn du dodn thoi gian di chuyén clia phuong tién van tii, XGBoost thé
hién hiéu qua ro rét nhd kha ning xit ly c4c tuong tac phi tuyén gilta cc dic trung nhu
thoi gian, vi tri, mat do giao thong va diéu kién thoi tiét. Mo hinh c6 thé hoc dudc mdi
quan hé phtc tap nhu tdc dong clia git cao diém tai cac khu vuc trung tAm, hodc su két
hop gitta khoang cach tuyén va tinh trang tic nghén trong tiing khung thoi gian.

Céc nghién ctiu gan day va thuc nghiém tif cong dong Kaggle cho thiy XGBoost
thuong dat sai s trung binh tuyét ddi (MAE) va sai s6 binh phuong gbc (RMSE) thap
hon 10-15% so véi cdc md hinh hdi quy tuyén tinh hoic mang no-ron don gién khi ap
dung trén bo dit liéu NYC Taxi [29, 15]. Viéc st dung cac dac trung ti mang luéi OSRM
va dic trung ngi canh thoi gian gitip mé hinh nam bat tdt hon cac quy luit tic nghén
giao thong cuc bd va thoi gian di chuyén theo mua vu.

Ngoai ra, XGBoost cho phép dién gidi két qua thong qua céc chi sd tam quan trong
cua dac trung (feature importance) hoac gia tri SHAP (SHapley Additive exPlanations)
[18]. Diéu nay mang lai 16i thé trong mdi trudng trién khai thuc té, ndi cic td chic giao
thong hodc doanh nghiép van ti can hi€u ro ly do mo hinh dua ra du bdo. Céc dic trung
quan trong nhét trong cac thuc nghiém bao gdm thdi gian trong ngay, khoang cach theo
OSRM, c& git cao diém, mat do diém don tai Manhattan va diéu kién thoi tiét.

Cubi cliing, nho kha ning mé rong va tdc do huan luyén cao, XGBoost dugc trién
khai hiéu qua trén cac hé thdng phan tan (Spark, Dask, Ray) d€ xi 1y dif liéu 16n theo
thoi gian thuc, ho tro ing dung trong cdc hé thong gdi y tuyén dudng, du bdo thdi gian
ETA cua xe buyt hodc dich vu chia sé hanh trinh.

2.3 Phuong phap danh gia va thuc nghiém mo hinh

Sau khi hoan thién quy trinh khai pha du liéu va lua chon m6 hinh XGBoost, bude
tiép theo 1a xay dung phuong phdp danh gid va thiét 1ap quy trinh thuc nghiém. Muc tiéu
ctia phan nay 12 trinh bay céach thiic tién hanh huin luyén, tinh chinh siéu tham s, Iva
chon chi s6 dénh gid va cac budc kiém chiing mé hinh, 1am co s& cho viéc phan tich két
qua ¢ Chuong 3.
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2.3.1 Muc tiéu va pham vi danh gida

Viéc danh gia md hinh trong nghién ctiu nay nham xac dinh kha ning du bdo cta
XGBoost trong bai todn uéc Iugng thdi gian di chuyén (ETA), dong thdi ki€ém dinh tinh
on dinh va kha ning tong quat ctia md hinh trén di liéu c6 dic trung khong—thdi gian

phuc tap. Pham vi danh gia tap trung vao:

D0 chinh x4c ctia mo hinh trong viéc udc lugng thdi gian di chuyén;

 Mitc do 6n dinh cia mo hinh gitta ciac phan doan thdi gian va khu vuc dia Iy khac
nhau;

« Kha niing dién giai ctia md hinh thong qua cac chi s6 tim quan trong dic trung.

Toan bo qua trinh ddnh gia dudc thiét ké theo huéng tai 1ap (reproducible) va cé
thé mé rong (scalable), ddm bao ring cic két qua & Chuong 3 phan anh chinh xac hiéu
qua ctia mo hinh trong diéu kién thuc té.

2.3.2  Quy trinh hudn luyén va chia tdp dit liéu

P& t6i uu hod hiéu suat md hinh trén tap di liéu quy mo 16n trong diéu kién tai
nguyén tinh todn gidi han, bo dit liéu dudc chia thanh hai phan: tdp hudn luyén (Training
set) va tdp kiém dinh (Validation set) v6i ty 1€ 80% — 20%. Cach phan chia nay gitip mo
hinh c6 dud dit liéu d€ hoc cac mau hinh phic tap, dong thdi van gitt lai mot lugng dit
liéu doc 1ap du 16n d€ danh gid kha ning tdng quat hod va han ché hién tuong qua khép
(overfitting). Viéc st dung random split 12 phit hdp véi ban chét ctia bai toan uée luong
thoi gian di chuyén, noi mdi chuyén di dugc xem nhu mdt quan sat doc 1ap thay vi mot

chudi thdi gian lién tuc.

Bién muc tiéu dudc x4c dinh 1a thoi gian di chuyén thuc té (don vi phiit). Viéc biéu
dién thoi gian duéi dang phiit thay vi gidy gidp cho cic chi s6 ddnh gia nhu RMSE va
MAE tré nén truc quan hon va phan anh 16 hon sai s6 trong thuc t& van hanh. Trudc khi
dua vao mo hinh, dit liéu dudc xu ly ngoai 1€ va lam giau dac trung (Feature Engineering)
nham chuyén ddi cac thudc tinh khong gian—thdi gian tho thanh céc bién ¢ y nghia ngit
nghia cao, nhu gid trong ngay, ngly trong tuan, khoang cach Haversine, tbc do trung

binh udc tinh, va cac dic trung theo mua vu.

Qua trinh huén luyén st dung ham mat mat hdi quy binh phuong 16i (Squared Error
Loss), dudc cAu hinh thong qua tham sb reg: squarederror trong thu vién XGBoost.
Ham mét mat nay dudc tdi wu hoa bang thuit toan Gradient Boosting, trong dé mdi ciy
quyét dinh méi dugce xay dung nham gidm dan phan du (residuals) ma céc ciy truée d6
chua giéi thich dugc. Co ché hoc tuan tu nay gidp mo hinh hoi tu hiu qua va xi 1y tot
cac dic trung phi tuyén trén khong gian dic trung phic tap.
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2.3.3 Tinh chinh siéu tham sé (Hyperparameter Tuning)

Viéc Iva chon va tinh chinh siéu tham s& (hyperparameters) déng vai trd quyét dinh
dén hiéu ning cia XGBoost. Trong nghién ctiu ndy, qua trinh tinh chinh dugc thuc hién
bing phuong phap Grid Search két hop véi ki€ém dinh chéo 5-fold cross-validation dé
quét khong gian tham sb va chon ra cAu hinh tdi vu.

Céc siéu tham sb chinh bao gom:

max_depth: do siu tbi da clia cdy, 4nh hudng dén kha ning hoc phi tuyén;
* learning_rate (1): tdc do cAp nhit trong s6, diéu chinh mic d6 hoc ctia mo hinh;

 n_estimators: s6 lugng ciy trong mo hinh boosting;

subsample va colsample_bytree: ty 1é mau va dic trung dugc chon ngau nhién

mdi vong, gitip giam overfitting;

lambda va alpha: cdc hé s6 chuin hod L2 va L1, kiém soat do phiic tap cia md
hinh.

Céc cau hinh tham s khac nhau dudc thit nghiém va danh gid theo cuing bd chi s6,
qua dé6 lua chon t6 hop tham sb t6i uu c6 do chinh x4c cao nhit va muc sai s6 thip nhat
trén tap kiém dinh.

2.3.4 Chi sé ddnh gid hiéu sudat mé hinh

Pé danh gia chét luong du bdo cia cac mo hinh, dé 4n st dung céc chi s6 phd bién
trong bai toan du doan, bao gdm:

« MSE (Mean Squared Error) — do ludng sai s6 bang trung binh binh phuong chénh
léch gitra gia tri thuc va gia tri du doan:
1 & )

MSE = E Z(yi —)’/\l‘) .
i=1

(2.22)

MSE cang thip chiing td mo hinh cang chinh xac, trong khi MSE 16n phan 4nh sai
sb6 du bio cao.

« MAE (Mean Absolute Error) — do luong sai so trung binh theo gi4 tri tuyét doi:
1 n
MAE =~} [yi =il (2.23)
i=1

MAE c6 cung don vi véi bién muc tiéu, nh d6 cho phép dién gidi truc quan vé miic
dd 1éch trung binh gitta du bao va thuc té.
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« MAPE (Mean Absolute Percentage Error) — do sai s6 tuong ddi theo phan trim,
phan anh kha nang du bao theo ty 1€ chénh 1&ch.

Bén canh cic chi s6 danh gid sai s, dd 4n st dung phuong phap giai thich mé hinh
SHAP (Shapley Additive Explanations) nhim phan tich mic do dong gép cua ting
dic trung vao du bao. SHAP dua trén ly thuyét tro choi dé gan gid tri déng gép cho tiing
dédc trung, gitip mo hinh tré nén minh bach va dé dién giai hon. Céc cong cu quan trong

bao gdm:

 SHAP values — thé hién miic tac dong (ting hoic gidm) ciia tiing dic trung 1én két
qua du bao;

« Summary Plot — biéu dién toan bd SHAP values theo miic do quan trong va phan
phdi gia tri;

Viéc két hgp dong thdi céc chi s6 dinh luong (RMSE, MAE, MAPE) va phan tich
giai thich bang SHAP gitip danh gia mo hinh toan dién hon, vita ddm bao do chinh xac

du bao, vita ddm bao kha ning dién giai can thiét cho cic tng dung thuc té.

Bén canh d6, mo6 hinh XGBoost dudc phan tich bing phuong phap SHAP values
d€ danh gia mic do dong gop cua tiing dic trung, gidp tdng tinh minh bach trong qua
trinh du bao.

2.3.5 Phuong phdp dién gidi va kiém dinh mé hinh

Bén canh viéc do ludng do chinh xdc, md hinh dudc phan tich thém vé kha ning
dién gii thong qua céc chi sb feature importance va SHAP values (SHapley Additive
exPlanations) [18]. Cac phuong phap nay cho phép xac dinh mic dong gép cuia ting
dic trung d6i v6i két qua du bdo, gitip hi€u 16 hon cac yéu tb tdc dong dén thdi gian di
chuyén.

Viéc kiém dinh mé hinh dudc thuc hién bang cdch so sanh hiéu suit giita cic ciu
hinh khéc nhau (theo siéu tham s6, nhém dic trung hoic chién ludc chia dif liéu). Két

qua ctia cac bude nay sé dudc trinh bay va phan tich chi tiét trong Chuong 3.

2.4 Két luan chuong

Chuong 2 da hoan thién viéc trinh bay khung phuong phdp luan cho bai toan du
dodn thdi gian di chuyén (ETA) cta phuong tién vén tai hanh khach trong diéu kién giao
thong d6 thi phic tap. Noi dung chuong da 1am rd vai tro then chdt cla viéc khai pha
dit liéu trong viéc chuin héa, 1am sach va bién ddi dit liéu GPS tho thanh tip dic trung

khong—thdi gian giau thong tin. Cac ky thuat nhu ghép ban dd, nén quy dao va tao diic
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trung tif yéu t6 khong gian, thdi gian va ngif cdnh di gép phan quan trong trong viéc dam

bao tinh tin cdy va chét luong ctia dit liéu dau vao cho md hinh hoc may.

Trén nén ting d6, md hinh XGBoost dudc lua chon lam cong cu hoc mdy chinh
nho kha ning mo hinh hoa linh hoat cdc quan hé phi tuyén, kiém so4t do phtc tap thong
qua cd ché chuin hod, va hiéu ning vuot trdi khi xt 1y dit liéu quy mo 16n. Bén canh do,
khung danh gia mo hinh dugc thiét k& mot cach c6 hé thdng, bao gdbm quy trinh huén
luyén, chia dit liéu, tinh chinh siéu tham s va lua chon cdc chi s6 ddnh gia phi hop.
Céch tiép can nay gitip dam bao rang md hinh khong chi dat do chinh xdc cao ma con

duy tri dudc tinh 6n dinh va kha ning tong quét hoa khi d4p dung trén di liéu mdi.

Tém lai, Chuong 2 di xdy dung nén tang phuong phép viing chic, két hop hai hoa
gitta k§ thuat khai phd dit liéu va mo hinh hoc mdy hién dai, dong thdi xdc 14p quy trinh
danh gia khoa hoc cho bai toan du bao thdi gian di chuyén. Nhiing co s6 ly thuyét va
phuong phdp dugc trinh bay trong chuong nay sé 1a tién dé cho Chuong 3, ndi nghién
cifu tap trung vao qud trinh trién khai mo hinh trén dit liéu thuc té va phan tich két qua

thuc nghiém nham kiém chiing hiéu qua ctia phuong phap dé xut.
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CHUONG 3: THUC NGHIEM VA PANH GIA KET QUA

Chuong 3 trinh bay chi tiét qua trinh trién khai mo6 hinh XGBoost trén bo dit liéu
thuc t& NYC Taxi 2024. Noi dung chuong sé mo ta cu thé moi trudng thuc nghiém trén
nén tang Databricks, quy trinh bién ddi dic trung (Feature Engineering) chi tiét, va két
qua huin luyén mo hinh so vé6i cic phuong phap co s6. Pong thdi, chuong nay ciing tip
trung phan tich siu cic sai sd du bao va st dung phuong phap SHAP d€ giai thich muc
do dong gop cua ting dic trung, qua d6 ki€m chiing tinh hiéu qua va kha ning ting dung
clia mod hinh dé xut.

3.1 Bai toan chi tiét

Chuong nay tap trung trinh bay qua trinh thyc nghi€ém va danh gia mo hinh du bao
thdi gian di chuyén (ETA — Estimated Time of Arrival) dudc xay dung dua trén thuat
toan hoc mdy XGBoost. Pay 1a bai toan hdi quy phi tuyén, trong d6 dau vao bao gdm
cac dic trung khong gian—thdi gian, va dau ra 1a gia tri thuc duong biéu dién thdi lugng
chuyén taxi.

Muc tiéu ctia md hinh 14 du bdo chinh x4c thdi gian di chuyén dua trén céc yéu td
nhu vi tri d6n, vi tri tra, thdi diém khdi hanh, quang dudng, sd hanh khach va cic bién
phu trg khéc. Bai toan ETA c6 y nghia thuc tién 16n trong céc hé théng van tdi thong

minh, gép phan tdi wu hod vin hanh phuong tién va giam thi€u un tic giao thong.

3.2 Kich ban tién hanh thuc nghiém
3.2.1 Moi truong thuc nghiém

Céc thi nghiém trong nghién cttu dudc trién khai trén nén tang Databricks Com-
munity Edition, mot moi trudng dién toan ddm may mién phi ho tr¢ xit 1y dit liéu phan
tan bang Apache Spark. Cum tinh toin mic dinh cta Databricks Community Edition
dudc cau hinh v6i mot nit don (single-node cluster), st dung bd xit Iy CPU thay cho
GPU, véi gidi han tai nguyén bao gdbm 15 GB RAM va 2 vCPU.

Mic du khong hd trg ting toc phan cing bang GPU nhu cic mdi trudng thuong
mai, Databricks Community Edition van cho phép thuc hién hiéu qué céc thao tdc tién
Xt ly dit liéu 16n nho co ché t6i uu hod ctia Spark. Toan bd quy trinh lam sach dit liéu,
tao dic trung va huan luyén mo hinh dudc thuc hién bﬁng Python 3.10 véi céc thu vién
PySpark, Pandas, NumPy, Scikit-learn, Matplotlib, SHAP va XGBoost.

Dbi v6i md hinh XGBoost, nghién cifu st dung SparkXGBoost (XGBoost4J-
Spark) d€ tan dung kha ning huin luyén phan tan trén Spark, phit hop véi han ché tai
nguyén cua Databricks Community Edition. Cac md hinh baseline nhu Linear Regres-
sion, Random Forest, Decision Tree va LightGBM dudc huin luyén trén mau di lidu
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(sample-based training) nham dam bao tinh kha thi va tranh 16i tran bd nhé (out-of-

memory) trong moi trudng han ché tai nguyén.

Miic du c6 gidi han vé phan cing, nén tang Databricks mang lai 10i thé trong viéc
tai 1ap thuc nghiém, quan ly notebook, truc quan hoa pipeline xu ly dit liéu va theo doi

mo hinh, gitip ddm bao tinh khach quan va kha ning kiém chiing ctia két qua nghién cifu.

3.2.2 B¢ du liéu thuc nghiém

B0 dit liéu dudc su dung trong nghién ctiiu la NYC Yellow Taxi Trip Records
thang 10 nim 2024, do Uy ban Taxi va Limousine thanh ph6 New York (TLC) c6ng bd.
B0 dif liéu bao gdm hon 3.7 triéu ban ghi, phan dnh diy dd hoat dong van chuyén hanh
khéch ctia hé thdng taxi vang trong sudt thang khao sat. Moi ban ghi mo ta chi tiét diic
diém cta chuyén di, bao gom thdi diém dén — tra khéch, vi tri dia Iy (theo ma vung Taxi
Zone Lookup), sb luong hanh khéach, quang dudng di chuyén va cac thong tin van hanh

lién quan.

P& dam bao chét lugng dau vao cho qud trinh huin luyén mo hinh, dif liéu dugc
lam sach theo ba budc chinh.

(1) Loai bo cac ban ghi khong hgp I€.

Mot s ban ghi trong bd dit liéu gbe c6 gid tri khong hop 1y vé mit ngit nghia, nhu
s6 hanh khéch bing 0, quing dudng di chuyén bing 0 hoic thsi gian di chuyén gan bing
0 gidy. Céc trudong hop nay thuong xuit phat tii 1i thiét bi do, 16i nhap liéu hoic cac
giao dich chua hoan tit. Do d6, cdc ban ghi théa méan diéu kién passenger_count > 0,
trip_distance > 0 va time_taken > 0 dudc gitt lai d&€ ddm bdo tinh chinh x4c ctia bién
muc tiéu. Sau budc nay, sb6 luong ban ghi gidm tir 3,833,771 xubng con 3,359,242 ban
ghi hgp 1€.

(2) Phat hién va loai bo ngoai 1€ bang phuong phap z-score.

B0 dit lidu thuc t& c6 quy md 16n va dic trung phan phoi 1&ch, khién céc gid tri cuc
doan c6 thé giy 4nh hudng dén qua trinh tdi wu héa mo hinh. D€ han ché hién tuong nay,
phuong phap z-score dugc ap dung cho tung dac trung dinh lugng theo cong thic:

X—Xx

Z:—7

c
trong do x 1a gia tri dit liéu, ¥ 1a gid tri trung binh va ¢ 1a do 1éch chuin cua tiing dic
trung.

Cac ban ghi ¢6 gia tri |z| > 3 dudc xem la ngoai 1€ va bi loai bd. Phuong phap nay
dic biét hidu qua trong viéc han ché cc ban ghi c6 quing duong qud dai (> 160,000m),
thoi gian di chuyén bét thudng (hon 500,000 gidy), hodc cac trudng hop sb lugng hanh
khach vudt mic thong thudng. Sau khi dp dung z-score, s6 lugng ban ghi con lai 1a
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3,251,980, tuong ting vdi ty 1€ git lai khoang 96.8%.
(3) Dam bao tinh én dinh va phan phdi hop Iy cha dit liéu dau vao.

Viéc lam sach dit liéu khong chi loai bd cac ban ghi nhiéu ma con gitp phan phbi
ctia cac dic trung tré nén 6n dinh hon, giam bién do bién dong va han ché anh hudng ctia
cac gid tri cuc doan. Sau buéc loc co ban, s6 ban ghi hop 1& gidm tir 3,833,771 xudng
con 3,359,242 ban ghi. Khi tiép tuc 4p dung phuong phap loai bé ngoai 1é biang z-score,
s6 lugng ban ghi con lai 1a 3,251,980, tuong ting khodng 97% sb ban ghi sau budc loc
ban dau. Piéu nay cho thiy phan 16n dit liéu c6 chit luong t6t va phu hop dé dua vao

huan luyén mo hinh.

So sanh gitta Bang 3.1 va Bang 3.2 cho thiy dd léch chuén cta nhiéu dic trung
giam dang ké, dic biét 1a trip_distance (tit 88.20 xubng 4.62) va time_taken (tit 2058.36
xudng 848.28). Piéu nay phan anh hiéu qua ctia budc xit ly ngoai 1¢, gitip phan phbi dit
liéu dau vao tré nén hop 1y va dn dinh hon, ti d6 cai thién qud trinh hoc va kha ning hoi
tu ctia mo6 hinh XGBoost.

Bang 3.1 Théng ké mé ta bd dix liéu ban dau sau loc co ban

Metric PULocationID DOLocationID passenger_count trip_distance pickup_day pickup_hour time_taken

count 3,359,242 3,359,242 3,359,242 3,359,242 3,359,242 3,359,242 3,359,242
mean 165.4313 164.8266 1.3213 3.5718 4.1124 14.4921 1106.1202
std 63.1270 69.2999 0.7587 88.1959 1.8840 5.7499 2058.3556
min 1 1 1 0.01 1 0 1.0
max 265 265 8 160,244.91 7 23 585,424.0

Bang 3.2 Thong ké mé ta bo dit liéu sau khi loai bo ngoai 1é bang z-score

Metric PULocationID DOLocationID passenger_count trip_distance pickup_day pickup_hour time_taken

count 3,251,980 3,251,980 3,251,980 3,251,980 3,251,980 3,251,980 3,251,980
mean 165.5400 164.9288 1.2189 3.4797 4.1084 14.4863 1058.9179
std 63.0748 69.2589 0.4885 4.6164 1.8776 5.7418 848.2776
min 1 1 1 0.01 1 0 1.0
max 265 265 3 208.0 7 23 7,280.0

3.2.3 Bién ddi va tao ddc trung (Feature Engineering)

Qua trinh khai pha va md rong dac trung (feature engineering) dong vai tro quan
trong trong viéc nang cao hiéu qua du bao cia md hinh. Do bd dit liéu NYC Taxi nam
2024 khong con cung cip toa d6 GPS clia diém dén va diém tra khach, cac dic trung
khong gian truyén théng nhu Haversine distance hay Manhattan distance khong thé ap
dung truc tiép nhu c4c nghién ciu cii. Thay vao d6, do an sit dung cic dic trung khong
gian thay thé dua trén hé théng ma viung taxi (Taxi Zone Lookup) va cic thudc tinh ngit
canh md rong. Cac nhom dac trung chinh dudc xay dung nhu sau:

35



36

(1) Pac trung khong gian theo ma vung (Spatial features).

Céc truong PULocationID va DOLocationlD dugc anh xa sang ba thudc tinh thong
tin dia ly: Borough, Zone va Service Zone thong qua bang Taxi Zone Lookup. Tu
do, cac dac trung nhi phan dudc tao ra, vi du: is_manhattan_pu, is_manhattan_do,

is_airport_pu, is_airport_do.

Bén canh dé, cic dic trung két hop nhu borough_pair hay OD_pair (PU_ID_DO_ID)
dudc xay dung nham phan dnh médi quan hé giita vi tri don va tra khach. Viéc mo ta roi
rac khong gian dua trén ma ving té ra phu hop véi dit liéu méi va van thé hién t6t clu
tric ludng di chuyén cia toan bo hé thoéng taxi.

(2) Pac trung thoi gian (Temporal features).

Tir trudng tpep_pickup_datetime, cic bién thdi gian dudgc trich xuat gdm: pickup_date,
pickup_hour, pickup_minute, pickup_dow, is_weekend.

Cac dac trung nay giip mo hinh hoc dugc anh hudng cua luu lugng giao thong
theo thdi gian, chang han gid cao diém hoic cac dip cudi tudn. Ngoai ra, cdc bién thoi
gian con dudc ma hod chu ky (sine—cosine encoding) d€ phan 4nh tinh tuan hoan cia gio
trong ngay:

h o
our_Ssin Sin ( 24 24

271 - pickup_h 27 - pickup_h
T - pickup_ 0ur>, hour cos :cos< 7 - pickup_ 0ur>‘

(3) Phan cum vi tri theo LocationID (Geospatial clustering).

Mic du dit liéu khong cung cap toa do GPS, dic tinh khong gian van c6 thé khai
thac bang cach dp dung thuét toan K-Means truc tiép trén PULocationID va DOLocationID.
Hai m6 hinh phan cum (100 cum mdi loai) dudc huin luyén nham gom nhém céc viing
c6 dic tinh di chuyén tuong dong. Hai dic trung mdi pickup_cluster va dropoff_cluster
gitip mo hinh nhén dién dudc cdc khu vuc c¢6 hanh vi di chuyén tuong tu, dic biét trong

bdi canh dif liéu phan cp theo ving taxi.
(4) Cac dac trung ngtr canh mé rong (Contextual features).

Mot sd dic trung dudc xdy dung thém nhdm phan dnh diéu kién van hanh cda
chuyén di, bao gém: trip_duration_sec, trip_duration_min, van tbe trung binh avg_speed_mph,
va cd has_congestion_fee biéu thi viéc 4p dung phi tic nghén cta thanh phd New York.

Céc dic trung ndy gop phan 1am rd hon su khéc biét gitta cac tuyén dudng va diéu kién
giao thong thuc té trong tiing khung gid.

Sau khi hoan tit budc feature engineering, bo di liéu mé rong bao gdom hon 30 dic
trung méi, phan dnh diy di ciu tric khong gian, thdi gian va ngif canh van hanh. Viéc
bd sung cdc dic trung ndy gitip mo hinh XGBoost céi thién dang k€ hiéu ning du bdo,

dong thoi ting kha ning dién giai thong qua phan tich mic d6 quan trong cla tiing dic
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trung.

Bang 3.3 Danh sach cac dac trung méi dugc tao ra

Tén dic trung

Nhém dac trung

Y nghia / M6 ta

pickup_date
pickup_hour
pickup_minute
pickup_dow
is_weekend
hour_sin, hour_cos
dow_sin, dow_cos
pickup_cluster
dropoff_cluster
PU_Borough, PU_Zone,
PU_service_zone
DO_Borough,
DO_Zone,
DO_service_zone
borough_pair
OD_pair
is_manhattan_pu,
is_manhattan_do
is_airport_pu,
is_airport_do
trip_duration_sec
trip_duration_min
avg_speed_mph
has_congestion_fee

Thoi gian

Thoi gian

Thoi gian

Thoi gian

Thoi gian

Thoi gian (chu ky)
Thoi gian (chu ky)
Khong gian (cluster)
Khong gian (cluster)
Khong gian (Lookup)

Khong gian (Lookup)

Khong gian két hop
Khong gian két hop
Khong gian (nhi phan)

Khoéng gian (nhi phan)

Chuyén di
Chuyén di
Chuyén di
Tai chinh — ng@ canh

Ngay dién ra chuyén di (YYYY-MM-DD).

Gio don khach (0-23).

Phut trong gi¢ don khach.

Thi trong tudn (1-7).

1 néu Ia thit 7 hodic CN, ngudc lai 0.

M3 hod tudn hoan gid trong ngay bing ham sine/cosine.

M3 hod tudn hoan thif trong tuan.

Cum phan loai di€ém d6n dua trén LocationID (KMeans, k=100).
Cum phan loai di€m tra dya trén LocationID (KMeans, k=100).
Thong tin hanh chinh — viing/vanh dai/loai dich vu tai diém dén.

Thoéng tin hanh chinh tai diém tra.

Két hgp Borough dén va tra (vi du: Manhattan_Queens).
Ghép PULocationID-DOLocationID (vi du: 162_246).
Cd xdc dinh diém dén/trd nam trong Manhattan.

C& xéc dinh diém d6n/tra tai sin bay (JFK, LGA, EWR).

Thoi lugng chuyén di tinh theo gidy.

Thoi lugng chuyén di theo phuit.

Vin t6¢ trung binh trong su6t chuyén di.

1 néu c6 phi tic nghén NYC Congestion Pricing.

Phan phdi thai lugng chuyén di (phot)

160000 4
140000 4
120000 4

3
S BO0OD A
=]
i
BOO00 -
40000

20000 4

i

0 200 400 GO0 800 1000 1200 1400 1600
Thai lugng (phat)

Hinh 3.1 Phan phdi thoi lugng chuyén di (don vi: phut)

Hinh 3.1 thé hién phan phdi cta bién trip_duration_min. Phan phdi c6 dang léch
phéi (right-skewed), tap trung chii yéu & khodng 5-20 phiit, va gidm nhanh sau mbc 30
phiit. Céc gid tri 16n hon 60 phut xuat hién véi tan sut rét thip, cho thiy phan 16n chuyén

taxi tai Manhattan va cac khu vuc 14n cén c6 thsi gian di chuyén ngan.
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Phan phdi van téc trung binh {mph)

30000 4

25000 4

20000 4

15000 4

Sd chuyén

10000 4

5000 1

D 1 1 1 1 1 T T T T
o 10 20 30 40 50 G0 70 80

Van tdc (mph)

Hinh 3.2 Phan phdi van tdc trung binh cta cac chuyén taxi (mph)

Hinh 3.2 md ta phan phdi van tdc trung binh (avg_speed_mph). Biéu d6 cho thiy
phan 16n chuyén di c6 van tbc trong khoang 8-20 mph, tuong ting véi diéu kién giao
thong do thi New York dong dic. Phan dudi dai bén phai biéu thi cac chuyén di toc do
cao hon, thuong xuit hién trén cic tuyén dudng I6n hoic trong thdi diém it tic nghén.

Tan suat cac chuyén theo gid trong ngay

16000 -
14000 -
12000 -

£ 10000 -

8000 -

S0 chuy

G000 4

4000 4

2000 4

SoNmMITnmLS® O gy e 8A3RARA
Gid

Hinh 3.3 Tan suét cac chuyén taxi theo git trong ngay

Hinh 3.3 cho thiy phan bd s6 lugng chuyén taxi theo tiing gid. Lugng chuyén ting
manh tlf 6 gid sang, dat cuc dai vao khoang 17-19 gio, tuong ting véi gio cao diém tan
tam tai Manhattan. TAn suit gidm siu sau 22 gid va thap nhit vao khodng 3-5 gid sdng.
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Pairwise Correlations of the Features
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Hinh 3.4 Ma tran tuong quan gitra cac dac trung chinh

Hinh 3.4 trinh bay ma tran tuong quan dudi dang “bubble matrix” gitta cac dac
trung quan trong dugc st dung trong md hinh dy bdo thdi gian di chuyén. Mot s6 nhan
dinh chinh rit ra tif biéu do nhu sau:

* (1) trip_duration tueng quan thuin manh véi distance. Diéu nay phu hop véi dic
tinh vat ly ctia chuyén dong: quang dudng cang 16n thi thdi gian di chuyén cang dai.
Két qua x4c nhan ring trip_distance 1a mot trong nhiing dic trung du bao cbt 16i
cua mo hinh ETA.

* (2) avg_speed tuong quan Am ro rét voi trip_duration. Thsi gian di chuyén ting
lam gidm t6c do trung binh, dic biét trong cc chuyén di c6 tic nghén giao thong.
Su tuong quan d6i nghich nay cling cb vai tro clia avg_speed nhu mot dic trung mo
ta trang thai giao thong.

* (3) pickup_hour cé tuong quan duong véi trip_duration. Gia tri tuong quan tuy
khong manh nhung thé hién xu huéng ETA cao vao mot sd khung gid (dic biét 1a
gid cao diém). Piéu nay phi hop véi phan tich diic trung thdi gian da trinh bay trong
muc trudc.

* (4) dayofweek va weekend cho thiy mdi tuong quan véi thoi gian di chuyén. Cac

39



40

diém tuong quan duong thé hién rang cudi tuan va dau tuan cé xu hudng xuat hién
cdc mau giao thong khac nhau. Vi du, cudi tuan thudng it tic dudng hon nhung c6

mot s6 “di€ém néng” giao thong vao budi toi.

* (5) Cac dac trung khong gian nhu PU_manhattan va DO_manhattan c6 tusng
quan duong dang ké. Diéu nay phan anh dic thu cia Manhattan: mat do giao thong
cao, nhiéu niit giao va tin suét tic nghén 16n, dan dén thoi gian di chuyén dai hon.
Dic biét, khi ca diém dén va trd déu thudoc Manhattan thi tuong quan cang manh
hon.

« (6) congestion_fee ¢6 tuong quan duong véi hau hét cic diic trung khong gian.
Phi tic nghén chi 4p dung trong khu viic Manhattan vao cic khung git nhat dinh, vi
vy dic trung nay gép phan mé ta miic do Iuvu thong phiic tap cia mang ludi dusng

phd trung tam.

Tém lai, biéu do tuong quan cho thiy cac dic trung thdi gian, khong gian va hanh
vi giao thong (nhu tdc do trung binh hoic phi tic nghén) déu mang thong tin quan trong
dbi v6i mod hinh du bdo ETA. Su bd sung cdc dic trung nay gitip md hinh XGBoost nam
bat t6t hon cac quan hé phi tuyén giita thoi gian di chuyén va ngit canh d thi phuc tap
ctia thanh phé New York.

3.2.4 Hudn luyén mé hinh

Trong nghién ctiu nay, mo hinh XGBoost dugc huin luyén trén toan bé tap dit
liéu sau khi lam sach va lam giau déc trung, v6i hon 3.25 tri€u ban ghi. Cac mo6 hinh
ddi ching (baseline models) gdm Linear Regression, Decision Tree, Random Forest va
LightGBM dugc huin luyén trén tap mau (khoang 15%) nhim dam bo cin bing gilia

chi phi tinh toan va kha nang so sanh.

Bién muc tiéu 12 thoi gian di chuyén theo phit (trip_duration_min), dudc chuin
hod tif trudng thoi gian gbe. Dit liéu dudc chia ty 1& 80% huén luyén va 20% kiém dinh.

Déi véi XGBoost chay trén toan bo dit liéu, md hinh dudc huin luyén bing trién
khai phan tan SparkXGBRegressor cua XGBoost4]J trén Databricks, gitp tan dung song
song hoa tinh toan ¢ muc cum (cluster-level parallelism). Dya trén quy trinh tinh chinh
da trinh bay tai Muc 2.3.3, sau khi thuc hién ki€ém dinh chéo trén tip huin luyén, bo siéu
tham s6 t6i vu mang lai RMSE thap nhét dudc Iva chon nhu sau:

* max_depth = 8, learning_rate = 0.08,n_estimators = 800;

* subsample = 0.8, colsample_bytree = 0.8;
* reg_lambda = 1.0, reg_alpha = 0.5;
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* objective = reg:squarederror, tree_method = hist.

Nho céu triic tinh todn song song ctia XGBoost trén Spark, mo hinh c6 thé xu ly
toan bo 3.25 triéu ban ghi mot cach hiéu qua, dong thdi duy tri dudc thdi gian huin luyén
hgp ly.

3.3 Két qua thuc nghiém va danh gia hiéu suit mé hinh

3.3.1 Két quad thuc nghiém

Bang 3.4 trinh bay két qui danh gia nim mo hinh khac nhau, dua trén chinh dit liéu
NYC Taxi thang 10/2024. Day 1a két qua thuc nghiém thu dudc tif viéc huén luyén mo

hinh véi dac trung da dudc lam sach va lam giau.

Bang 3.4 So sanh hiéu niing gitta cic mé hinh trén tap kiém thi

Mo hinh RMSE (min) MAE (min) MAPE (%) Training time (s)
Linear Regression ~ 900,481.15 2,857.56 2004.70 0.17
Decision Tree 17.66 0.69 1.57 1.43
Random Forest 23.33 0.72 0.86 120.38
LightGBM 18.16 0.61 1.65 13.52
XGBoost 17.96 0.63 1.78 16.13

Tir bang két qua c6 thé rit ra mot s6 nhan xét quan trong:

« Linear Regression khong phu hdp véi phan phéi dit liéu thuc t&, dan dén sai s cuc
16n.

 Random Forest c6 MAPE thip nhit nhung thdi gian huin luyén rat cao (120 gidy),
khong phit hop véi hé thdng truc tuyén.

* Decision Tree va LightGBM c6 hiéu ning tuong d6i t6t, huan luyén nhanh.

« XGBoost dat su can bang tbi wu giita téc do va d chinh xac, voi RMSE bt thi

hai va thdi gian huin luyén thip hon nhiéu so v6i Random Forest.

Két qua nay xac nhan XGBoost 12 md hinh phit hop nhét cho bai toan du bao thdi
gian di chuyén (ETA) trén quy mo dit liéu 16n nhu NYC Taxi.
3.4 Phan tich két qua va thao luin

Két qua thuc nghiém cho thAy mo hinh XGBoost khong chi dat do chinh x4c cao

ma con duy tri tinh &n dinh trong nhiéu vung dit lidu. Cac chuyén di ngan trong khu vuc
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Manhattan c6 sai s6 thAp nho mat do dit liéu day va quy luat giao thong 16 rang, trong khi
cac chuyén di dai chiu anh hudng bdi cac yéu té ngiu nhién nhu thay ddi tuyén dudng,
su kién dot xuit hoic tic nghén bt thuong.

Viéc b6 sung dic trung tif cac nhém thudc tinh khong—thdi gian, dic biét 1a ma
ho4 thdi gian, phan loai khu vuc dia Iy va cac quan hé xuit phat—diém dén, gitp gidm
déng ké sai s6 du bdo, cai thién RMSE giam tir 505 gidy xudng con 458 gidy (tuong tng
9.3%). Piéu nay khang dinh vai tro then chdt ctia ky thuat feature engineering trong viéc
nang cao chit lugng dau vao ctia md hinh du bao ETA.

3.4.1 So sanh truc quan gita cac mo hinh
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Hinh 3.5 So sanh hiéu nang giira cac m6 hinh: RMSE, MAE, MAPE va thi gian

huan luyén

Biéu do cho thiy su khac biét o rét gilta cdc mo hinh danh gia. Linear Regression
hoan toan khong phu hop véi cau tric dit liéu thuc té, dan dén sai sd cuc 16n. Decision
Tree va LightGBM cho két qua tuong dbi tot ddi véi cac chuyén di c6 thsi lugng ngan.
Random Forest dat MAPE thip nhit nho kha ning chia nhd khong gian dic trung, nhung
thdi gian huan luyén qua dai, khong phit hdp v6i muc tiéu trién khai trong thuc té.
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Trong khi d6, XGBoost dat su cin bang t6i wu giita do chinh xac va chi phi
huén luyén: RMSE va MAPE déu thudc nhém t6t nhit, dong thdi thdi gian huén luyén
chi 16 gidy trén toan bd dif liéu 3.25 triéu ban ghi. Két qua nay khang dinh XGBoost la
mo hinh phul hgp nhit cho hé théng du bao ETA quy mo 16n.

3.4.2 Duong hdi tu ciia mé hinh

Learning Curve - XGBoost (NYC Taxi 2024)
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Hinh 3.6 DPuong hdi tu cia mé hinh XGBoost (Training vs Validation RMSE)

Hinh 3.6 cho thiy su thay d6i RMSE trén tip huén luyén va ki€ém dinh theo s6 vong
boosting. Két qua chi ra ring md hinh XGBoost hoc rit nhanh trong giai doan dau khi
ca Train RMSE va Validation RMSE déu gidm manh trong khoang 100-200 vong dau
tién. Sau mdc nay, Validation RMSE gan nhu gitt 6n dinh, cho thiy mo hinh da dat hiéu
qua t6i uu v6i bd dic trung hién tai.

Train RMSE tiép tuc giam trong khi Validation RMSE duy tri khong d6i, thé hién
muc do overfitting nhe — dic trung phd bién clia mo hinh boosting khi sd luong cay
ting cao. Tuy nhién, su chénh léch khong 16n, chiing t6 md hinh van téng quat héa tot.

Nhin chung, Learning Curve cho thly XGBoost dat dudc su can bang tot giita toc
dd hoi tu va do chinh xac, 1a lua chon phi hgp cho bai todn du béo thdi gian di chuyén
(ETA) véi du liéu taxi NYC.
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3.4.3 Phdn phéi sai sé du bdo

Distribution of Residuals - XGBoost Model
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Hinh 3.7 Phan phdi sai s6 du bao ctia md hinh XGBoost

Hinh 3.7 m6 ta phan phdi phan du (residuals) giiia gid tri du bao va gia tri thuc té
ctia md hinh XGBoost. Phan phbi c6 dang tap trung manh quanh gid tri 0, thé hién ring
phan 16n sai s6 du doan 1a nhd va khong cé chéch hé thdng (systematic bias). Pudng
thang diing mau dé biéu dién gid tri trung binh ctia phan du, gan nhu trung véi 0, cho
thdy mo hinh khong c6 xu huéng du dodn qua cao hoic qua thap.

Phan duoi phan phdi trai dai vé phia bén phai, phdn anh mot s6 chuyén di c6 sai
s6 16n hon — chi yéu thudc céc truong hdp ngoai 1& nhu tic duong dot xuit, thay déi
tuyén, hoic cic chuyén di dai véi phuong sai cao. Tuy nhién, cdc trudng hop nay chiém
ty 1& nho va khong anh hudng dang ké dén chit luong téng thé ctia mo hinh.

Nhin chung, dd thi phan du cho thiy mo hinh XGBoost dat dd 6n dinh cao, sai sd
phan bd d6i xdng, va kha ning tdng quat hoa tot trén dit liéu taxi NYC 2024,
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3.4.4 Phan tich SHAP Summary Plot

SHAP Summary Plot - NYC Taxi Trip Duration Model
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Hinh 3.8 Biéu do SHAP thé hién mitc dé déng gop clia cac dic trung vao du doan

Hinh 3.8 trinh bay bi€u dd SHAP Summary Plot cho m6 hinh XGBoost huén luyén
trén bd dit li€éu NYC Yellow Taxi 2024 sau khi lam sach va md rong dac trung. Céac dac
trung dudc siap xép theo thit tu quan trong gidm dan dua trén gia tri tuyét d6i trung binh
ctia SHAP, trong d6 truc hoanh thé hién miic do dong gbp vao sai 1éch so véi gia tri ky
vong ctia mo hinh, con mau sic (dd—xanh) thé hién gia tri cao—thap clia dic trung tuong
ung.

Thit tu quan trong cta cdc dic trung cho thay:

* trip_distance 13 diic trung c6 4nh hudng 16n nhét t6i thai lugng chuyén di. Cac diém
du liéu c6 gia tri trip_distance 16n (mau do) tap trung & phia bén phai truc 0 véi gia
tri SHAP duong, cho thdy quing dudng dai luén c6 xu huéng 1am ting thdi gian du
bdo. Ngudc lai, cac chuyén di rat ngan (mau xanh) c6 gid tri SHAP gan 0 hoiic 4m
nhe, phan anh viéc md hinh coi day 12 nhiing hanh trinh “ngan chuén”, it 1am ting

thém thdi lugng so v6i muc trung binh.

* avg_speed_mph ding thi hai vé tam quan trong va thé hién quan hé nghich bién
v6i thoi gian di chuyén. Céc diém c6 tdc do trung binh thip (mau xanh) tuong tng
véi gia tri SHAP duong, nghia 1a 1am ting thdi gian du bdo do thudng gan véi tinh
trang tac nghén hoic di chuyén cham trong khu vuc dong dic. Ngudc lai, toc do
trung binh cao (mau do) tao ra gia tri SHAP am, gép phan kéo thdi gian du bdo
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xudng thap hon mifc trung binh. Piéu nay phu hop véi truc gidc: ciing mdt quing
dudng, toc d6 cao hon din dén thdi gian di chuyén ngan hon.

* is_manhattan_pu va is_manhattan_do (cic c5 nhi phan cho biét diém dén/tra nam
trong quan Manhattan) cling c6 anh hudng dang ké. Cic quan sat ¢ gid tri dic
trung bing 1 (mau dd) thudng c6 SHAP duong, cho thiy viéc xuit phat hodc két
thiic hanh trinh tai Manhattan 1am ting thoi gian di chuyén du béo, do dic trung
mit do giao thong cao va tan suit tic nghén 16n & khu vuc trung tdim. Ngudc lai,
cac chuyén khong di qua Manhattan (gia tri 0, mau xanh) c6 SHAP gan 0 hoic 4m

nhe, phan anh diéu kién luu thong thong thodng hon & cdc quan ngoai Vvi.

o pickup_hour va pickup_dow (thi trong tuan) c6 miic d6 quan trong trung binh
nhung vin mang y nghia rd rang. Biu dd cho thiy cdc gid cao diém (gid tri
pickup_hour 16n, mau do) c6 xu huéng di kem SHAP duong, lam tang thdi gian
du bdo, trong khi cac khung gid dém va rang sang (mau xanh) c6 SHAP gan 0 hoiic
am. Tuong tu, mot sd ngly trong tuan (nhu cac ngay 1am viéc) cé SHAP nhinh hon
so v6i cubi tuan, cho thdy md hinh da hoc dudc quy luat tic nghén mang tinh chu
ky theo thoi gian.

« has_congestion_fee thé hién tic dong cta viéc ap dung phi tic nghén. Céc diém c6
gia tri bang 1 (mau d6) thudng xuit hién phia bén phai truc 0, v6i SHAP duong,
cho thay nhiing chuyén thudc viing 4p dung phi tic nghén (thudng la khu vuc trung
tdm Manhattan) c6 thoi gian di chuyén dai hon. Dic trung nay vira 1a chi bdo gian

tiép vé khong gian (ving thu phi), vita phan 4nh mat do luu thong cao.

* is_weekend 13 dic trung it quan trong nhit trong nhém nhung van c6 xu hudng
SHAP am nhe dbi vdi cac ban ghi cudi tuan (gia tri bang 1). Diéu nay phu hop véi
thuc té khi giao thong vao thit By, Chii nhat thudng thong thoang hon, dan dén thoi

gian di chuyén ngan hon so véi cic ngay lam viéc.

Nhin chung, SHAP Summary Plot khang dinh ring mé hinh XGBoost di khai thac
hiéu qua cac dic trung mang tinh vat ly (quing dudng, téc dd), dic trung khong gian
(Manhattan vs. cidc quan khac) va dic trung thdi gian (gio trong ngay, thi trong tuin).
Su phan bd dong nhét va hop 1y clia cac diém dit liéu trén tiing truc dic trung cho thiy
mo hinh khong phu thudc vao mot bién don 1€, ma sit dung két hop nhiéu yéu td dé dua
ra du bdo thoi gian di chuyén, qua d6 nang cao ca dd chinh xac 1an kha ning dién giai

cua mo hinh.
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3.5 Két luan chuong

Chuong nay da trinh bay toan bo quy trinh thuc nghiém cho bai toan du bao thoi
gian di chuyén (ETA) trén bo dit liéu NYC Taxi 2024, bao gém céc budc 1am sach dit

liéu, xay dung dic trung, huin luyén mé hinh va kiém dinh hiéu sut.

Két qua danh gia cho thly mo hinh XGBoost vugt troi so véi cdc mod hinh dbi
chiing trén c4 ba chi s6 RMSE, MAE va MAPE. Linear Regression khong phii hdp do
phan phéi dit liéu 1éch manh va quan hé phi tuyén; Decision Tree va Random Forest mic
du hoc dudc ciu trdc dit liéu nhung bi han ché vé kha ning téng quat héa; trong khi d6
LightGBM c6 hiéu ning kha tot nhung van thip hon XGBoost & ca sai sd tuyét dbi 14n
sai s tuong doi.

Phan tich chuyén sau bang phuong phdp SHAP ciing x4c nhan cd ché hoat dong
cua md hinh: cac dac trung nhu trip_distance, avg_speed_mph va pickup_hour 1a nhting
yéu t6 4nh hudng manh nhit t6i thoi gian di chuyén. Cic dic trung khong gian nhu
is_manhattan_pu/do va yéu t6 tic nghén has_congestion_fee ciing gép phan quan trong
gitip mo hinh nim bét dudc dic thu giao thong ctia khu vuc Manhattan va céc quén lan

can.

Tit cdc két qua thuc nghiém, c6 thé két luan rang XGBoost 12 mo hinh phit hgp nhét
cho bai todn du bdo thdi gian di chuyén trong pham vi di liéu NYC 2024. M hinh dat
dudc su can bing tot gifta dd chinh xdc, téc do huin luyén va kha ning dién gii, dong
thoi thé hién mic dd &n dinh cao khi 4p dung trén tap di liéu quy mo 16n va c6 nhiéu
yéu t6 phi tuyén. Pay 1 nén ting quan trong dé phat trién va md rong cac hé thong ETA
trong cac nghién ctfu va ing dung thuc té tiép theo.

Trén co s d6, mo hinh trong dé 4n c6 thé dugc phat trién theo mdt vong ddi hoc
mady c6 su tham gia clia con ngudi (human-in-the-loop model lifecycle). Cu thé, dit liéu
dudgc thu thdp va cap nhat theo tung ngay, sau do cac budc Feature Engineering dugc
thuc hién c6 chi dich véi su can thiép clia con ngudi, bao gdm lam sach dit liéu, xay
dung va diéu chinh cdc dic trung dua trén hiéu biét mién bai toan giao thong. M6 hinh
dugc huan luyén trén tap di liéu da xi ly va danh gia bang céc chi s sai s6 nhu RMSE
va MAE. Tiép theo, qua trinh ly gidi mo hinh thong qua phuong phdp SHAP dudc st
dung dé phan tich miic do déng gop clia tling dic trung, tif d6 xac dinh cic dic trung
quan trong, cac nguon sai s6 va cac han ché trong khau biéu dién dit liéu. Nhiing két qua
phan tich nay déng vai trdo phan hoi (feedback) cho budc Feature Engineering & vong lip
tiép theo, gitip diéu chinh hoic bd sung dic trung nhiam cai thién kha ning nim bat trang
thai giao thong thuc té. Vong lip nay dudc lip lai theo thdi gian, cho phép mo hinh dan

thich nghi véi su thay ddi ctia diéu kién giao thong va nang cao hiéu qua du bdo.
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KET LUAN

Dé 4n “Ung dung m6 hinh du doan chudi thoi gian tdi wu chi phi van tai” da trién
khai mot quy trinh nghién ctiu diy di nham xay dung va danh gid cac mo hinh du bdo
thoi gian di chuyén (ETA) — mot thanh phan c6t 16i trong cac hé thdng tdi vu hod van tai
hién dai. Thong qua ba chuong lan ludt trinh bay bdi canh, phuong phap luan va két qua
thuc nghiém, dé 4n da hoan thanh muc tiéu dit ra: phat trién modt mo hinh du bdo thoi
gian di chuyén chinh x4c, 6n dinh va c6 kha ning ting dung thuc té trong viéc gidm chi
phi van tai thong qua 1ap lich phuong tién tdi wu.

Két qua thuc nghiém cho thidy md hinh XGBoost dat hiéu ning vuot troi nhat so vi
cac md hinh dbi chiing (Linear Regression, Decision Tree, Random Forest, Light GBM),
dic biét trén cac chi s quan trong trong bai toan chudi thoi gian nhu RMSE, MAE va
MAPE. Nhé kha ning hoc phi tuyén manh, toc dd huin luyén cao va tinh 6n dinh khi xt
ly dit liéu nhiéu, XGBoost d4p ting tét yéu cau ctia bai todn tdi uu chi phi van tai — noi
ma chit luong du bdo ETA tic dong truc tiép dén hiéu qua diéu phdi phuong tién, thoi

gian phuc vu va muc ti€u hao tai nguyén.

Dé 4n ciing déng gép mot quy trinh xi 1y dif liéu toan dién, bao gdm l1am sach,
tich hop dit liéu viing, tao dic trung khong gian—thdi gian va bs sung dic trung tic
nghén. Phan tich SHAP cho thy cic diic trung nhu trip_distance, avg_speed_mph va
pickup_hour déng vai trd quan trong nhit trong du bdo thdi gian di chuyén. Diéu nay
gidp ly gidi hoat dong ctia mé hinh, dong thdi cung cip nén tang cho viéc ra quyét dinh
trong cac bai todn van tai nhu t6i uu tuyén dudng, diéu phdi xe theo thdi di€ém va phan
bd nguon luc theo khu vuc.

Mic du dat dugc nhiéu két qua tich cuc, dé 4n van ton tai mot sd han ché. Bo di
liéu NYC Taxi 2024 khong bao gdm thong tin GPS chi tiét, khién viéc m6 hinh héa quy
dao phuong tién hodc cdc mo hinh hoc siu theo chudi thdi gian dai nhu ST-NN hoic
DeepTTE chua thé trién khai day dd. Ngoai ra, cac yéu t ngoai sinh nhu thoi tiét, su
kién dic biét hay tai nan giao thong chua dudc tich hop vao hé thdng dic trung, trong
khi day 1a cdc yéu t6 anh hudng truc tiép dén chi phi van tai.

Dua trén nhitng han ché nay, dé an dé xuat cic huéng phat trién tiép theo:

e Tich hgp cic dic trung chinh sich méi, dic biét 1a bién cbd_congestion_fee
trong bd dif liéu TLC tlf nim 2025 nhdm mo hinh héa chi phi tic nghén trung tam.

* Xay dung md hinh du bdo chuyén biét cho cic diéu kién giao thong cuc doan dé cai

thién do on dinh va giam rui ro trong van tai.

« Két hop XGBoost véi cdc mo hinh hoc siu niang cao nhu Graph Neural Networks
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(GNN) d& m6 hinh héa ludng giao thong va ciu tric mang luéi do thi.

« M4 rong nghién ctu véi dit liéu GPS chi tiét hoic dif liéu cam bién thdi gian thuc,
tif d6 tdi vu thém cac thanh phan chi phi nhu mifc tiéu hao nhién liéu, phan b doi
xe, ti uu tuyén dudng dong.

Tong két lai, dé 4n da minh ching ring mo hinh XGBoost 12 Itra chon hiéu qua va
can bang nhét cho bai todn du dodn chudi thdi gian trong t6i vu chi phi van tai. M6 hinh
két hop t6t gitta do chinh x4c, toc dd huin luyén va kha ning dién giai, md ra nhiéu tiém
ning dng dung trong hé théng van tai thong minh va cac dich vu logistics do thi.
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