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1  GIOI THIEU
1.1  Boi canh nghién ciru

Dy bao chudi thoi gian da bién (multivariate time series forecasting —
MTSF) la mot bai toan trung tam trong khoa hoc dir li¢u trng dung, vé1 pham vi
anh hudng rong 16n tir quan 1y nang lugng, tai chinh dén y té va van tai. Pac trung
no6i bat va dong thoi 1a thach thice chinh ciia du bao chudi thoi gian da bién nam
& su tuong tac phi tuyén giita nhiéu bién theo thoi gian: mé hinh phai dong thoi
nidm bit cac mau phu thudc dai han va ngén han trong cung mat chudi, mdi quan
hé twong quan chéo giita cac bién khac nhau, va anh huong dinh luong cua cac
bién ngoai sinh da biét trudc nhu lich, thoi tiét, su kién vi mo [1].

Linh vuc ndy da trai qua ba 1an song phat trién 16n. Lan song dau tién thudc
vé mo hinh théng ké kinh dién: ARIMA, VAR, Holt-Winters — c6 nén tang 1y
thuyét vitng chac nhung bi gi6i han bai gia dinh tuyén tinh [2]. Lan song tht hai
dugc dan dit boi hoc sdu: LSTM, GRU, Seq2Seq véi attention — phd v& gidi han
tuyén tinh nhung con han ché trong xur ly phu thudc cuc dai han va yéu cau luong
dir liéu 16n [3]. Lan song tht ba — dang dién ra — duoc dinh hinh bai kién trac
Transformer va Foundation Models: cic md hinh quy mé 16n duoc huan luyén
trén dir liéu da dang khong 15, c6 kha ning du béo zero-shot hodc few-shot trén
mién dit liéu méi [4].

Trong bdi canh Viét Nam, nhu cdu Gng dung MTSF ngay cang cap thiét. Vé
phia nganh dién, Tap doan Dién luc Viét Nam (EVN) phai lap ké hoach van hanh
hé théng dién voi téng cong suit lép dat vuot 80 GW trong bdi canh nhu cau dién
tang truong binh quan 8—10%/nam va ty 1€ nang lugng tai tao tdng manh — tao ra
tinh khong chic chin 16n hon trong du bao phu tai so voi hé théng dién truyén
théng [5]. Vé phia tai chinh, thi truong ching khoan Viét Nam da dat hon 7 tri¢u
tai khoan nha dau tu ca nhan va tong vén hoa gan 200 ty USD vao cubi nim 2024,

dat ra yéu cau cap thi€t vé cong cu phan tich va du bao gia d0 chinh xac cao.



1.2 Muc tiéu va pham vi nghién ctru
1.2.1 Muc tiéu nghién cuu

Nghién ctiru huéng dén muc tiéu tong quat 1a danh gia co hé thdng va so sanh
toan dién hai hudng tiép can tién tién trong du bao chudi thoi gian da bién — mo
hinh Temporal Fusion Transformer két hop hoc chuyén tiép va cac Foundation
Models chuyén biét cho chudi thoi gian — nham xéac dinh diéu kién, pham vi va
murc d§ hiéu qua cua tirng hudng trong bdi canh dit liéu thuc tién tai Viét Nam.
Tir d6, nghién ctru xay dung co so 1y luan va thuc nghiém dé dé& xuat khung
phuong phap luan hd trg viéc lwa chon mo hinh phu hop cho cac bai toan MTSF
trong diéu kién dic thu ca cac thi truong méi ndi — noi dit liéu thudng cé quy
mé han ché, tinh khong déng nhét cao va cac mau thoi gian mang dac diém dia

phuong r0 rét.

bé dat dugc muc ti€u tong quat trén, nghién ctru trién khai bon muc tiéu cu

thé:

(1) Phan tich chuyén sau kién trac, co ché hoat dong va dic diém ky thuat cua
cac mo hinh nghién ctru: TFT, TimeGPT-1, Chronos, Lag-Llama va MOIRALI,

lam co s& 1y thuyét cho toan b nghién ciru.

(2) Panh gia hiéu qua cua k¥ thuat hoc chuyén tiép (transfer learning) 4p dung
cho TFT, dic biét tap trung vao chién lugc partial fine-tuning, ablation study cac
phuong 4n dong bang tham sd va phan tich ngudng tuong dong mién (domain

similarity) can thiét dé TL mang lai loi ich thuc sy.

(3) Panh gia va so sanh kha ning tong quat héa zero-shot va hiéu qua fine-
tuned cua cac Foundation Models (TimeGPT-1, Chronos) trén dir liéu ngoai phan
phéi hudn luyén, phan tich murc d6 cai thién cta fine-tuning so vdi zero-shot theo

dac diém chuoi thoi gian.



(4) Xay dung khung so sanh va hudng dan thuc hanh vé Iya chon mé hinh duwa
trén cac tiéu chi: quy mo dit liéu, yéu cau covariates, yéu cau giai thich duoc,

rang budc tinh todn va bao mat dir ligu.
1.2.2 Pham vi nghién ciru

Vé ddi tugng nghién ciru, bai seminar tap trung vao bai toan du bao chudi thoi
gian da bién c6 giam sat (supervised multivariate time series forecasting) theo co
ché da chan troi (multi-horizon), trong d6 mo hinh nhan cura ) quan sat lich st
c6 do dai ¢ dinh va tao ra du bao cho mét hodc nhiéu bude thoi gian tiép theo.
Nghién ctru khéng dé cap dén céc tac vu lién quan nhung khac biét vé ban chat
nhu phan loai chudi thoi gian (time series classification), phat hién bat thudng
(anomaly detection), dién gia tri thiéu (imputation), hay du bao nhan qua (causal
forecasting), mic dit mot sé mé hinh duoc khao sat (MOMENT, TimeGPT-1) c6

ho trg cic tac vu nay.

Vé pham vi mé hinh, nghién ctru tap trung vao hai ho mé hinh: (i) TFT nhu
dai dién ctia cac mo hinh hoc sau chuyén biét (task-specific deep learning), duoc
huén luyén tir ddu hodc qua transfer learning trén dit liéu domain cu thé; (ii)
TimeGPT-1, Chronos, Lag-Llama va MOIRAI nhu dai dién cia Foundation
Models cho chudi thoi gian. Cac mé hinh théng ké kinh dién (ARIMA, ETS,
VAR) va cac mo hinh hoc sau don gian (LSTM, GRU) chi dugc st dung lam

baseline so sanh, khong phai ddi twong phan tich chinh.

V¢ tan suat va do dai chuoi, nghién ctru gidi han trong chuoi tan suat cao dén
trung binh (gi0 va ngay giao dich), véi do dai lich sir quan sat tir vai nghin dén
vai chuc nghin diém — pham vi dién hinh ctia dit li¢u van hanh trong nganh dién

luc va tai chinh Viét Nam.



2  COSOLY  THUYET
2.1 Bai toan du bio chudi thoi gian da bién

Cho N chudi thoi gian da bién, chudi thtr i dugc biéu dién boi vector xi, €
RM taj thoi diém t, véi M bién dau vao. Bai toan MTSF yéu cau: cho ctra s6 quan
sat lich str d6 dai L gdm {Xi,1+1, ..., Xix} , du bdo H budre tiép theo {§i,c1, ..., JirH}
trong d6 §i,+h 13 gid tri du bao cua bién muc tiéu tai bude h [1].

Céac bién dau vao cia MTSF duogc phan thanh bén nhém theo tinh kha
dung: (i) Bién muc tiéu quan sat trong qua khir (past-observed target); (ii) Bién
quan sat ngoai sinh trong qua khir (past-observed exogenous); (iii) Bién da biét
trong twong lai (known future inputs) nhu ngay 1&, lich; (iv) Bién tinh theo thuc
thé (static metadata) nhu ma ving dia Iy, ma c6 phiéu. Su phan loai nay co y
nghia truc tiép véi thiét ké kién trac TFT [7].

Céc chi sé danh gia pho bién gom: MAE (Mean Absolute Error) — it nhay
v6i outlier; RMSE (Root Mean Squared Error) — phat ning sai sé 16n; MAPE
(Mean Absolute Percentage Error) — sai sb tuong d6i doc 1ap voi don vi; sSMAPE
— khic phuc bt ddi xtirg; CRPS (Continuous Ranked Probability Score) — danh
gia phan phéi X4c Suét. Trong bai toan di¢n luc, MAPE dugc uu tién; trong tai

chinh, RMSE va MAE dung két hop [9].
2.2 Kién triic Transformer va ing dung cho chudi thoi gian

Transformer dugc Vaswani va cong su [10] gidi thi€u ndm 2017 trong bai
toan dich may, va nhanh chong tro thanh kién tric nén tang chi phéi linh vuc xir
1y ngdn ngir ty nhién. Y tudng cdt 16i ctia Transformer 1a co ché tu cha ¥ (self-
attention): thay vi xur Iy chudi tuan tu timg budc nhu LSTM, self-attention tinh
toan dong thoi moéi quan hé giira tat ca cac vi tri trong chudi, cho phép mé hinh
nam bat phy thudc tim xa ma khong bi gidi han boi khoang cach. Co ché multi-
head attention mé rong thém bang cach thyc hién nhiéu phép tinh chi y song song

trén cac khong gian con khac nhau, giup mé hinh ddng thoi hoc duge nhiéu loai
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quan h¢ dac trung trong cung mot 16p. Bén canh do, kha nang tinh toan song song
hoan toan theo chiéu dai chudi 1a loi thé 16n so véi kién tric hoi tiép khi huin
luyén trén GPU.

Khi dugc chuyén héa sang linh vire chudi thoi gian, Transformer mang lai
nhing 1oi thé 15 rét so v6i LSTM va GRU: nam bat hiéu qua hon cac chu ky dai
(tuan, thang, ndm) ma cac mo hinh hdi tiép thuong bo sot, va xir 1y tot hon cac
phu thudc phi tuyén giita nhiéu bién. Tuy nhién, viéc ap dung truc tiép
Transformer gdc cho chudi thoi gian gip mot sé thach thire: (i) d6 phic tap tinh
toan ting bac hai theo do dai chudi, gay kho khin voi chudi dai; (ii) Transformer
géc khong phan biét cac loai dau vao theo thoi gian — qua khtr, tuong lai da biét,
va bién tinh; (iii) positional encoding tuyén tinh chuan khong phu hop dé biéu

dién tinh tuan hoan va da tan suat ctuia chuoi thoi gian thuc té.

Chinh nhiing han ché nay di thuc ddy hang loat bién thé kién truc
Transformer chuyén biét ra doi trong vai nam gan day. Informer [8] dé xuét co
ché sparse attention dé xtr 1y chudi rat dai. PatchTST [11] chia chudi thanh cac
doan (patch) va xtr 1y timg doan nhu mot token, giam dang ké do phic tap tinh
toan déng thoi bao toan ciu tric cuc bd. iTransformer dao nguoc chiéu attention,
ap dung trén chiéu bién thay vi chiéu thoi gian dé khai thac twong quan chéo bién.
TFT [7] két hop Transformer vi LSTM va co ché gating dé xir 1y ¢6 cau tric cac
loai dau vao khac nhau theo thoi gian. Cac Foundation Models nhu Chronos va
MOIRALI tiép tuc khai thac Transformer nhung ¢ quy mé huan luyén 16n hon

nhi€u, huéng dén kha nang tong quat hoa da mién.

Su tién héa nay phan dnh mot xu huéng chung: kién triic Transformer
khong duge ap dung nguyén ban ma lién tuc dugc diéu chinh dé tich hop cac dic
thu cta chudi thoi gian — tinh tuan hoan, tinh khong dirng, phan phdi dudi day va
su hién dién cua nhiéu loai covariate. Trong s6 cac bién thé do6, TFT va céc
Foundation Models 12 hai hudng phat trién tiéu biéu nhat va 1a trong tAm cia bai

seminar nay.



2.3 Temporal Fusion Transformer (TFT)

TFT dugc Lim va cong sy [7] dé xuit nam 2021, thiét ké chuyén biét cho
bai toan dy bao da chan trdi co gidm sat voi nhiéu loai ddu vao hdn hop. Piém
phan biét can ban cta TFT so voi cac mé hinh Transformer tién nhiém ndm ¢ kha
ning xir Iy c¢6 cau trac ba loai dau vao theo thoi gian — bién quan sat trong qué
khr, bién da biét trong twong lai, va bién tinh theo thuc thé — thay vi ddi xir dong
nhit tit ca dau vao nhu Transformer gdc. Ngoai ra, TET 1a mot trong s6 it mo
hinh hoc sau du bao chudi thoi gian dat dugc déng thoi hai tinh chat thuong mau
thudn nhau: hiéu suit du bao cao va kha ning giai thich dugc thong qua co ché

cht y va chon loc bién. Kién triic tong thé cia TFT dugc minh hoa trong Hinh 1.
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Hinh 1: Kién triic mé hinh TFT

Gated Residual Network (GRN) la khdi tinh toan nén tang duoc dung
xuyén sudt trong moi thanh phan ciia TFT. GRN nhédn dau vao chinh cing mot
vector ngir canh tiy chon, ap dung bién ddi phi tuyén qua ham kich hoat ELU,
sau d6 dung co ché gating (Gated Linear Unit) dé kiém soat lugng thong tin di

qua va két ndi tat (skip connection) kém chudn héa 16p. Nho co ché gating, GRN



c6 kha nang hoc cach boé qua hoan toan cac thong tin khong li€én quan — déc tinh

quan trong khi dit liéu dau vao nhi€u bién c6 chat lugng khong dong déu.

Variable Selection Network (VSN) hoc tu dong tam quan trong cua tung
bién dau vao thong qua phan phdi trong s softmax trén toan bd bién, dugc didu
hudng boi vector ngit canh tinh. VSN hoat dong doc 1ap cho ting nhom dau vao
(qua khtr, twong lai da biét, bién tinh), gitp mo hinh tap trung vao cac dic trung
co gia tr1 du bdo cao va loai bo nhiéu. Trong s6 bién do VSN tao ra c6 thé duoc
truc quan hoa truc tiép, cung cp thong tin giai thich vé vai trd cua timg dic trung

trong dy bao.

Static Covariate Encoders ma hoa cac dic trung tinh theo thuc thé (ma
vung dién lyc, ma cd phiéu...) thanh bdn vector ngir canh ddc lap, lan luot duoc
dung dé: diéu huéng VSN, khai tao trang thai an va 6 nhé ban dau cia LSTM
encoder, va cung cap ngit canh cho decoder. Co ché nay cho phép TFT c4 nhan
hoa hanh vi mé hinh theo timg thuc thé riéng biét thay vi ding chung mot biéu

dién cho tat ca.

LSTM Encoder—Decoder xir Iy cac chudi tuan tu: encoder tiép nhan chudi
quan sat qua khir, decoder tiép nhan chudi bién da biét trong twong lai. Hai LSTM
dugc khoi tao tir cac vector ngit canh tinh va két ndi voi nhau qua truyén trang
thai 4n. DAu ra cta ca encoder va decoder di qua Gated Skip Connection trudc
khi chuyén sang 16p tiép theo, cho phép mé hinh hoc cach bo qua toan bo LSTM

néu thong tin tho da da du bao.

Interpretable Multi-Head Attention 13 bién thé quan trong nhét so véi
Transformer gbc: cac head ding chung mot ma trén value thay vi mdi head c6 ma
tran riéng. Nho vy, attention weight c6 thé duoc tong hop truc tiép theo chiéu
head d¢é tao ra diém tam quan trong cua timg budc thoi gian trong qua khir — thong

tin giai thich c6 gia tri thuc tién cao ma Transformer gdc khong cung cap duoc.



Quantile Qutput Layer tao ra déng thoi du bdo tai nhiéu phan vi (vi du
P10, P50, P90) thay vi chi mdt diém du bao, cho phép udc lugng khoang tin cay
cho toan b chan troi du bao. Tinh nang nay dac biét co6 gia tri trong cac ing dung
van hanh doi hoi thong tin v& mirc d6 khong chic chan, nhu lap ké hoach du

phong cong suét dién hay quan Iy rui ro tai chinh.
2.4 Foundation Models cho chudi thoi gian

2.4.1 Téng quan

Time-Series Foundation Models (TSEM) 14 thé hé mé hinh du bao chudi
thoi gian méi nhat, duge xay dung theo triét 1y cta cac Foundation Models trong
NLP: huan luyén trude trén tap dir liéu chudi thoi gian quy mé cuc 16n tir nhiéu
linh vuc va tan suit khac nhau, sau d6 c6 thé dy béo truc tiép trén dir liéu mé1 ma
khong can huan luyén lai — goi 1 kha nang zero-shot. Day 1a su khac biét cin ban
so v61 TFT va cac mo hinh hoc sau chuyén biét von phai duogc huin luyén tu dau

trén tung tap dir licu domain cu thé.

Piém chung cta cac TSEM la kha ning tong quat hoa xuyén mién (cross-
domain generalization): mgt mo6 hinh duy nhét c6 thé du bao chudi phu tai dién,
gia chtng khoan, luu lugng giao thong hay dir liéu y té ma khong can diéu chinh
kién trac. Bén canh d6, hau hét TSFM déu hd tro du bdo xac suit, tao ra phan
phéi du béao thay vi chi diém dy bao don 1¢. Khi dugc fine-tune thém trén di lidu
dich, hiéu suét thuong cai thién dang ké so véi zero-shot, trong khi van tiét kiém
hon nhiéu so véi huan luyén tir dau. Nghién ciru ndy tap trung vao ba mé hinh
tiéu biéu duoc nhom sinh vién lua chon thuc nghiém: TimesFM, Chronos-2 va

MOIRAL

2.4.2 TimesFM

TimesFM (Time Series Foundation Model) [A] do Google DeepMind cong

bb nam 2024, dugc huan luyén trén khoang 100 ty diém dit liéu thyc tir nhidu linh
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vuc bao gém Google Trends, Wikipedia va cac tap dir licu chudi thoi gian cong

khai.

Vé kién trGc, TimesFM st dung Transformer decoder-only voi patch
input — chudi dau vao dugc chia thanh cac doan ngén, mdi doan dugc ma hoa
thanh mot token duy nhat trude khi dwa vao attention, giup giam dang ké chiéu
dai chudi can xtr Iy. M6 hinh ap dung co ché du bio non-autoregressive theo
patch dau ra: thay vi tao ra tung diém dy bao tuan tw, TimesFM du bao déng
thoi ca mot doan (patch) twong lai trong mdi budc giai mi, vira ting téc do

inference vura giam tich lily sai so.

(same
network)

|

Transformer
Causal Self-Attention (SA)

4 '
\

@ E Residual Block g
1.1 t

Many

e A—Q ) Layers

_____

. )
input_patch_len=32

Residual Block

—_—
Token
+PE

v
output_patch_len=128

Hinh 2: Kién triic mé hinh TimesFM
TimesFM ¢6 200 triéu tham sd, hd trg du bao diém va dang dugc mo rong
sang du bao xac suat, duoc phat hanh ma ngudn mo qua HuggingFace. Diém
manh ndi bat 13 hiéu suét zero-shot canh tranh truc tiép v61 cac mo hinh chuyén
biét duoc huin luyén dﬁy du trén cung domain, voi thoi gian inference rit nhanh

nho thiét ké patch decoder.

2.4.3 Chronos-2

Chronos-2 hay con goi 1a Chronos-Bolt [15] 14 phién ban cai tién cua

Chronos géc (Amazon Research, 2024), duoc thiét ké lai dé khéc phuc hai han
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ché chinh cta phién ban dau: toc do inference cham do sinh token tuan tu va hiéu

suat kém trén chuoi c6 phan phoi khac bi¢t xa so vai tap huan luyén.

So voi Chronos gdc, Chronos-Bolt thay thé co ché sinh token ty hdi quy
bang kién trac encoder-only véi patch compression: chudi dau vao duoc nén qua
encoder Transformer thanh biéu dién day dac, sau do toan b chan troi1 dy bao
dugc tao ra song song trong mot 1an forward pass duy nhat thay vi sinh tuan tu
ting token. Piéu nay gitp Chronos-Bolt nhanh hon Chronos gdc tir 10 dén 50 lan

tiy bién thé ma van duy tri hodc cai thién chit luong du béo.

Chronos-Bolt duoc huin luyén trén tap dit liéu 16n hon Chronos géc, bo
sung thém dit liéu tong hop tir nhiéu loai kernel Gaussian Process dé ting tinh da
dang. M6 hinh c6 bdn bién thé kich thudc tir tiny (9M) dén base (205M tham sb),
duoc phat hanh ma nguén m¢ qua HuggingFace va 1a lya chon thuc té hon

Chronos goc cho cac trng dung yéu cau inference nhanh.

2.4.4 MOIRAI

MOIRAI [17] (Salesforce Al Research, 2024) dit muc tiéu xay dung mat
bd du béo phd quat (universal forecaster) c¢6 thé xur Iy chudi & bat ky tan suit nao
trong mdt md hinh théng nhat. Hai déng gop ky thuat chinh gom: Patch
Embedding da tin suit — chia chudi thanh cic doan ngan va ma hoa co tinh dén
tAn sudt ctia chudi, giam chiéu dai chudi dwa vao attention; va Any-Variate
Attention — co ché xur Iy dong thoi nhidu bién ma khong can biét trudc sé luong
bién, hd tro ty nhién ca chudi don bién 1an da bién trong cung mot kién trac ma
khong can diéu chinh.

MOIRAI dugc huan luyén trén tip LOTSA gom 27 ty diém tir 9 linh vuc
v&i nhiéu tan suét khac nhau, va c¢6 ba bién thé kich thudc (small 311M, base
1,1B, large 4,8B tham sé). M5 hinh hd trg du bao xac suét theo phan vi, duoc
phat hanh ma ngudn mé& va dat két qua canh tranh trén nhiéu benchmark zero-

shot. So v&i TimesFM va Chronos-Bolt, MOIRAI ¢6 1gi thé rd rét trong cac bai
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toan thuc sy da bién nho co ché Any-Variate Attention, nhung doi hoi tai nguyén

tinh toan 16n hon déng ké & bién thé large.

: Input Predicted  Ground ! 1
i 1 N Series Quantiles Truth 4 2 patch1 patch2 patch 3 3 |
RMS Norm — 5 /\/\ PR M
K £quantie \/
Projection Loss l
|(Residual Block) Fee"gﬂwa“
) v & patch1 patch2 patch3
A“'gegr’:fs"'e 4 « No ground-truth quantile labels required N\ N\
Dec:a},.n‘;(‘;) R © Target value compared to all predicted quantiles e
v « Enforces correct quantile ordering and spacing
) o -
Descaling S ay 4
¢ Positional : —
A\, Predicted Encodings J ek 1 - sampes @
Quartiles quantiles
< Self-Attention fomthe |
predictive
uantie - distribution
£ : a1 .. o9}
‘ Loss (2) QU KU v ™
N\ >|MoIRAI2 —
Truth
RMS Norm
1> MOIRAI 2 .
= Random | [~ oo/ Projection @
aching | % pack (3) aling || Residual Block 9
A J
Repeal
N\ input Time Series epea

Hinh 4: Kién triic mé hinh Moirai
2.5 Ky thuat hoc chuyén tiép (Transfer Learning)

2.5.1 Tong quan

Hoc chuyén tiép (transfer learning — TL) 1a k¥ thuat tan dung tri thirc da
hoc tir mot tac vu hodc mién dit liéu nguén (source domain) dé cai thién hiéu suét
hoc trén mot tic vu hodc mién dich (target domain) khac, thay vi huén luyén mo
hinh tir dau. Dong luc co ban cua TL xuat phat tur thuc té réng nhiéu bai toan thuc
tién — ddc biét & cac thi truong méi ndi nhu Vit Nam — khong co du dir licu dich
chét lugng cao dé huan luyén mo6 hinh hoc sdu sdu hiéu qua, trong khi dir li¢u

nguon tu cac thi truong phat trién hon lai do1 dao va dé ti€p can.

Trong boi canh chudi thoi gian, TL dic biét phu hop khi mién ngudn va
mién dich chia sé cac mau ciu tric tong quat — vi du chu ky ngay, tuan, mua trong
dix liéu phu tai dién — du khéc biét vé& phan phdi cu thé nhu bién d6 tiéu thu, dic
thu lich nghi hay co cau nganh. Mirc do twong déng mién (domain similarity) 1a
yéu t6 quyét dinh truc tiép dén hiéu qua ctia TL: twong ddng cang cao, tri thirc

chuyén giao cang c6 gia tri.
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2.5.2 Cic chién lwoc fine-tuning

Sau khi pre-train mé hinh trén dit liéu ngudn, c¢6 bon chién luge fine-tuning
pho bién dé thich nghi véi dir lidu dich:

Frozen — toan bd tham s pre-trained dugc giit nguyén, chi huan luyén 16p
dau ra méi thém vao. Chién lugc nay phu hop khi dit liéu dich rat nho va tuong

dong mién cao, nhung kém linh hoat néu c6 sy khac biét dang ké gitra hai mién.

Partial fine-tuning — cac 16p thap (hoc dic trung tong quat nhu chu ky thoi
gian) dugc dong bang, chi tinh chinh cac 16p cao (hoc dac thu domain). Pay 1a
chién luoc can bang t6t nhit gitra viéc bao toan tri thirc tong quat va thich nghi
v6i mién dich — duoc xac nhan qua két qua thuc nghiém ciia nhém Electric trong
nghién ctru nay.

Full fine-tuning — tat ca tham sd dugc cap nhat voi learning rate nho. Hiéu
qua khi dir liéu dich du 16n, nhung tiém an rai ro Catastrophic Forgetting khi tap

dich nho.

Adapter-based — chen thém cac module nho (adapter) vao mang pre-trained
va chi huén luyén cac module ndy, giit nguyén toan bd tham sé gdc. Pay 1a huéng
nghién clru maéi ndi, cho phép fine-tune hi€u qua voi s6 tham sd cap nhat rat nho,
nhung chua duoc ap dung rong rii trong chudi thoi gian.

3  THUC NGHIEM VA PANH GIA
3.1 Tong quan thiét ké thuc nghiém

Pé kiém chung cac muyc tiéu nghién ctru, hai case study dugc trién khai
song song trén hai bai toan thuc tién co dic diém dir liéu tuong phan 1o rét: du
bao phu tai dién gio (chu ky manh, nhiéu covariates c6 ciu tric, dir liéu ddi dao)
va dy bao gia cb phiéu ngay (tinh ngiu nhién cao, covariates don gian, dir liéu
vira phai). Sy tuong phan c6 chu dich nay cho phép danh gia cac mo hinh trén dai

dic diém dir liéu rong, ting tinh tong quat cua két ludn. Mdi case study st dung
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mot hudng mé hinh chinh: TFT két hgp Transfer Learning cho bai toan dién lyc,

va Foundation Models (TimesFM, Chronos-2, MOIRAI) cho bai toan tai chinh.
3.2 Case Study 1 — Du bao phu tii dién véi TFT Transfer Learning

Dit liéu va bai toan. Dir liéu ngudn 1a phu tai dién qudc gia Vuong qudc
Anh tir National Grid ESO (2018-2023, tan suit gio, ~105K quan sat). Dir liéu
dich 14 phu tai dién gio cia mot khu vyc mién Bac Viét Nam (EVN, 2022-2024,
~24K quan sat), bao gdm cdc covariate nhiét d6 khong khi, chi s6 GDP theo quy
va lich ngay lam viéc dac thu Viét Nam (Tét Nguyén Dén). Bai toan dy bao 24
gid tiép theo (horizon = 24) duya trén cira so lich sir 168 gid (7 ngay).

Phuong phap. TFT dugc huan luyén trudc trén dir liéu UK (50 epochs,
hidden size 256, 4 attention heads, 2 16p LSTM) rOi tinh chinh trén dit liéu EVN
theo bon chién lugc: Frozen, Partial fine-tuning, Full fine-tuning va From scratch
(baseline). Ablation study so sanh truc tiép bon chién luoc trén cing tap test dé

xéac dinh phuong an tdi uu.
Vé déng gop riéng 1¢ cia timg thanh phan (Bang 1):

Transfer Learning don thuin mang lai céi thién khiém ton nhung nhét quan
so vo1 TFT from scratch: MAE giam 3,6%, RMSE giam 3,1%, WAPE gidm
3,6%. Tuy nhién, chi s6 SMAPE cai thién dang ké hon (tir 24,54% xubng 17,77%
— giam tuong ddi 27,6%), cho théy Transfer Learning dac biét hi¢u qua trong
viéc giam sai sb twong dbi tai cac thoi diém co gia tri thuc nho (gid thap diém
dém), von 1a diém yéu ctia m6 hinh huan luyén tir dau trén tap dir liéu dich nho.

Budc cai thién 16n hon dén tir viéc bd sung bién kinh té (Economic
variables): MAE gidm thém 12,1%, RMSE gidm thém 24,8% so v&1 TFT+TL
khong c6 bién kinh té. Diéu nay cho thiy cac bién vi mo (GDP, chi sd cong
nghiép) dong vai tro giai thich quan trong cho xu hudng ti€u thu dién trung va dai

han ma cac bién thoi tiét va lich don thuan khong nam bit duoc.
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Ngudn thu

Tén dir licu Link truy ciap | Giai doan
Nhom dac trung . thap :
cu thé tham chiéu thu thap
(Organization)
San lugng Ember Data
Dir liéu muc tiéu | dién 20 qudc | (Co so dit lidu ember- 2019 —
(Target) gia va Viét nang lugng climate.org Nay
Nam toan cau)
' NASA POWER
, Nhiét do, bo .
Bién Khi twgng , (Dt liéu nang | power.larc.nasa | 2019 —
am, Buc xa .
(Weather) lugng mat troi .gov Nay
mat troi .
toan cau)
Bién Kinh té vi | ChisoIIP, | GSO (Téng cuc 2016
mo GDP, CPI Théng ké Viét gso0.gov.vn N
ay
(Macroeconomic) | (Viét Nam) Nam)
Gia dau .
, Investing.com
Bién Thi truong | (Brent/WTI), . . . ' 2019 —
) ' (Dt li€u tai mvesting.com
(Global Energy) | Khi dot, Gia ., Nay
chinh quoc te)
than
Dinh danh Ty dinh nghia
Bién Tinh (Static quéc gia, dua trén by quy | N/A (Dt li¢u .
. . Co dinh
Metadata) Loai hinh chuan cua ndi bd moé hinh)
ngudn dién Ember

Bang 1: Bang t(fng hop cac danh muc dii liéu va nguén thu thap
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1. DATA COLLECTION - EXTRACT

Vietnam Data (Fine-tune):
Multi-country Data (Pre-train): - Ember (Electricity Output)
6 - Ember (Electricity Output) ° - NSO (Macroeconomics)
- NASA POWER (Weather) - NASA POWER (Weather)
- Investing.com (Commodity Prices)

v

2. DATA CLEANING

Gap Handling Handle Outliers

= Handle Missing Values <9 Interpolate gaps = 2 months; / Keep spikes intact (energy

Fill zeros for lagged variables flag longer gaps crises)

. =/

v

3. FEATURE ENGINEERING & TRANSFORMATION

Normalization Time Encoding Covariate Classification
Use GroupNormalizer + 7/ Integer encoding & Cyclic l Static - Country
Softplus function (sin/cos) Energy source type

!

4. DATA SPLIT & LOAD TO DATASET

a1
] . .
\\\@ ° Fine-tuning Set (VN)
Pre-training Set Train Val Test
All multi-country data (54 months) > (12 months) (6 months)
20 countries, ~13,800 training
records

/ 5. MODEL TRAINING - TFT TRAINING PIPELINE \

Stage 1 - Pre-training

o

Train Global TFT Model on 20-country data
Pre-training
All multi-country data

!

Stage 2 - Transfer Learning Vietnam

~ Phase 1: Freeze Backbone ~

- Phase 2: Unfreeze
Keep LSTM/Attention frozen; My . . _ -
__' train VSN & output layers _’ Fine-tune entire network with LR = 1x10’

= =/

Hinh 2: So do luéng dir liéu va quy trinh hudn luyén mo hinh TFT qua

cdc giai doan.

Té)ng hop ca hai thanh phﬁn, TFT+TL+Economic vars cai thién so voi TFT
scratch: MAE giam 15,2%, RMSE giam 27,2%, R? tang tir 0,9042 1én 0,9360

(+3,2 diém phﬁn tram) — murc cai thién c6 ¥ nghia thuc tién ro rét trong van hanh

hé thng dién.
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Bang 1. Ablation Study — Pong gop ciia timg thanh phan TFT

MAE

Configuration RMSE (TWh) R? WAPE (%) SMAPE (%)
(TWh)

TFT (scratch)  0.8858 1.4301 0.9042  16.60 24.54

TFT + Transfer
0.8542 1.3859  0.9100 16.01 17.77
Learning

TFT + TL +

0.7511 1.0416  0.9360 14.07 20.15

Economic vars

Bang 2. So sanh v61 cdc mo hinh baseline.

MAE RMSE WAPE
Model R?

(TWh) (TWh) (%)

ARIMA 1.5926 2.4838 0.7383 31.00
LSTM 1.2545 1.8431 0.8409 23.51

N-BEATS 1.2340 1.8478 0.8401 23.12
N-HiTS 1.1290 1.9454 0.8442 26.03
Chronos-2 1.3619 22124  0.7924 26.51

TFT + TL +
0.7511 1.0416 0.9360 14.07
Economic vars

Mot diém bat thuong dang cha y: SMAPE cua TET+TL+Economic vars
(20,15%) lai cao hon TFT+TL (17,77%) du tat ca cac chi s6 khac déu tét hon.
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Hién tuong nay c6 thé do bién kinh té cai thién du bao tai cac gia tri phu tai cao
(lam giam MAE/RMSE tdng thé) nhung dong thoi lam ting sai s twong d6i &
mot s6 thoi diém phu tai thip — diéu kién ma cong thitc SMAPE dic biét nhay.

Pay 1a luu ¥ quan trong khi lya chon chi s danh gia tiy ngit canh Gng dung.
Vé so sanh voi cac mé hinh khac (Bang 2):

TFT+TL+Economic vars dan du toan bo bang xép hang véi khoang cach
16n. So véi md hinh hoc sau tot nhat trong nhom baseline (N-HiTS, WAPE =
26,03%), phuong phap dé xuit cai thién WAPE 46% va R? ting tir 0,8442 1én
0,9360. So vo1 ARIMA, muc cai thién MAE dat 52,8% va WAPE dat 54,6%.

Két qua ctia Chronos-2 trén bai toan nay dang chu y theo chiéu nguoc lai:
mo hinh Foundation Model nay (WAPE = 26,51%, R* = 0,7924) khong chi thua
cac md hinh hoc sau chuyén biét (LSTM, N-BEATS, N-HiTS) ma con gan voi
muc cua ARIMA (R? = 0,7383). Day 1a minh ching 10 rang cho gidi han cua
Foundation Models khi bai todn c6 cau trac covariate phtrc tap va dac thu dia
phuong manh (lich Tét, ting truong kinh t& Viét Nam): pre-training corpus ctia
Chronos-2 thiéu cdc miu dic thi ndy nén zero-shot inference khong tong quat
hoa dugc. Két qua nay dong thoi cang ¢b 1y do lwa chon TFT+TL cho bai toan

dién luc thay vi Foundation Models.
3.3 Case Study 2 — Du bso gia c6 phiéu VN30 véi Foundation Models

Dit liéu va bai toan. Dit liéu OHLCV ngay giao dich cta 30 mi ¢6 phiéu
thudc chi s6 VN30 (01/2020-12/2024, ~1.250 phién/mi) dugc thu thip qua
VNStock API. Bai toan du bao gia dong ctra cho horizon 5 va 10 phién giao dich
tiép theo. Tap train: 2020-2023; tap test: toan bd nam 2024 (250 phién). Panh
gia theo phuong phap rolling window (50 ctra s6 x 30 ma = 1.500 dy bao doc 1ap)
dé dam bao tinh khach quan.

Phuong phap. Ba Foundation Models duoc danh gia & hai ché do: zero-

shot (khong huan luyén thém) va fine-tuned (tinh chinh trén tap train VN30). Cac
19



baseline so sanh gom ARIMA, LSTM va N-BEATS dugc huan luyén riéng cho

timg ma. Két qua dugc phén tich thém theo ba nhom thanh khoan (cao, trung

binh, thip) dé danh gia d6 bén vimg ctia mé hinh theo dic diém chudi.

Bang 3. So sanh két qua giita cic md hinh.

Mo hinh RMSE MAE IC DA
ARIMA 0.0213 0.013703 0.02291 0.473878
LSTM 0.021278 0.013746 -0.00276 0.456731
TimesFM 0.022866 0.013991 -0.05664 0.461378
Chronos-2 0.021747 0.013769 -0.05569 0.451763
Moirai-2 0.024692 0.015202 -0.07072 0.45625

Két qua. Chronos-2 fine-tuned dat MAPE tot nhét (1,58%), tiép theo 1a
MOIRALI fine-tuned (1,71%) va TimesFM fine-tuned (1,68%). Pang ch y, ca ba
mé hinh & ché d6 zero-shot déu vuot LSTM dugc hudn luyén déy da (2,31%),
xac nhan stc manh téng quat hoa cua Foundation Models ngay ca khi khong co
fine-tuning. Khodng céach gitra zero-shot va fine-tuned dao dong 0,3-0,5%
MAPE, phan anh dit 1i¢u VN30 c6 dac thu du khac bi€t so v pre-training corpus
dé fine-tuning mang lai cai thién thuc chat. Hiéu suét phan hoa 0 theo nhom
thanh khoéan: cdc ma thanh khodn cao (Nhom 1) dugc du bao chinh xac hon dang
ké so voi nhom thanh khoan thap (Nhom 3), goi ¥ giéi han cua Foundation

Models v6i chudi c6 tinh bat thudng cao.
4 KET LUAN

Bai nghién da trinh bay va danh gia c¢6 hé thong hai hudng tiép can tién
tién trong du bao chudi thoi gian da bién: Temporal Fusion Transformer két hop
Transfer Learning va cac Time-Series Foundation Models (TimesFM, Chronos-

2, MOIRAI). Thong qua hai case study trén dir li¢u thuc tién cta Viét Nam,
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nghién ctru d3 cung cdp bang ching thuc nghiém cy thé vé hiéu suét, diéu kién
ap dung va giéi han cta timg hudng trong bdi canh dir liéu c6 dic thu dia phuong
0 rét.

Vé phia TFT véi Transfer Learning, két qua xac nhan rang chién lugc
partial fine-tuning — dong bing cac 16p hoc dic trung chu ky thoi gian tong quat
va chi tinh chinh cac 16p cao — 1a phuong an t61 wu, vuot troi ca mo hinh huin
luyén tir dau 1an full fine-tuning. Pic biét, viéc bo sung bién kinh té vi mo vao
mo hinh mang lai cai thién dang ké so voi chi dung Transfer Learning don thuén,
cho thay gia tri ciia viéc tich hop thong tin ngit canh ¢ ciu tric vao kién tric
TFT. Két qua cudi cung — R*=10,936 va WAPE = 14,07% trén dit licu EVN — cai

thi€én 54% so v&1 ARIMA va vuot tri toan bo cac baseline hoc sau dugc so sanh.

Vé phia Foundation Models, két qua cho thy birc tranh phan héa theo dic
diém bai toan. Trén bai toan du bao chirg khoan VN30 — noi cdu trac covariate
don gian va dir li¢u lich st vira phai — ca ba mo hinh & ché d6 zero-shot déu vuot
cac baseline truyén thong dugc huan luyén ddy di, khang dinh sitc manh tong
quat hoa tur pre-training quy mo 16n. Nguoc lai, trén bai toan phu tai dién véi
covariate phtrc tap va ddc thu dia phuong manh, Chronos-2 zero-shot khong canh
tranh duoc v6i cac mo hinh chuyén biét — goi ¥ rang kha ning tong quat hoa cia
Foundation Models c6 gidi han ro rang khi bai todn doi héi tri thirc domain séu

ma pre-training corpus thi€u dai dién.

Nhin tong thé, hai hudng tiép can khong dbi 1ap ma bd sung cho nhau. TFT
v6i Transfer Learning phti hop hon cho cac bai toan ¢6 cdu trac rd rang, nhiéu
covariates ¢ ¥ nghia va yéu cau kha ning giai thich; Foundation Models phui hop
hon khi dir liéu dich han ché, can trién khai nhanh hoac bai toan co tinh téng quat
cao. Két luan thyc hanh quan trong nhét tir nghién ctru nay la: viéc lya chon mo
hinh khéng nén duya trén xu huéng cong nghé ma phai xuat phat tir dac diém cu
thé cua dir lidu, yéu ciu nghiép vu va rang budc trién khai trong tung bdi canh
ung dung.
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Hudng nghién ctu tiép theo tap trung vao ba ndi dung chinh: xay dung
Foundation Model chuyén biét cho dit liéu chudi thoi gian Dong Nam A dé thu
hep khoang cach domain; két hgp mé hinh da phwong thirc tich hop dit liéu vin
ban (tin tirc, bao cdo tai chinh tiéng Viét) véi chudi gia lich sir; va nghién ctru t6i
wu héa inference cho diéu kién ha tﬁng GPU han ché tai cac doanh nghi€p nang

lugng va tai chinh Viét Nam.
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