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1 General Information
1) Time series la gi? Khac gi sequence néi chung?

Sequence data: tap quan sat dugc siap xép theo mot thit tu ¢6 nghia (thoi gian, vi tri, tién trinh).

Time series l1a truong hop dic biét ciia sequence, trong dé truc thoi gian chi phéi dong hoc: ddo vi tri
quan sat sé pha vé quan hé tré, tuong quan, xu huéng va mua vu.

Hé quéa: moi thao téc dit lieu va danh gia mo hinh phdi bdo toan thi tu thoi gian; khong tron ngau nhién
nhu bai toan tabular.

2) Hat min (granularity) va ciu triic mot ban ghi

M&i ban ghi gom: méc thdi gian (time step), mot hay nhiéu kénh/bién do, va granularity (khoang
lay mau, vi du: mdi gio).

Granularity chi phéi: resampling, tao lag/lead, rolling statistics, va calendar features (gio, thi, thang,
ky 1€, ca van hanh).

Can nhét quan timezone/DST; ndi suy/dién khuyét sai c6 thé gay méo pho ddi véi chudi cé bude nhay
hay rang budc vat ly.

3) Phan loai chudi thdoi gian

Univariate: mot kénh theo thoi gian.

Multivariate: nhiéu kénh dong thdai tai cing mbc thoi gian.

Multiple time series: nhiéu chudi tuong ti tit nhidu ddi tuwgng/diém do (vi du nhiéu tram, nhiéu thiét
bi). Hé qud mo hinh hod. Gom nhiéu series dé hoc chung gitip tang dit lieu hieu dung (gidm overfit)
nhung c6 nguy cd binh quan hod khdc biét. Thie hanh thudng ding chuan hoa theo ting series hosc

phan cum series truée khi huan luyén mo hinh chung.

4) Chia tap theo thgi gian (Data Partitioning)

Muc tiéu la danh gia mo hinh trong bdi canh tuong lai ¢ thé khdc qud khi. Hai chién lude co ban:
Expanding window: ctta s6 huan luyén md rong dan = tan dung lich si, giAm phuong sai; hop moi
truong on dinh, xu hudng dai han ro.

Rolling window: cita s6 kich thuéc c6 dinh, trugt theo thoi gian = thich nghi xu huéng gan day, chi
phi tinh toan bi chén; hop di lieu phi-ding (non-stationary).

EXH ‘train ’ val ‘ ‘test‘
‘ train ‘ ’ val ‘ ‘test‘
t t t t t t t t t t t t t t thoi gian
Rolling Winﬂ‘ train ‘ ’ val ‘ ‘test‘
‘ train ‘ ’ val ‘ ‘test‘

Hinh 1: Minh hoa chia tap theo thoi gian: expanding (trén) va rolling (duéi).

Quy trinh goi y.
Dung holdout theo thdi gian (train — val — test) két hap walk-forward CV (nhiéu ctia s6).

An dinh input length va forecast horizon ngay tit budc chia dé tranh ro ri tuong lai khi tao dac trung.
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5) Nhiém vu dién hinh

Forecasting: du bao gia tri tuong lai tt quan sat qua khua.

Classification: gan nhan cho toan bo chudi (kiéu hanh vi/thiét bi).

Anomaly Detection: phat hién diém hoac méau hinh léch khdi hanh vi mong doi.

Imputation: dién khuyét cac gia tri thiéu.

6) Dt lieu lich sit & bbi cAnh AI/ML

Ghi chép thién van thoi Tycho Brahe (thé ky XVI) 1a vi du s6m vé time series: du thiéu di lieu, do
chinh x4c vAn du dé suy ra mo hinh chuyén dong thién thé.

Linh vyc dy bdo chudi dang tang truéng manh trong AI/ML: ngay cang nhiéu phuong phap va bai bao
tai cac hoi nghi top-tier.

7) Checklist thao tac dw lieu (4p dung sém)

Dong bd thdi gian & granularity: nhat quan moc, timezone/DST; can nhic dic trung lich (gio,
thi, thang, 1é, ca).

Thiéu & ngoai 1&: chon chién lugc imputation phit hgp (MCAR/MAR/MNAR); luu vét cac can thiep
(phuc vu anomaly /forecast).

Khong ro ri tuwong lai: moi feature (rolling mean/std, min/max, encoder) chi dung di ligu < .
Dt muc tiéu sém: xéac dinh horizon (vi du y;424) VA cita s6 dau vao dé thiét ké split/feature.
Chuan hoa theo series cho multiple series; tranh series 16n “lan at” series nho.

Baseline truéc, mé hinh sau: chay naive (lag-1, lag-m theo mua) dé c6 moc so sanh, sau d6 thit
Linear/MLP/TCN/Transformer.
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2 Data Generation

2.1 Muc tiéu & bdi canh
Data Generation cho chudi thoi gian gom hai nhanh chinh:

Data augmentation: ap bién déi len chudi gbc dé tao thém mau, nhim tdang kich thudc € da dang dit
liéu = mo hinh robust hon, it overfit hon.

Dataset condensation: nén mot tap hudn luyén lon thanh mot tap tong hop nhé nhung khi hudn
luyén trén tap nhé nay, mo hinh van dat hiéu ndng tuong duong trén test unseen; hitu ich dé gidm chi
phi, chia sé di lieu, va bdo vé riéng tu (luu y distribution shift).

2.2 Data Augmentation — dva trén phan ra

Y tuéng: tach chudi X thanh xu huéng (T'), miia vu (S), phan du (R), rdi bién ddi timg thanh
phan va ghép lai.
STL: khi bién do miia vu gan nhu hang theo thdi gian, dimg mo hinh cong

Xy =T+ S + Ry.
MSTL: khi ¢6 nhieu maa vy (ngay/tuan/...) va/hodc bién do ty 1é theo miic nén, ding mo hinh nhdn
Xt:TtXStXRt.

Quy trinh goi y:

Chon ctia s6 theo chu ky (vi du: 24h, 7 ngay), phan ra dé thu S, T, R.
Bién doi c6 kiém soat:

Trend: scale nhe (£5%—+10%), dich tuyén tinh nho.

Season: ddi pha/bién do vita phai; v6i mo hinh nhan, nhan hé sé gan 1.
Residual: jitter nhiéu trang yéu, hodc trao doi block rat ngan.

Ghép lai ding dang (cong hodc nhan), gitt nhan néu bién doi bao toan ngit nghia nhieém vu.
Chon additive vs multiplicative:

Additive: bien do mua vu xap xi khong déi quanh mitc nén.

Multiplicative: bién do thay déi ty l¢ véi mic nén (ngay 18, cao diém, ...).
Luu y an toan:

Khong lam lech chu k¥ qua miic; han ché dich pha trong bién nhé (vi du < 10% chu k¥).
Tranh 10 ri tuong lai: moi thong ké/bién ddi chi ding dit lisu < ¢ (trén train hoic cita s6 qua khit).
Nhit qudn dang: phan ra additive thi cong khi ghép; multiplicative thi nhan.
2.3 Data Augmentation — céc bién d6i co ban
C6 thé dung doc lap hoac két hgp phan ra:
Jitter / Noise injection: cong nhiéu nho vao R hoiic tryc tiép vio X (uu tien R).
Scaling / Magnitude warp: nhan hé s6 nhé quanh 1 (tu nhien v6i multiplicative).
Time warping / Phase shift: gian/thu thoi gian cuc bo hoac dich pha mua vu vai bude.
Window slicing & cropping: cit doan con c¢6 chong lan dé tang mau ma van gitt cu tric.

Permutation nhe (block-wise): trdo cac khoi ngdn trong R dé da dang nhiéu.
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Mixup/CutMix theo thdi gian: tron hai series cing mién (uu tién trén phan residualized); gitt nhan
cho forecasting néu phu hop.

Masking (hitu ich cho imputation/self-supervised): che ngdu nhién mot sé6 buéc va budc mo hinh du
doan lai.

Frequency-domain tweaks: can thiép bién do céc seasonal harmonics (FFT/Wavelet) roi bién doéi
nguac.
2.4 Dataset Condensation — nén dit liéu huan luyén

Dinh nghia: hoc ra mot tdp nhé tong hop dé thay thé tap 16n that trong huan luyen, véi diéu kien
mo6 hinh huan luyén trén tap nhé dat hiéu ndng gan tuong dwong mod hinh huan luyén trén tap that khi
danh gia cung test unseen.

Khi nao dung?

Can gidm chi phi tinh toan/IO; can chia sé khi dit lieu gbc bi rang budc; muc tiéu bdo vé riéng tu.
Rui ro & canh bao:

Distribution shift: tap ngung tu c6 thé bo sét regime hiém.

Memorization/Leakage: mau tong hgp qua giéng dit licu that; can kiém tra nearest-neighbor dis-
tance/membership inference.
Protocol danh gia:

[left=1.2em,itemsep=0.25em,topsep=0.3em]
1. Cb dinh pipeline (model, HPO, metric).
2. Huan luyén M,eq trén trainge,, va Mgynthetic trén traingondensed-

3. Danh gid chung trén testypseen; so sanh MAE/MASE/RelMAE. .. Chi coi condensation dat khi
Mynthetic & Mreal-
2.5 Ggi y chon “recipe” theo bai toan
Forecasting (uni/multi):
Bat dau v6i STL/MSTL; tang/giam nhe bien do S, scale T, jitter R.
Them window slicing va masking (néu két hop self-supervised).

Tranh bién doi pha v& seasonality/horizon da dinh.
Anomaly Detection:

Béo toan ti Ié anomaly; c6 thé sinh anomaly bing spike/step change vho R hodc dich pha ngin han
clia S (gan nhan rd rang).
Imputation:

Diing masking cé ciu tric (block missing) dé mo hinh hoc ngit canh dai; két hop time warping nhe dé
tdng robustness.

2.6 Loi thuong giap & cach tranh

Nham additive/multiplicative khi ghép lai = tin hi¢u méo; kiém tra cong thitc trudc khi tong hgp.
Dich pha mua vu qua 1én = duy bdo trugt pha; giéi han < 10% chu ky.
Ro ri tuong lai khi tinh théng ké toan chudi; chi dung dit lieu < ¢ hofic tinh trén train.

Condensation kiém chitng thiéu: phéi so trén ciing test unseen va déi chiéu hiéu nang véi tap that.
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2.7 Tém tat thuc chién

Dt lieu mua vu ro: vu tien STL/MSTL 4 augmentation theo thanh phan.

Bi gi6i han tai nguyén/nhu cau chia sé: can nhic condensation, vdi protocol so sanh nghiém va giam
sat distribution shift.
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3 Data Valuation
3.1 Hai I6p “gia tri di liéu”

(A) Thudc tinh théng ké (khong xét thit ty thoi gian).
Muc tiéu: mo ta phdan b6 va phat hién ngoai 1é; khong phan anh cau tric thoi gian.
Bo tém tat pho bién: min, mazx, mean, median (Q2), range, IQR= Q3 — Q.
Quy tac ngoai 1¢ (boxplot): diém nim ngoai [Q1 — 1.5 - IQR, Q3 + 1.5-IQR].
Skewness (do lech): duong = dudi phéi dai; am = dudi trai dai.

Kurtosis (do day dudi): cao = dudi nang/dinh nhon; thip = dudi nhe/dinh phéng.
(B) Dac trung theo thdi gian (temporal).

Trend (xu huéng): chuyén dong dai han lén/xudng.
Seasonality (mua vu): mau lap theo chu k¥ ¢6 dinh.

Remainder/Residual (phan du): phan khong giai thich bdi trend/season.

3.2 Do “dd manh” Trend/Season ti phan ra
Gia st phan ra (additive) X =T + S+ R, dat R = X — T — S. Céc chi sb truc giac:

var(R) var(R)
TrendSt th = 1-— t th = 1- :
rendStreng max <0, var(X) — var(S’)) ) SeasonStreng max (O, var(X) — var(T)

Dién gidi € goi y:
var(R) 16n = phan chua giai thich con nhiéu (mau hinh bi bé sot).
Trend cao = wu tién cita s6 dau vao dai, mo hinh/dac trung 6n dinh dai han.

Season cao = bao toan chu ky (lag m), baseline seasonal-naive, hodc dic trung hoa cac harmonics.

3.3 Transitions / Regime changes (chuyén pha hanh vi)

Vi sao quan trong? Bit dugc doi ché do gitp: nhan dien bat thuong, phan biét hanh vi chudi, va
chon co ché danh gia/huan luyén hgp béi canh (vi du rolling).

Gogi y thao tac:

Gan nhan regime theo thoi doan (dua vao déu/su’én trend, sitc manh season) hodc diing mo hinh an
(HMM /Markov).

Tinh mot do do bién thién chuyén trang thai (vi du do phan tan/trace cia ma tran hiép phuong sai
x4c suat chuyén).

Khi mitc chuyén pha cao = uu tién rolling window vi/hodc mo6 hinh theo béi canh (mixture-of-
experts).
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Hinh 2: Minh hoa chuyén pha: A (trend lén, muia vu yéu) — B (phing, miia vu manh) — C (trend
xudng, nhiéu tang).
3.4 Bién phuong sai & vai tro ctia var(X)
var(X) do do phan tan quanh trung binh; xuat hién tryc tiép trong cac chi s6 TrendStrength/SeasonStrength.
Néu var(X) 16n nhung var(R) khong gidm sau phan ra = phan chua giai thich con dang ké.
3.5 Quy trinh “dinh gia dw liéu” goi y (workflow)
1. Théng ké mo ta (khong thoi gian): min/max/mean/median/range/IQR + skew /kurtosis = so
nhém, tim ngoai l¢, goi ¥ chuan hoa.
2. Phan ra (STL/MSTL hoac tuong duong) = tinh TrendStrength/SeasonStrength; xac dinh chu
ky troi.
3. Phat hién chuyén pha: theo déi chi s6 theo thoi doan; gdn regime va do mic chuyén pha.
4. Quyét dinh modeling & split:
5. Trend/season manh, it chuyén pha = expanding window.
6. Nhiéu chuyén pha = rolling window va uu tién dic trung “gan hién tai’.

7. Chon baseline & metric: néu c¢6 mua = seasonal-naive; dung metric scale-free (MASE/Rel-
MAE) dé so sanh cong bing gitta nhid¢u chudi khac thang do.

3.6 Vi du ngan (minh hoa tu duy)
Dit lidu ban 1é theo ngay c6 dinh cudi tuan: IQR tang manh dip 1& = diing chuan hoa robust, tranh xoa

nham tin hiéu khi loc ngoai lé.

Phan ra: SeasonStrength cao, TrendStrength trung binh = baseline seasonal-naive + mo hinh ¢6 thanh
phan mia.

Giai doan “Flash sale” lam ddi hanh vi (chuyén pha) = danh gia bing rolling/walk-forward dé phan
anh hoc tit gan dén xa.

3.7 Lo6i thuong gap & cach tranh

Nham gitta “thudc tinh théng ke” va “dic trung thdi gian™ mean/median/IQR khong khiang dinh c6
season/trend.

Dién giai sai Trend/SeasonStrength: chi s6 cao mang tinh tuong déi sau phan ra; kiém tra residual da
“trang” chua.
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Bé qua chuyén pha: chi danh gid mot lan trén holdout khi dit lieu nhiéu regime = két luan sai; diing
walk-forward /rolling.
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4 Model

4.1 Phan loai theo hinh dang I/O (By I/O Shape)

Short-term: cita sd vio/ra ngin; thuong dau ra < ddu vao; hop tin hiéu bién thien nhanh, chu ky
ngan.

Long-term: cita s6 vao/ra dai; doi khi dau ra > dau vao; nhan manh kha nang nidm cau tric dai han.
4.2 Phan loai theo kiéu dau ra (By I/0 Type)

Point /Deterministic: dit bao diém (mot s6 cu thé); don gidn, d& so sanh nhung khong phan anh bat
dinh.

Probabilistic: du bao phan phoi/ddi (quantile, interval); hitu ich cho quan tri ri ro va quyét dinh.
4.3 Phan loai theo phuong thitc dy bao (By Method)

Direct: sinh thing tat cd budc tuong lai yéu cau = tranh tich luj sai s6; kho cho chan troi rat dai.
Recursive: duy béo tiing bude, dua dau ra lam dau vao cho buéc ké = linh hoat nhung dé tich luy sai
s0.

Direct.
— Model =~ q

feedback | Model

Recursive
—+ Model it f f f

Hinh 3: Direct (trén) vs. Recursive (du6i).

4.4 Phan loai theo kién tric (By Architecture)
(A) MLP / Linear & bién thé. Linear, NLinear, DLinear, N-BEATS, FITS, TSMixer/TimeMixer.

Uu: nhanh, don gidn, baseline manh.

Nhugc: thiéu “bo nhd” trat tu; can dic trung thsi gian/phan ra dé hi¢u qua hon.

(B) RNN/LSTM/GRU & bién thé. LSTNet, DA-RNN, SegRNN, xLSTM/xLSTMTime.
Uu: ¢6 bo nhé cho phu thude dai; linh hoat theo thai gian.

Nhudc: huan luyén cham; c6 nguy cd “quén xa” néu khong xit Iy tot.

Bat motif cuc bo ngin; c6 thé hoc mau trong chu ky va gitia chu ky.
(C) CNN.

Conv nhan qud (khong ro ri tuong lai), dan (receptive field 16n), residual; xt 1y chudi dai hiéu qua.
(D) TCN (Temporal Convolutional Networks).

Hudng chinh: stia attention cho phu thudc thoi gian; nhing module T'S; mo hinh tuong tac da bién.

Khong ¢6 “nha vo dich tuyét d6i” cho LTSF; két qua phu thuoc dit lieu, chan trai va HPO.
(E) Transformer cho chudi thdi gian.

10
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4.5 Chién ludc kénh (Channel Strategies)

(A) Channel-Independent. Mo hinh méi kénh riéng hoac patching (PatchTST).
Uu: robust khi cac kénh rat khac nhau (thang do, mau hinh).

Nhugc: bd qua tuong tac gitta kénh.

Hoc phu thuoc gitta kénh bang attention/mixer; manh khi kénh twong quan.
Khi kénh dj biet, biéu dién dung chung c6 thé lam gidm hiéu nang.

(B) Channel-Dependent (Cross-Dimension/Mixing).

Can biang capacity vs robustness bang cach gom nhém kénh tuong dong; cai thién téng quat hoa cho
kénh mdi (zero-shot) bang prototype/transfer.

Bang 1: So sanh nhanh chién lugc kénh

cCe
Chién lugc Uu diém Han ché / Khi
tranh
Channel-Independent Robust khi kénh di biét; dé song song hoa Bo qua tuong tac
gitta kénh
Channel-Dependent Khai thac tuong quan lién kénh; capacity cao Dé kém on dinh
khi kénh khac biét
manh

Channel Clustering  Tho4 hiép capacity-robustness; tot cho kénh méi  Can buéc phan
cum/danh gia do
tuong dong ban
dau

(C) Channel Clustering.
4.6 Da ti lé (Multi-Scale)

Két hgp mau hinh global (tho) va local (tinh) qua da do phan gidi hoic phan ra; thong tin phong pht
hon = du bao tét hon.

4.7 Foundation Models & TS + Text

Ghép time series + van ban (tin tiic/bao cdo) dé vita dy bao vita gidi thich; mo hinh chuyén mién c6
thé it /khong can fine-tune lai.

4.8 Huéng dan chon mé hinh (thyc chién)
[left=1.2em,itemsep=0.25em,topsep=0.3em]
1. Theo di liéu/kich ban:
2. Kénh khéac nhau r6 = channel-independent /patching hoac clustering.

3. Keénh tuong quan o6 = cross-dimension/mixer/attention.

4. Mau 1dp cuc bo manh = CNN/TCN; chudi rat dai = TCN.

11
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5. Theo chan traoi:
6. Ngin han = Linear/MLP/CNN (nhanh); wu tién Direct dé gidm tich luj sai sb.
7. Dai han = Transformer/TCN/Mixer hoic RNN; cht § HPO vi khong c¢6 “nha vo dich” ¢6 dinh.

8. Theo tai nguyén & vong lap: Dung Linear/DLinear/TSMixer lam baseline nhanh; nang cap
TCN/Transformer khi con du dia.

9. Theo chién ludc danh gia: Nhiéu chuyén pha = rolling window va dic trung “gan hien tai”;
on dinh = expanding.

4.9 Lbi pho bién & caich tranh

Ap channel-dependent khi kenh di biet = tut hieu niing; kiém tra tuong quan/dong dang trudc.

Ky vong “mot mo hinh thing moi noi” cho LTSF; can benchmark da ho (Linear/Mixer/TCN/Trans-
former).

Duing Recursive cho chan trdi rat dai ma khong kiém soat tich luy sai s6; can nhic Direct hodic hybrid.

12
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5 Learning Paradigm

5.1 Bic tranh toan canh

Bon “hé” hoc cot 16i cho chudi thoi gian:
Supervised: hoc tit cip (dau vio, nhan) dé t6i wu loss c6 giam sat (MAE/MSE/Quantile loss. . . ). Véi
forecasting, dau vao 1a ctta s6 qua khit {zy_ry1,...,7¢}, nhan 1& {z441,..., 20 15}

Semi-Supervised: két hgp it nhan v6i nhiéu mau khong nhan (consistency regularization, pseudo-
labeling, self-training. .. ).

Unsupervised: khai pha ciu tric an khong can nhan (nén-khoi phuc, moé hinh mat do, phan cum,
phat hién motif/regime).

Self-Supervised: ty sinh “nhan” tit dit lieu theo quy tac dinh trude (dich/che/bién dang, so khdp
augmentation); hoc biéu dién giau ngit canh trudc khi fine-tune. Forecasting la supervised hay self-
supervised? Truyén thong xem la supervised (c6 cip (past, future) o rang); géc nhin representation-

N

first xem 1a self-supervised vi “nhin tuong lai” sinh tu dong béng quy tac trugt/shift.

5.2 Self-Supervised cho chudi thdi gian
Céc pretext dién hinh:

Masking/Denoising: che diém hodc block lién tiép, buoc moé hinh khoi phuc = hoc phu thuoc dai
han.

Next-step/Patch prediction: dy doan budc hodc mang (patch) ké tiép; nhan lay truc tiép tu dit ligu
da dich.

Augmentation-invariance: tao hai “view” (jitter, time-warp nhe, crop, mixup theo thoi gian), t6i uu
dé biéu dién bat bién trudc bién d6i. Thiét ké cap Positive/Negative (contrastive):

Positive: hai view ctia ciing thuc thé/cing thoi doan nhung khic augmentation.

Negative: doan tit thuc thé hodc boi cinh khdc (khac ngit nghia thoi gian).
5.3 Generative Learning cho time series

(A) Autoregressive (AR). Mo hinh hoa p(z441 | ©<¢) va ldp cho cac budc tuong lai; tit ARIMA
truyen thong t6i neural AR (TCN/Transformer ti hoi quy).

(B) Autoencoder (AE). Nén x thanh ma z = F(z), gidi nén & = D(z); bién thé: VAE, Seq2Seq,
masked-AE. Ung dung: gidm chiéu, khit nhidu, phat hién bat thuong (dua 16i tai tao), pretrain biéu
dién.

(C) Diffusion. Thém nhiéu dan, hoc mang “khit nhidu” dé ddo qua trinh; tng dung: sinh chudi da
dang, in-painting theo thdi gian, augmentation xac suat.

5.4 Adversarial Learning (GAN-style)
Hai ting dung chinh:
Generation: sinh chudi méi (uni/multivariate) dé mé rong dit liéu, moé phéng kich ban hiém.

Imputation: hoan khuyét block thiéu bang Generator c6 diéu kién theo ngit cAnh; Discriminator dam
béo tinh “that”. Luu 3: phong mode collapse (da dang thap) biang regularization (gradient penalty,
spectral norm. ..) va kiém dinh bing théng ké chu ky/ACF /PACF 1an hi¢u nang downstream.

13
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5.5 Contrastive Learning

Hoc nhiing f(x) sao cho gan positive va za negative (InfoNCE/NT-Xent; hodc bién thé khong nega-
tive nhu BYOL/Barlow). Ung dung: pretrain encoder thoi gian cho forecasting, classification, retrieval
su kien. Meo xay cap: Instance-wise (cung thiét bi/series = positive), Temporal-wise (cung series, sat
thoi gian = positive; xa bdi canh/khac regime = negative).

5.6 Federated Learning (FL) cho chudi thdi gian

Dt lisu phan tan tai nhiéu client (tram cam bién/thiét bi IoT. .. ). Muc tieu: khong di chuyén dit liéu,
chi giti tham s6/cap nhat dé tong hgp mo hinh toan cuc (FedAvg, FedProx...). Théach thitc: non-1ID
manh (seasonality, trend khac nhau), granularity /missing khac biét, personalization (tham s6/16p riéng
cho client) dé vira chia sé tri thitc chung vita phit hgp timg doi tugng.

5.7 Forecasting dat ¢ dau trong birc tranh?

Thuc hanh ng dung: coi la supervised, toi wu tryc tiéep MAE/MSE/Pinball loss.

Chién lugc biéu dién: self-supervised dé pretrain (masking/contrastive/next-patch), roi fine-tune
supervised cho tac vu chinh.

5.8 Cach chon “paradigm” theo muc tiéu & rang budc

[left=1.2em,itemsep=0.25em,topsep=0.3em]

1. Nhan it, mién da dang, can tong quat hoa: wu tien Self-Supervised/Contrastive dé pretrain
encoder; fine-tune méng downstream.

2. Can sinh di liéu/dién khuyét manh: can nhic Diffusion/GAN; danh gia bing downstream
+ chi s6 cau tric thoi gian.

3. Dit liéu phan tan/nhay cam: Federated v6i tong hgp chong non-IID, thém personalization; can
nhic differential privacy néu can.

4. Hiéu qua trién khai: bt dau tir supervised don gian (Linear/DLinear/TCN) lam baseline; con
du dia = bd sung pretrain SSL ho@ic mo hinh generative cho augmentation/khoi phuc.

5.9 Quy trinh khuyén nghi (end-to-end)
1. Khao sat & dinh gia d& liéu: missing, regime, season/trend; dit horizon, granularity, kénh.

2. Baseline supervised: chia ezpanding/rolling ding boi canh; chay naive + Linear/TSMixer /TCN
dé c6 mobc.

3. Pretrain SSL (néu phit hgp): chon pretext (masking/contrastive/next-patch) + augmentation
béo toan ngit nghia.

4. Fine-tune supervised: cho tic vu chinh; can nhic dy bao probabilistic néu can dai.

5. (Tuy chon) Generative/Adversarial/Diffusion: cho sinh d liéu hodc imputation; danh gia
bang downstream + thong ke thoi gian.

6. (Tuy chon) Federated: khi dit lieu phan tdn/nhay cam; thém co ché chong non-IID va person-
alization.
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5.10 Léi thudng gip & cach phong tranh
Augmentation pha ngit nghia: dich pha mita vu 16n/x40 tron chu ky = biéu dién sai; chi dimg bién
déi hop tu nhien ctia chudi.

Contrastive chon cip sai: dé collapse/hoc nham; positive gin véi thuc thé & thoi doan, negative
khéac ngit nghia.

GAN mode collapse: can regularization/penalty va kiém dinh downstream, khong chi nhin do thi.

B6 qua lgi ich pretrain: coi forecasting chi 1a supervised = bd 16 SSL; nén xem self-supervised nhu
bude bé tro.

FL khéng xit 1y non-IID: hoi tu kém/thién léch client; ding thuat toan téng hgp phit hgp, person-
alization, va (néu can) privacy.

(Loss (InfoNCE / BYOL / Barlow)

Augment 2 -

Hinh 4: So dd ty giam sat: tao hai view ctia cting doan, ma hoéa bang encoder chung, t6i ttu muc tieu
dé hai biéu dién gan nhau.
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6 Evaluation

6.1 Muc tiéu cuiia danh gia du bao

Dung thang do & céng bang giita chudi: cic thudc do phai c6 ¥ nghia trén ting series va so sanh
dugc gitta nhiéu series khac don vi/thang do.

So véi baseline hgp 1y: moi két luan nén dit canh méc chuan (naive hodc seasonal-naive).

On dinh theo thdi gian & ting chan trdi: phan anh chat luong & ting buée dy bao h=1,..., H
va qua nhiéu cita s6 walk-forward.

C6 y nghia van hanh: néu ra quyét dinh bang dai bat dinh, can danh gia hiéu chinh (calibration) va
do sic (sharpness), khong chi du bao diém.

6.2 Baseline va cach dung dang

Naive (khong mua vu): 911 = y;.
Seasonal-naive: {111 = yi11-m V6i chu ky m (ngay/tuan/ca...).
Baseline phai dugc xay ngoai mau trén tap danh gia; khong “hoc ké” thong tin tir train.

Khi béo céo, luon néu quan hé véi baseline (thang/hoa/thua) thay vi chi néu con sb tuyet doi.
6.3 Cac ho thuéc do va y nghia

MAE (Mean Absolute Error): MAE = 3, Zi\;l |yt — g¢] (> 0). Don vi-phu thudc; khong nén cong gop
théng gitta cac series khac thang do.

RMSE /MSE: nhay ngoai l¢ hon MAE; dung khi muén phat manh sai s6 16n.

(A) Phu thudc thang do (scale-dependent).

MAPE (Mean Absolute Percentage Error): dé léch khi y; nhé/tiém 0 va c6 truong hgp khong xéac dinh;
c6 thé phat over-forecast khac under-forecast & cling ty le.
(B) Phan tram (percentage-based) — can than trong.

RelIMAE (Relative MAE):
MAE(model)

IMAE = o)
Re MAE (baseline)

Dién gidi: < 1 t6t hon baseline; = 1 ngang; > 1 t&é hon. Néu MAE(baseline) = 0 = khong xac dinh.

RMAE (Relative error trung binh) la bién thé tinh “relative error” titng diém roi lay trung binh; dién
gidi tuong tu.
(C) Tuong dbi theo baseline (relative-to-baseline).

MASE (Mean Absolute Scaled Error):

1 N
Neest Etetest lye — Uil

MASE = '
1
Nerain—1 Etetrain [yt — Yi—1]

Mau s6 tinh trén train (xap xi MAE clia naive lag-1 trong train), tt s6 trén test; < 1 thang naive, = 1
hoa, > 1 thua. Néu mau s6 = 0 = khong xac dinh.
(D) Chuan hoa theo “bac nhat” — MASE (scale-free, 6n dinh).
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Pinball loss cho quantile;

Coverage & Width cho ciac PI (50/80/90/95%): muc tieu la calibrated (coverage gan nominal) va
sharp (do rong nho);

CRPS/WIS: lugng hoa toan by phan phdi hodc nhiéu khoang duy béo.
(E) Phan phéi/dai du bao (probabilistic).

Ding Energy score, Variogram score dé phan dnh tuong quan lién kénh, thay vi danh timg kénh
roi cong.

(F) Da bién (multivariate).

6.4 Gop két qua qua nhiéu series/horizon mét cach cong bing

Macro vs. Micro: Macro = trung binh metric theo ting series (cong béng gitta series); Micro = gop
toan bo diém 16i (dé bi series bien do lén chi phdi).

Theo horizon: bdo céo cho ting h = 1..H va trung binh theo horizon (nhiéu mo6 hinh t6t ngdn han
nhung tut vé cudi chan troi).

Theo thdi doan/regime: tach trudc/sau sy kién, mua cao diém. .. dé tranh che khudt thuc té.
Theo nhém series: nhém theo mién/thang do (tram, khu viic), bao cdo macro trong nhém va macro

toan cuc.

6.5 Quy trinh backtesting & kiém soat ro ri

Chia theo thoi gian (expanding/rolling) va dinh nghia 1o input length € horizon trudce khi tao dac trung.
Walk-forward qua nhiéu cita s6 (train — val — test) dé giam phuong sai wéc lugng.

C6 dinh baseline va cach tinh metric (vi du: mau s6 MASE tinh trén train; ReIMAE dung naive out-
of-sample).

Kiém tra ro ri:

Moi rolling stats/normalizer chi dung d lieu < ¢.

Khong hoc tham s6 chuan hoa trén toan bo lich st roi 4p cho test.

V6i metric percentage/relative, bdo ddm mau s6 khong lay tit doan chita tuong lai.

6.6 Chan doan 16i & truc quan hoa

Residual diagnostics: histogram/Q-Q, ACF clia residual (con cau tric = mo hinh chua bat hét),
bién phuong sai theo thoi gian.

Horizon-wise plots: MAE/MASE theo h = 1..H dé thay xu huéng suy gidm.

Calibration: PIT histogram; coverage vs nominal cho PI 50/80/95%.

Series-wise league table: xép hang theo timg series (thing/hoa/thua baseline) dé phat hién nhém
khé.
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6.7 So sanh mo6 hinh mot cach c6 y nghia
Uu tién scale-free/relative (MASE/RelMAE) trudc, sau dé bo sung thuge do tuyét doi (MAE/RMSE)
dé cAm nhan do 16n sai sb.

Théng ké kiém dinh: Diebold-Mariano cho chénh léch 16i theo thai diém; bootstrap theo ciia s6 dé
udc lugng khoang tin cay cho chénh léch ReIMAE/MASE; tudng thuat thém ty 1¢ cita s6 mo hinh thang.

Phan tich sai 16i ¢6 cau tric: xem thién léch over/under, nhay cam theo regime, va do bén theo
mua vil.

6.8 Cac “bay” thudng gap va cach né

Dung MAPE khi c6 y; = 0 hodic rat nho = khong xac dinh/thdi phong sai s6; thay bing MASE /Rel-
MAE.

So MAE giita series khac thang do = gop khong cong bang; dung scale-free/relative.

Tinh MASE sai: mau s6 khong & train, hoic mau s6 = 0 ma van béo sé = khong hop lé.

Baseline “hoc” tir test: naive/seasonal-naive phéi ding dinh nghia va out-of-sample.

Chi bao cdo mot con s6 tong hgp: che khuat van dé theo horizon /regime; can horizon-wise & series-wise.
6.9 Mau bao cao khuyén nghi (ggi ¥ cau tric)

Thiét lap: tap dit liéu, chu ky m, cich chia (expanding/rolling), horizon H, input length L.
Baseline: naive/seasonal-naive (dinh nghia ro).

Metric: chinh = MASE, RelMAE; b6 sung MAE dé cam nhan tuyét déi; v6i du bao xac suat, them
coverage/width (50/80/95%) va CRPS/WIS.

Cach gop: macro theo series, horizon-wise; bang league series-wise (thing/hoa/thua baseline).

Kiém dinh: chénh léch ReIMAE/MASE + khoang tin cay (bootstrap/walk-forward); (tuy chon) DM
test.

Chéan doan: residual ACF, PIT /coverage plots; phan tach theo regime.
Két luan & rti ro: noi mo hinh manh/yéu, diéu kién van hanh, canh bao khi ¢6 y; ~ 0 (tranh MAPE).

6.10 Ghi chi thuc hanh nhanh (cheatsheet)

C6 mua vu: baseline = seasonal-naive; metric = MASE/RelMAE.

So sanh nhiéu series khac thang do: khéng diing MAE don 1&; chuyén sang scale-free/relative.
C6 6 0: tranh MAPE; duing MASE/RelMAE.

Du béo probabilistic: coverage & calibration bat buoc (kem CRPS/WIS).
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7 Repository

7.1 Muc tiéu ctia phan “Repository”

Giap lya chon nhanh bo cong cy phu hgp cho dy béo/biéu dién chudi thoi gian theo ba tiéu chi:
(i) do bao pht phuong phap & metric; (ii) kha nang téi lap; (iii) tinh mé rong cho workflow hién dai
(self-supervised, generative, federated).

7.2 Time Series Library (TSLib)
Tém tat. Thu vien tong hop nhiéu phuong phép du bao, hitu ich lam “vira” baseline manh dé quét
nhanh d@ liéu mdi.
Khi nén dung.
Can bo mo hinh phong phii (Linear/MLP /Transformer. . .) dé khéo sét sém trude khi HPO ning.
Mubn tai lap két qua véi giao dien gan nhau, dé déng goéi pipeline. Diém ndi bat.
Thudng duge cac benchmark khac goi kem dé mé rong tap phuong phap cé sin.
Nhiéu predefined class cho model/transform, tién 1ap ghép. Luu y. API titng ho mo hinh c6 thé khac

nhd (shape, chuan hod, mask) = nén chuan hoa adapter khi chay hang loat.

7.3 Time Series Benchmark (TFB)
Tém tat. Khung benchmark “mot giao dién—mnhiéu phuong phap”, di kem metric théng nhit va
bao cao tai lap.
Vi sao hitu ich.
Unified interface € metrics: dé cAm model méi, gidm sai léch do cach tinh khac nhau.
Reproducible reports: ti dong hod bao céo so sanh. Tinh hudéng ding.
Dung benchmark néi b hoac bao cao nghién ciu.

Dao tao noi bo: minh hoa tac dong ctia split/metric/chién lugc.
7.4 GluonTS

Tém tat. Thu vien hudng thuc dung véi bao phii rong vé phuwong phdp, transform, metric; manh &
du bdo zdc suat (quantile/distribution).
Diém manh.
Hb trg nhiéu mo hinh xac suét, thuan tién néu nghiép vu can dai dy bao.
C6 DataLoader /transform s&n, rap nhanh pipeline PyTorch/MXNet (tuy phién ban). Luwu y. Khi gop
nhiéu series khac thang do, wu tién metric scale-free/relative (MASE/RelMAE) & budc danh gia.

7.5 ULTS — Unsupervised Representation Learning for Time Series

Tém tat. Kho tap trung hoc biéu dién khong gidm sdt/tw gidm sdt cho chudi thoi gian; phut hgp
pretrain encoder roi fine-tune cho downstream.
Khi nén dung.

Nhan khan hiém, di lieu da mién; can robust trude shift.

Xay retrieval /semantic search duta trén embedding thoi gian. Thuc chién. Thiét ké cap positive/neg-
ative ding ngit nghia thoi gian (positive: cing thic thé/thdi doan; negative: khac boi canh).
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7.6 FedProC — Federated cho dy bao chuéi thoi gian

Tém tat. Khuon kho federated cho moi truong da tram/thiét bi (thoi tiét, nang lugng, IoT) noi dit
licu khong thé tap trung.
Tai sao can.

Non-IID giita client (muia vu/bién do khac nhau), granularity /missing khong dong nhat.
Yéu cau rieng tu/tuan thi: dit lieu § nguyén tai chd, chi trao déi tham s6. Goi ¥ sit dung.

Khdéi dong bang mo hinh nén (Linear/TCN /Transformer), dung FedAvg/FedProx va them personaliza-
tion.

Phii hop kich ban nhiéu tram (thoi tiét/dien Iuc), c6 thé tai hien thuyc té phan tan.

7.7 So sanh nhanh & khuyén nghi chon kho

Bang 2: Goi y chon repository theo nhu cau

cC

Nhu cau Khuyén nghi
Benchmark tai 1ap, bdo cdo tu dong, metric thong nhat TFB: mot interface, nhiéu phuong phap; bao co ti «
Baseline da dang dé “quét” nhanh TSLib: nhiéu phuong phap sin, thich hgp -
Pipeline x4c suat/quantile va transform phong pha GluonTS: ho trg distribution/quantile v
Hoc biéu dién khong/ty gidm sat ULTS: tap trung representation lea
Lien minh/federated (nhiéu tram, dit liéu nhay cam) FedProC: tong hgp tham s6, hd trg

7.8 Lo trinh tich hop thuc chién (dé xuét)

Chuan hoa danh gia: chon metric scale-free/relative (MASE/RelMAE) lam chuan; c6 dinh baseline
(naive/seasonal-naive) & walk-forward.

Dung benchmark: ding TFB dé gom TSLib 4+ mé hinh riéng dusi mot interface/metric duy nhat
(béo céo tai lap).

MG réng xac suat & transform: néu can dai bat dinh/phép bién déi phong pht, cim théem GluonTS.

Pretrain biéu dién: khi nhan hiém/da mién, ding ULTS cho self/unsupervised representation, thiét
ké positive/negative hgp ngit nghia.

Federated: khi dit liéu phan tdn/nhay cam, chuyén pipeline sang FedProC, bat tong hop tham s6 &
personalization; giit nguyén chuan metric dé so sanh cong bing.

7.9 Cam bay phd bién & cach né

Tron API/metric khong thong nhat gitta repo = két luan sai; luon ép vé ciing interface/metric.
Chi diing MAE dé gop nhiéu series khac thang do = thién léch; wu tien MASE/ReIMAE khi téng hap.

Contrastive trong ULTS chon cip sai = embedding kém nghia; positive phai ciing thurc thé/thsi doan,
negative khac boi canh.

Federated khong xt I§ non-IID = hdi tu kém; thém personalization va danh gia series-wise theo tiing
client.
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7.10 Ghi cht duong link & pham vi (tra ciu nhanh)

TSLib: thu vién baseline da dang cho TS.

TFB: benchmark véi interface thong nhat va bao cdo tai lap.

GluonTS: nhiéu method/metric/transform, manh vé dy béo x4c suat.

ULTS: repository tap trung representation learning khong/tu gidm sat cho TS.
FedProC: khuon khd federated cho dut béo trong moi trusng da tram.

Chuan ho4 d& 4 FedProC (federated)
Glug ULTS (rep:

Hinh 5: Lo trinh tich hgp thuc chién: chuan ho4 danh gia — benchmark TFB — baseline TSLib; mé
rong GluonTS/ULTS; trién khai federated véi FedProC.
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8 Két luan

Trong dy bao chudi thai gian, chat lugng hé thong khong dén tit mot “mo hinh than thanh”, ma ti
chudi quyét dinh ding: hiéu dit lieu — tach tap theo thoi gian — chon baseline va thuéc do cong
bang — ghép kién trac phut hgp bdi cAnh — danh gid, giam sat va lap lai. Khi ton trong cau trac thoi
gian, nhat quan granularity /timezone va kiém soat 1o ri thong tin, ban da di duge nita chang dudong.

D1t liéu la trung tam. Hay coi Trend—Season—Residual la khung tu duy: phan ra dé hiéu, tang
cudng dit licu (augmentation) theo timg thanh phan dé mé rong da dang ma van gitt ngit nghia. Néu
can chia sé/tiét kiem chi phi, can nhic dataset condensation nhung phai kiém chiing nghiém trén ciing
test unseen. Viéc “dinh gia dit lieu” trude (théng ké mo ta, sitc manh trend /season, chuyén pha regime)
gitip chon ding chién luge tach tap va baseline ngay tur dau.

M5 hinh khéng ¢6 “vua” tuyét déi. Dit lieu kénh rat khac nhau thudng hgp channel-independent/patching;
dit lieu ¢6 tuong quan lién kénh nén khai thac cross-dimension/mizing; néu can can bang, dung channel
clustering. B sung tu duy da ti I¢ vh dic trung theo miia gitip cac kién tric Linear/MLP/TCN/Trans-
former bat nhip dit lieu t6t hon.

Két hop cac hé hoc. Thuc chién: coi forecasting 13 supervised dé tb6i wu muc tiéu nghiep vu. Khi
nhan hiém/da mién: self-/contrastive dé tién huan luyén biéu dién 16i fine-tune supervised. Can sinh dit
liu/dién khuyét: can nhic diffusion/GAN; dit lieu phan tan: federated kem personalization.

Danh gia céng biang va c6 y nghia. Uu tien MASE/RelIMAE dé so sanh nhiéu series khac
thang do; Iuon dit canh naive/seasonal-naive dé biét thiyc sy t6t hon dau. Véi du bao xac suit, kiém
tra calibration (coverage) song hanh sharpness (do hep khodng). Bao cédo nén téch theo horizon, theo
regime, va theo ting series.

L6 trinh 10 buéc (dé xuat ap dung)

C6 dinh granularity /timezone va chan troi H.

Khao sat dit lieu: thiéu/ngoai 1¢, trend /season strength, chuyén pha.

Dinh nghia baseline (naive/seasonal-naive).

Chon tach tap exzpanding (6n dinh) hodc rolling (nhiéu chuyén pha).

Tao dac trung ton trong thoi gian (lag, rolling, calendar, decomposition/multi-scale).

Chay baseline nhanh (Linear/DLinear/TSMixer/TCN) dé “doc vi” dit liéu.

Nang cap kién tric theo chién luge kénh (independent /dependent /clustering) va theo chan troi.

Néu nhén {t/da mién: pretrain self-/contrastive, 61 fine-tune supervised.

Danh gia bing MASE/RelMAE (+ MAE/RMSE dé cAm nhan tuyét ddi) va, néu c6, coverage/CRP-
S/WIS cho du béo xac suat.

Chuan hoa benchmark, Iuu cau hinh/HPO/seed, thiét lap giam sat drift & tai hiéu chinh sau trién
khai.

Thong diép cubi ciing. Dau tu ding vio da liéu va ddnh gid sé mang lai lgi ich bén vitng hon bat

ky dbéi mo hinh don 18 nao. Hay bt dau nhé—chuan hoa baseline, metric v quy trinh—r6i mé rong cé
kiém soat bang nhitng thanh phan phit hgp nhat véi boi canh ctia ban.
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