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I. Nhic lai Decision Tree (Phan loai & Hbdi quy)

Khai niém nhanh

e Decision Tree 14 mo hinh phan tach khong gian dic trung bang chudi diéu kién tai cac nait; di
tit nat goc t6i la dé dua ra dy doan.

e Phan loai: di doan nhdn; tai 14 c6 phan phdi tan suat 16p = suy ra zdc sudt.

e Hoi quy: dy doan gid tri s6 (thuong la trung binh/median ciia cc diém roi vao 14).
Cach cay hoc phép tach (Splitting)
Phan loai

Muc tiéu la lam “do thuan khiét” tai nat tang lén sau tach. Hai thudce do phd bién:

Gini Impurity. V6i ntat S ¢6 phan phéi 16p {px},

N I (1)
k
Cho dic trung F' tao cac nhanh con S,, Gini gain:
GG(S,F) = G(S) — Y_ |’SS”|| G(S,). (2)
Entropy / Information Gain.
= Zk:pk logpy,  IG(S,F)=H(S) - ; ‘f;]' H(S,). 3)

Vi du tinh tay (rat ngan). Nt c6 10 mau, 6 duong/4 am = G(S) = 1 — (0.6% +0.4%) = 0.48. Tach
theo F' thanh trdi (5/1) va phdi (1/3):

2 2 2 2
G =1-(3) = (&) =021, Guu=1-(4) - (§) =037
Gini gain:
GG = 0.48 — (£ 0278 + {5 -0.375) = 0.48 — (0.1668 + 0.15) = 0.1632.

So sanh vdi cac split khac; chon split ¢c6 GG (hoac IG) 16n nhat.

Hoi quy
Muc tiéu: gidm sai s6 binh phuong tai nit.
MSE(S) = — 3 (i T (4)
|S‘ €S |S‘ €S

D6 1gi theo dic trung F:

A(S,F) = MSE(S Z || 5 MSE(S,), chon A 16n nhét. (5)

Du doan tai 14 1a trung binh (hodc median dé robust hon vé6i ngoai lai).
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Xt 1y kiéu dit lieu & nguéng
e Bién s6 (numeric): tim ngudng téi wu bing cich duyét cac diém bien gitta cac gid tri da sip
Xép.

e Bién phan loai (categorical):

— Nhi phan (C6/Khong): tach truc tiép.

— Nhiéu mtic: xét cdc nhém con (tuy trién khai) hosic ma hoa (one-hot/ordinal).

e Thién léch do nhiéu mic: Information Gain c6 thé thién léch; can nhic Gain Ratio trong thuc
thi.

Dirng s6m & Ciat tia (chéng overfit)

Cay cang sau = bias gidm nhung variance tang. Diéu chinh bang:

Dimg sém (pre-pruning)
e max_depth: gidi han do sau.
e min_samples_split: tdi thiéu s6 mau dé tach nit.
e min_samples_leaf: tdi thicu s6 mau tai 14 (gitip lam tron x4c suat & hoi quy).

e max_leaf_nodes, max_features (néu can).

Cat tia sau huan luyén (post-pruning)
Y tudng cost—complezity pruning:
Risks(T) = EmpiricalError(T) + o - [T, (6)
tang o uu tién cay nhd; chon o bang cross-validation.
Du doan & xac suat & 1a

Phan loai: p(k | L) = HU=51% L) nnan 1a 16p o6 xéc sudt 16n nhat (c6 thé hieu chinh xdc suat

bang Platt/Isotonic néu can).
Hbi quy: dy doan la trung binh (hogic median) y ciia diém trong lA.

Do phiic tap, vu & nhugc

Do phiic tap (CART, xép xi): xay cay O(nd logn) dén O(nd log® n); dy doan mbi diém O(depth).
Uu: tryc quan, giai thich duge; xit 1y s6 & phan loai; khong can chuan hoé; nim tuong téc phi tuyén.
Nhudgc: dé overfit néu khong kiém soat; variance cao (nhay dit lieu) = dong luc ding ensemble (phan
2).

Checklist thuc hanh
1. Chia train/val/test (stratify néu phan loai).
2. Chon tieéu chi: Gini/Entropy (phan loai), MSE (hoi quy).
3. Khoéng ché do sau & c¢d 14: max_depth, min_samples_leaf (phan loai: 1-5; hoi quy: 5-50).
4. Chon metric: AUC/F1 (méit can bang) hoic RMSE/MAE (hoi quy).
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D.

Ma

Kiem tra learning curves:

e Train tot, val kém = gidm do sau / ting min_samples_leaf.

e Ca train & val déu kém = ting do sau / them dac trung.

vi du (scikit-learn)

from sklearn.tree import DecisionTreeClassifier
from sklearn.model_selection import train_test_split
from sklearn.metrics import fl_score, roc_auc_score
X_train, X_val, y_train, y_val = train_test_split(
X, y, test_size=0.2, stratify=y, random_state=42
)
clf = DecisionTreeClassifier(
criterion="gini", # or "entropy"
max_depth=12,
min_samples_leaf=2,
random_state=42
)
clf .fit(X_train, y_train)
proba = clf.predict_proba(X_val)[:, 1]
print ("F1:", f1_score(y_val, clf.predict(X_val)))
print ("AUC:", roc_auc_score(y_val, proba))
from sklearn.tree import DecisionTreeRegressor
from sklearn.metrics import mean_squared_error
reg = DecisionTreeRegressor (
criterion="squared_error", # MSE
max_depth=16,
min_samples_leaf=10,
random_state=42
)
reg.fit(X_train, y_train)
pred = reg.predict(X_val)
rmse = mean_squared_error(y_val, pred, squared=False)
13 print ("RMSE:", rmse)
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Bias—Variance Trade-off & Prediction Errors

Decomposition ctia 16i du doan (hdi quy, MSE)

Gia sty = f(z)+e, voi E[e] = 0, Var(e) = 2. Goi fp la mo hinh hoc tit mot mau huén luyéen ngau
nhién D. Sai s6 ky vong tai mot diém 2 phan ra thanh:

Eo|(y— o)) = (Enlio@)] — f(2) +Varo[fo(e)] + 02 7
- ~~ Irreducible noise

Prediction error Bias? Variance

Y nghia.

e Bias: do lech c¢6 he thong gitta trung binh dy doan va sy that f(z) (mo hinh qua don gidn =
underfit).

e Variance: miic dao dong clia dy doan khi thay doi tap huan luyén (mo hinh qué linh hoat =
overfit).

e Nhiéu khong thé khit o2: thuoc vé dit lieu, khong loai bé duge bing mo hinh.

Trade-off: gidm Bias thuong ting Variance va ngudc lai; muc tiéu la diém can bang cho 18i tong thé
thap nhat trén di lieu mdi.
Cay quyét dinh duéi ling kinh Bias—Variance

e Cay néng (do sau nhd, 14 16n) = bias cao, variance thdp: mod hinh khong du linh hoat dé bat
cau tric phiic tap.

e Cay sau (do sau lén, 14 nhd) = bias thap, variance cao: md hinh bam sat ci nhiéu ctia tap huan
luyén.
¢ Ham y thuc hanh:
— Dung max_depth, min_samples_leaf dé dit cay § ving can bing.
— Khi chi dung mot cay, két qua rat nhay dit lieu = variance cao; dong liic diing ensemble
(phan 2).
Lién hé véi Bagging/Random Forest, Boosting, Stacking

e Bagging / Random Forest (RF): huan luyén nhiéu cay doc lap trén cac bootstrap khic nhau
va (v6i RF) chon ngdu nhién mot phan dic trung tai méi niit.

— Trung binh dy doan = gidm variance manh, trong khi Bias khong tang dang ké.

— C6 OOB error dé wéc lugng chat lugng ma khong can tap validation riéng.

e Boosting: ghép ndi cac cay yéu theo chudi dé sita sai c6 hé théng = giam bias; can diéu tiét
variance bang regularization/early stopping.

e Stacking: két hgp nhiéu moé hinh di loai bing mot meta-learner (tit dy doan out-of-fold) dé can
bing 16i tong thé.
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Truc quan nhé (hdi quy) véi nhidu Gaussian
Gia st f(x) = sinz trén [0, 27], théem nhidu e ~ N(0,0.12).
e Cay hoi quy véi max_depth=2: dit doan bac thang thé = bias ldn.
e Cay hoi quy khong gisi han do sau (1a rat nhé): dy doan “lugn” theo diém train = variance ldn.

e Bagging trung binh B cay trén cac bootstrap: duong dy dodn mugt hon (dao dong gidm), MSE
kiém tra gidm.

Sai s6 trong phan loai (0-1 loss)
Khoéng c6 decomposition sach nhu MSE, nhung chan doan thitc hanh tuong tu:
e Bias cao: mo hinh dy doan “ngay tho” c¢6 hé théng (vi du uu tién 16p da s6).
e Variance cao: do chinh xdc OOB/validation dao dong manh gitta cac bootstrap/splits.

e Giai phap: kiém soat do sau/cd 14; duing RF/Bagging dé triet dao dong; can nhic calibration
néu can xac suat chuan.

Chan doan & chon diém can bing
e Learning curves: vé metric theo kich thugc train.

— Train tot, validation kém = overfit /variance cao: ting min_samples_leaf, gidm max_depth,
dung RF, hodc tang dit lieu.

— Cé train & val déu kém = underfit/bias cao: tang do sau, théem dac trung/bién déi, can nhic
Boosting.

e OOB/Validation: véi RF, ding OOB nhu “validation mién phi” dé chon tham sb.

e Early stopping / cat tia: dimg & diém t6t truée khi variance tang manh.

Bang “triéu ching < x& ly” (thuc hanh nhanh)

Triéu ching Huéng x 1y

Train cao, Val thap (dao dong gitta folds) Gidm max_depth, tdng min_samples_leaf; dung
Bagging/RF; them di lieu; b6t nhiéu/feature selec-
tion.

C4 Train & Val thap Tang do sau; them dic trung/bién ddi; chuyén sang

Boosting; ra soat dit lieu/nhan.
X4c suat khong chuan (qua tu tin hodc qua S& dung calibration  (Platt/Isotonic);  tang
de dait) min_samples_leaf.
Thoi gian dy doan 16n Gidm do sau; cat tia; véi RF: gidm n_estimators,
dung max_features phu hop.

Snippet minh hoa (tuy chon) — do “dao dong” nhu proxy cta variance
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import numpy as np
from sklearn.tree import DecisionTreeRegressor
from sklearn.metrics import mean_squared_error

rng = np.random.RandomState (42)

def make_data(n=80) :
X = np.sort(2*np.pi*rng.rand(n,1), axis=0)
y = np.sin(X) .ravel() + rng.normal(0, 0.1, size=n)
return X, y

def fit_and_eval(max_depth, runs=30):
xs = np.linspace(0, 2*np.pi, 200).reshape(-1,1)

preds = []
mses = []
for _ in range(rumns):

X, y = make_data()
Xt, yt = make_data (200)

m = DecisionTreeRegressor (max_depth=max_depth, random_state=rng.randint(1e6))

m.fit (X, y)
mses .append (mean_squared_error (yt, m.predict (Xt)))
preds.append (m.predict (xs))

return np.mean(mses), np.std(np.vstack(preds), axis=0) .mean ()

for d in [2, 4, 8, Nonel:

mse, avg_wiggle = fit_and_eval(d)
print(d, "MSE=", round(mse,4), " avg variance proxy=", round(avg_wiggle ,4))

Két nbi sang Phan 2

e Random Forest (bagging + chon ngau nhién dic trung tai mdi nat) nham tryc tiép vao gidm

variance cua cay sau.
e Boosting nham vao gidm bias bang cach hoc tit residual /161 con lai.

e Stacking két hop céac mo hinh di loai dé tan dung sy b trir 16i khac nhau.
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II. Random Forest & Ensemble Learning
Gidi thiéu Random Forest (RF) qua Decision Tree & 1gi ich
Random Forest (RF) 12 mo hinh t6 hgp nhiéu Decision Tree (DT) theo hai 16p ngAu nhién:
e Ngiu nhién dw liéu (bootstrap): méi cay hoc trén mot mau lay cé hoan lgi tit tap huan luyén.

e Ngau nhién dic trung (random subspace): tai moi nit, chi xét mot tdp con dic trung kich
thudc m trong tong sé p dac trung dé chon phép téch.

Du doan: phan loai ding b6 phiéu da s6 (hodc trung binh x4c suit); hoi quy dung trung binh s6 hoc
clia tat ca cay.
Vi sao RF “mac dinh manh”?

e Cay don sau = variance cao (nhay tap train). RF tao nhicu ciy da dang = tuong quan giita cay
thiap = trung binh hoa lam gidm variance manh ma bias khong tang dang ke.

e It yeu cau chudn hoa, robust véi ngoai lai, c6 OOB error dé uéc luong chat lugng ma khong can
validation riéng.

Pipeline RF (6 budc thuc dung).

1. Chon tham s6: B cay (n_estimators), s6 ddc trung mdi nit m (max_features), max_depth,
min_samples_leaf, bootstrap=True, tiiy chon oob_score=True.

2. Bootstrapping: 1ap b = 1..B, tao D® bing 14y mau c6 hoan lai tit D.

3. Xay cay voi random subspace: 6 mdi nit rat ngdu nhién m dic trung trong p, chon split gidm
impurity (Gini/Entropy hosic MSE) 16n nhat.

4. Quy tac ding: theo max_depth, min_samples_split, min_samples_leaf, hoic do thuan khiét
cua la.

5. Dy doan ting cay: phan loai trd nhan/xac suat; hoi quy tra trung binh/median & 14.

6. Gop dy doan: phan loai vote/trung binh xéac suat; hoi quy average.

Goéc nhin phuong sai ctia trung binh hoa. Gia sit phuong sai mot cay la o2, tuong quan cip gitta
cac cay la p. Phuong sai clia trung binh B cay xap xi:

var(F) = po? + L2052 (8)

RF chii dong lam p nhé (nhs bootstrap + random subspace), nén khi ting B sé gidm phuong sai dang
ké.
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Tham s6 anh huéng 16n (tu duy nhanh).
e n_estimators (B): tang t6i khi OOB/val bao hoa (thusng 200-1000).

e max_features (m): phan loai =~ ,/p; hoi quy /p hogc ti 1& 0.3-0.6 (rdt quan trong dé giam
tuong quan gitta cay).

e max_depth, min_samples_leaf: khong ché overfit, lam mugt xac suat/hoi quy (phan loai: 1-5;
hoi quy: 5-50).

e class_weight cho léch nhén; max_samples < 1.0 néu mudn mdi cay thiy < 100% dit li¢u (tang
da dang/gidm thoi gian).

Ensemble Learning & cac ky thuat (dit RF vao biic tranh tong thé)

Ensemble = két hgp nhiéu mo6 hinh dé cai thién hiéu nang/dn dinh. Ba nhanh chinh:

(a) Bagging (Bootstrap Aggregating)

Huan luyén nhiéu base learners cung logi trén cdc bootstrap khdc nhau, sau dé trung binh/vote. Muc
tieu: gidm variance ctia base-learner c6 phuong sai cao (vi du: cay sau). RF = Bagging + random
subspace, do d6 gidm tuong quan gitia cdc cay tot hon bagging thuan.

(b) Boosting (AdaBoost, Gradient Boosting, XGBoost/Light GBM /CatBoost)

Xay chuéi mo hinh yéu; mo hinh sau hoc tit residual/I6i con lai cia mo hinh trude. Muc tieu: gidm
bias rat manh (can diéu tiét variance bang regularization/early stopping). Trén tabular “sach”, boosting
thuong dat diém rat cao khi tuning tot; RF 14 baseline it kén chon, nhanh 6n dinh.

(c) Stacking (Stacked Generalization)

Dung nhiéu base models di loai (RF, GBDT, Logistic, SVM, NN, ...) — tao meta-features 1a dy doan
out-of-fold — huan luyén meta-learner (thuong linear/GBDT) trén d6. Hitu ich khi 16i ctia cac base
khdc nhau (tuong quan thap).

Bang 1: So sdnh ngan céc ho ensemble

Tiéu chi RF (trong tam) Bagging (thuan) Boosting / Stacking
Dong luc Gidm variance (da Giam variance (khong Giam bias (Boosting);
dang cay) random subspace) tron di loai (Stacking)
Phu thudoc models Doc lap (song song) Doc lap Tuan ty (Boosting) / 2
tang (Stacking)
Nhay tham s6 Thap-TB Thap Cao (Boosting) / TB
(Stacking can OOF
chuan)

Vi du cu thé (tinh tay) vé RF

Bai toan phan loai nhi phan “Sunburn: Yes/No” v6i 3 ddc trung phan loai: Sunscreen € {Yes, No},
Hair € {Light, Dark}, Height € {Short, Tall}.



Al VIETNAM aivietnam.edu.vn

Tap huan luyén (6 mau)

ID Sunscreen Hair Height Sunburn

1 No Light Short Yes
2 No Dark Tall Yes
3 Yes Light  Short No
4 Yes Dark Tall No
5 No Light  Tall Yes
6 Yes Light  Tall No

Tai ntt goc: Yes = 3, No = 3 = Gini = 1 — (0.5% 4+ 0.5%) = 0.5.

Thiét lap RF: xay B = 3 cay, mdi cay hoc trén mot bootstrap size 6 (1ay c6 hoan lai), va tai madi nait
chi xét m = 2 ddc trung ngau nhién.
Cay 1 (Bootstrap #1)

Bootstrap chon: [1,2,3,5,5,6]. Dic trung tai géc (ngdu nhién): {Sunscreen, Hair}.

[leftmargin=1.2em|]
e TAach theo Sunscreen:

— Sunscreen = No: {1,2,5,5} = tat cd Yes = Gini = 0.
— Sunscreen = Yes: {3,6} = tat c& No = Gini = 0.

e Gain=0.5—0= 0.5 (t6i da) = dimng ngay.

Cay 2 (Bootstrap #2)

Bootstrap chon: [1,3,3,4,6,2]. Ddc trung tai goc: {Hair, Height} (khong c¢6 Sunscreen & goc).
o Gbc: Yes = 2 (ID 1,2), No = 4 (ID 3,3,4,6) = Gini = 1 — (2/6)% — (4/6)2 = 0.4444.
e Thit tach Hair:

— Hair = Light: Yes=1, No=3 = G = 0.375 (4 mau).
— Hair = Dark: Yes=1, No=1 = G = 0.5 (2 mau).

=G 2.0.375+ 2 0.5 =0.4167, Gain = 0.0278.

sau tach —

e Thit tach Height: ci hai nhanh déu G = 0.4444 = Gain = 0.

Chon Hair & gbc (gain t6t hon). O nhénh Hair = Light, tai tang tiép theo (dugc phép xét Sunscreen),
ta tach:

e Sunscreen = No = pure Yes; Sunscreen = Yes = pure No.

Nhanh Hair = Dark ciing tach theo Sunscreen dé tao hai 1a d6i nghich.

10



Al VIETNAM aivietnam.edu.vn

Cay 3 (Bootstrap #3)

Bootstrap chon: [1,2,3,4,6,6]. Ddc trung tai goc: {Sunscreen, Height }.

[leftmargin=1.2em|]
e TAch theo Sunscreen:

— Sunscreen = No: {1,2} = pure Yes.
— Sunscreen = Yes: {3,4,6,6} = pure No.

e Gain = 0.5 (t6i da) = dung tai goc.

Dy doan mau kiém tra (ID 7)

Giéd st ID 7: Sunscreen = Yes, Hair = Light, Height = Short.
e Cay 1: gbc tach Sunscreen = Yes = No.
e Cay 2: goc tach Hair; nhanh Hair=Light r6i tdch Sunscreen = Yes = No.
e Cay 3: goc tach Sunscreen = Yes = No.

B6 phiéu: 3/3 cay dy doin No = RF du doan: No.

Nhin lai lgi ich RF qua vi du.

e Giam variance: Cay 1/3 tach sach & goc; Cay 2 kém thuan 1gi 6 goc (vi thiéu Sunscreen) nhung
stta duge & tang sau. Vote clia ritng van nhat quan.

e Tuong quan cay thap: bootstrap + random subspace khién céc cay it giéng nhau = trung binh
hoa hiéu qua.

e D& van hanh: khong can chuan hoa; OOB hd trg chon tham s6 nhanh.

11
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III. X1& ly dit liéu thiéu (Missing Data) cho Random Forest
Vi sao phai xit Iy thiéu?
e Nhiéu trién khai Random Forest (RF) khong chdp nhan NaN (vi du scikit-learn).
e Thiéu dit licu &nh hudéng tryc tiép t6i tieu chi tach (Gini/Entropy/MSE) va do on dinh ciia rimg.

e Trang thai “thiéu” doi khi mang thong tin (vi du mot xét nghiém bi bé qua vi da co chan doan
16). Xoa dong/cot c6 thé lam mat tin hiéu nay.

Muc tiéu thuc dung: dién thiéu nhat qudn vdi cau tric di liéu, tranh 1o ri thong tin, va t6i wu metric
cuoi (AUC/F1/RMSE/MAE), khong chi rieng RMSE ctia phan di liéu bi thiéu.

Ban chat thidu di lisu: MCAR, MAR, MNAR

e MCAR (Missing Completely At Random): thiéu hoan toan ngéu nhién = céc phuong phap don
gidn thudng on.

e MAR (Missing At Random): thiéu phu thuoc cdc bién da quan sdt = nén dung phuong phép c6
diéu kien (Iterative/MissForest/Proximity).

e MNAR (Missing Not At Random): thiéu phu thudc gid trj bj thiéu hodc yéu t6 an = khé nhat;
can hiéu nghiép vu dé mo hinh hoa.
Quy tic vang chéng ro ri:
e VGi cross-validation: fit imputer trén train-fold, transform trén val-fold/test-set.
e Vi chudi thoi gian: tuyet doi khong nhin tuong lai (chi tiét 6 Phan 4).
Proximity Matrix cia Random Forest (dinh nghia theo tai liéu)

Tryc gidc. Hai miu “gan nhau” néu ching thuong ruyén roi cung mot ld trén nhiéu cay.

Cach xay dung (chuan tai ligu).
[leftmargin=1.2em|

1. Chay mot RF (ban dau cé6 thé dung dit lieu da dién so b0 bang median/mode dé mo hinh chay
dugce).

2. V6i méi cay, gom cac mau & cung la; v6i moi cap (4, ) trong cung 14, cong 1 vao dém “dong 14”.

3. Sau khi duyét hét céc cay, chuan hoa theo hang dé tdng cac lan can ctia mdi hang = 1, va dat
dudng chéo = 0 (khong tu-giong).
Ky hiéu ma tran két qua 1a P vdi tinh chat: Py € [0,1], Py =0, va Ej# P;j =1 v6i moi i.

Y nghia: méi hang P;. 1a trong s6 lan can (phan phdi xéc suét) theo “hinh hoc clia rimg”.

12
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Dy doan nhan biang Proximity (classification)

Khi du doan nhan cho méau :

We(i) = Z P;; (téng trong sb proximity ctia 16p ¢ quanh i), 9)
Jryj=c
fe= #{yf]\[:c} (tan suét 16p trong tap huan luyén), (10)
Sc(l) = WC(Z) X fe (dlém lép)v (11)
U; = arg max S (7). (12)
C

Vi du ngan: Hang “1” ¢6 Wyes = 0.1, Wxo = 0.9; néu fyes = 1/3, fno = 2/3 thi Syes = 0.033, Sno = 0.6
= du doan No.

Dién thieu bién so bang Proximity (regression imputation)
V6i cot s6 m, néu x;,, bi thiéu:

Tim = E Pij Tjm- (13)
JF,25m day da

Vi du “198.5” (ding tinh than tai liéu). Gia st hang “3” thiéu mot dai lugng s; hang nay c6 lan
can “1, 2, 47 v6i proximity hang Ps. = [0.1, 0.1, 0.8] (da chuan hoa, tong = 1). Cac gié tri quan sat &
lan can: s; = 125, so = 180, s4 = 210.

53 =125 x 0.1+ 180 x 0.1 +210 x 0.8 = 12.5 + 18.0 + 168.0 = 198.5.

Ghi chi: néu mot vai lan can ciing thiéu & cot m, loai chiing va chuan hod lgi hang trén cic lan can

con quan sat (tong van = 1). C6 thé “cit ngudng” cac Pj; nhé (vi du < 0.02) vé 0 rdi chuan hod lai,
ho#c dung K-proz-NN (chi K lan can 16n nhat).

Quy trinh RF+Proximity (lip dén héi tu)
1. Khdi tao: impute don gidn (median/mode) + tao is_missing cho mdi cot.
2. Huan luyén RF tam (nhe: max_depth vita phai, n_estimators nho).
3. Tinh Proximity P (chuan hoa theo hang, P; = 0).
4. Cap nhat gia tri thiéu:

e Cot sb: trung binh c6 trong s6 proximity (da chuan hoa theo hang).

e Cot phan loai: mode c6 trong sd proximity (cong trong s6 theo titng 16p, 1ay 16n nhat).

5. Lap céc bude trén t6i khi chénh lech giita hai vong (NRMSE cho s, ti ¢ sai phan bi che cho phan
loai) rat nhé.

6. Huan luyén RF cubi tren dit lieu sau hai tu.

Kinh nghiém: thusng 2-5 vong la di; giit RF tam nhe dé vong lap nhanh.
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MissForest (RF-based imputation khong dung Proximity)

Tinh than. Xem mdi cot bi thiéu la bién dich; ding RF (regressor/classifier) dit doén tit céc cot con
lai va cdp nhat dan.

1. Impute khéi tao (median/mode).
2. Sap cot theo ti lé thiéu tang dan.
3. V6i tung cot m:

e Sb: train RF Regressor dit doan T.m tU {x.k}k#m; dién cac 6 thiéu (c6 thé duing trung binh
OOB).

e Phan loai: RF Classifier, dién bang 16p/ phan phéi du doan.
4. Lap nhiéu vong téi khi NRMSE/PFC o6n dinh.

Lai ghép: sau mdi vong MissForest, c6 thé tinh chinh cac cot s6 bing mot budc prozimity-weighted dé
muct hon.

Vi du mé rong (numeric + categorical, hai cot thiéu)

B6i canh. Bang 6 dong (ID 1-6). Thiéu BMI & ID 2, 5 (numeric) va thiéu SkinType ¢ ID 3
(categorical). Trudc tién dimg median/mode dé dién s bo — train RF tam (gidi han nhe) — tinh
Proximity chuan tai lieu (hang téng = 1, diag = 0).

(A) Proximity hang cho ID 2 (tong = 1). Pa1 = 0.60, Po3 = 0.35, P4 = 0.00, P2 = 0.05.
BMI quan sat: z; = 18.0, z3 = 18.5, x4 = 26.0, z¢ = 25.0.
= BMI, = 0.60x18.0 + 0.35x 18.5 + 0.05x25.0 = 10.8 + 6.475 + 1.25 = 18.525.

(B) Proximity hang cho ID 5 (téng = 1). P51 =040, Ps3=0.15, P54 = 0.20, P56 = 0.25.
= BMI; =0.40x18.0 4+ 0.15x18.5 + 0.20x26.0 + 0.25x25.0 = 7.2 + 2.775 + 5.2 + 6.25 = 21.425.

(C) Proximity hang cho ID 3 (dién SkinType — Fair/Medium/Dark). P;; = 0.30 (Fair),
P39 =0.20 (Fair), P34 = 0.10 (Medium), P35 = 0.05 (Medium), P3¢ = 0.05 (Dark).
Trong s6 theo 16p: Fair = 0.50, Medium = 0.15, Dark = 0.05.
Tan suat 16p (gia stt): Fair = 0.4, Medium = 0.4, Dark = 0.2.
Diém 16p: Stair = 0.50x0.4 = 0.20, SMedium = 0.15x0.4 = 0.06, Spax = 0.05x0.2 = 0.01
= dién SkinType(3) = Fair. Sau d6 train lai RF va lip 1-2 vong; néu thay doi nhé = hoi tu.
Khi ndo diing phuong 4n ndo? (16 trinh nang dan)
1. Baseline nhanh + 6n: s6 — median (+ c& thiéu), phan loai — most frequent (+ cd thiéu);
train RF, xem OOB/validation.
2. Con du dija cai thién: thi Iterative (MICE) hoac MissForest.
3. Phi tuyén/ nhiéu tuong tac: can nhic Proximity-weighted (chuan hoa theo hang, diag = 0).

4. Imbalanced /High-cardinality: dung class_weight hodc resampling; v6i categorical nhiéu
miic, can nhic target encoding (lam out-of-fold).
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Danh gia “dang chuan”

e Hold-out masking: che mot phan gia tri da biét, impute, do RMSE/MAE (s6) hodc Accuracy/F1
(phan loai) chi trén phan che.

e Uu tién metric md hinh: AUC/F1/RMSE/MAE va do on dinh qua CV/OOB (khong chi méi
RMSE imputation).

e Phan tich nhay cam: so sanh median/mode < Iterative +» MissForest <+ Proximity; chon
phuong 4n on dinh gitta cac lan chay.

Luu y ky thuat & t6i wu chi phi
e RF khong can scale; nhung KNN Imputer can scale dé khoang cach c6 ¥ nghia.

e MDI importance c6 thé thién léch véi one-hot day/ nhiéu mitc = diing Permutation importance
hoac SHAP dé kiém dinh.

e Dit lidu l6n: gidi han max_depth/n_estimators, diing max_samples<1.0 trong vong impute dé
gidm thoi gian; tan dung song song (n_jobs=-1).

e V6i time series, moi impute/bién ddi phai ton trong trat tu thoi gian (khong nhin tuong lai) —
chi tiét 6 Phan 4.

0.1 Pseudocode nhanh cho Proximity-weighted (chuan hoa theo hang)

1 # Input: X (co o thieu), y (tuy bai toan)
2 # 0) X0 = simple_impute(X); add missing_indicators
3 # Loop until convergence:
1 # 1) fit RF_temp on (Xk, y) # RF nhe: it cay, max_depth vua phai
2) P = proximity_from_forest (RF_temp, Xk)
- set P[ii] = 0
- row-normalize: for each i, sum_{j!'=i} P[i,j] = 1
3) for each column m:
if numeric:
for i missing at m:
Xk+1[i,m] = sum_{j observed m} P[i,j] * Xk[j,m]
if categorical:
for i missing at m:
choose class c¢ maximizing sum_{j observed m & y_j=c} PI[i,j]
15 # 4) check convergence (NRMSE / masked error). If small -> stop
16 # Return X_imputed = Xk*, then fit final RF on X_imputed

H O H HF H H HF H H H

Cac vi du bb sung
Vi du 1 — Tu xay Proximity (B=2) rdi impute & du doan nhan

D lieu (5 mAu): cot s6 Chol thiéu ¢ ID5, nhan nhi phan Outcome.

ID Age BMI Sunscreen Outcome Chol

1 25  18.0 No Yes 160
2 27 18.8 No Yes 165
3 40 26.0 Yes No 210
4 38 25.2 Yes No 200
5 28 21.0 No ? NaN
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Xay 2 cay minh hoa.
e Tree 1: tach theo Sunscreen = Leaf A: {1,2,5}, Leaf B: {3,4}.
e Tree 2: tach theo BMI (ngudng 22) = Leaf C: {1,2,5}, Leaf D: {3,4}.

Dém “dong 14” trén 2 cay: (1,2)=2, (1,5)=2, (2,5)=2; (3,4)=2; cap khac = 0.

Chuan hoa theo hang (diag=0).
e Hang 1: téng tho =4 = Py, = 0.5, P 5 = 0.5.
e Hang 2: P,1 = 0.5, P»5 = 0.5.
e Hang 3: P54 = 1.0; Hang 4: P43 = 1.0.
e Hang 5: P51 = 0.5, P52 = 0.5.

Impute Chol cho ID5.
Chols =0.5-160 + 0.5 - 165 = 162.5.

Dy doan Outcome cho ID5 (c6 diéu chinh tan suét 16p).
e Proximity theo 16p: hang xém ctia 5 1a 1 (Yes, 0.5), 2 (Yes, 0.5) = Wyes = 1.0, Wi = 0.
e Tan suat 16p (4 mau c6 nhan): fyes = 0.5, fno = 0.5.
e Diém 16p: Syes = 1.0-0.5 = 0.5, Sxo = 0- 0.5 = 0.

= Du doédn Outcome(5) = Yes.

Vi du 2 — Vong lap hoi tu (2 vong) véi Proximity-weighted

Thiét lap. Dit lieu 6 mau, BMI thiéu ¢ ID2 & ID5; SkinType thiéu & ID3. Impute s6 bo: median cho
BMI (21.75), most_ frequent cho SkinType (Medium).

Vong 1. Train RF tam (nhe) — Proximity (chi hién thi phan tit l6n):
[leftmargin=1.2em|]
e Hang 2: P> = 0.60, P»3 = 0.35, P,g = 0.05.
e Hang 5: Psq = 0.40, P53 = 0.15, P54 = 0.20, P56 = 0.25.
o Hang 3: Py1 = 0.30, Pyy = 0.20, Py4 = 0.10, Py5 = 0.05, Py = 0.05.
Cap nhat:

BMIL, — 18.525, BMI = 21.425, SkinType(3) — Fair (vdi tan suét 16p Fair/Medium /Dark — 0.4/0.4/0.2).
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Vong 2. Thay gia tri méi — train lai RF tam — Proximity thay déi nhe:

[leftmargin=1.2em|]
[ ] Hang 2: P271 = 055, P2,3 = 040, P276 = 0.05.
o Hang o: P571 = 038, P5,3 = 0.12, P574 = 0.22, P576 = 0.28.

Cap nhat:
BMI,) = 18575 (A =005), BMIL —21.41 (A=0.015).

Két luan: thay ddi rat nhd = hoi tu sau 2 vong; train RF cubi trén dit licu da dién.

Vi du 3 — So sanh MissForest vs Proximity cho ciing mot cot s

Thiét lap. Cimg dit lieu nhu Vi duy 2 (thiéu BMI 6 ID2 & ID5).

[leftmargin=1.2em]

e MissForest (lugt 1): RF Regressor du doan BMI tit cac bién khac = gid si BMI, = 18.6,
BMI; = 21.3.

e Proximity (Iugt 1): nhu Vi dy 2 = BMI, = 18.525, BMI; = 21.425.

Nhan xét: néu quan hé mang tinh cuc b theo cau tric ring = Proximity thuong mugt/an khép; néu
phu thuoc toan cuc ro rét = MissForest c6 thé sat hon. Két hop: chay MissForest, roi tinh chinh thém
1 vong Proximity-weighted dé bt ciu trac cuc bo.

0.2 Tém tat “mang di thi”

[leftmargin=1.2em|]

e Proximity Matrix diung § day: chudn hod theo hang, duong chéo = 0; mdi hang 1a trong sé lan
can tong bang 1.

e Du doan nhan: proximity theo 16p x tan sudt ldp = 16p c6 diém cao nhat.
e Dién sb: trung binh cé trong s6 prozimity (da chuan hod).

e MissForest: RF-based imputation theo cot, lap dén hoi tu; c6 thé tinh chinh bang proximity sau
moi vong.

e Bit dau don gidn + an toan, rdi nang cap néu con du dia; danh gia biang metric mo hinh + do
on dinh (CV/OOB) va luon giit nguyén tic khong ro ri.
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IV.

Bai toan Time Series v6i Random Forest & Ensemble

Téng quan

Time series (TS) c6 tu tuong quan, Tu hudng va mua vy, rat dé gap ro ri tuong lai néu xit 1y sai.
Random Forest (RF) khong “biét thdi gian” sin, do dé can chuyén chuéi — bing ddc trung (supervised
framing), roi 4p dung RF hoi quy/phan loai. RF hitu ich nhd hoc phi tuyén € tuong tdc (gitta lags, lich,
ngoai sinh), robust véi nhidu va it yéu cau chuan hoa.

Quy tac vang “khoéng ro ri”

1.
2.
3.

Chia theo thoi gian: Train < Validation < Test theo moc tuyét doéi; khong shuffle.
Dic trung qua khit: moi feature tai thoi ¢ chi dung thong tin < ¢. Tat ca rolling phai .shift (1).

Tién xi¥ 1y: impute/scale/encoding phai fit trén qué khit, transform cho hién tai (mdi fold walk-
forward).

. Danh gia: dung rolling-origin (walk-forward) hodc Blocked TimeSeriesSplit. Khong dung OOB

cua RF cho TS.

Chuyén chudi — bang (supervised framing)

Gia st chudi muc tiéu y; va ngoai sinh ;.

Lags: Y11, .-, Yi—k; lags theo mua: y;—7, yr—14, yr—28 (dt lidu ngay).

Rolling/Expanding: ¥,_,.+_1, SAd(¥)t—w:t—1, min/max, quantiles (shift (1) trudc khi tinh).
Calendar: day-of-week, day-of-month, week-of-year, end-of-month, flags 1&/tét, khodng cach dén/
tit ngay 1é.

Fourier (mita vu): sin?2%, cos?2 cho chu ky P (tudn=7, nam=365), k = 1..K.

Ngoai sinh tré: néu z; duoc biét trudc thi dung tryc tiép; néu khong, ding x;_1,xi—o,... dé
tranh leak.

Vi du: roll mean7(t) = %22‘7:1 Yi—i; lag7(t) = ye—7.

Vidu 1 (tinh tay) — Xay dac trung & du bao 1 budc

Dit lieu doanh s6 ngay (14 ngay); muc tieu dy bao ngay 15. Dung lags [1,7] vA rolling mean 7 ngay.

Bang 2: Lich st ngan va dic trung cho dit bao +1

Ngay yt wy—1 -7 meany 741

8 22 21 16 18.9

9 23 22 18 19.6
10 20 23 19 20.0
11 24 20 21 20.7
12 25 24 22 21.7
13 23 25 23 22.6
14 26 23 24 22.7

Tai thai diém du bao ngay 15, dic trung hgp 1é: y14 = 26, ys = 22, mean7g.14 = 23.3. Dua vector
nay vao RF (da huan luyén trén lich sit dai hon) dé thu ;5.
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H6i quy nhiéu budc (multi-step forecasting)
Goi H la horizon (vi du H = 7 ngay).

e Recursive: 1 model cho +1; dé du béo xa hon diing chinh duy béo trudc lam lag. Uu: it model;
Nhuge: 161 tich luy.

e Direct: 1 model cho méi +h (h = 1..H). Uu: 6n dinh; Nhuge: ton tai nguyen.
e DirRec: két hgp Direct + Recursive (mdi horizon dung thém cac dy bdo gan lam dic trung).
e Multi-output: 1 model dy bao vector (Y1, ..., Ysrm)-
Khuyén nghi: bat dau véi Direct (6n dinh) hodc Multi-output néu thu vien hd trg va dit lieu di.
Walk-forward backtesting (rolling-origin)

Vi du expanding window theo tuan:

Fold 1 Train tuan 1-4 — Val tuan 5
Fold 2 Train tuan 1-5 — Val tuan 6
Fold 3 Train tuan 1-6 — Val tuan 7
Fold 4 Train tuan 1-7 — Val tuan 8
Fold 5 Train tuan 1-8 — Val tuan 9

Téng hgp MAE/RMSE theo fold, kiém tra én dinh. Véi concept drift, dung sliding window (gitt ctta s6
gan nhat do dai W).

Vi du 2 — Walk-forward cho daily & Direct H =3

Muc tieu: du béo (yit1, Yr+2, Yi+3) theo Direct (3 model). Dic trung: y;—1, yi—7, mean7, day-of-week,
promo; (biét trudce).

e Fold A: Train ngay 1-28 — Val ngay 29-31.
e Fold B: Train ngay 1-31 — Val ngay 32-34.
e Fold C: Train ngay 1-34 — Val ngay 35-37.

MBbi fold: sinh diic trung hop 1¢, train 3 RF (M, 1, Mo, M, 3), du béo cho ctia s6 val, tinh RMSE, 1, RMSE 5, RMSE.
va lay trung binh theo fold.

Missing data trong TS (gin Phan 3)

e Forward-fill c6 kiém soat: giéi han t6i da k bude; néu vugt k chuyén seasonal carry (ys_7)
hoac linear interp trong doan.

e Rolling impute: dung mean/median clia qua khtt gan nhéat (shift(1)).
¢ Proximity/MissForest cho TS: chi xay trén cia so qud khi (khong dimg quan sat tuong lai).
V6i chudi don bién, rolling/seasonal impute thuong hieu qué va don gidn hon; Proximity/Miss-
Forest phat huy khi c¢6 nhiéu ngoai sinh phi tuyén.
Vi du nhé (thiéu lién tiép).

Ngay: 1 2 3 45 6 7 8
y: 12 14 -- -- 16 18 15 17

FF gi6i han k=1 = ngay 3 = 14; ngay 4 (vugt k) dung noi suy tuyén tinh gitta 14 va 16 = 15. Sau
dién: 12,14,14,15,16,18,15,17 ro6i méi sinh lags/rolling.
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Phan loai sy kién theo thdai gian (event classification)
Bai toan: du doén khé nang “chay hang” ngay mai. Nhan: z;41 = 1{y;+1 = 0}.

e Dic trung: y;_1,y:_7; rolling-min 7 ngay; % ngay ban 0 trong 14 ngay; ton kho invy; dow, gan
1&; promoy, pricey.

e Danh gia: walk-forward; xt Iy mat can bang bing class_weight="balanced"; uu tién PR-
AUC/F1.

e Dién giai: permutation importance; calibrate xac suat (Isotonic/Platt) néu can.
Panel time series (da chubi) — Global RF

Nhiéu chudi (ctta hang A/B/C...).

e Local: mdi chudi 1 model — dé thiéu dit lieu & overfit.

e Global (khuyén nghi): 1 model chung, thém ID/nhém (one-hot hodc target stats) dé chia sé
mau hinh.

Gdi y feature: lags/rolling clia y, calendar, ngoai sinh dia phuong (gia/ton kho), ID one-hot, thong ké
dai han theo chuoi (mean/volatility). RF hoc tuong tac gitta ID va lags/ngoai sinh, du bao riéng cho
titng chudi trong mot mo hinh chung.

Mua vu & xu hudng (trend/seasonality)

[leftmargin=1.2em|

e Trend: thém time-index, polynomial/spline; hodc tach trend bing mo6 hinh tuyén tinh & dé RF
hoc residual phi tuyén.

e Seasonality: Fourier (7/365), hoac rolling “ding pha” (mean cta ¢t — 7,t — 14,¢t — 21,...).
e Sy kién: flags holiday +n ngay, end-of-month/quy, khoang céch téi sy kién.
Vi du 3 — Phan loai sy kién (stockout)
Thiét lap. Nhan z,; dic trung tai ¢t gom lags clia y, rolling-min7, tan suit 0 trong 14 ngay, invy,
dow, holiday, promo;, price;.
Walk-forward. 4 folds theo tuan; metric PR-AUC/F1.
Két qua ky vong. Tam quan trong thuong: inv; > rolling-min7 >~ promo; > dow. Calibration gitp
XAc suat trung thyc hon.
Vi du 4 (workflow day dii) — Du bao 7 ngay téi
Bbi canh. Du bao doanh s6 ngay 7 ngay t6i; c6 price, promo, temp.

1. Lam sach & dién thiéu: bd sung mbc thiéu; FF promo (néu biét lich), noi suy temp (khong
nhin tuong lai).

2. Sinh dac trung tai t: y—1, Y17, Yt—14, Yt—28; mean/std 7/14/28 (déu shift(1)); dow, dom,
weekofyear, eom, holiday; Fourier (7: k = 1..2, 365: k = 1); price;, promoy, temp; (néu biét trudc).

3. Nhan multi-horizon (Direct): tao y;11, ..., ys+7 (shift(-h)), roi drop cdc dong thiéu nhan.
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4. Walk-forward: 5 folds (moéi fold 28 ngay val). Train 7 RF (mdi horizon 1 model) hogc 1 RF
multi-output (vector 7 chiéu).

5. Chon tham s6 & danh gia: n_estimators 600-1000, max_depth 14-20, max_features 0.4-0.7,
min_samples_leaf 10-50. Bao RMSE/sMAPE theo titng horizon; kiém tra do on dinh theo fold.

6. Trién khai: héng ngay sinh feature tai ¢ — du b&o §i11.1+7. Dat nguong drift (vi du sMAPE
trén ctia s6 gan nhat) dé kich hoat retrain véi ctita s6 180-365 ngay.

Snippet tham khéo (Python/scikit-learn)

L # G 1 s df ¢ : date, y, price, promo, temp (daily)
2 df = df .sort_values("date").reset_index(drop=True)

i # 1) Lags & rolling an to n (kh ng nh n t ng lai)
5 for lag in [1,7,14,28]:

6 df [f"y_lag{lag}"] = df["y"].shift(lag)

7 for w in [7,14,28]:

3 df [f"y_mean_{w}"]
9 df [f"y_std_{w}"]

df ["y"].shift (1) .rolling(w) .mean ()
df ["y"].shift (1) .rolling(w).std ()

1
11 # Calendar

12 d = pd.to_datetime (df ["date"])
13 df ["dow"] = d.dt.weekday

14 df ["dom"] d.dt.day
1
1
1
1
1

5 df ["eom"] d.dt.is_month_end.astype(int)

7 # Fourier weekly

& t = np.arange(len(df)); w = 7

9 for k in [1,2]:

0 df [f"sin{k}_w"] np.sin (2*np.pi*k*t/w)
df [f"cos{k}_w"] = np.cos(2*np.pi*xk*t/w)

23 # 2) Multi-horizon labels (Direct)
24 H = 7

25 for h in range(1l, H+1):

6 df [f"y_tplus{h}"] = df["y"].shift (-h)

28 # 3) Drop rows with NaN from initial lags & labels
20 dfm = df.dropna().copy ()

31 # 4) Walk-forward (TimeSeriesSplit) -> train 7 RF (one per horizon)
32 # hoc 1 RF multi-output (predicts 7 targets at once)

Han ché & két hop mé hinh
RF khong ngoai suy trend dai néu thiéu feature phu hgp. Giai phap:
e Thém trend features (time-index, poly/spline), Fourier mua vu.

e Hybrid: mo hinh tuyén tinh/ARIMA bat trend/mua vu “mugt”, RF hoc residual phi tuyén (gi4,
khuyén mai, thoi tiét, tuong tac).

e Vdi horizon dai ho#ic nhiéu ngoai sinh thit ty, GBDT (Light GBM/CatBoost) thuong nhinh hon
khi tuning ki; RF van la baseline manh/én dinh.
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Checklist chan doan nhanh

Dy bao phing = thém trend features; can nhic hybrid Linear/ARIMA + RF residual.

Sai s6 tang theo horizon = Direct/Multi-output; théem Fourier/rolling dai; ting dit lieu/ngoai
sinh.

Nghi ro ri = kiém moi .shift (1), chia thsi gian, impute/scale theo qua khi.
Concept drift = sliding window, retrain thuong xuyén, thém regime flags.

Qua nhiéu feature = ting min_samples_leaf, gidm max_features, sang loc bing permutation
importance.
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