SR RS
F:S‘% (S) Business Al Lab

Phan tich Chuoi thoi gian:
Tu Tinh dung dén M6 hinh ARMA

Ly thuyét, Kiém dinh va Quy trinh Xay dung Mo hinh

Giang vién: Trong-Nghia Nguyen
Khoa KHDL & TTNT (Faculty of DS & Al)
Mon hoc: Chudi thoi gian (Time-series)

Hoc ky: Mua xuédn 2026



Pinh nghia vé Tinh dirng (Stationarity)

Chuoi Dimg (Mean & Variance dn dinh)

Tinh dirng dé cdp dén su 6n dinh théng ké cua y
mot chudi theo thoi gian. Pay la gid dinh nén 2 el e o
tang cho cac mé hinh AR, MA, va ARMA. ' |
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1. Tinh dirng chat (Strict Stationarity): Toan s s

b6 phan phoi xac suat khong doi theo thoi
Time

ian. 3 nghiém na3 h e).
gian. (Qua nghiém ngét cho thurc té) Chudi Khéng Dirng (Xu huéng ting)

2. Tinh dirg yéu (Weak Stationarity):
- Ky vong (Mean) la hang s6: E[ X;] = u
- Phuong sai (Variance) la hang so:
Var(X;) = o?
- Hiép phuong sai chi phu thudc vao do tre
(lag), khéng phu thudc thoi gian .
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Truc quan hoa: Phan biét Chuoi Dirng va Khong Dirng

Chuoi A: Dung (Stationary) Chuoi B: Khong Duirng (Non-Stationary)
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Time (t) Time (1)
Mo hinh: z; = € MO hinh: z; = —0.03t + ¢
Mean: Hang so (= 0) Mean: Thay doi theo thdi gian (E[z;] phu thudc t)
Variance: On dinh Variance: Tuong doi 6n dinh
Két luan: Théa man gia dinh moé hinh. Két luan: Vi pham gia dinh. Can xu ly.
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Cam bay cua Nghiém don vi (The Unit Root Trap)

MGt s6 chuoi dir liéu trong cé vé 6n dinh trong
ngan han nhung thuc chat |a Budc ngau nhién
(Random Walk). Pay la truong hop dac biét
clia AR(1) khihé s6 ¢ = 1.

Mo hinh: 2y = x;_1 + €;

Hau qua:

1. Tac dong vinh vien (Permanent Effect):
Cac cu soc khong suy giam vé 0 ma tich tu
mai mai.

2. Phuong sai tang dan: Bién dong cla chuoi
|6n dan theo thoi gian.

3. Két luan: Kiém tra bang mat |la khong du.
Can kiém dinh thong keé.
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Kiém dinh Nghiém don vi (Unit Root Tests)

H1: Stationary (Dung)

Chudi dao déng quanh gid tri - L
trung binh (Mean-Reverting). - 71 {1771

HO: Unit Root (C6 nghiém don vi)

Chudi cé xu hudng ngau nhién -
(Stochastic Trend). ]

Cong cu chinh: Augmented Dickey-Fuller (ADF) Test

Quy tac Quyét dinh (Decision Rule):

Kiém tra p-value hoac ADF Statistic.

e Néu p-value < 0.05 - Béac bd HO - Két luan: Chuoi Dirng.

e Néu p-value > 0.05 - Chap nhan |

0 - Két luan: Chuoi Khong Dirng.
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Gial phap: Ky thuat Sai1 phan (Differencing)

Néu chuoi khong dirng, ta str dung sai phan dé loai bé xu hudng.

Visual Intuition
Trudc khi sai phan (Unit Root)

Shock ‘ Permanent Shift

Pinh nghia Sai phan bac 1:

Ay = Yyt — Y1

Value (y_,)

Tac dung: Time (1 g
e Loai bo xu huéng ngau nhién ,],Tnén ttr Sai phén (4)
(stochastic trend). : Sau khi sai phan (Stationary)

e On dinh gid tri trung binh vé 0.

e - . ) Transitory/Pulse
e Bien doi Random Walk thanh White / \

Noise. T -

Value (Ay,)
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Tong quan M6 hinh ARMA(p, q)

Két hop gitra AR (AutoRegressive) va MA (Moving Average)

P q
r; = C+ Zl OiTi_; + Zl 0;€:—; + €
1= ——
—_— ———— ‘_v—’
Phan AR (Memory)  Phan MA (Shock)

e Tu h6i quy. ® Trung binh truot. @ Chi ap dung cho chudi

® Gi4 tri hién tai phuthuéc @ Gia tri hién tai phu thudc dung (Stationary Series).
Vao cac gia tri trong qua Vao cac sai so/cu soc e Nhiéu ¢ 1a White Noise.
kh. trong qua kh.

® Dai dién cho “tri nhg” ® Dai dién cho tac ddng

(memory) cua chudi. ngan han.
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Cau truc hoat dong cua ARMA
z(t — 1)
Past Value
z(t — 2)
Past Value
e(t — 1)
Past Shock

e(t — 2)
Past Shock

AR Filter
(Memory)

z(t)

Current Value

MA Filter €(t)
(Shock) Current Error

So do thé hién cach ARMA téng hop thong tin tir qua khir (AR) va cac cu soc (MA) dé hinh thanh gia tri hién tai.
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Poc két qua thuc nghiém (Python Output)

SARIMAX Results

coef std err v P>|z| [0.025 0.975]
2.716 -0.002 0.998 -5.328 Dl 7
0.074 DL 0.000 0.263 0.552
0.081 29515 0.012 0.045 0.363

24,175 16.369 0.000

Hé so AR: 0.4078. Gia tri
hién tai chiu anh hudng
~40% tur giatrit — 1.

P-value < 0.05. Hé s8
co y nghia thong ké
(Significant).

P-value = 0.012 (< 0.05).
Thanh phan MA c6 y nghia.
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Tiéu chuan lua chon mé hinh (Information Criteria)
Can bang gitra Do khdp (Fit) va Do phirc tap (Complexity)

AIC (Akaike) HQIC (Hannan-Quinn) BIC (Bayesian)
» Phat nhe d6 phurc tap. « MUtrc phat trung binh. » Phat nang do phuec tap.
» Uu tién: Hiéu suat du bao. » Can bang gilra AIC va » Uu tién: M6 hinh don gian.
» Cong thurec: BIC. » Cong thurec:
—2log(L) + 2k —2log(L) + klog(n)

Quy tac vang: Gia tri cang thap = M6 hinh cang tot (Lower is Better)
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Cong cu chan doan: ACF & PACF

X4c dinh cau trdc tuong quan cua chuoi

ACF (Autocorrelation Function)

Tuong quan gitra x; va T¢_.

Includes Indirect Effects

o

Bao gém ca tac dong gian tiép qua cac
lag trung gian.

-

PACF (Partial Autocorrelation Function)

Tuong quan riéng phan.

Direct Effect Only

Chi do luong tac dong truc tiép, da loai
bo anh huang trung gian.

Muc tiéu: Str dung hinh dang biéu d6 dé xac dinh bac p (AR) va q (MA).
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Quy tac xac dinh bac p va q (Rules of Thumb)

Mo hinh ACF Pattern PACF Pattern

AR(p) Gidm dan (Decay) - IIIIII Cit (Cut-off) tai lag p.| I

(AutoRegressive) | dang song hoac md.

MA(q) o _ : |I R A
(Moving Average) Cat (Cut-off) tai lag g. Giam dan (Decay). II"II

ARMA(p, q) Giam dan (Decay). II“II Giam dan (Decay). I|||||
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Oxford Blue (Roboto Slab)
Vi du thuc té: Vét den mat troi (Sunspots Data)

Autocorrelation (ACF)
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Partial Autocorrelation (PACF)

JIt, | ACF giam dan cham
& I | > Goiythanh phan AR
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] Cac lag sau Lag 2 nam trong

S| khodng tin cay (khdng cé y nghia).

1, — . ; . ; . . .
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Cut-off tai Lag 2

Két luan: DI liéu phu hgp véi mo hinh AR(2).
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Oxford Blue (Roboto Slab)

Tong két Quy trinh Phan tich (The Analyst’s Checklist)

1. Kiém tra dir liéu (Visual Check)
VEé biéu d6 chudi thoi gian. Quan sat xu hudng va phuong sai.

2. Chan doan (Diagnosis)
Str dung kiém dinh ADF. Néu p-value > 0.05 = C6 nghiém don vi (Unit Root).

3. Xur ly (Preprocessing) ]
St dung sai phan (Ay;) dé dua vé chuodi ding.

4. Nhan dang (Identification)
Quan sat ACF (tim q) va PACF (tim p).

5. Udc lugng (Estimation)
Chay mo hinh. So sanh chi s6 AIC/BIC (cang thap cang tot).

6. Kiem dinh (Validation)
Kiém tra y nghia thong ké cua hé s6 va dam bao phan du (residual) la nhieu trang.
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Cam on (Thank You)

Q&A Session

Trong-Nghia Nguyen
Khoa KHDL & TTNT | Spring 2026



