Module 5 - Tuan 3 - XAI (SHAP)

Time-Series Team

Ngay 20 thang 10 nam 2025

1 Tai sao cAn XAI (Explainable AI)

1.1 VAn dé md dau: Khi md hinh ding ma van sai

Trong hoc mdy (Machine learning), ta thudng quan tdm dén cdc chi s6 nhu accuracy, Fl-score,
RMSE, AUC,... v xem md hinh nao dat diém cao nhat thi “t6t nhat”.

Nhung néu chi dimg & d6, ta méi chi thiy dau ra, cht chua hiéu cdch suy nghi bén trong ctia mé
hinh.

Vi du thuc té: M6 hinh chan doén viém phoi

Mbt mo hinh Deep Learning dude huén luyén dé phét hién viém phdi tir Anh X-quang nguc
dat t6i 95% accuracy. Tuy nhién, khi ding cong cu XAI dé truc quan héa ving ma mo hinh
“cht y”, ngudi ta phat hién:

« M5 hinh khéng hé nhin vao ving phdi.
e N6 dya vao manh kim loai nhé hodc ky hiéu ctia may X-ray di dong.

Nguyén nhan: trong tap dit liéu hun luyén, phan 16n bénh nhan ning duge chup bang may X-ray
di déng c6 gin token kim loai d6. Do d6 mé hinh hoc sai quy ludt: “Néu cd token kim loai —
bénh ndng”.

Why we need XAI?

Types of Explanations

X-Ray model
) —
= an_ . ® oo
?& 0 & AR
Model-centric Human-centric Example-based
A model built
to predict pneumonia
Accurate, but based heavily on metal
token or specific markings
l Benefits of XAl
We need to understand what m Regulatory compliance
the model is thinking to enable |[——>| ® Reduce bias
what we can trust its m Discover new rules
prediction B Increase trust

K&t luan: M6 hinh ding vé mit théng ké, nhung sai vé mit y hoc. Pay 1a 1y do ta can XAI
(Explainable AI) dé nhin vao bén trong “hop den” va hiéu vi sao mé hinh dua ra quyét dinh nhu vay.
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1.2 Muc tiéu that sy caa XAI

XAI khéng chi 1a cong cu vé heatmap, ma la tu tudng khoa hoc vé sy minh bach trong tri tué
nhan tao.

Khia canh Hoc méay truyén théng Hoc may c6 XAI

Trong tam Pat accuracy cao nhat Hiéu va kiém soat dugc quyét
dinh

Ngudi stt dung Nha khoa hoc dit lieu C4 chuyén gia, ngudsi dung, co
quan quan ly

Céach nhin m6 hinh “Hop den” khéng gidi thich | “Hop trong suét” cé thé phan

dugce tich

Phan tng khi sai Thtt tham s6, thém dit liéu Tim hiéu nguyén nhan va sira

ding cho

Hoc may trd loi “mé hinh ding khong?”, con XAI tra loi “vi sao né ding (hodc sai)?”

1.3 Cac loai giai thich trong XAI
XAI dugce chia thanh ba nhém chinh:

a. Model-centric Explanation

T4p trung vao ban than mo hinh: ciu tric, trong s6, attention, rule.. Phit hdp véi ngusi nghién ctiu ky
thuat.

« Vi du: trong s6 trong Logistic Regression, attention map trong Transformer, feature importance
trong Random Forest.

b. Human-centric Explanation

Chuyén théng tin ky thuit sang ngdn ngit dé hiéu véi ngusi dung. Gitp chuyén gia ho#ic ngudi diing
cudi hiéu vi sao hé théng dua ra quyét dinh.

e Vi du: “Khoan vay bi tit chéi vi thu nhap thap va lich st ng xau”.

c. Example-based Explanation

Giai thich bang cich dua ra cdc vi du tuong tu trong dit liéu. Dang 1y luin “case-based reasoning”.
e Vi du: “Trong dit liéu, 100 khéch hang giéng ban déu duge duyét vay vi ho c6 dic diem A, B”.

Thyc té: Ba huéng nay thuong két hop véi nhau. Vi du: SHAP 14 model-centric & tang tinh toan,
nhung khi hién thi bang Waterfall Plot lai 1a human-centric.
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1.4 XAI gitp sita m6 hinh théng minh hon

Néu khong c6 XAl khi mé hinh sai, ta chi biét “né sai”. V6i XAL ta biét vi sao né sai, va tit d6 sta
ding cho.

Quan sat tr XAI Hudng diéu chinh

Mo hinh dya vao ky hiéu may chup thay | Lam sach dw liéu, loai bé ky hiéu,
vi noi dung anh tai huan luyén

M6 hinh wu tién “income” qua manh Can bang lai du liéu, thém

regularization hoac constraint

M5 hinh bé qua “gidi tinh” du c¢6 ¥ nghia | Xem xét thém feature d6 néu hgp Iy
ve dao diic

XAI bién viéc huin luyén tir “thit sai” thanh “hoc c6 dinh hudéng”.

1.5 Lgi ich cbt 16i ciia XAI

1. Tuan thii quy dinh (Regulatory Compliance): Trong y té, tai chinh, phap luit, moi quyét
dinh can dugc giai thich hgp phép. XAI gitip mé hinh minh bach, d& kiém tra va audit.

2. Gidm thién léch (Bias Reduction): XAl gitip phat hién yéu t6 bi léch (vi du: mo6 hinh phéan
biét gi6i tinh hogic chiing toc), tit d6 dieu chinh dit liéu huan luyén.

3. Kham pha quy luit méi (Knowledge Discovery): Phan tich SHAP value cé thé tiét 16 mdi
quan hé an ma trudc day chua duge nhan ra.

4. Tang niém tin (Trust): Ngusi dung, chuyén gia va to chitc tin tuéng hon khi hiéu duge 1y do
mo6 hinh duwa ra du doan.
6. Vi du téng hgp (theo s6 @4 minh hoa)
1. Béc si st dung m6 hinh du dodn viém phdi — mé hinh du dodn “bi bénh”.
Dung XAI heatmap — phét hién mo6 hinh chi chi § vao token kim loai.
Hiéu ra 161 — lam sach dit liéu, huan luyén lai mé hinh.

Sau khi stta — mo6 hinh chii ¥ ding ving phoi.

AR S

Két qua — béc s tin tudng hon, mo6 hinh dude chdp nhan trong hé théng bénh vién.

Két luan

Thong diép chinh

XAI khong phai 1 cong cu trang trf, ma la yéu t6 nén ting dé xdy dung niém tin giita con
ngudi va tri tué nhan tao.
N6 giup ta:

« Hiéu cdch mo hinh suy nghi.
« Biét khi nao nén tin, khi ndo nén nghi nggo.

e Bién “hop den” thanh “hop trong sudt”.
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2 Shapley Value — Cd sd ly thuyét cia SHAP

2.1 Xuéit phat diém: Chia phan thudng céng bing trong trd choi

Y tudng ciia Shapley Value b&t ngudn tir mot vin dé trong Ly thuyét trod choi (Game Theory), do
nha todn hoc Lloyd Shapley dé xuit nim 1953.

Bai toan gbc

C6 mot nhém ngudi chai hgp téc dé tao ra mot “phan thudng” chung (vi du: tién, diém s6, nang
Sut, v.v.).

Cau héi dat ra: Lam sao chia phan thudng dé sao cho cong bang, tuong ing vdi déng gop that su
cla ting nguoi?

Vi du, ¢6 3 ngudi chai A, B, C cling tao ra tong phan thuéng 14 100 diém. Hdi: méi ngudi nén nhan
bao nhiéu diém?
2.2 Vi du tryuc quan: Ddi bong va stic manh ca nhan
Gia stt ¢6 doi béng gom 3 cau thi:

« Cau thu 1: Tién dao (Striker)

o Cau tht 2: Tien vé (Midfielder)

o Cau tht 3: Hau vé (Defender)

Ta do hiéu suit ctia titng nhém cau thi khi choi cting nhau:

To6 hgp cau thu | Gia tri doi (V)
{1} 20
(2} 10
{3} 15
{1,2} 35
{1,3} 40
{2,3} 25
{1,2,3) 50

Ta thiy tdng gia tri khong bing téng c4 nhan — cc cau thi tao ra hiéu @ng hgp tac (synergy).
Cau héi: Ai 1a ngudi déng gép nhiéu nhat cho sttc manh chung ctia doi?
2.3 Déng gbép bién (Marginal Contribution)
DPéng gbép bién clia mot ngudi choi trong mot tap hop (coalition) duge dinh nghia la:
A(S) =v(SU{i}) —v(S)

tic la: gid tri tang thém khi ngudi choi ¢ duge thém vao nhom S.
Vi du: Néu xét tap {2,3} 6 gid tri v({2,3}) = 25 va khi thém cau thii 1 vao, ta duge v({1,2,3}) =
50, thi déng gép bién ctia cau thi 1 1a:
A1({2,3}) =50 —25 =25

Ta lap lai qua trinh nay cho tat ci cic t6 hop cé hoic khong c6 cau thi 1, roi lay trung binh. Gi
tri trung binh dé chinh 1a Shapley Value ciia cau thi 1.
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2.4 Shapley Value

Véi tap nguoi choi N = {1,2,...,n} va ham gid tri v(S), Shapley Value ctia ngudi choi ¢ duge dinh
nghia la:

sty = 3 PR D 50 gy — o(s)

SCN\{i}
e S: moi tap con khong chira i.
e v(SU{i})—v(S): déng gbp bién cta i trong nhém S.

< |S|1(n—]S]|=1)!
!

o Hé so - : X4c suat xdy ra clia tap S trong moi hoan vi cé thé.

Truc giac cong thic

Shapley Value 14 trung binh déng gép bién ctia ngudi choi i trén tit ca cac thi tu cé
thé ma ngudi dé6 tham gia vao cudc choi.

2.5 CAc tinh chit ctia Shapley Value

Shapley Value 1a quy tic phan bé duy nhéat théa méan 4 tinh chat céng bang sau:

Tinh chat Y nghia

Efficiency Tong Shapley clia tat ca ngudi choi bang tong phan thuéng
ctia nhom.

Symmetry Hai ngudi choi c6 déng gép nhu nhau thi nhin phan bang
nhau.

Dummy Néu mot ngusi choi khong d&nh hudng dén gia tri nhém, thi
Shapley ciia ho bang 0.

Additivity Néu c6 hai tro choi f va g, thi ¢;(f + g) = ¢i(f) + ¢i(9).

Két luan: Shapley Value dugc xem 13 “chudn vang” ctia cong bang trong cic bai todn phan bd tai
nguyén va ra quyét dinh hop téc.

sy = S BRI Db o iy — wis))

SCN\(i} h
e S: moi tap con khong chita i.
e v(SU{i})—v(S): déng gbp bién cla i trong nhém S.

: X4c suat xdy ra cta tap S trong moi hodn vi cé thé.

~ Z I(n—|S|-1)!
. He 56 Stemlslon

Truc giac cong thic

Shapley Value 14 trung binh déng gép bién ctia ngudi choi i trén tit ca cac thi ty cé
thé ma ngudi dé tham gia vao cudc choi.
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2.6 CAc tinh chit ctia Shapley Value

Shapley Value la quy tic phan bé duy nhét thoa méan 4 tinh chit céng bing sau:

Tinh chat Y nghia

Efficiency Tong Shapley ctia tat ci ngudi choi bang tong phan thudéng
ctia nhoém.

Symmetry Hai ngudi choi c6 déng gép nhu nhau thi nhdn phan bang
nhau.

Dummy Néu mot ngudi choi khong d&nh hudng dén gid tri nhém, thi
Shapley ctia ho bang 0.

Additivity Néu c6 hai tro choi f va g, thi ¢;(f + g) = ¢i(f) + ¢i(9)-

K&t luan: Shapley Value dugc xem 1a “chuan vang” clia cong bang trong cic bai todn phan bd tai
nguyén va ra quyét dinh hop téc.

2.7 Tit ly thuyét tro choi sang Machine Learning

Trong b6i canh Machine Learning:

e Game — Qua trinh mo6 hinh tao ra mot du doan.

« Players — Céc feature ctia mo6 hinh (vi du: dién tich, s6 phong ngi, khu vuec...).

e Value (v) — Du doan dau ra ctia mé hinh (f(x)).

Khi do, cau hoéi tré thanh:

“Méi dac trung (feature) déng gép bao nhiéu vdo du dodn cudi cing cia mé hinh?”
¢ g g gop t g

Mot du dodn cu thé f(z) duge xem nhu phan thuéng, va Shapley Value cho ta biét feature nio
g6p phan lam tang hodic gidm gia tri du doan dé.

2.8 Vi du chi tiét: Bai toian dy doan gia nha

Gia stt ta c6 mo hinh du doan gia nha (triéu dong) dua trén 3 dic trung:

Ky hiéu | Pac trung Mo ta
T Dién tich (m?)
9 S6 phong ngu S6 nguyén
T3 Khu vye City center / Suburb

Ta muoén biét: trong du dodn ctia moé hinh, “dién tich”, “phong ngi”, va “khu viuc” dnh hudng bao

nhiéu.

2.8.1 Y tudng ctia ham gia tri v(S)

Khi chi gitt lai mét tdp feature S (vi du: {z1,22}) ta tinh gia tri trung binh ctia mé hinh khi thay
ngau nhién cic feature con lai bing di liéu that trong tap huén luyén.
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Vi du tinh v(S)

Gitt nguyén z1, z9, va thay z3 (khu vuc) ngau nhién:

Khu vyc | Dy doan f(z1,72,23) (triéu dong)
Trung tam 3.0
Ngoai 6 2.0
Ven d6 2.5
3.0+2.0+25
U(S) = —i_3—+ = 2.5

2.8.2 Dién giai y nghia

« v(S): Gi4 tri m6 hinh khi chi biét feature trong S.

o f(x): Gid tri mo6 hinh khi biét tat ca feature.

o v(SU{i}) —v(S): Miic tang gia tri khi thém feature i.

K&t luan: Shapley Value ctia mot feature chinh 1a dé quan trong trung binh ctia né trong moi
kich ban mé hinh cé thé (khi cac feature khac dugc gitt ¢6 dinh hodic ngau nhién).
2.9 Tinh toan thuc té cia Shapley Value

S6 lugng to hgp tiang theo cip sé mii:

2" t6 hop can tinh cho n feature.
e n=4=2%=16t5 hop (chdp nhan dugc)
o n=32= 23~ 17 ty t6 hop (bat kha thi)

Do d6, ta can phuong phap xap xi Shapley Value bang cich 1iy miu ngau nhién (sampling)
cic permutation. Sau nay, phuong phip Kernel SHAP ra doi dé thuc hién viéc nay nhanh va chinh
xdc hon (phan 3 sé trinh bay).

2.10 Duy doan cong tinh (Additive Explanation)
Trong Machine Learning, Shapley Value gitip biéu dién mé hinh di doén theo dang céng tinh:

flz) = E[f(X)] + Z@-

Trong dé:
o E[f(X)]: Du doan trung binh ctia m6 hinh (Base Value).

e ¢;: Shapley Value ctia feature 7.
Vi du:
f(x) =0.34+0.1+0.2—-0.05=0.55

Dién gidi: Xac suat duge duyét vay tang 0.1 nhd thu nhép, ting 0.2 nhd tudi, nhung gidm 0.05 do
no xau.
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2.11 Tryc gidc cudi ciing: “Chia banh cong bing”

Hinh dung dé hieu

Néu mot du doan f(z) 14 mot chiéc banh | thi Shapley Value la cich chia chiéc banh d6
cho tirng feature sao cho:

« Khong ai bi thiét phan.
« Téng phan chia ding bang téng banh.

e Mboi feature nhan phan tuong xtmg véi anh hudng ciia né.

Téng két

Khia canh No6i dung chinh

Nén tang Ly thuyét tro choi — chia phan thuéng cong bang.

Cong thuc Trung binh déng gép bién trén moi to hop feature.

Trong ML Mai feature 13 ngudi choi, méi du dodn 14 phan thudng.

Vi du M6 hinh gid nha: tinh trung binh dy dodn trén cic vung
khac nhau.

Két qua f(xz) = Base Value + > ¢;.

Ung dung Do ludng anh hudng timg dac trung, gitp md hinh minh
bach.
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3 Kernel SHAP — Cach xdp xi Shapley Value bang hdi quy tuyén
tinh c6 trong so6
3.1 VAan dé dit ra: Shapley Value chinh xéc 1a bat kha thi khi sé lugng dic trung
16n
0 phan trude, ta da thay cong thitc Shapley Value yéu cau tinh trung binh trén tat ca cc tip con cla

tap dac trung.
Véi n dic trung, ta phai tinh 27 t6 hop. Piéu nay trdé nén bat kha thi trong thuc té.

S6 feature (n) | S6 t6 hgp 27 Ghi cha
4 16 Cé thé tinh dugc
10 1,024 Bét dau tén kém
32 17 ty Bat kha thi

Vi vdy, can mot phuong phap xap xi nhanh nhung van giit dudc tinh than céng bang ctia Shapley.
Phuong phap @6 chinh la Kernel SHAP.

3.2 Y tuéng cbt 16i cia Kernel SHAP

Thay vi duyét qua toan bo 2" t6 hgp, Kernel SHAP stt dung mét mo hinh hoi quy tuyén tinh cé trong
s6 dé xap xi Shapley Value.

Gia st ta can giai thich du dodn f(x), Kernel SHAP xem di dodn ndy nhu mot mo hinh tuyén tinh
cuc bo:

M
&) = ¢o+ > iz
=1

o+ f(2'): Dy dodn clia mo6 hinh gbc khi chi bat cdc feature 6 2/ = 1.
o ¢o: Base value (gia tri dy dodn trung binh).

o ¢;: Dong gbép cla feature thit i (Shapley Value).

e 2': Vector nhi phan thé hién feature nao dang bat hodc tat.

Muc tiéu: Tim céc ¢; sao cho mé hinh tuyén tinh trén mo6 phong dude cach f(z) thay déi theo céc
tap feature.

3.3 Quy trinh téng quan ctia Kernel SHAP
Quy trinh ctia Kernel SHAP dugc tém tit nhu sau:

Buéc | Mo ta

1 Chon mot mau z can giai thich.
Chon mot tap background (tdp nén) tir dit liéu huan luyén.
Tao nhiéu t6 hgp bat/tat feature (biéu dién bang vector nhi phan
2').
4 Véi moi to hgp, thay feature “tat” bang gia tri that tir background
set, rdi chay mé hinh dé lay f(x).

[\

w

5 Hoi quy tuyén tinh cé trong s6 dé tim cac hé sb ¢;.
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3.4 Vai tro cua Background Set

M6 hinh hoc may khong thé chay néu bi thiéu feature. Vi du, khong thé du dodn giad nha chi véi “dién
tich” ma thiéu “khu vurc”.

Vi véy, Kernel SHAP sit dung mét tap background lay tir dit liéu that. Khi mot feature bi “tit”,
né duge thay bang gia tri ngdu nhién tit tip nén nay.

« Background cang da dang, két qua SHAP cang 6n dinh.

o Thudng chon tit 100-1000 mAu nén trong tap hun luyén.

3.5 Trong sb trong Kernel SHAP

Khéc véi Shapley Value gbc, Kernel SHAP can gan trong sé khic nhau cho mdi t6 hop. Trong s6 niy
dam béo tinh céng bang khi chi xét mot phan nhé céc tap con.
Coéng thitc trong so:
(M—1)
M
(jcp) - IC]- (M = |C])

we =

Trong d6:

e M: Téng sb feature.

e |C|: S6 feature dang bat trong t6 hop.

. (‘]\éf‘): S6 céch chon |C| feature tit M.

Y nghia:

o Céc t6 hgp c¢6 it hoiic gan day du feature sé cé trong s6 16n hon.

o Nhitng truong hgp bién (rat it hosic gan di feature) chita thong tin ranh gisi quan trong nhat dé
mo hinh hoc.

Viduy (v8i M =5):

Kich thuéc t6 hgp |C| | Trong sb wc
1 0.20
2 0.06
3 0.06
4 0.20

3.6 Mb6 hinh tuyén tinh cuc bd

Sau khi c¢6 cac cap (2/, f(2)) va trong s6 w,s, Kernel SHAP gidi mot bai todn hdi quy tuyén tinh cé

trong so:

2
m(;nsz/ . <f(z’) — o — Zgbiz;)

Két qui ¢; chinh 13 Shapley Value xap xi. Vi hoi quy tuyén tinh rat nhanh, Kernel SHAP cho
phép ta tinh dugc gid tri SHAP cho hang nghin mau trong thdi gian ngin.

10
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3.7 Vi du minh hoa cu thé
Gia st mo6 hinh gbc la:
f(Fy, Fy, F5, Fy) = 10 + 2F, + 3F, + F? — 0.5F}
Mau can giai thich:
X =[F =3 F,=4,F=2F = 10]

T4p nén trung binh:
E[Xyy) = [1,1,1,4]

Tinh Base Value:
o= f(1,1,1,4) =10+243+1—-2=14

Gia tri thuc cia moé hinh:
f(X)=10+6+124+4—-5=27
Vi vay:
14+ ¢1 + o+ ¢z + ¢4 = 27
Sau khi hoéi quy tuyén tinh cé trong s6, Kernel SHAP cho két qua:

¢1:47 ¢2:97 ¢3:37 ¢4:_3
144+44+9+3-3=27

Feature F, c6 tic dong manh nhat, giip mé hinh tang gia tri du dodn nhiéu nhat.

3.8 Truc giic ctia hdi quy tuyén tinh cuc bd

Kernel SHAP gia dinh rang trong ving lan cén ciia mau can giai thich, mdi quan hé giita dau ra va cic
feature 1a xap xi tuyén tinh.
Nh¢ vay:

« Khong can hiéu toan bo mo hinh (c6 thé 1a phi tuyén nhu Neural Network).
e« Chi can xap xi mét mo6 hinh tuyén tinh nhé quanh diém x.

Do d6, Kernel SHAP duge xem la mot Local Surrogate Explainer — bd giai thich cuc bé cho cac
mo6 hinh “hép den”.

3.9 So sanh giita Shapley Value gbc va Kernel SHAP

Kernel SHAP

Xap xi bang hoi quy tuyén
tinh c6 trong s6

RAt cham, phai duyét 2" t6 | Rat nhanh, chi can vai tram
hop mau

Tiéu chi
Do chinh xac

Shapley gbc
Chinh x4c tuyét doi

Toc do

Yéu cau mo6 hinh

Can biet cau tric mo hinh

f(z)

Chi can truy cép dau ra mo
hinh (model-agnostic)

Ung dung thuc té

It ding do tén tai nguyén

La 161 ctia thu vién SHAP hién
dai

11
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3.10 Két qua dau ra ctia Kernel SHAP
Sau khi tinh xong, Kernel SHAP tra vé cac gia tri:

¢07 ¢17 ¢2> sy ¢M

M5 hinh duge viét lai theo dang cong tinh:
M
fl@)=do+> ¢
i=1

o ¢o: Gid tri trung binh (base value).
e ¢; > 0: Feature lam tang du doan.
e ¢; < 0: Feature lam gidm du doan.

Tt d6, ta cé thé biéu dién két qua bang Waterfall Plot, Beeswarm Plot, hoic Bar Chart dé
minh hoa tam quan trong ctia ting feature.

3.11 So dd Pipeline tém tit
1. Chon mau z can giai thich.
2. Chon background ti dit liéu huan luyén.
3. Tao céc phién ban bat/tat feature (/).
4. Thay feature “t3t” bang gi4 tri nén.
5. Tinh f(2'), gén trong sd w(2’).
6. Hoi quy tuyén tinh dé tim ¢;.

Két qua cudi cting 1a bang gid tri SHAP thé hién mitc d6 déng gép clia ting feature.

Két luan

Thong diép chinh

Kernel SHAP 13 cau nbi gitta Iy thuyét Shapley va thue té tinh toan. N6 gitp:
o Giéi thich moi m6 hinh (Random Forest, XGBoost, Neural Network, v.v.).
o Gift dugc tinh cong bang trong phan bo anh hudéng gitta cac feature.

e Tinh nhanh, chinh x4c, va dé md rong cho dit liéu 16n.

12
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4 SHAP Pipeline va Minh Hoa Tirng Budbc

4.1 Téng quan muc tiéu cia SHAP Pipeline

0 phan Kernel SHAP, ta da biét SHAP stt dung mé hinh tuyén tinh cuc b dé uéc lugng déng gop cia
ting dic trung. Phan nay mo ta cu thé cac budc tuan ty ma SHAP thyc hién khi tinh gid tri cho

mot mau can giai thich.

Buéc | Mo ta Pau ra chinh
1 Chon mau can giai thich Vector & = [x1,xa, ..., T ]
Chon tap background (nén) Mau dai dién dit liéu huan

luyén

3 Tao to hgp bat/tat feature Vector nhi phan 2/ €
0,1}V

4 Tinh dy dodn md hinh f(z’) Du doén khi chi bat feature
trong 2’

5 Gan trong so kernel w(z’) Can bang gifta cic to hop

6 Hoi quy tuyén tinh cé trong sd Tim ¢g, ¢1, ..., dMr

Budc 1 — Chon mau can giai thich Chon mot mau cu thé z trong tap kiém thit ma ta mubn hiéu

vi sao mo6 hinh dua ra két qud nhu vay.

Feature

Gia tri

Dién tich (m?)
S6 phong ngt
Khu vue
Gia du dodn

80
3
Trung tam
3.2 ty

Pay la mau ma SHAP sé “mé xé” dé biét moi ddc trung da dong gop bao nhiéu.

Budéc 2 — Chon Background Set Vi SHAP can “tat” va “bat” cac feature, nén can dit liéu thay
thé cho phan bi tit. Background Set déng vai tro 1am mic tham chiéu trung binh ctia dit liéu that.

Dién tich | Phong ngii | Khu vuc
60 2 Ven d6
90 4 Ngoai 6
70 3 Trung tam

Khi mot feature bi “tat”, SHAP sé& thay bang gid tri tuong ting trong background (trung binh hosc
theo timg mau nén).
Buéc 3 — Tao céc t6 hgp bat/tit Feature SHAP sinh ra cic vector nhi phan 2’ = [2], 2}, ..., 24,]:
o z/ = 1: feature dugc bat (gid tri that tit mau can giai thich)

o 2zl = 0: feature bi tat (thay bang background)

T6 hop | Vector 2/ | Y nghia
1 [0,0,0] Khong dung feature nao
2 [1,0,0] | Chi bt dién tich
3 [0,1,0] Chi bat sb phong ngt
4 [1,1,0] Bat dién tich va phong ngi
5 [1,1,1] Bat tat ca feature (mau thit)

13
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Kernel SHAP khong can tinh toan bo 2™ t6 hop, ma chi ldy miu ngiu nhién vai tram t6 hop du
dé hoi quy chinh xéc.

Buéc 4 — Tinh gia tri mé hinh f(2/) cho tirng té hgp Véi mdi té hop 2':
e SHAP tao mot phién ban “pha tron” gitta mau z va background.

« M5 hinh dugc goi dé tinh f(2').

T6 hgp 2/ | Gia tri f(2/) (ty dong)
[0,0, 0] 2.0
[1,0,0] 2.4
[0,1,0] 2.3
1,1,0] 2.6
1,1,1] 3.9

Buéc 5 — Tinh trong sé Kernel w(z’) Trong s6 trong Kernel SHAP dugc dinh nghia 1a:

(M 1)

YT el (- (o)

o M: tong sb feature.

o |C|: b feature bat trong t6 hap.

. (‘]g‘): s6 cach chon |C| feature trong M.

Y nghia:

« Céc t6 hop 6 ria (it hodc gan day du feature) cé trong sb cao.

« Céc to hgp trung gian c6 trong sé nhoé hon.

Kich thudc t6 hgp |C| | Trong sé we (xap xi)
1 0.20
2 0.06
3 0.06
4 0.20

Budc 6 — Héi quy tuyén tinh cé trong sé Sau khi c6 cic bo dit liéu (2/, f(2)) va trong sb tuong
ting w(z'), Kernel SHAP gidi bai todn hoi quy tuyén tinh:

2
m(binZw(z’) : (f(z’) — ¢ — Zqﬁlz;)

o ¢;: gia tri dong gép (Shapley Value xap xi).

o ¢o: Base Value (gid tri trung binh ctia mé hinh).
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4.2 Vi du hoan chinh — M6 hinh dy doan gia nha

Gid st m6 hinh du doan gia nha cé:

o 3 feature: dién tich, phong ngt, khu vuc.

o Base Value: ¢g = 2.0 ty.

o Du doan thuc té: f(z) = 3.2 ty.
Két qua SHAP sau khi hoi quy:

Feature

Gia tri SHAP ¢;

Y nghia

Dién tich
Phong ngt
Khu vue

+0.6
+0.4
+0.2

Lam tang gid 0.6 ty.
Lam tang gia 0.4 ty.
Lam tang gid 0.2 ty.

Kiém tra tong:

4.3 Dién giai bing biéu dd truc quan

20406+04+02=32
— SHAP giai thich hoan hao dy doan ctia m6 hinh.

SHAP h6 trg nhiéu dang biéu do:

« Waterfall Plot: hién thi titng feature cong/trit vao base value.

o Force Plot: dang thanh déng minh hoa huéng tac dong (dé: tang, xanh: gidm).

« Beeswarm Plot: thé hién phan b6 SHAP values ctlia toan bo tadp mau.

Vi du:
o Base Value: 2.0 ty.

e Dién tich: +0.6 — tang gid manh.

e Phong ngi: +0.4 — tang thém.

e Khu vuc: 40.2 — tang nhe.

Khong co feature am — mé hinh du dodn “an todn” vd hop ly.

4.4 SHAP Pipeline trong thu vién Python

Trong thu vién shap:

1. Khéi tao background bing shap.maskers.Independent ().

2.

R A

Sinh cdc mau bat/tat feature.

Goi mo hinh predict () cho ting mau.

Géan trong sb kernel.

Giai hoi quy tuyén tinh (weighted least squares).

Tra Vé ¢Z va ¢0.

Triyc quan héa bang shap.plots.waterfall(), shap.plots.bar(), shap.plots.force().
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4.5 Y nghia thuc tién ctia Pipeline
o Giai thich ting du doan riéng biét (local explanation).
« Tong hgp mtic dnh huéng trung binh (global explanation).
o Phat hién bias hoac overfitting trong dit liéu.
Vi du:
e MO hinh tin dung dénh gid qué cao “dia chi cu trd” — c6 dau hiéu bias ving mién.

o Feature c6 |¢;| nhd — c6 thé loai bé dé gidm nhiéu.

4.6 To6m tit toan bdo SHAP Pipeline

Buéc Hanh d6ng Muc tiéu
1 Chon mau x Xic dinh quyét dinh can gidi thich
2 Chon background Thiét 1ap gi4 tri tham chiéu
3 Bat/tat feature Tao cac t6 hop dit liéu
4 Chay md hinh Thu gié tri f(2')
5 Tinh trong s6 kernel Can bang to hop
6 Hoi quy tuyén tinh Uéc lugng ¢; (SHAP Value)

fl@)=do+> ¢
i
Dién giai: Feature i déng gép ¢; vao quyét dinh ctia md hinh déi v6i mau x.

Két luan
SHAP Pipeline la trung tdm ciia Explainable AT hién dai. N6 gitip:
« Bién mo hinh “hdp den” thanh mo hinh cé thé gidi thich dugc.
e Minh chitng méi lién hé nhan qué gitta dit liéu va du dodn.

o Cung cap cd s3 toan hoc viing chic cho céc quyét dinh quan trong trong tai chinh, y té,
phap 1y, va cong nghiép.
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