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Gidi thiéu chung
SHAP I3 gi?

SHAP (SHapley Additive exPlanations) |3 mét phuong phap tiép can dua trén
ly thuyét tro choi dé gidi thich k&t qua dau ra cho bt ky md hinh hoc may nao.

® Dugc cong bd bdi Lundberg va Lee vao ndm 2017.

e Duya trén gié tri Shapley tir ly thuyét tro choi hgp tac (cooperative game
theory).

Cung cip kha n3ng dién giai cuc bd cho cac du doan clia mé hinh.
® Trd I6i cdu héi “Tai sao?” trong khi mé hinh trd I6i “Bao nhiéu?”

Diém then chét cia SHAP
SHAP dinh lugng su déng gép clia mdi dic trung vao mét du doan cu thé.
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Gidi thiéu chung

SHAP trong ngit canh Hoc May

Tinh chét chinh:
¢ Cuc bd (Local): Mét quan sat =
Mot tro choi
® Cong tinh (Additive): Gi3 tri
SHAP t8ng b3ng chénh léch du
doan

Anh xa tir Ly thuyét Tro chai:
® Tro choi (Game): Tai tao két qua
dau ra cia md hinh
® Ngudi choi (Player): Cac dic
trung trong moé hinh
® Phan thuéng (Reward): Gi4 tri du

° A S ). 2 ~ s
dodn Céng bang (Fair): Théa man cac

tién dé Shapley
¢ Lién minh (Coalition): Tép con

cc d3c trung  Téng quat (Universal): Hoat dong

vGi moi md hinh

Mb hinh du doan thu nhap dua trén: Tudi (Age), Gidi tinh (Sex), Nghé nghiép

(OccuRation).
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Co s6 toan hoc cho gia tri SHAP

Ky hiéu toan hoc

o F=1{1,2,...,F}: Tap hop tat ca cic dic trung
® S C F: Mét liéen minh (tdp con) cac dic trung
® fs(xs): M6 hinh dugc huln luyén chi véi cac dic trung trong S

® x;: Gia tri cha dac trung i cho quan sat x
¢;: Gia tri SHAP cho d3c trung i
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Co s6 toan hoc cho gia tri SHAP

Van dé trung tam

Van dé trung tam

D3c trung i déng gdp bao nhiéu vao du doan f(x) so véi du doadn co s6 f?

F
Y ooi=f(x)—1 (1)
i—1
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Co s6 toan hoc cho gia tri SHAP

Tap liiy thira cla cac dac trung

Dinh nghia

Tap liiy thira P(F) (powerset) chira tit ca cac tap con c6 thé clia cac dic trung
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Co s6 toan hoc cho gia tri SHAP

Tap liiy thira cla cac dac trung

Vi du véi 3 dac trung:
F = {Tudi, Gi6i tinh, Nghé& nghiép}

Tap liiy thira ¢6 2F = 23 = 8 phan t:
® 0 (khong dic trung) @ O

@ {Tudi} ()
2mgmétl:giiép} @’ g‘@

6 {Tudi, Gidi tinh}

6] {Tuc“;i, Nghé nghiép} @
@ {Gi6i tinh, Nghé nghiép}

©® {Tudi, Giéi tinh, Ngh& nghiép}
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Doéng gbp bién

Dinh nghia cia Déng gép Bién

Déng gbp bién cha ddc trung i vao lién minh S (trong dé i ¢ S):

Ai(S) = fsuqiy(xsugiy) — fs(xs) (2)

Vi du: Thém Tudi vao cac Lién minh khac nhau

¢ ATuéi((b) = f{Tuéi}(X) o fb = 40k — 50k = —10k
® Aq,s({Gisi tinh}) = figi6i Gisi tinn} (X) — f(Gisi tinh} = 36k — 45k = —9k

° ATué’;i({Nghé nghlép}) = fj{Tuc‘;i,Nghé nghiép}(x) - f:[Nghé nghiép} = 75k — 90k =
—15k

* Aq,e({Gigi tinh,Nghé nghiép}) = frs; ca(X) — f{Gisi tinh,Ngha nghiep} =
83k — 92k = —9k
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Déng gbp bién

Truc quan héa Déng gop bién

(: 50k

-10

Tudi: 40k Gi6i tinh: 45k | Nghé nghiép: 90k

<

Tudi,Gidi tinh: 36K Tudi,Ngh&: 75k | Gidi tinh,Nghé: 92k

P

TAt ca: 83k
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Tinh toan trong s

Céng thiic Trong s& Shapley

Trong s6 cho Déng gép bién

Trong sb cho déng gdp bién cla d3c trung i vao lién minh S cé kich thuéc |S|
dugc cho béi:
IS|I(F —|S] — 1)!
w(s) = BHEZISIZ 1L )

Y nghia

® Trong s6 dam bao tam quan trong bang nhau cho moi kich thuéc lién
minh.

2 z z S ].
® Tong trong s6 cho tat cd lién minh kich thuéc s bang I
® Thdéa min cac tién dé hiéu qua va dbi xirng.
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Tinh toan trong s

Céng thiic Trong s& Shapley
Trong s6 cho Déng gép bién
Trong s cho déng gbp bién clia dic trung i vao lién minh S c6 kich thuéc |S|:

IS|/(F — |S| — 1)!
w(s) = BHEZSIZ Y 4)

0.2 2 1
° = = — = —
Wil =3 =573
cs 4 X N 1' N 1' 1
* w({Gidi tinh}) = w({Nghé nghiép}) = o =:
. 2.0 2 1
o w({Gi6i tinh, Ngh& nghigp}) = 3_!0 =23

12 /29

GIA TR| SHAP TRONG HOC MAY GIAI THICH

Lé Nhut Nam



Tinh toan trong s

Cach tinh Trong s6 Thay thé

S6 Canh méi Cap

Véi mé hinh c6 f dic trung, tong s6 déng gép bién la:

Sé canh taicip f = f - (f) (5)
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Tinh toan trong s&

Cach tinh Trong s6 Thay thé

Vi du Tinh toan (F = 3):

e Cipl:1l- (‘I’) = 3 canh Cip 0

hd Cﬁp 22(3):6canh % l l

e Cip 3:3-(3) = Cip 1 (3 canh)

Cap’3 3-(3) =3 canh TR |

Trong so: Cap 2 (6 canh)

e Cip 1: % mdi canh 3 ,L ,L

e Cip2: % mdi canh Cap 3 (3 canh)

* Cap 3: § mdi canh
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Biéu thiic SHAP day da

Cong thic Gia tri SHAP

Gia tri SHAP cho dac trung i la:

a= 3 BIEZBIED T e - 60s)]  (©)

SCA\{i}

Cac thanh phan clia gi tri SHAP:

e S C F\{i}: TAt ca lién minh khéng chira d3c trung i.

L ISIF = IS| = 1)!
F!

* fsu(ir(xsupiy) — fs(xs): Déng gép bién.

: Trong sb Shapley cho lién minh S.
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Biéu thitc SHAP day di

Vi du Tinh toan Hoan chinh

Tinh gia tri SHAP cho dic trung Tudi:

1
- (40k — 50k) + & - (36k — 45k)

1
- (75K — 90k) + - - (83K — 92k)

- (—10k) + % - (—9k)

1
- (—15k) + 3 (—9k)
= —3.33k — 1.5k — 2.5k — 3k

-~ [~1033]

Nhan xét: D3c trung Tudi 1am gidm du doan thu nhap $10,330 cho quan sit nay.

Lé Nhut Nam GIA TRI SHAP TRONG HOC MAY GIAI THICH 16 / 29



Biéu thitc SHAP day di

Vi du 1: Phan loai Nhi phan

Du doan Séng sét trén tau Titanic

Cac dac trung:

® x;: Hang vé (1/2/3) Gia tri SHAP: . o
® xy: Giéi tinh (Nam/Nir) ¢ ¢XH?"g "/ét): —0.15 (giam kha nang
song s6

® Xx3: Tudi .
® ¢gisi tinh = —0.38 (gidam manh)

® ¢,5 = —0.05 (gidm nhe)
Quan sat: ® ¢Gizve = —0.02 (gidm nhe)
® Hang vé: Hang 3

® x,: Gid vé

o Gigi tinh: Nam Xac suit cdls.éz 0.38

R ' Du doén cuoi: 0.38 — 0.60 = —0.22
® Tudi: 25 (Sau logistic: x4c suat sbng sét 0.08)
® Gia vé: $7.25
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Biéu thitc SHAP day di

Vi du 2: M6 hinh dua trén Cay

Du doan Gia Nha véi Random Forest

Déng gbép Dic trung cho Nha $450,000

Didc trung Gia tri  Gia tri SHAP
Gia co sé - $300,000
Vi tri (Trung tam) Cé +$80,000
Dién tich 2,500 sq ft +$45,000
Phong ngl 3 +$5,000
Tudi nha 5 nam +$15,000
Gara 2 xe +$5,000
Tong $450,000

Nhan xét: Vi tri déng gép nhiéu nhit vao gid cao hon (+$80,000), tiép theo 13
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Biéu thitc SHAP day di
Vi du 3: Phan loai Da |6p

Phan loai Loai Hoa Iris

Ba I6p: Setosa, Versicolor, Virginica
Gia tri SHAP theo Lép:

Quan sat: Dac trung  Setosa Versic. Virgin.
* D6 dai dai: 6.3 cm Dai dai -0.15  +0.05 +0.10
® Do réng dai: 2.8 cm Réng dai -0.20 +0.08 +0.12
e D& dii canh: 5.1 cm Dai canh -0.45 -0.10 +0.55
o D6 réng canh: 1.8 cm Réng canh -0.20 -0.03 +0.23

Téng -1.00 0.00 +1.00

Nhan xét: Dy dodn manh mé 13 Virginica (D8 dai canh 13 yéu t& phan biét chinh).
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Céc tinh chat clia gia trj SHAP

Cac Tinh chat Co ban

1. D6 chinh xac cuc bd (Hiéu qua)

F
f(x)=fo+ ) ¢i(x) (7)
i=1

Gia tri SHAP t8ng chinh xac b3ng chénh léch giita d3u ra md hinh va gia tri ky
vong

2. Tinh ving m3t (Missingness)

Néu d3c trung i khéng cé trong md hinh, thi ¢; = 0
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Céc tinh chat clia gia trj SHAP

Cac Tinh chat Co ban

3. Tinh nhit quan/ don diéu (Consistency/Monotonicity)

Néu mé hinh ' phu thudc vao dic trung i nhiéu hon mé hinh £, thi:

di(f',x) > ¢i(f, x) (8)

4. Tinh dbi ximg (Symmetry)

Néu cic d3c trung i va j déng gép nhu nhau vao tat c3 lién minh:
fsugip(x) = fsugy(x) VvS:i,j¢ S 9)

Thi: ¢i(x) = ¢;(x)
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Céc tinh chat clia gia trj SHAP

Cac Tinh chat Co ban

5. Tinh tuyén tinh (Linearity)

Véi t6 hop tuyén tinh cdc mé hinh:

pi(af + bg,x) = a¢i(f, x) + boi(g, x) (10)

Dinh ly vé tinh duy nhat cla gia tri SHAP

Gia tri SHAP 13 nghiém duy nhat théa man dong thai tit ca cac tinh chat nay.
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Phan tich d6 phic tap

D06 phic tap Tinh toan
Khéng gian cao chiéu

Tinh toan SHAP chinh xac yéu cau danh gia 27 md hinh!
® 10 d3c trung: 1,024 m6 hinh
® 20 dac trung: 1,048,576 mo6 hinh
® 50 d3c trung: 1.1 x 10'® mé hinh

Cac phuong phap xap xi

® Dua trén lay mau: Liy miu Monte Carlo céc lién minh.

@® Linear SHAP [6]: Chinh x4c cho md hinh tuyén tinh.

© Tree SHAP [3, 8]: Thai gian da thirc cho mé hinh dua trén cdy.
O Deep SHAP [5, 7]: Xap xi DeepLift cho mang no-ron.

® Kernel SHAP [9]: Hbi quy tuyén tinh c6 trong s dua trén LIME.
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Phan tich d6 phic tap

Thuat toan Tree SHAP

Cai tién chinh

V6i mé hinh dua trén cdy, tinh gia tri SHAP chinh xac trong thdi gian O( TLD?):
e T:Sb luogng cay

® [: S5 luong 14 téi da

e D: Do sau t6i da

Lé Nhut Nam GIA TR| SHAP TRONG HOC MAY GIAI THICH 24 /29



Phan tich do phirc tap

Thuat toan Tree SHAP

Algorithm 1 Tree SHAP (Don gian héa)

Khdi tao xac suit dudng di p =1

Khéi tao dong gbp dac trung ¢ =0

for mdi dudng di tir gbc dén 14 do
Cap nhat p dua trén diéu kién phan chia
for mdi d3c trung i trong dudng di do

¢i < ¢i + p x dong gbp

end for

end for

return ¢

© 0N aRswn=
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K&t luén va hudng phat trién
Mé& rong cia SHAP

Kha nang Dién giai Toan cuc

® Tam quan trong Dac trung SHAP: /; = E[|¢;]]
e Biéu d6 Phu thuéc SHAP: Cich ¢; thay ddi theo x;
® Gia tri Tudng tac SHAP: Tuong tac bac hai

Cac phuong phap Nang cao

e SHAP-IQ [2]: Phat hién tuong tac.

e TimeSHAP [10]: Giai thich chudi thdi gian.

® GraphSHAP [11]: Gidi thich mang no-ron d thi.
e Asymmetric Shapley [1]: Dién gi3i nhan qua.
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K&t luén va hudng phat trién
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