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ANERRBETE>REN (Decision Tree)
F %
S KRR, R S R T T, [ HRE=?
L 2z e

— LR BN AT TR

PR TR DU 2 5 8 5 g 1 TR0 -
s X RAIETEVE . B IE(E AT < D A2 i — PR @
s RFEMELE —PIRG S A5 TN ERES RN 46 R

RS ORI E SR
- PRI ST I B R T e — B A
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RN 5L E ] (Ensemble Learning)

® RS R S R 2 5

® SRR FE BRI B SR . SCRERNL. BENLARAS) ALafE—hy )
D5k DRV P TR 5

® SRS S (Weak Leamers) (o) o .
IS m LU R — N5z 2] 48 (Strong Learner) :

© SR ST A0S IR AL 8 — R T 92 1L

V=P l\“ ‘L\ / /\
SRRSOl ?ED\

® AN SJHESE: Bagging. Boosting. StackingZF.

---------------------------------------

AdeBoosting
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PRI £ I 354512

LErE MR WARIRUERE 2R SR FRANAT5:
S= {(3,C), (4,B), (7.0), (8,B), (11,B), (12,B)}

S2: {(I,C), (2>C)9 (SaA)a (69A)9 (99 A)9 (109A)}
A7 31 U BIAE AR 5 R 70 DR TR

§: {(1,0), (2,0),3,0C), 4,B),(5,A),(6,A),(7,0C), (8,B),(9,A), (10, A), (11, B), (12, B)}
il

2N

$1: {3, 0), 4, B), (7,C), (8, B), (11, B), (12, B)} S$2: {(1,C), (2,C), (5, A), (6, A), (9, A), (10, A)}
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PRI 2 ] 2544513

PSS, 1% “HEIBEL” WK, S HIRFITHES, . Sy S13FISyp, Sy Spye TR HE— 2572
S|4 T2 P48 R

S: {(1,0), (2,0), (3,C), 4,B), (5, A),(6,A),(7,C), (8, B), (9, A), (10, A), (11, B), (12, B)}

3l
2N
S1: {(3,C), 4, B), (7, C), (8, B), (11, B), (12, B)} $5: {(1,C), (2,C), (5, A), (6, A), (9, A), (10, A)}
e B T B
2w N g $\\V§
Sll: {(1 19 B)a (125 B)} S13: {(39 C)a (49 B)} S21: {(19 C)a (29 C)} S23: {(99 A)a (109 A)}

v Sl?: {(73 C)a (85 B)} _ B ) S22:7 {(5: A)a (69 A)}




RITW = S 2544

SRS, MS 351, KR TS SLpl RIS S C s M, AFT X HEET 2R, BATEPHE

DR B S B AT AR A AH B0 B R 7719

S {(1,C),(2,0), (3,C), 4,B), (5,A), (6, A),(7,C), (8,B), (9, A), (10, A), (11, B), (12, B)}

K

St {(11, B), (12, B)}

F B

H

/N

- Sz {(7, ©), 8, B)}

szl

2N

S1: {(3,C), (4, B), (7,C), (8§, B), (11, B), (12, B)}

S13: {(3a C)a (49 B)}

TR

7N

S21: {(19 C)a (29 C)}

i

52:{(1, €), (2, C), (5, A), (6, A), (9, A), (10, A)}

PN

S23: {(9: A)s (103 A)}

@ Sz {(5, A), (6, A)}



S: {(1,0), (2,C),(3,0), 4,B), (5, A), (6,A),(7,0), (8, B), (9, A), (10, A), (11, B), (12, B)}

1)
V&
Si: {(3,C), 4, B), (7, C), (8, B), (11, B), (12, B)} S»: {(1, C), (2, ©), (5, A), (6, A), (9, A), (10, A)}
Fie B Fiic B
K 0 /N /N it K
S11: {(1 19 B)a (129 B)} S13: {(39 C)a (49 B)} SZI: {(19 C)a (29 C)} S23: {(9: A)a (109 A)}

Si2: {(7,C), (8, B)} TR @ Sz {5, A), (6, A)}
i ﬂ/ \3 D
V \ Si: 4B, ©)} S {(4 B)}

S121: {(7, C)} S122: {(8, B)}

CD

Hangzhou Dianzi University HiM B FRHBK % School of Computer Science and Technology T+ EH 2P  J& SCHE




BRI E R E

P71
/ N
ERS B SRR B
N ':F' /N /N " N

B

NP IEIR
S S
(3> <

Hangzhou Dianzi University HiM B FRHBK % School of Computer Science and Technology T+ EH 2P  J& SCHE




P51

EH SRS BT 19 B A SR 3 x

FRB FER B
o oMk HARMATEDS B UL b, TIZA T AL T T
o P HERMIE21 5 325% 2 00], N5 T AR - . — SO G
o T HERE21Z LT, Mg FCHRIRK; * & * =
T AR RS DL L, 4 TR GD/ Q/D
o Btk LAEEMIER 1 B F125 % 2 1] FLARLS, W F ORI ©
« PR HAFERIE212 325% 2 6] H O, NGB,
o Pk FARIATE21 S UL R RIS, ML FORME:
o Pk HAERMIER 1% LA T HLEUS, W% TR,

Hangzhou Dianzi University HiM B FRHBK % School of Computer Science and Technology T+ EH 2P  J& SCHE




%A SNER IR P 2R

e
7N PN

"
(1,C),(2,C),(3,0),(4.B)  (5,A),(6,A),(7,C),(8,B)  (9,A),(10,A),(11,B),(12,B)

AR AR
A 2N NG

2,0),(4B)  (1,0),3,0) (6,0),8,B)  (5,A)(7,C) (9,A),(11,B)  (10,A),(12,B)
e 53 CCD | PESI 1 53 PESI

(4/\(2@ 5ONE BN BN BN

8,B) (60) (7,0) (5A) (I11,B) (9,A)(12,B)  (10,A)

CBOCEOCEOCADBOCADCBOCAD

Hangzhou Dianzi University HiM B FRHBK % School of Computer Science and Technology T+ EH 2P  J& SCHE




Algorithm 1 P87 ] BAR

PN
REFERERRE o WG D = {(x1,1),- -, (X ym) }

o &R A= {a1,...,aq}.
FE: R TreeGenerate(D, A)

2. > o : Eﬂ%)ﬁ I]Dde:
4 Q:I: /—‘/\ \ L 1 '

T2, BFE SR s
4: end if
5:if A=0 OR D 'WEEAE A FHUAAHIA then

RIETE B EBUEAEE, o

?jﬁiu/\o 9: for a. WIT—1~ a} do
10: A node EWfF—1k 4 D, % D WWHE a. FHUAA of BIFEATAE;
11: if D, N% then

(3) Z T4 A
- ap b
7, AEe IJ/\O 14: UL TreeGenerate(Dy, A — {a.}) N F45

15:  end if
Hangzhou Dianzi University Hi/ QR TTER=sTs 1B fo] &
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REW R 1 By 23

R 2 X I SRBBAE T I s AR o) B i

— MM S, FERI I REAWFHAT, 8RR SCES R RS RE AL ) e s T [ — 281,
R4 i) “4ifE” (purity) B =

UL b FREA SR P R S A H LR R SR AE IS W22 B J P 93 7
(SRR RS ERURYII R BN ST L G ANEEPSS ke
SRR S E N 1521 A B2 %
P :& JANIE-IIEE =11
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Xl ik #1585 Bl m

“fIBRJME” (information entropy) & /& EFEAEE A4l i i FH B —FFFE xR

BE AL S D A |V A, 2 k RAEAFT S BN p WD IS B E SON
V]

E(D)=-) p,log, p,
k=1

E(D) {H#/N, T D )28 BBk

V ﬁfﬁ%%ﬁﬁﬁé@ﬁ %pk =0, )I_\“J P 10g2 Pr— 0

Vo OMREARR BT, W, BAMEAN 0

N OHREAR S AT T RTA R, scOR, sORIEN log, m
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pilpaprit SIS E: kA
f5B1425 Cinformation gain) : 76(5 Bt NS R, omOM —MHEIEETEEAE,
53— A LA R P R

BHURTE o 7 V ANTREIIUE (0, @2, ..., a") o Pl @ HEATRISS, WPtk VAN o8, SEhap v A
5SS T DR FTTEIRME @ LN o BOREA, 129D, TIRTHHE AR @ RHREASE D i
RIS T N 5 E

Gain(D,a) = E(D)—Z—

XHEATEENEIRYE o WBUEC AR, FEARSSHIZ A BEALAS 5 1 AN E PRI AR
—RME, FEME R, WA BN o KT R0 PrakGH “aifZiTh” #oR.
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Xl ik #1585 Bl m

Bl HIEEEBS171

EN, RAN2, HPIEAS p=8/17, &BIS p,=9/17,

WE mob oo mam me ok WREE SEE BN

5 (EERES

1 T B T TR 1 ] R 't 2 3 3 9 9

2 R pOR N MR BE R2 _ _

3 A I T I SR T Zpk log, p, = (17 log, 17 17 17 17 108 17) 0998
1 0 S B I 1 AU [ C R B k=l

5 Wr W dE T MR BEH R2 ‘ L ‘ N ‘

6 HME wen a2 BUEES . MRE. BhE. QU BFE. bR
7 Lo ORSRE MR REW RS B R

8 o ORSRE R EME RSN AW A2 HEGA B S B2,

9 R GELE Ttk T ] GEIRL il i

10 FeE o RME WG W T B - o ot

11 ki REREE ENE BOR e e DLJE 14 7 N ‘ 7 JSRLEAR

120 kT R W BB T B @ DJRAE BT Al T BT R B

13 ?é ?ﬂi il ?‘%ﬁﬂ B R

14 e TG i) ik i IR A i =N = 4 D2 SN PE B AN
15 L;;u_' gzg‘%a: }:f”.gj f—ﬁﬁ -H%EUI ok # *ETE @ ﬂy'fﬁ{ H é/%\ —‘QJ%\ AZ E' } ’ {ﬂ‘ﬁu—A

16 A T il T iy & . . . . "I

1T dE W od R B mE @ TEDI(aFE=T %), D2(B =5 8), D3(faFE=1%H).
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, R T e T ST
R T

N Y N R N U] B 1T S
plpapriniz MEPSE: F 3 oM R4 W W M M R
O B T U 2R T S

‘ L \ I/ I R 1N 1] 2B 51 S
THDIL: W% 5 N{1,4,6,10,13,17} K61 6 A REE W W R BB R
T R WwR o RSH R Bk R

1IE#1 L p,=3/6, Ak p,=3/6; 8 LR REEE dow o JEME O REMT O Rl &

X s I s . 9 DR MR Do) R MM Rl &
THED2: BEH T N{2,3,7,89,15 HI6 B O S 1 P T
ok EEE O WNE BUM T RERR @

BB p=4/6, MG p,=2/6; 120 kI M W B T BB @

‘ PN ‘ 13 WH ke g FERD MR Bl &
TEED3: B %5 N{5,11,12,14,16} BI5 1 HFE451 5 14 o8 NN (1T v RN 1 SN 1B [y B
il } 15 LM REE R EEE ORI BB @

1 =1/5, 4l =4/5; 16 e Mg i BOBT O T R B

Pr KB P, 17 WA R bR B R B 7

3G SIS B JBtE R HE R

_ 3 3 . 3 3\ 3 v
Ent(D") = — (5 logag + 5 logag) = 1.000 Gain(D, (47%) = Eut(D) — Y %'Ent(l?”)
4 4 v=1
Ent(D%) = — (5 logag + §logag) = 0918 —0.998 — (£ x 1.000 + & x 0.918 + 2 x 0.722)

Ent(D?) = — (1 logaz + 2 logaz) = 0.722 —0.109
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Xl ik #1585 Bl m

ARy, oA 1 S B 1
Gain(D, #R%) = 0.143 Gain(D, @ F) = 0.141 Gain(D, filt/g%) = 0.006
Gain(D, 8(F) = 0.381 Gain(D, Jir#) = 0.289

B, Bt ot MERMmRR, Hgakovloy et

gr=y |

A I 5 #
A5 4

[ 12345681015 | [ 9031417 | [ gnizie |

IRIG, DRI 52 S IR I AN 00 S8 it — 2R oy, PAERESE — A Ir s il (SUEE=IGITD .
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Xl ik #1585 Bl m

“OUER=TEMT” 4 B EHIREERIEAEDIE %S N{1,2,3,4,5,6,8,10,15} IO FEH ;
B A (. R MU Bris. i), ETDIFFIEES I E S BIENE S .
Gain(D1, f2.3%)=0.043 Gain(D1, f%5)=0.458 Gain(D1, {7 )=0.331
Gain(D1, J57#)=0.458 Gain(D1, fjii/#)=0.458
RRFE” OCBRERT . AR =AM MEEUS T RKEE BIE R, R —E AR E .

R, WA AT RiRERE, SARBNREW .
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Xl 53 % F-15 518 23 19 R R

y
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%,E\iﬁ/[_\\ﬁ: Gam(D,a)zE(D)—Z 1[:1/\\1: JIIJX—J—JHRiE QE@

E (DV )
ZHBEMBMMRE

v=1
/N
[5G\ @ WE WS s E fE K
1\ s W dom W s mEE R . _
o\ R R il BEBITRE R AR R,
3| mmo owm o Wl M M BE 2
O I T R R N 1| R 0 S : . )
S IR R v o A TS r= 1IN Y, BN RAa S —AN AR,
6 | e RE wWw o W RN B R
7| e RwE e ROE RN Mol R
s | e RME e W RN om0 R SRR A S KA B kR ok, HERMZ—
o | mw mwE wug R R B
s WEOEIG M T RREE B (L ,
0ol me we omwowwomp s BOERTHALEME
12| ke s M BOR P HEE A
13 GE LS e T TR il o Vaw N >
14 ;gy_{ }:% ;ﬁglﬂj 43;*51 f”lﬁ; fuli iy & Qj\g ’ ﬁ# EI/J{;% *XTT ﬁyz/f/tﬁgjj ’ %/ixﬂ‘%ﬁ*izlg
16 FiY S Ok ifi} 4 N — e >
1) we o s e WM B w6 HEAT A RN

(
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Xl i E—Wm R

WX (Gain rated : Jyil % (5 51 o i Fr s RO A RIREI, SR A B FORIEFE R AL
Rl oy JE . 8 a2 g N

Gain ratio(D, a) = B s 1v(w = -3 Dl 1]

IV(a) BB a B “FEA1E” [Quinlan, 193], Sf HIMARME, Yk o MATIESHHZ,
IV(a) BB AEA, SEUHE% T

1A g SR S AT BB 2 H B B SR AT BT

[Quinlan, 199316 F T A1 K3 6 MR R4 B HE & th £ K00 2 5 T F R
LA EU A 2 5
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Rl % FE—FE e (Gini index)

CART [Breiman et al., 1984 >R “ILJBFa%0” RikHL 0 )EtE
AL D WA n] ] “RBE” k=

¥ . v Bk 1 M D A BEA L
Gini(D) =), >, pipw —Zm;jﬂk =2p(l-p)=2p-pi WA, H
Em#y| —y¢ - - Rt R — SR

Gini(D) /)N, S D B4l s
Bl o BELRIEBE ;. Giniindex(D,a) = 3V, 2 1Gini(D?)

v=1 |D|

OO SRS/ 50 20 B SR RSO N SR P A B R 5y S, B @ = axgmin Gini-index(D, )

acA
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Rl ik FE——CARTHRER m@

CART ( classification and regression tree) 73S
R U, HeHE T P
1. A B e A TTREBUEY, BEIRED &+ T o
Na=v Ma =y P& K- TR
Gini_ index(D, a) 2 B 2 & 2 =
D e
= Gini(D*=") + GIHI(DQ#U:]
|D| |D| = & b= 2
20 BRE, R RN I R S E A W [ [w] [

Y s Lkl 73 Jees T AN e I el o o
3. wJr, ERUEME, HREelFibstt.
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Xl 53 1%F——CART PR

DAV RE RS 00, #IIECART 7080, 25— MR JE A s A 0l 70 st S AR an T
ST EME T B3AEUE {(Hak. DR, KE), HBMHELGET “Ha” WH¥EED #1757,
NWFTRE2 A4, HRHCHN DI(E= 54, D2(tFELELE)
THEDIEFE=FH)ETRT (1, 4, 6,10, 13, 1736 MEB], 1EHIE pl =3/6, =Gl kp2 =3/6;
THED (BFEAEE)VEEH T2, 3,5 7,89, 11, 12, 14, 15, 16} 311 PNREW], 1EH] Hpl =5/11, =Wl Ep2 =6/11;
H “tFE=F8" R0 ER31EEERECN
Gini_index(D, &% = 74) = % X (1 - (gji - (g)i) + % X (1 - (1—51)2 - (1—61)2) — (0.497
JEME i T HARE 2R e He L

Gini_index(D, (4] = [31H) = 1'

| o

X (1 — {%)2 — (%)2) + % X (1 — {li)ﬂ — {1—71)2) = 0.456

<(1-r-

|

E

|



Rl 53 1%F——CART R

AL, A PSR LN AN R PR FME 5 e 15 5L

Gini_index(D, #i#% = B54) = 0.456 @E‘{(ﬂ o = {FEMh) @ Gini_index(D, fifl i = f#i#) = 0.494
Gini_index(D, {13 = fjik) = 0.496 Gini_index (D, Z{H = 5 ) = 0.437 Gini_index(D, filla = Fokh) = 0.494
Gini_index (D, fl#F = i) = 0.439 Gini_index(D, &% = ffi) = 0.403
Gini_index(D, fiF = f‘ﬂﬂ[ﬁ[} = 0.450 Gini_index(D, IF#F = [UI[G) = 0.415
Gini_index(D, g = {fi})) = 0.494 Gini_ index(D, [Fraf = f4[41) = 0.497
Gini_index(D, g/ = iFhE) = 0.439 Gini_index(D, {5 = *F-1H) = 0.362

A A1 Gini_index(D, SUB= 5T = 0.286 /), FrLlikfEmit “arl” m el o e tt, FHAERRE
AU “8U=JEmT NE kil SRR D1(SCEE= 15, D2(S0E ZTE ) AN T-45 55
XTMATT R EE ERPRRLEE T R 7R, BEWCFIEEM .
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Rl 53 1% B ——CARTHR SRR LB R

.2
YNGR — X B ROk A ), I LI AR .

CORACRIEL: SORHIE B R, S AR AR, T
GIEH A AR E AR Y5

o BERIMSE . AN[FE AINHAE Y, CARTEER T4, YEER TR,

BR R

« BEAIAFRRE . CARTH L& KIS ST, BIERIR/NREAR SRS, e SEEIAA R
A XA R AT DL AR R S B BEN LR 77 gradientboostSE 7 V54N AE -
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BYbcAb
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NBDT: Neural-Backed Decision Trees

BREES] v, RIEH

Alvin Wan!, Lisa Dunlap'*, Daniel Ho'*, Jihan Yin!, Scott Lee!,

Henry Jin!, Suzanne Petryk!, Sarah Adel Bargal?, Joseph E. Gonzalez'

ML LR M [ Neural-backed decision
trees] , 1L ImageNet FHUS T 75.30% H
top-1 70 RAETA R, EOR B DL Al Rk
P[RS HUAS 1 2 HT AR 22 X 28 4 Reah 21 i 71
i, B AL T O SRR B R o 2R 05k TRAINING
s TR 14%. ) S e—aill ®

BAIR 1872 ikl @ @ w & Vlm | 0009
https://bair.berkeley.edu/blog/2020/04/23/decisions/ Step 1. Step 2. Step 3. Step 4.

N N . Induced Hierarchy Tree Sup. Loss Featurize using Backbone Embedded Decision Rules
it )CHAIE:  https://arxiv.org/abs/2004.00221

oﬂi*])ﬁ Iﬁ H Hh 5l - https://github.com/alvinwan/neural- Fig. 1: Neural-Backed Decision Tree. In step 1, we use a pre-trained network’s
- - fully-connected layer weights to build a hierarchy (Sec 3.2). In step 2, we fine-tune

backed-decision-trees the network with a custom loss (Sec. 3.3). In step 3, we featurize the sample using the
neural network backbone. In step 4, we use the fully-connected layer's weights to run
decision rules (Sec. 3.1). Illustrated above, the orange arrows in Step 3 are associated
with tree’s orange node in Step 4. Likewise, the green arrows map to the green node.
The tree takes an inner product between the incoming sample and each of the orange
wy and green w2 vectors; the leaf with the higher inner product is predicted.

UC Berkeley', Boston University”
{alvinwa.n , ldunlap, danielho, jihan_ yin, scott.lee.3898,
henlinjin, spetryk, jegonzal }@berkaley .edu
sbargal@bu.edu
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https://link.zhihu.com/?target=https://bair.berkeley.edu/blog/2020/04/23/decisions/
https://link.zhihu.com/?target=https://arxiv.org/abs/2004.00221
https://link.zhihu.com/?target=https://github.com/alvinwan/neural-backed-decision-trees

Any Questions?
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