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Abstract

Projection pursuit classification tree uses a 1-dimensional projection with the view of the most separating
classes in each node. These projection coefficients contain information distinguishing two groups of classes
from each other and can be used to calculate the importance measure of classification in each variable.
This paper reviews the variable importance measure with increasing interest in line with growing data
size. We compared the performances of projection pursuit classification tree with those of classification
and regression tree(CART) and random forest. Projection pursuit classification tree are found to produce
better performance in most cases, particularly with highly correlated variables. The importance measure of
projection pursuit classification tree performs slightly better than the importance measure of random forest.
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AdE = AFFAATE o] &t ERE % W4 FREE AL o598 545 AuEr) o
=2 2o FEo] WREEFYHE dutdog de 2o]u ¢l CART (Breiman 5, 1984), #d Zd &
Eo] Ae} i BAste] AGFAL{FUTY SAS 491 ERE AT M 859 A5e vl
W3 B} gk

2 e WFFEE o188 2RSS SR A, dRES AR 370X Fish 2k&0l AH
FAHAEFUFE A8ste] A8 B fg FREE Altske ol thate] =93t =3 Dﬂj‘l?_’q
k5 8} Fish AR E 0]-85t] FoHTE Al o] 435 CARTS} Y 2 2EQ Axe} vl

ok 4ol AFFARF U At B 25 Aee the WHEH T U AEIA v 5}
7] f18ke] 8 W] AAl Apgmoll AEA 7L AAE B, EA 7}

2. UPTZE 0188 RUMS
2.1. CART

CART (Classification And Regression Tree)+= Breiman 5 (1984)9] 7|@st o] A2 AU ] skt
2 HEy 93] 49 Ei(classification) o] FE| 2, A&7 v-S A0 F9 3] (regression) 2

Pelz 42 S F 49 B UR gele Jejze £8F 4 ek CARTE e 44, A
7), B4 B2k, 2el A 8 olSe) BAE AR BEoldth BRAYe] folskn %Y T
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A 2 ol%E Bag sldo] 41 £F W i3 Aol Bad 29 WeS Johhe dol §8
8}7] w2 olth.
2.2, 2H FYAE (Random forest)
g 2 2E= v UWFE AN A ol &ohs e r AxE S o835t CART 9 £
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o A= e MAETE 2R 54

2.3. MNAFHEF LI (Projection pursuit classification tree: PPtree)

AP F ARG R (Lee 5, 2013) AP35 (projection pursuit) Y & o8 YRR 2] BFol
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3.1. Zt ojC|e A8

ARFARFULOAA 2 vielol o8 ARASES Lol pl el 271 19 B e 583l
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£ o]&3lt}. o] AZ = Journal of Statistical Education Data ArchiveZXE 4 52 AT
T 9] Laengelmavesi @5o|A 3l 159u}2]9] E17]0] )3l Atgo|t}). o]&EL 7579 E117] -
Bream(351}tg]), Parkki(11u}2]), Perch(561}2]), Pike(17u}2]), Roach(20u}2]), Smelt(14u}e]), 1
2|32 Whitewish(6 u}lg]) - 5 slUyz 2] 17|12 8E 67F4]9] =4 (weight, lengthl, length2,
length3, height, 1231 WIdth)JJr AEE 7153 Aojth. £ Aol AAEE AL 671K &4
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Figure 3.1. Fish data: The result of PPtree

Table 3.1. Fish data: The standardized projection coefficients of each node

Node 1 Node 2 Node 3 Node 4 Node 5 Node 6
®F3} xF3 xs 73} xF ®F3}
ariable ariable ariable ariable ariable ariable
T A T g4 AAE T g A AgAE T g A

Hgt —-0.773 L3 -0.824 L2 —0.747 L2 —-0.737 L2 0.801 L3 —-0.850
L3 0412 L2 0.436 L1 0.604 L3 0.670 L1 -0.544 L1 0.495
Wdt 0.353 L1 0.361 Hgt —0.245 L1 0.082 L3 —0.247 Wgt 0.153
L1 0.327 Wdt 0.025 L3 0.122 Hgt 0.024 Wgt 0.020 L2 0.088
L2 0.041 Hgt 0.013 Wgt 0.042 Wdt —0.007 Hgt 0.012 Wdt 0.029
Wgt —0.005 Wgt —0.001 Wdt —0.029 Wgt —0.002 Wdt —0.001 Hgt —0.021

D U W N

QAFFS u|zE= W4 = length3o]™ length2$} length® oJuAE JS nmxxw glck. AW o
t}(N3)oll A= length28} lengthlo] 582 9L 3lo] Perch(3), Roach(5), Whitewish(7)2} Pike(4),
Smelt(6) S Es] Y (Figure 3.4) WA ult](N4)o|4]& Perch(3)2} Roach(5), Whitewish(7)S
length22} length3e] 8 J&dF EF3| A} (Figure 3.5). tAIEA] olt](N5)oAl&= Roach(5)<}
Whitewish(7)5& 723 Ul (Figure 3.6) olul&= AlWA ult]o| A&} ulz7FX] 2 length22} lengthl o]
2 95 st} JgAAA] vt (N6) o A= length3$} lengthle] G&Z Pike(4)2} Smelt(6)E T+
8 WAt} (Figure 3.7). AWAAZE Bream, Parkki®} YA E 7 w|& A2stas 2F lengthl,
length2, length3o] 2 A3& &t gt} o] AYFAERFUFEEL 2 EF%l¢] Fish 59| BE 35
HES EFE 5 A

Figure 8% CART®] 2718 19122 ehdl Zolth Fish AR 3§ CARTS 237} 493
ABZ R Ao vd 22 o d<=dt JEjE Yehdth. Bream, Parkki®} YWz S EF=t|
o= height W7} o] 85 Q2™ Breamd} ParkkiE E-F3H=t|ol&= length3o] o]-&% Ut} Perch,
Roach®} Pike, SmeltE £ &]3}+= tfoll = height 47} 220] 1 91 21 Perch?} Roacholl& width W4
7}, Pike$} Smeltoll = weight W47} 22 0]1 9t} 22t} CARTY A% A9 427} 22 Whitewish
a5 28 WA Bt Q1 ool whet LEFI 2170 R 13%9] LiF&S YER L Stk
ANEFAEF RS} CART ZAdoA Z+ 158 ERsketdd 5835 2ols W7t tgaA e
U Q32 & 5 vk CARTS A% shuhe] utr]ollA] shite] WpRhs "@atA = AFYF A2/
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Histogram of Node 4 Coefficients of N4
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height>=0.67
!

length3:3=-0.15 heights=-0.99
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1
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Figure 3.8. Fish data: The result of CART

Table 3.2. Fish data: The importance measures of PPtree and random forest

PPtree PPtree Random Forest
variable =851 variable 852 variable =85
1 length2 0.705 length2 0.679 height 42.85960
2 length3 0.561 length3 0.446 width 25.24001
3 lengthl 0.243 lengthl 0.230 length3 17.20940
4 weight 0.078 height 0.104 weight 15.17031
5 height 0.062 weight 0.074 length2 11.94645
6 width 0.030 width 0.042 lengthl 11.84341
W 7 DR H T 353 4] 398 BEE JHAA Avhe 7HE StellA ZF vt siRE = AR
ol 5 7 ARE o] 8% & Ut F, Perch 1529 3 #53} Whitewish 152] 3 &5kl 54
FHES FE A0E o] AL A eRFS F © wesle] FREE AW Ht AolTh 2
Fuith B33ke) A7k 2Tk o £ SEE 27 Uehdh A9FAEE Femd tat e 7 v
O AEo® ol 8UH \/I/pe SR

Fish A}52] A% N1AE AAAE 159709 770 2EH5S v N2olA& 270 2859 4670 A&
E, N39XE 578 289 1137], N4olAE= 37] 289 827, N5oA= 27) 289 2671, N6oA=
270 259 31 HE Hels) WER NioAe] aAt8e /ieE o83 7IA= 159/(159 + 46 + 113 +
82+26+31), IFSTE o84 A= 7/(T+2+5+3+2+2)7F Af. B =FAE= A5 752
NEAE 043 FAEE F251, OF F2 NEAE 043 F25E 2528 Yebdt. Table
3.2% Fish A8 st F 714 A3 HES 2059 Ay ZTYAENA ALE HLE85E U
W Eojth. ZH byl it 8% HE £AFste] YE Sl Fish A59] %‘% 7+ aFubch RS
o] A7t ﬂﬂl 22T A FaE0 oA AR $F o8 AL IFY TE o8 e+
3A 24 gt 5 B2 length2$} length3e] 71g 528 W49 VeR T St vbd =
9 Eaﬂéécﬂw ﬁl&% W< =9 T height9} width7} 7% 223 & 492 Jehi o o).

Z- oA S8 71%011 wel AEE HeEo] AA| il o= XY JFE nXEAE Lol
7] Y3t 2 e 2% Aol wet 271 E 67071x] AE

i:o

Ay TEaE, u&ﬁév‘i—*—i, a8]3 AGFHEFUFEE o83t Ao 2 BRES
ble 3.33} Table 3.4¢] U}ElL} 9T}t Table 3.3 AFFRABF LY 22519 A]o wat 2Soll=
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Table 3.3. The performance of the importance measure of PPtree - the order of measures in PPtree
ariables CART random forest LDA PPtree
length2, length3 0.308 0.358 0.145 0.157
length2, length3, lengthl 0.314 0.365 0.120 0.120
length2, length3, lengthl, weight 0.277 0.308 0.076 0.082
length2, length3, lengthl, weight, height 0.120 0.201 0.006 0.000
length2, length3, lengthl, weight, height, width 0.132 0.189 0.006 0.000
Table 3.4. The performance of the importance measure of PPtree - the order of measures in random forest
variables CART random forest LDA PPtree
height, weight 0.245 0.327 0.239 0.308
height, weight, length3 0.132 0.176 0.138 0.126
height, weight, length3, width 0.132 0.182 0.138 0.107
height, weight, length3, width, length2 0.132 0.195 0.019 0.006
height, weight, length3, width, length2, lengthl 0.132 0.195 0.006 0.000
length28} length3 7S o] &3lo] EFEA-E A3t I o] F lengthl, weight, height, widthe] <=2
2 WEE F7SEA BREAS AT Avtelth 4714 Y BE wae) £71 S710) whet o2
Fgo] Yol HAY 4 grk. WY T AEY A9 AMACE A WL A% Holw gon] @
MEAL AYFARFUTY W2 452 BT Yk 53] 2 ~ 3709 WS o83 A9 A
FARFUTE 12%9] B S HFES ol gtk
Table 3.4+ WY Z2HAEQ SR wet f4E FrletHA ER/REAS Al Aoty AE 374
o] APThE ARREE A9 WY XY 2EL QEFEL 17.60% AYFARF U S50 wet A
3t 3709 W kS AR S A9 36.5% KT ARl W2 QRFES ol glont 270 WE o
| e BRAER vRT FAEY LEFES Holal Utk AF 270 Wawe ARSE A Ab
FFARFUS LEFE2 30.8% % AFs] A4 veha gl shue] WaE o Frkske] 3749
HEE o] &3 FolE 12.6%2 W2 LEFES e ok
WY zelsse] FREC W AH WSS o8 A9 AYFARFUTE Fo%o] g} 4D
WS ol88 AN 23 H $L SHFES YR Jou 9y TesEuths $L 4SS B
olaL k. o]& Tt AFFAHARFUTFY FREE o]8ste] e fe4Eo] /ol 83 4TS
B 9lee Holsto s 2o% SR Ua A5S Tele 4+ ATk FRE1T FRE2: Fish 4
529 BF 2 AolE Hola A= AN LEFE SAHES £ F4Y Avole $oE10 & H &
|otA 29tk & =EolAe o]Fo =i AFGFAZFUHFY W Sk i 2 $82
E15 ARSET)
3.3. 2ojAd
AGFARFUTE WG FRE% A FA2E9] WG FLEE F o AA AT R skl
209 ANt EEATRELNE ANE AZ S 10709 95 X1 ~ X102 o] 3}e]
77t 50704 9] BEgre] Sl 1 A% 1F BE A4St 18 At A4S 4709 W4 X1~ X4E
727 2, 15, 1, 0552 o1BAI711 1% B WS X1~ X48 247 -2, —15, —1, —0.582 o]5A

7 At B /ol oAl X1o] 7P S23 W7k Hi1, X2, X3, 28|31 X47F sAHE S23H ¥
A} HES Bsith o9 ARoIN AYFARFUTY AY EaAAE o] X1 ~ X4 W
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Table 3.5. The result of simulation data with various correlation structures

No corr corr(X1,X2,X3) corr(X1, X2, .X5) corr(X3, X4, X5)

PPtree RF PPtree RF PPtree RF PPtree RF

X1 1.14 1.04 1.01 1.02 1.01 1.01 2.60 1.03
X2 2.02 1.96 4.30 1.98 6.41 2.02 3.79 1.98
X3 3.11 3.00 1.99 3.08 2.82 2.97 1.54 2.99
X4 5.01 4.06 4.82 4.01 4.83 4.07 6.24 4.02
X5 7.35 7.44 7.21 7.57 3.03 7.37 2.14 5.22
X6 7.17 7.53 7.00 7.44 7.50 7.33 7.48 8.14
X7 7.44 7.23 7.30 7.44 7.35 7.55 7.67 8.07
X8 7.18 7.53 7.10 7.52 7.39 7.55 7.89 7.83
X9 7.24 7.27 6.91 7.32 7.16 7.81 7.66 7.60
X10 7.34 7.94 7.36 7.62 7.50 7.32 7.99 8.12
error rate(%) 0.19 0.90 0.64 2.99 0.58 1.91 0.06 0.88

£ doti 7] 98t 7 AAgolA S8 £9E 7St o]F 100
8% 919 Fdo] Table 3.5 A5 o] Slok. X1 B o] 1l 7Mhes
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FALFUHES} A T 2E BF 1~ 39 77k FEg Helx 9
Bty & 4 ok 23y X49 A9 WY ZH2EE 40 P BES Hole
o 7\7he B Hol W 2 2EL Aol o ok & 4 9tk
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Table 4.1. Comparison of misclassification rates in random forest, CART and PPtree

dataset g4 H S5 a5 Mg random forest CART PPtree
Glass 214 9 6 0.215 0.205 0.351
Wine 178 13 3 0.023 0.062 0.000
Cars 93 17 6 0.183 0.161 0.086
Image 2310 19 7 0.018 0.075 0.068
Parkinson 195 22 2 0.092 0.082 0.092
Australian-crab 200 5 4 0.095 0.075 0.040
Lymphoma 80 50 3 0.063 0.050 0.013
NCI60 61 30 8 0.426 0.377 0.049
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Figure 4.1. The performance of importance measures of PPtree with various data

< lengthl length2 JE]_I_ length3o] AEio] = O]%E'_% o g3t BHE 3 7
o AE 12%, CARTOIAE 31.4%, 282 AY ZH2E i oAE 36.5%2] &
Aot Al HE Y XYHAES S 8% V|E0F AETE o= height, weight, 12|31 length3.2
B2 AGFAEF WY Aoe v WeEel AdE I AEFAR 1/]~r°ﬂ/‘1b 12.6%, CART ]l
A 13.2%, 2810 AE ZYAE AL 17.6%Y SERE LS b}E‘rLH?iD}

T 7|&0o% MEidt 39 CART 9 dg ZHAE 9y 1

Slouk AR ARFUR Aol v]A A 2ol ek,

ol2}zro] 18] The WeEol MR o JAFAEFUR Aol 27 AL v
St ol AQFARFURY A% 2 velolA] WS 2] HB AT

FAE 1834 = 7] wlEo|t}t. Fish AF82] 7% lengthl, length2, 18]11 length3E 7+



728 Na-Young Kim, Eun-Kyung Lee

T BT 0.9014e® AL A 77k BAE 7ML Ak F, o] Al MigrEL 234 th27]+= 5
A9kt W3t FRE 7EA I Sl Zlolth. CARTY Ay XE2E WhoAls gkl shte] W
TS AEEHA HERE o] Al WisE T U AEdte] AR HE ZAelth 2y AAGFAE
TP A% o5 AFATS o8t BFE o83 HEE 0|59 S5V FoAA Hil =
3t LEFEE RolAA He ZAolth. olefZe] ME 7o AAATTL okl et A FAE R
o] Fawet ;Y 2HAE WO FaE0] Apol7k ARk o|9te] FRMSE 7HY] AdAA 7t
E2 Aode AEFALTUWT dSelA 23 B £2 A5E Hole ATl Jley o5 43
£ AQFAEFURY W] 858 St w1 Sk ol BT S FotolE &
kAT

E =FoA AHE vie} Zo] AYFHRERUTY] WS 85+ E/E AT wpAddd &34 2
d 4= Aok E=3t 7} vl oA AlFEE AGAFES 7 vitdA £REE 255 tg ARE 1A
A Qleng FPAOT SHE: FAE o9l F U] FEHA FFe FRE AFFoEN T H
A BRE AT ARES 7T 5 JA Aok £ AFeME A5 ATt A Fol vl 4
Ao 2 AR R EE AGFAZLFUFA 5 LDA 2S£ o] &3ttt izt A=
o 22 W ATt AR Aol vs) 2 A5 B9 PDA A5E o|&5to] AMYFARFUTE
T3 & o A s 45 5 Ao

AR s o] Qe AFYFHRFURS A LDAE 7o 3u gloug Ayuart B A%
P 7HEsta Sty MFE Ayt 23H Ao 7Ms PR WPste] AYFHEFUT
£ o8 & Jdov AFHAE gt HEY 4H B34 B (Caussinusand 2}

B3 443 W7k WA A AR BT A7E Hol
3 AHEA] AoE Aol
[e)

H

Ruiz-Gazen, 2006)< 7i=o] 9oy HE
¥ A %

Gozo] 2 A=AV EA

Ags o A Gk WEY % 59 WrE
g3 AR AASE sl AGFARTUTO] g3 2
oz Az,

References

Breiman, L., Friedman, J., Olshen, R. and Stone, C. (1984). Classification and Regression Trees, Belmont:
Wadsworth.

Breiman, L. and Cutler, A. (2012). RandomForest: Breiman and Cutler’s random forests for classification
and regression, Available from http://cran.r-project.org/web/packages/randomForest/index.html.
Caussinusand, H. and Ruiz-Gazen, A. (2006). Projection-pursuit approach for categorical data, Multiple
Correspondence Analysis and Related Methods (eds. Greenacre, M. and Blasius, J.), Chapman and

Hall/CRC, 405-418.

Dudoit, S., Fridlyand, J. and Speed, T. P. (2002). Comparison of discrimination methods for the classification
of tumors using gene expression data, Journal of the American Statistical Association, 97, 77-87
Friedman, J. and Tukey, J. (1974). A projection pursuit algorithm for exploratory data analysis, IEEFE

Transactions on Computers, 23, 881-890.

Kruskal, J. (1969). Toward a practical method which helps uncover the structure of a set of multivariate ob-
servations by finding the linear transformation which optimizes a new index of condensation, Statistical
Computing, New York; Academic Press, 427-440.

Lee, E., Cook, D., Klinke, E. and Lumley, T. (2005). Projection pursuit for exploratory supervised classifica-
tion, Journal of Computational and Graphical Statistics, 14, 831-846.

Lee, E. and Cook, D. (2010). A projection pursuit index for large p small n data, Statistics and Computing,
20, 381-392.

Lee, Y., Cook, D., Park, J. and Lee, E. (2013). PPtree: Projection pursuit classification tree, Electronic
Journal of Statistics, 7, 1369—1386.



Comparison of Variable Importance Measures in Tree-based Classification 729

UPTZo| SREMIM Y4 20 e D2
ALy . olege!

“Ol=tO At st W S AIS

(20144 72 11 T4, 20149 92 172 7, 20144 92 292! Af EH)

o ot

o o5
B AT 72 EFEANA A5 77 Hosidel wet 8% BAR dFH e HeY F
250 st AFIFHEFUREE FAHoE 1ESAY. AFYFHEF U (projection pursuit classification
tree)= ZF uit]ol|A] AFQFAE o] Bdto] AFS & Bt W4EY AF %% 01%3]% WHoR oju AHEE
T AATES 7 uitolA ] ERel gt FRE 7R gtk o] & Zf‘i}ﬁ]' bRl 25 Uid F8EE
74]’\‘1'3 T Ark. WA AGFAEFUFY BRI ANA AdE = }\}‘33—7‘;574]"1\‘% o]gste] ERE A% HpAH
9 FREE AN o5 EAS ATET o] T2 FE Y YFEHIEA CARTQ]- A :‘-‘-Eﬂ’\Ev/] Axte}
Hla BA5ke] AFRFEAERFUTEY] 548 AR vw, £330 IREY A5 oA AFFHRF R E
N EL S Hola o 53] AAAST7 =& MgEol TE Qe %‘—?*01]% AR o R A o Mg
2% % BRE T4 922 BANAT. A TAssoA AT Br FREE W4E 49l ARVAL 2L
Afole AdFHEF USRS AeFa 59wl th2A veiuy AFEAERURY WA¢ 857 2F T U2
g Heol g &5 4
FR20): 2REA, U0, AL, AET
o] =EL 20099E AR(AGFH)Y AdoR IFATATY YL Do} PP 7ZATAY Y(2009-
0093827).

1(120-750) ASEHA] AR o]3toith) 2 52, 0|3 o x}th 8t 5483}, E-mail: lee.eunk@ewha.ac.kr



