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—H TREARET, USBEMTE. ERETHRE, RITRHT “25%8”, mREE, 7
UEZEN]. B2, A BNRENZEBESTIRNAR, TIAEFEARREFRAR. AN,
BB REETEABIENEA R IMIEZE “HR” H—MHX, MARAEBHAR,

© T#HMHE: http: //www. r-project. org,
© T#HMiak: btp: //www. mysql. com,



EBE NGB RARBE, ATDMEBMIETHS, HPSHROMTPHHIEREG, XL
HERB LR S, RATBRBIGEEERIEA P2 R HLESHRE. ml, RIIGET—
4% DMwR B9 R ERINEL, BEEAEHBHE A REAU R BXREFNROBOIES . R ZERE
BIytER, LEFMBZRNE (1 E2LHTHT) .

© THRMAUL: hip: //www. liaad. up. pt/ ~ ltorgo/DataMiningWithR/,,



| %

Data Mining with R: Learning with Case Studies

HARERBRORALRNFE IR, RAMNOIBBNIR, RRLETRABN. BiT0NX
. XRNEAREBHOLE, FRIALRREFEADIETNE®E. B, B HLS TRRER
M, MIETEMBRNRIEAGRAZR, AT RENGHANSEOE. HERORATH
K g RiT BlE, REZEFEELSHUNRFRIT—ESE.

XERhERB R A FEF LIAAD/INESC Porto LA IR X RIS, MR, R EREE
REREWNBHAFTHOZTF. SEABNBLEBRXETEETERAB¥ES (%S SFRH/BSAB/
739/2007) ,

e, BRBFETEYARABERNRENEE,

Luis Torgo
HET, AR %



H &

Data Mining with R: Learning with Case Studies

H R K iE
BEF

o SRR P
EFEF
e

Brig

F1E
L1 B4
1.2 RfEf

1.2.1

1.2.2
1.2.3
1.2.4
1.2.5
1.2.6
1.2.7
1.2.8
1
1
1
1
1

.3

...........................
....................................
..............................
..............................
.................................
..............................

...........................

1

2.1 (ARG HAR v ovevrerenerrenees
2.2
2.3
2.4
2.5

........................

2.5.1 &k IHBIB crerereeienns 37
2.5.2 AE&HTRMAIA
Btk ff ceceererreriniiiinnien 38
2.5.3 @it EFHHEE R RRA
B fH cerenrenrernneeernrnanaan, 39
2.5.4 @atIR kR4 A A
RIAME R A e, 42
2.6 FREUFRIAER --eeeenmnennnenenannnn, 43
2.6.1 BABME weerrererrrariannnns 44
2.6.2 W eereenieiciiiiiniiiiiiiaian 49
2.7 RBERIETEM IR e enns 53
2.8 Tl 7 HAFHEGITI - vvvvrrrereerens 64
2.9 JPEE et 65
HIE MMRERDGHKkE - 67
3.1 [ RE EAR e eeeereerrrereres 67
3.2 TFIBBIE oo 67
3.2.1 ARFRELNEA %
BEIE verrerernenenieniieneiiiaaens 68
3.2.2 M CSV Ui B --ooeeee 71
3.2.3 MBI EIRICEIE coernennennns 72
3.2.4 M MySQL %32 i Bk --- 73
3.3 EXTRES - vveverervereerarnenanns 76
3.3.1  FAMAF A seeereerenerrenenanneiea, 76
3.3.2 FAMEFZAT L cererrerrernrennes 78
3.3.3 FRAEE oeverrerrernraneerecnnnes 82
3.3.4 BERGFERAE ooeeemeenenenaaaese 83
3.4 FRBAEED e ovemerinini 84
3.4.1 defTE A EKIER
A e 84



4.4.3 FBEFE ccecverniiininn, 155

3.5 MTAMIBISTRE -oecvorvvenmerrvnnnennns 91 4.5 JNEE e, 160
3.5.1 JefT R A TRAARA -covnverenennes 91
3.5.2 55X BAREGERBI ereern 9, HBOESE WEFIHERSLE . 162
3.5.3 BAEE: BEED eereeen 92 5.1 [AIBHREBEER oeeeeeeeennnns 162
3.6 RERITEHFIZEER -ooooeveveeoveereannen 99 5.1 BB ZBRERRA ooeeee 162
3.6.1 BHE T e 99 5.1.2 BB ALL coeoveenennnnenn 163
3.6.2 FIEHAR coverrrrersreenrrnnenn. 100 2 ATHEER oeeeeeeeeennenn 163
3.6.3 BERDH coreereerereienienionns 104 3 EA (BFIE) EEE e 167
3.7 RERLE ooeeeeerverreniiiieninininan 110 5.3.1 AT HHiimegi ik
3.7.1 AR R EIIE coveoreenen 110 FriE crerteccrcriieiiiieiiieiinine, 167
3.7.2 BBRBEL ooeeeererrrnnens 114 5.3.2 ANOVA g --evceenrerennannnn 170
3.8 JPME e 115 5.3.3 MMMHEARBAITEE ooenee 171
5.3.4 AKEREGELHAT
F4E HRURNELTS e 116 TEPE cevvnreerineerireriiieannns 173
4.1 [EIFEHREHER oo, 116 4 BEZERERITEI coovvrereeenennns 175
4.2 HAIHRBE ---eceeenriiiiiiiiiinnan, 116 541 FXFRAREE cveeevrreeinannan. 175
4.2.1 MBEEER e 117 5.4.2 BERBGEMERA -orerreererienenns 175
4.2.2 FEEBBEBE e 117 5.4.3 EIEIEAL cereerrrieiiiinniene. 175
4.2.3 HIBFEII coreeevennnnn 122 5.4.4 HEBBHAR v 176
4.3 FEXHBEETETS rresstserenienens 128 5.4.5 I ceeerieiiiiiiiiiinn, 179
4.3.1 fﬂ,@éﬁ;ﬁﬁ]ﬁg&j}-% ......... 128 5.5 /J‘é—i:'f .................................... 185
4.3.2 FEHEAR] ceeverererieeniiiinenn 130
4.3.3 ZEBFE creererrrererenraninne 135 BEILE e, 187
4.4 HEBEBERHET oo 136 FEFIERD[ ooooveeeeereernrenrie e 195
4,41 RBEFiE e, 136 .
042 FBEEFE oo a5 BRI ARIE RS coorvevererrrernniennnin 199
R EEEED] --oeveerrereeiicirncnn, 200



| 5515

Data Mining with R: Learning with Case Studies

®W g

RE—FMATFHRITHTBENFRBIESNIAE, ©5 AT&T N /RELK E B Rick Becker, John
Chambers i Allan Wilks A X 8 S iIEERMEM. MEBRIERLEW AR, RiEFH UNIX R4,
Windows fiZ<fll Mac i<, R AJUUIZEARFEERREWHITEILRES LiEZ1T, #l40 Intel, PowerPC,
Alpha R% LUK Sparc &%, R &5 BB 2 B 7E 22 K¥ 1) Ihaka I Gentleman F 1996 FH &,
#EROFEBE—-NL T AABRMEOBRA T, BORARKRRAX B Tt 7 &R FRILA
MEA, BT ROFHEY, REANFERALXE/ENFTR, R META BERBER %5 1KE
DMESTREEEF . XK LA 2 fl ik R M. ATINFRESG
BRXAELER, HPAREHEANFERERO XA T ERBEZ —. HEXM T R &4,
ZERBEEIRETE ! AR, BEMMMREMET RHBAMR 6. F5, R BBRME5R
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BRI, FERREEFIRFRFIRT, ATURERXAATEROMATI R, (BAZXHMR!)
BIDAZE R WI35EY “Mailing Lists” (HBREFF|ZER) F2EBAX R BAHFIRNELFLR.
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MERMELEREN ZHAH, TERRNBERREICEK, XAEENBRIERIHRT
PR : DAEEBITERFR. AEREMOREH . BOREENS, XEFRASEsEE—THE
ZXHFR, EAMUAEEZEERESTNES, BESIEENTE, SEEETHAE,

BT R WA BERAETEINARFERH#HITH, U R ELAEKBIEE LFRH, ERX
HABKRERNABAEXEEE, fARBERENREEZD, BATLIX KB R EH#TT
WS, ETFRRENES, BRITTUR KT MySOL HIBEEE A4S, MySQL al L4
MAEKEZEHMOITBNEEMBERSE L, MH, RAHFRME RMySQL (James and DebRoy,
2009) w]LAGHRAIERE#LYTR] MySQL 88 FE .

B2, RIBEEETEBZE, WEEHGE RS LT KB BENBEZHE. X
—gIEIATI T & R 1 MySQL XHE F A AR STER .

1.1 WA RliEER+H

ABETHRFEFHRRE, ART-RIIWRABIE, XERER “BRFTR" B R KK
B, & B#RTHESE “BRFR OLELR, EdXBRENNKS, TUKREHEX
I REME (DMwR), FiA# R BARFIDT BB BEMRRI S P X LLHER T8 A
SHTER, BEig b, REZETTEYLERRX SO H 2 XS RER G RGP
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3%, EAH4, RABRAUTABERERE:

> R.version

platform i1486-pc-linux-gnu
arch i486

os linux-gnu
system 1486, linux-gnu
status

major 2

minor 10.1

year 2009

month 12

day 14

svVa rev 50720

language R

version.string R version 2.10.1 (2009-12-14)

7 RMHSITERRE “>” ZERARMS. YEIXMERARE, RATUEAEN RAES
HEAGLS., EROERAEEAGS, RGH T ENTER (H#%) #ik R EHTEM. XTTHE
SRR Y (R ASHNER), REHA-TFHHERFK . ERAFL, RTLME
FREF RN A MB LA AT &4, ZUMBATRUNGS, EdHEUMHGST
D E#mEIREENGS, SMBRTEEEA. TUEH ., HBEAEMERENBE R
FEBRE REREG, XERTLISEEACAABFRILAE, X&XSFERM¥ESTENE
B, HIFERXT AR,

1.2 R#&E

AFRET RIEFHPRBRAEBENRENH, BEAFRERDITENRRAMRRTLUES #
EREAVWPNAREIT. Ak, MBFREBEE SN SREI XIS R A, TLUEBLEAEMNR
MR, HERATROAME. SHRARENATHBIAELZNEY REFTHHVE, BEEE
B/ R D '

RE—ITHTHRIGTENLENRYTET, ETUEMESESTHN—MTT (b AT&T A F
K)o SIERHIFFR#E John Chambers 24 S IEFT T 1998 FHHFFIHHEA¥ LK (Association of
Computing Machinery, ACM) {3, RERERED|SIHT “AKEYEET A4, THRALFBRAE
HEBITR

USRI ANT RAELEFERT . BATUAESRNLA R REREN TR,
P AT AR B C R RBCRIT REMMER S, EZET LA R BFFIRMK SR =
HEREAM R BMEFHTIEE,

1.2.1 Ri#H

FEHHENLPR% R BE R ERM R RS ORB— 1 5 RITR. A R P RsEET
AR BILEE R XM 3% ( Comprehensive R Archive Network, CRAN), 7EiZMysiigL%E P, A
DIRBE S RERER G/ R 3 RATIR . AR E R E M R BAILRL%E R 8, TTRIM

[ 3 ] R# CRAN M58 8] AIRARISLE R MRS 308,
TRESHRBEREN _HBRITHE, REEHBHPNENE, —5—BH#T0T, XF

©  http: //www. r-project. org.
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B, ERERERGES, HFRSTERGNNR, THRSERRARATERREREE
%, ‘

15 Windows #AER G, REENHSE FAIR KBRS R; TfE UNIX BAERS%
h, MBEABERARTHERATER, EMNBRUESEEMOTERE “>” WRE
HE, '

MBABE R, WUERBRFTHAES q(). REHENREERAF LB TGN
%o MBEBIELUSHKE M0 RBHENOWAZ, HZKEE “£”,

BAREREATERANIIEE, BEFTHETERE & CRAN FHMK R g, &
Windows ffiZk e, MASE “BFEL" RERTERENG, HHHELESRERNG, N
AR R P CRRBREA. .. XAET, EEATE, R EEME—1 CRAN MG
b, iER%EESER CRAN S@ MY, %% T CRAN BENEZE, B8R4 —A 80, 5
Hi7E CRAN M3k AT R iNasE, ERHPEBREENRENESE, RETRZSENEH
BB R KRG, 7 UNIX fiAh, RIMGMTET LSS R RESB P EHL Ik
FRTBAERE, R, BMEARMEARAERE, B TRERNAGRRERYS, B
BREE FHR— a4 5 B MySQL BB FETIBEAORINE, MAZFRE RMySQL®, REE
7E R BRBLHAL TS

> install.packages('RMySQL')

install. packages() MEHIFLBH, KA CRAN GERESH repos, B XS LIRE
BARBILA) CRAN B1R° ., REMM, Y% —KE R SFEPETRAOH, RABRTHKLEBETE
£ &9 CRAN $8U%

WRIRMEEEZ —REEA DR R BNE, ZEMERET A BHABNEREEMRT
FEPBHEBTER. MEFERM R FEME—F, ZERABREMRMEHABNT.

> install.packages ('"DMwR')

WRFERNE B AIETEIL EE2EEK R BmE, IRfTU T4

> installed.packages ()

REFE—-NMERE S, SHNE- a8 —-ME. MAER. FikBNa%, Bi—
IR EELHN R BmarXEAL TS :
> library()

REEHBHFEREATE, BRAMFAFH. B EXERNHSRKRE CRAN LR
BHERZEN R BNGKER RS

> old.packages()
sesh, ATLMEA T E G REF A B TEN R RGQ.

> update.packages ()
REAF-NTRBRNFBRE, ATUHERTHELZH R BHEM R KGR RK, i, T

LR AREE R IERNARTTAR, XBEMCHLER210.1 BXHE45,

HE, XEH RGPS Windows BERSE T HRTLUEITH, RENHFRAETELHL,
ALUM R B9 CRAN RIS WEIER S (R FAQ) THE—14 R HimEmzhee,
B4 ) CRAN SR FEF1 30T LA % http; //cran. r-project. org/mirrors. html 183,

QOO
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FE R MR BIE LM RS0, R &K4HA —4H HTML 304, BT LAGEA Web ISR ERCELNT, 7
Windows (A R b, ATLAES B BhSRAR IR EM T, H5b, WAl R #RR TIfTard
help. start() 3 J5 33 K25 L B R X 46 HTML B W, 5 —F 45 21 H By X2 help()
B, B, MRFTE plot() REWHBEER, WTLUHAMRS “help (plot)” (ERE? plot),
WREEFIERMN, I4— TSR AMIIRERE [ RSiteSearch () RH, FIERMEHRERAFI
FICA . R FMA R FBITUE PR RBIASEE, flW:

> RSiteSearch(‘neural networks')

B, £ Web ERF LA AT AT UK RZFMHFB AL, MM htp: //www.
rseek. org/

1.2.2 R¥&

REFHWUNEEHS: MRMEH. RWIRTUEMERLA XRARNFEHEEE, RHH
—WEEHE—NXT RSP, TAENER., B, BREREUGBNROEEHETEILNA
7,

R R—FRARBTEMRENFRLBN R IR, EIEFEZ LR ASE, @dH
T—RIIMRAEEELER (EMEEHEMRECRAMA) . RESAXENBEFTHER, B
BABED, R Ll AR,

AUFERAREEEFEREFHEENES,. MEEERFEA—-IRESH—ITRBBERER
8 (<—)e:

> x <- 945

E—RIBESMIERRIBEE 945 FEES I XS P, REEERBARTEHRAMNRNE
R, MAUBEECHAES,

> x

(1] 945

TIZERF 945 RTHERY “ [1]” WILAEAME “WATRMANRFE AN TEFRBRHE", FE
RINEEY, IHENEAN TEESMENNR (FlmmEsE) HFHEH.

TS HEMREFOHAF. X8 FHRBEHXRE - “BIRE" WRE. BRE
fEfntE e, —PHRABE-IMEENNE. XERE, SELEFHANELRANA XN RE,
B RMKE T HERHNE,

>y < 39

>y

[1] 39

> y <- 43
>y

(11 43
WAl DIEHERARBRS — R, EXMELT, BENREFREIRNER:

>z <5
> w<-2z"2
> w

© REWFLA “=" EARESEAF, HRERRICKA, EX “ =" THS5HEHRRE.
© MRAKRMASERN, NKBIAHREE, XRNA R HEYE R EMN—FER)
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[1] 26

>i<-(z*2+45)/2

> i

(1] 27.5
ROTTUXHREREZE : TREEFLAMEMS A, BETELAN, RAEEHAZLERRS

(FEf%) RESLEMEXE,
MR ARBREREAERBZHENER, BAFTELEREIANGRBAXNR. Lht, AL

8 R BRFFEN—FPiTEZE:
> (34 + 90)/12.5

[1] 9.92

QRN EN T RBEFEEHEIAES, HAMBRE. THEIHA Is() = objects()
MATIEHUMAGFPHXNR, MRAFEFE—-IMNRT, TUEIHRERER —SAE
S,

> 180

[1] uin n"n uxu nyn nzu

> m(y)

> m(z, w, i)

MNRARTUGMEERNKEFR, NEFF, HF0-~9 (FEATEAKRHIFL) URME
BAEFAMBAS “.”, B8, ERPNEHKEES X IBH, XEHKHE Color # color B
AREMMNE. ThHEE, XEFERBEMEERD “RABME” SRO—AFREREAE, mEE
PR RRAEER, R R ISR R PR ERHE,
1.2.3 ik

MERE R PREANBENSR. EELMAE KFRE x5 (Hlnx<-45.3) B, @ik
BT -SRI ITENEE, FENRAA#K (mode) FKkEBHE, EARE THEMEEX
SLPWBIBRT, MBAXFE - HEALRHNHARONE. ROFIEEAREXHIEFHRC,
FRA, BN, LA, Bk, ABTURTHE, BEMEA (T, F, ®H FAISE, TRUE)®,
BEMAERE, —ANROKERTAATENBE, LA length() R¥EKR,

EAZBERT, EAKERTF QMR TUERBER () BN KSR
— AR

>v<-c(4, 7, 23.5, 76.2, 80)

>v

[1] 4.0 7.0 23.5 76.2 80.0

> length(v)
[11 5
> mode(v)

(1] "pumeric"”

© ROFHBSEELLR-HTR, MARKURIHHANMFER, IERMBRARETHEERIZRRLE,
© HERRPHEZHREINDEEREN. EHit, Trne RE—HHMNERE,

~
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— A EREFETRBLARTHAKERX, MRFZ, RERMPITREFES, THREZ
XHEE— MBI

>v<«<-c(4, 7, 23.5, 76.2, 80, "rrt")
> v

[1] l|4" ll7ll ll23.5" n76.2ll lI8°ll llmll

] & MHTA TR B FREA, FRHERGETISENGISETNTFHE.
PR FE TG &—AREBRE, B NA, ZERRGKMME:

>uc<-c(4, 6, NA, 2)
>u

[1] 4 6NA 2

> k <- c(T, F, NA, TRUE)
>k

[1] TRUE FALSE NA TRUE
BAFTESZENRS], ATLUE—-MREHEMFETE:
> v[2]
[11 n7»
ERBHETHRR Yy WE TR, EEEMN L2779, RITEEIFRARSINERKEE
BARERSI T,
8] B EAMRENRTIRRE, TR MEERRTENE,

> v[1] <~ "hello”
>v

[1] Ilhelloll “7“ ll23.5ﬂ H76-2" "80“ Ilmn
R SRS & :
> x <- vector()

MRFERATFENRTIRBMOETE, ATLUREABNOKE, flm, s> /E,
AT A

> x[3] <- 45
>x

[1] NA NA 45

EE, MBNTFHANTTEARANE NA, XHREERAANN. SHAUHGBIESAME,
WRERPFEA-INMAEFENARAME, REBRER:
> length(x)

[1] 3
> x[10]
[1] Na

> x[5] <- 4
>x

(1] NA NA 45 NA 4
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AT gE/NEBBRA, LR Z AR B M BEE B R R, BN
> v <- c(45, 243, 78, 343, 445, 44, 56, 77)
> v

[1] 45 243 78 343 445 44 656 77

> v <~ c(vls8], vI[7D)
>v

[1] 4456 66
REHAEL 2.7 WEIFAERKOHRTI T, (Hix BOATT LA R0 BB &
B ETTR - (9]

1.2.4 @B
REFRBAMTEZ —MERKK AR, XERHTUERN QRIS TRHETR
e, #im.

>v<-c(4, 7, 23.5, 76.2, 80)
> x <~ sqrt(v)
>x

{1] 2.000000 2.645761 4.847680 8.729261 8.944272

sqrt( ) REGTEHSEWERF IR, XFHERT, HARERRENEHSHE. MEL
RPELE— T SBASBHRRKENSRAR, SRABHENTRRE BN ABIFERBEAR
BHHEMITREBAMER,

WA AR A R XM B EREZE .

> vl <- c(4, 6, 87)
> v2 <- c(34, 32.4, 12)
> vl + v2

[1] 38.0 38.4 99.0

WMEAFR N EBOKERR, MBMZMAZER? REEAATIRRY, ZRNERBER R
Bi¥, HARIAMHMBRKESERABHKERR, #m.

> vl <-c(4, 6, 8, 24)
> v2 <- ¢(10, 2)
> vl + v2

[1] 14 8 18 26

EREHEE c(10,2)F FH ¢(10,2,10,2) , MRABKEEKKEA R B MR KBHAE,
W R A HES:

> vl <- c(4, 6, 8, 24)
> v2 <~ c¢(10, 2, 4)
> vl + v2

(1] 14 8 12 34
Warning message:
In vl +v2:
longer object length is not a multiple of shorter object length

BHAMEC LN, BREBERT . (XERRGH I8, MARHER!)
WATER, BAEFERFRRIAKEN 1 MEAR, XMBRETHREEPIEETE:
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> vl < c(4, 6, 8, 24)
> 2 *vl

[1] 8 12 16 48
EE, BF2 (EhRERME c(2))) BER, SH vl KFFATRRL 2, EMRITEES
A, XFIEFRANGE A THMARR, WRHMER,

1.2.5 HA¥F

BFRET —ERMN EE MR E (BX) BB BTRAKERERFHRA
BERIRME, INRBEEARENMREEHE LR, BFRENEH. TANENTHEREINS
AEEBBAC SRR AT B FROXMER. MAPRR, XHERMEREFHRENT
RBRRES THMMN, T RKEABUBERG T ARAEEETE, AR ERAFHHA
BE,

FE2H B A 7 R AR E . BRA 10 PABMESIRE:

> g<— C("f”, “m", *m", "m", "f", m", "f", "m", b ufn)

>g

[1] "fll Ilm" llmll Ilmll Ilfll llmll |lf" "m" "f" "f"

A XA ) B R A —AE T
> g <- factor(g)
> g

(1] fommmfmfmff
Levels: f m

HE, BANAER—FARE, EERF, LHFEEXEETER ARSI EMERES,
EXMFH, BFERNKE, ‘f 1 ‘m’, ZRABIHRRK 12, R, KAR
BROXANABERR, BRIRTUER “FHH" FHE, RESRETFHGERXHFEN
FRo Bk, HTFRENEHE, REFHROGHLEREAN,

BEAEFIS A, RELMNGENEEFRES - PMHETIRP, BEMBIBVLES

(1] #. MRAMAFTEXITHEFHRENR g AR MHERMEFKE, MLHAFERAUT @S-

> other.g <- factor(c("m", "m", "m", "m", "m"), levels = c("f",
+ llmll))
> other.g

[l mmmmm
Levels: f m

MREAERMASE P EE levels ZH, BT other. g G HA—IKF (‘m’),

FERXHEHREURERIEST, BERLNEAREHTNZ-RERLATHRBES
T EREEE (factor()) MABS—IEE (c()) WER. BR, RIOTLUH LS
Be() MERBES—THNR, REHAKXNIRFAA factor() B AW, XLEMRMEHH
PRERMRBLRANSF, BHAMNSFEAIMRIBES. ABRESHRER, EAAR
AR R B S B R P SR R B R A

FABEFREBEE, TUMKNFHEZ -RITESMTRENKERE, fl:

@ HRLE T A mode(g) FRINZX—&H,
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> table(g)

A ]

m
5
> table(other.g)

other.g
fm
06

table() RBWALLATREBMENETFHZNR, BRiZEAE o 745 10 M AR FER,
AT UBBXF A REZEK:

> a <- factor(c('adult','adult','juvenile','juvenile','adult’','adult’,
+ 'adult','juvenile','adult','juvenile'))
> table(a,g)

g
a

fm
adult 4 2
juvenile 1 3

RATBEE L ERBAENITRU— “+7 SHER, H—1TRABXKK, RREEGTESTR
ZHiAE-TFIT (% “HE” 8) i, HatA “+” 5, INEEFLE-TRAR, B
PREFEM—ITU “ +7 Fih, ERFTHRERAF. BEidENE, FITHZRRAFAR
BAR! EMNERER (WMEFERAFT “>7) BEEN,

AufE, RIONHEHEFIREZHGLFRFAENEE, THSE T L m$EE 65 g
HF Rt

> t <- table(a, g)

> margin.table(t, 1)

a
adult juvenile
6 4

> margin.table(t, 2)

g
fm

55

REETWASEH “17 M1 “27 SHHRRFIRRHE D RBE_ANE, BIE W75,
B EEA RS FRNT

> prop.table(t, 1)

g
a £ m

adult 0.6666667 0.3333333
juvenile 0.2500000 0.7500000

> prop.table(t, 2)

a f m
adult 0.8 0.4
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[ 13 |

juvenile 0.2 0.6
> prop.table(t)

f m
adult 0.4 0.2
juvenile 0.1 0.3

R, MRETEMNRTSL, TLIERE RN ELL 100,

1.2.6 %R F7

REBHT EHERARLEBFFIM T E, L, A2 EE 1 ~1000 FEEHKAE,

A] LA S A

> x <~ 1:1000

REYBT —MEh xR, MEx QYT 1000 MTE, B 1 ~1000 WA ¥R,

EREHEM . MRER, RIELTEHFRIEAXAFE:
> 10:15 - 1

[1] 9 10 11 12 13 14
> 10:(15 - 1)

f1] 10 11 12 13 14
XEFEERE-NHONER (CEB/ARM), “.” WHREERTHEE “ -7,
FRE, WTRAAE R0 T 8B mUFE S .

> 5:0

11543210

B LA A R 3 seq( ) AEBUSEBUFS, .

> seq(-4, 1, 0.5)

f1] -4.0 -3.5 -3.0 -2.5 -2.0 -1.6 -1.0 -0.6 0.0 0.5 1.0

ERTH-4~1, BAO.5 HHMBH—DTHFI . B seq() BARMINES, TEEHHH
seq() PREAIFLMLINEE:

> seq(from = 1, to = 5, length = 4)

[1] 1.000000 2.333333 3.666667 5.000000
> seq(from = 1, to = 5, length = 2)

(11 1 6

> seq(length = 10, from = -2, by = 0.2)

[1] -2.0 -1.8 -1.6 -1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2
HRAREZE RS, ELEANATFH, ERPAAPTUARARNTRAHRES

B—RGHSEE, BAEZSUREFANRESHRE. B, YRIMNEAHEEZI 2

© FUWLELZER GOBOBA “7? seq” BBIEK seq() WHBER. ELRBERB seq() KIFBICH, 77
DB M EREY sea() WBHRAMBREER,
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BEHXESSEEHRARANEN R, IBEFEHE, —EXESHERAEHERINBT
E, RIRTUBEANBEEREILESH, HE, WERXERAEATHTFRAIGMEE,
WARNMNRBFERBHMBITEE, IRBRELRLAFNFRFEISHZEESH, UTER
ESBMEBRRESHHE, MREEUTHRAESHERBNBRESHZ—, BaRES
B BRERERMNZSHEZAFTANSHERGTRE, FTEEEEANESHHRINES.
HAERESHERAHTSEMNER, FLUEEHFRESHTUEARBAAPRESHYN
iz

A—NEBAEEMEXTINEAREER rep() BB

> rep(5, 10)

(11 5555556665
> rep("ni", 3)
(1] "hi" "hi" “hi"
> rep(1:2, 3)
M1 121212
> rep(1:2, each = 3)

[1]111222

gl() BREATATERFARTFHRF . X RBHEER g(k, n), HbkBREFKF
BN, n RENKEFHERR, XBEEHAHF:
> gl(s, 6)

1] 111112222233333
Levels: 1 2 3

> gl(2, 5, labels = c("female", "male"))

[1] female female female female female male male male male male
Levels: female male :

BJ5, RA LA LR [R5 3 % B2 ok Ok A BUBELFF 5 B ek 40, X 26 iR Y 8 R 45
W rfunc(n, parl, par2, =), H¥ func BB ML, n REERKNEVLEHA
¥, parl, par2, RHMREEFRYUFTTEN—LSHME, Flm, TL»4E 10 MRAYE
RO, RHEZER 1 BIEZ 576 B B LM -

> rnorm(10)

[1] -0.74350857 1.14875838 0.26971256 1.06230562 -0.46296225
[6] -0.89086612 ~0.12533888 ~-0.08887182 1.27165411 0.86652581

HNTEEANRABER O, mHEER 3 WIESDHOBEYVIEE, "TLEH

> rnorm(4, mean = 10, sd = 3)

[1] 5.319385 15.133113 8.449766 10.817147
AHTIHRBS RN BB BER 10 B ¢ S RENLEE, "TLAEA

© XBL, BTG EMERESHBSPIRINFYBNAE, 10 seq(1,4,,40),
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15

16

[17 |

HikZMS RiEn

> rt(5, df = 10)

[1] -1.2697062 0.5467356 0.7979222 0.4949397 0.2497204
RAELMBRES, MURMEBERERE ., RIHHER XL K- R H

1.2.7 ¥iBF%

BIEHTFhRE, TUEFBESHBAXTENMLERIBARPHRITE. RUAHF
EFESTHEHANR, RESHERHRTIME., ZERFIMBRATUERMEEEFEENTE.
ERITEE - RERNH T

> x <~ c(0, -3, 4, -1, 45, 90, -5)

>x>0

[1] FALSE FALSE TRUE FALSE TRUE TRUE FALSE

THERNE _INTHLSEZBEANG. iTxEAE, TUBRBRPHEMNLES O #1TH
B, (XENATHEARUN) -t KESARx HRNZBHEME., MESHXEZEME
FEX x #TES, RATLUERMEE TRUE HMEHHE x WITE:

>x[x > 0]

[1] 4 45 90

EHEABTXHEER:. AHEERARAVAN OB, B8, XRENASBESN
B—1HTF, RBRSEABPNAGHYAE, IR RTINS ZHA, FTLIERESE R
HEHESImE, flm.

> x[x <= -2 | x > 8]
[1] -3 45 90 -5

> x[x > 40 & x < 100]

[1] 45 90

KRB ZBH: “ | " SEFERBERS; ‘& CENEREERS5°, Xx&H, £
HAERNTFETF -2, REAFSHWxHILE. E-ARFRRKAT 40 RAa/NF 100 i x &
MFETE.

RATUSHERNBRERMEBESTHEITE, RIMBPHEFIRAEROTRE
BEmghmtrs. #m,
> x[c(4, 6)]

[1] -1 90
> x[1:3]
[1] 0-3 4

>y<-c(1, 4
> xlyl

[1] 0 -1

© RUFHEALALEHFANTERF, Bl |, ENPTHRANER. IAMRERFNEBREXIT
HREX, HFHRAREHENE - IE, MAFFEAFUERBRNESITE.
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Fhh, WATLMER— N REM RS 2R FRR BT R o LLHEER . Filn .

> x[-1]

[1] -3 4 -1 45 90 -6

> x[-c(4, 6)]

[1] 0-3 4 45 -5

> x[-(1:3)]

[1] -1 45 90 -5

BE, ELEAMNE=AHTS, ATEEF 7 HRERES, MURIIFEATES.

A LA R R4 names() RAFMBHHTERMNE . W FawLHNHBITE, °LLESFH
BEBRHTRS. HTHENTRUEFEES ICME, FUANBRMETEEZRKE, i,
ESAREMBTUET - MESBOURERNR, TLUGRNTHGARE:

> pH <- c(4.5, 7, 7.3, 8.2, 6.3)
> names(pH) <- c("areai”, "area2", "mud", "dam"”, "middle")
> pH
areal area2 mud dam middle
4.5 7.0 7.3 8.2 6.3

LhRE, MREARARN, CENMERABFMNENET, BATHEM T EHHL.
> pH <- c(areal = 4.5, area2 = 7, mud = 7.3, dam = 8.2, middle = 6.3)

B LA R L4 2 FRX pH M E#HFT RS :
> pH["mud"]

mud
7.3

> pH[c("areai1”, "dam")]

areal dam
4.5 8.2

BfE, YRIIANEH, RRAFANLTERBRLEE. SRIRFAEELEELEPERA R H
w4 B, RELH - ARERTFFME, MATLURTAEBER “x[]<-0", &, X5
“x<-0" A, F—MBARREGHE—TR (F) WRAERS x, METH—FHFRL (B
WIZHAFENE x) B2EHEER x WA TRBERT, A —TXHAHALG!
1.2.8 EREMEA

BEARTURFERAZ M EERNMNR T, EEREATIRARAH. RAFEHNE
BHBWTR. EERBANHEHREL, ERAERIMEE, ERT, BHAMEERRFEALA4
BEEXMEERENmE, BEAF T RERE c(45, 23, 66, 77, 33, 44, 56, 12, 78,
23), FHEHEX 10 MEEHAL N —MERE:

> m <- c(45, 23, 66, 77, 33, 44, 56, 12, 78, 23)

>m

[1) 45 23 66 77 33 44 56 12 78 23

> dim(m) <- c(2, 5)
>m
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(.1 [,2] [,3] [,4] [,5]
(1,1 45 66 33 56 78
[2,] 238 77 4 12 23

ER, HENTARBXA 2475 AIMEED XERARK dn() REEE m RE).
H, AL RNE SRR ZER:

> m <- matrix(c(45, 23, 66, 77, 33, 44, 56, 12, 78, 23), 2,
+ 5)

RATREE 2 ED, MEFHEEETEREFHIRHTY R, ¥k, BEEERAE -5,
REHBE T, PR, WTLLEN BE R matrix() HBEORETHITER

> m <- matrix(c(45, 23, 66, 77, 33, 44, 56, 12, 78, 23), 2,
+ 5, byrow = T)
>nm

(.11 [,2] [,3] (,4] [,5]
1, 45 23 66 77 33
[2,] 44 56 12 78 23

MEENBRTA, TRGEIRUTFRBSINESI T ERGAEENTE, BREFRE
BAES (EREMERE) .
> m[2, 3]

[1] 12
TR 1. 2.7 AT R RS INERBBUER T TR, WTEKMHTER:

> m[-2, 1]
[1] a5
> mf1, -c(3, 5)]

(1] 45 23 77

WA, MRARETHE—SE, BSBIEENTEITR:
>mnll, ]

{1] 45 23 66 77 33
> m[, 4]

[1] 77 78

HE, ELEMNTH, EABETE, BANERTEE TR, DRTESRA
R RDMRR—NERE, BANEER—11TRE 1 FIMERE, BTUEHATEN®GS .
> m[1, , drop = F] ’

(,11 [,2] [,3] [,4) [,5]
[1,] 46 23 66 77 33

> m[, 4, drop = F]

[Dl]
il
(2,3 78

PRH cbind() # rbind() ARG SIIEFIFATHERARBE MU LW R BRIER S HE—
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B, RITELT @B TREHX— A

> m1 <- matrix(c(45, 23, 66, 77, 33, 44, 56, 12, 78, 23), 2,
+ 5)
> mi

(.11 £,2] (,3] [,41 (.6]
f1,J 45 66 33 56 78
2,] 23 77 4 12 23

> cbind(c(4, 76), mi[, 4]1)

(,1] [,2]
1,1 4 86
(2, 76 12

> m2 <- matrix(rep(10, 20), 4, 5)
> m2

(.11 (,2) [,3] [,41 [,5]
(1,1 10 10 10 10 10
(2, 10 10 10 10 10
(3] 10 10 10 10 10
4, 10 10 10 10 10

> m3 <- rbind(mi[1, 1, m2[3, ])
> m3

(,11 [,2] (,3] [,4] L,5]
[1,] 45 66 33 656 78
[2,] 10 10 10 10 10

A4 7T LA 3 colnames () Al rownames() 451 R REEOFTRIFI G, XREHAT
IEBERNA R

> results <- matrix(c(10, 30, 40, 50, 43, 56, 21, 30), 2, 4,
+ byrow = T)

> colnames(results) <- c("lqrt*, "2qrt", "3qrt", "4qrt")

> rownames(results) <- c("storel”, "store2")

> results

iqrt 2qrt 3qrt 4qrt
storel 10 30 40 B0
store2 43 66 21 30

> results["storel”, ]

1grt 2qrt 3qrt 4qrt
10 30 40 &0

> results["store2”, c("igrt", "4qrt")]

1qrt 4qrt
43 30 :
BHREHENY R, ERBEENEET RAFIMUL, XEREZAPHTEBTET
ELERIRS. BRbZSh, BHSEREREM, TUAMRNTEER, 588 matix() 24,
AT LA ) o3 array () H{EMIAIEREE, T HERN AR array() K—MF:

15
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> a <- array(1:24, dim = c(4, 3, 2))
> a

[,11 [,2]1 [,3]
(1,] 1 5 9

[(2,] 2 6 10
[3,] 3 7 11
4,] 4 8 12
» t ] 2

(,11 [,2] (,3]
[1,] 13 17 21
(2,] 14 18 22
{3,] 15 19 23
[(4,] 16 20 24

ROTTUER S MBRRTIERATEHREAFHTR, WTEATHR,
> al1, 3, 2]

[1]1 21

>al1, , 2]

(1] 13 17 21

> al4, 3, ]

f1] 12 24

> alc(2, 3, , -2]

(,1] (,2]1 [,3]
(1,] 2 6 10
(2,1 3 7 11

REAMBEEBERALEE, AEFAVNNERZERNRFERTEEAHRE. T
R JLABT

> m <- matrix(c(45, 23, 66, 77, 33, 44, 56, 12, 78, 23), 2,
+ 5)
>m.

(.11 [,2] [,3] [,4] [,6)
(1,] 45 66 33 56 78
[2,] 23 77 4 12 23

>mx* 3

[,1] [,2] [,3] [,4] (,6]
[1,] 1356 198 99 168 234
(2,] 69 231 132 36 69

> m1 <- matrix(c(45, 23, 66, 77, 33, 44), 2, 3)
> ml



wix ®m #N-17

[,11 [,2] (,3]
{1, 45 66 33
(2,3 23 77 44

> m2 <- matrix(c(12, 65, 32, 7, 4, 78), 2, 3)
> m2

[,11 [,21 [,3)
(1,] 12 32 4
[2,] 65 7 78

> ml + m2

(,11 [,2]1 [,3]
[1,] 67 98 37
2,] 8 84 122 )

RUAETHRENEREREERMBIEMEL, ATLIRERBIXA “REA” HERLY
UKBUEFZEMNELZFER
1.2.9 %k

RIIRERURK MM BIRIHWAFES, ARNBIANBHTERRE, EMNFRA—ER
Fl—fERE, EARFHRRAKE., JIRNEERRSHHFEF—-T2HKENE. TEAH
— ™1 BB F R 1 BR A M s — A %

> my.lst <- list(stud.id=34453,
+ stud.name="Jobhn",
+ stud.marks=c(14.3,12,15,19))

Y& my. lst H=ZABAER: F—PNREKN stud. id KEUE; F_PTRLKN stud. name
RFRB; F=NRABKN stud. marks BEHE A&,
MAEFHM R IR, BIRANZRNEHREERTZNENANE, A

> my.lst

$stud. id
[1] 34453

$stud.name
[1] *John"

$stud.marks
[1] 14.3 12.0 15.0 19.0

ATLGER TERRIITABITIRAOTK:
> my.1st[[1]]

(1] 34453
> my.1st[[3]]

(1) 14.3 12.0 15.0 19.0
X, EOAPNATHSES. MRNMAMS my. st[1], PAKSBIRRMER:
> my.1st[1]

$stud.id
[1] 34453
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S EBIIFE my. Ist - RAWRMFIR, HE, my lst[[1]] EREFIE
ME—NAGHE (EXHBA TR, SRERFR-IFIER, WTHR:
> mode(my.1st[1])

(1] "list"
> mode(my.1st[[11])

[1] "numeric"

X FER ML BAHFIR (WERFR), TR —MI7 AR R HIE

> my.lst$stud.id

(1] 344563

IR B RER ERFIREG—NRYE, ETURABTRAIEHITERE:

> names(my.1st)

[1] "stud.id" "stud.name" "stud.marks"

> names(my.lst) <- c("id", "pame", "marks")
> my.lst

$id
(1] 34453

$name
[1] H John "

$marks
(1] 14.3 12.0 15.0 19.0

7T LU i FS B T 2R i 07 R PR SR

> my.lst$parents.names <- c("Ana", "Mike")
> my.lst

$id
(1] 34453

$name
f1] "John"

$marks
(1] 14.3 12.0 15.0 19.0

$parents.names
[1] "Ana" "Mike"

A LAff I eR 4 length () SRR AT R OH 8L :
> length(my.1st)

(1) 4

WA LLAA T B as R B B 51 R B B 47

> my.1st <- my.lst[-5]
WAl LA R () REFHFIER:
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> other <- list(age = 19, sex = "male")
> 1st <- c(my.1lst, other)
> lst

$id
[1] 34453

$name
[1] " John"

$marks
[1] 14.3 12.0 15.0 19.0

$parents.names
[1] "Ana" "Mike"

$age
[1] 19

$sex
[1] "male"

BJa, ATLGEL R unlist() EIRFPHFALRERNARIR, RBREHEABTER
A EAFIRPERAREN RN EHEE . ZREFEIRPARRBHOBREE L X
O, XBREREBWATRFIEHNRBESBIFRY, B, BANRNETESE -1
BHSNRBEBR:

> unlist(my.1lst)

id name marksi marks2 marks3
"34453" llJohnll " 14.3" L] 12" ll15ll
marks4 parents.namesl parents.names2
" 19" llAnall "Hikﬂ"
. 1,210 #iRiE

BHEER R KAPHA THEBERN —FMBESH. ERNEMS _HERERM, A,
S5EEAFNE, ZFEENESFITLUATHEEXRNRE, AXMEXE, HEEMFIR
EHMl. kb, ¥RWTE, BEER -XKHERNTIR,

AUEBEEN S —TEIN— P RAUE (BRI R), EH—4FR (BHEENGS
7)) MRk,

AT AR TS R QBB AE .

> my.dataset <- data.frame(site=c('A’','B','A','A','B'),
+ season=c('Winter','Summer','Summer','Spring’,'Fall'),.
+ pH = ¢(7.4,6.3,8.6,7.2,8.9))
> my.dataset
site season pH

A Vinter 7.4

B Summer 6.3

A Summer 8.6

A Spring 7.2

B Fall 8.9

N WN

© HIMBRERNABLIHE, BR1.2.3%,
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AT AR R AR A DS ) BB HE B T 3

> my.dataset[3, 2]

[1] Summer
Levels: Fall Spring Summer Winter

W, “season” FIMIATENFIE, HMRIIBFEHRNIB TR, K, “site”

Pt R FRR, KGR B data. frame() HIBRINFTHC,
1.2.7 ARSI T EREATEIEE., B4, BT RBEERE RN —FI S

> my.dataset$pH

[1] 7.4 6.3 8.6 7.2 8.9

AT LAFI A R BB0E F R HR 7 (Bt vf RIBERE T AR, WTFFUR:

> my.dataset [my.dataset$pH > 7, ]

site season pH
1 A Winter 7.4
3 A Summer 8.6
4 A Spring 7.2
5 B Fall 8.9

> my.dataset[my.dataset$site == "A", "pH"]
(11 7.48.67.2

> my.dataset[my.dataset$season == "Summer", c("site", "pH")]

site pH
2 B 6.3
3 A 8.6

] LA R R attach () SR EEZEH, BRI attach () AT LLE &7 RBIEERFI,
3 G 7 B 1R B X AR AE 42 -

> attach(my.dataset)
> my.dataset[site=='B', ]

site season pH
2 B Summer 6.3
5 B Fall 8.9

> season

[1] Winter Summer Summer Spring Fall
Levels: Fall Spring Summer Winter

PR attach() AYR MIRVER BRI detach () , B I HEIFRIBIBELIF,

> detach(my.dataset)
> season

Error: Object "season" not found

MRS SR TR BRI, AR4 N K%K subset() -+ 4 1E:

© ZHRM data frame() WHCHPHRAABI() WHTF, NEMNAB MY stringsAsFactors R 5L FIRFIH KR,
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> subset (my.dataset, pH > 8)

site season pH
3 A Summer 8.6
5 B Fall 8.9

> subset (my.dataset, season == "Summer"”, season:pH)

season pH
2 Summer 6.3
3 Summer 8.6

M EEHHFAR, AEARTEBTARSEHFEEFRENE. Slw, WREFELFY
K “summer” EIFTH) pHEM 1, REEEL T HAHEST:
> my.dataset [my.dataset$season == 'Summer','pH'] <-
+ my.dataset [my.dataset$season == 'Summer','pH'] + 1
5FIREML, TLATEBIRE P IAFF [28']
> my.dataset$NO3 <- c(234.5, 256.6, 654.1, 356.7, 776.4)

> my.dataset

site season pH NO3
A Winter 7.4 234.5
B Summer 7.3 256.6
A Summer 9.6 654.1
A Spring 7.2 356.7
B Fall 8.9 776.4

3T FIMAFFI R E— R FREFFL MM A WERER HRKNITE: B0, R 2|4, o
EARI T 3P B R 318 BB RO AT SN 2 -

> nrow(my.dataset)

DD WN -

(11 s
> ncol(my.dataset)

11 4

EBHWBERAEST, BEEROFTEA L ERBM data. frame () RPOEFIHMABHE, —
BEEERTFXHREREENBREZAREE, EEEMNBEZERAMERES P, K
S TR EIE FABSIEES . TiofT, RIANIK R RER “REEFAMIEH” FH,
TR FFRAMINRE,

RE—-NELUFHRFEENED, JUAT/MNIBHENRA. TURATERFRGE 1
B S FTERNBIEE:

> my.dataset <- edit(my.dataset)

BE T DL — TR BRI,

> new.data <- edit(data.frame())

AT AR — A2 R R O B E P14 -

> names (my.dataset)

[1] "gite" "geason" "pﬂ" "NO3"
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> names(my.dataset) <- c("area", "season", "pH", "NO3")
> my.dataset

area season pH NO3
A VWinter 7.4 234.5
B Summer 7.3 266.6
A Summer 9.6 654.1
A Spring 7.2 366.7
B Fall 8.9 776.4

HABEENAFREREME, FFUMRIUITEEREREERE N ES AR, BT
HA

> names(my.dataset) [4] <- "P04"
> my.dataset

OB W=

area season pH P04
1 A Winter 7.4 234.5
2 B Summer 7.3 266.6
3 A Summer 9.6 654.1
4 A Spring 7.2 356.7
5 B Fall 8.9 776.4

G, RA—% “HE” MEESE, TUAEIREITNRR R KO8, KEZHH R Fn
BRAAFHRESL. I THRBREAREENER, TUITTIIGES:

> data()

AT LU R 500 R AR B A BB

> data(USArrests)

FHERmS “BIR” T 148K USArrests IBIEHE, E&H N EAE R M 5 o] &2 1 5
7
1.2.11 HWBFHARE

R AR PHER R, YT EASUREAHEZNESN, NAH R X —8FER 0
FH. BREFEEDITESH, TUAREEESES, TLUEREESHRE—MFERT, K
JE TE L ZE IR PR B AT LA T o

R RBESHTHE DN RARUSHWE R, ERNR, BETUFMEE, FHEER
Bepig “E” R—AHBS, HRAMAZRENIITRAR S, Hik, ¥ THEHER, FEA
BIE 2R IERBNAATFREE— R E (BRfs) +F.o

29

30

THEE-EHHT. BRREETE - ARENSHENRERZE. RIBEEX, BEYEK

R
. f
S RN E, n RAEA K

HE—NBERNER, REFETREHMRRERE, 0B KRN e, EUREERRZ
i, RINTERE R PEBCEA -IMRSHREFE. WROBERLZNEBRFE, BoR
FRFE—NRFARAFR; B0, £€ R FERFEN R KEHH M REEXRS, ¥ TRE K

© XEXMHAFREN RIMERBDARTEN, HE, TRERBRETSEAAHRSRNAF A2 LBERLTH
TREE. Bk “ER#” T R MiRMERN,
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BERPEBCEFE, E RASTRAFLEARKERLTLT

> se

Error: Object "se" not found

RAHFERERUAX N ERER PAFE, TLUBOER, WR—-DBRRK se IR
(RERMNR) CEFE, B4 REREENRIOAZE, MAREHERER
THEHAAEI REH—FE TR

> se <- function(x) {
+ v <= var(x)

+ n <- length(x)

+ return(sqrt(v/n))
+}

ik, X THE—RER, /T EREAERS RS A

function(<set of parameters>) { <set of R instructioms> }

SIRSER KRS, TR T TR
> 86(c(45,2,3,5,76,2,4))

[1] 11.10310

S EHK se() BE—H, MRLA-NBHRREITEFEHRE, BATBEUERERIERF
RiZRHUAMES IR, FIREER. R AAKESEN—EHESWIFHRAERFETE,

AT R H 4188 (G AR FT LA bt eR 3 return () HSE, BE RIBERBTBEERHERRNE R,
THEHMERERTX—R, HFUERATAHRAMISE. [31]

> basic.stats <- function(x,more=F) {
+ stats <- list()

+
+ clean.x <- x[!is.na(x)]

+

+ stats$n <- length(x)

+ stats$nNAs <- stats$n-length(clean.x)

+

+ stats$mean <- mean(clean.x)

+ stats$std <- sd(clean.x)

+ stats$med <- median(clean.x)

+ if (more) {

+ stats$skew <- sum(((clean.x-stats$mean)/stats$std)"3) /
+ length(clean.x)

+ stats$kurt <- sum(((clean.x-stats$mean)/stats$std)"4) /
+ length(clean.x) - 3

+ }

+ unlist(stats)

+}

ERRPEEH—IBH (FED) FRME (F) . XBWERAZRKA TS ERERR
B WRAAZRENEAREE -NSHNE, B2 XSBHNATHRINE, TS
H T X BRI BB

> basic.stats(c(45, 2, 4, 46, 43, 65, NA, 6, -213, -3, -45))

n nNAs mean std med
11.00000 1.00000 -5.00000 79.87768 §5.00000
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> basic.stats(c(45, 2, 4, 46, 43, 65, NA, 6, -213, -3, -45),
+ more = T)

n nNAs mean std med skew kurt
11.000000 1.000000 -5.000000 79.877684 5.000000 -1.638217 1.708149

¥ basic. stats() FIA R B—FHFES: if() 184 KBS LIFER LIS EZ BN
EEMNBIT, ELEMATP, AFTHESSINTERBRERME (skew) MIEE (kurt), 0
RAE more M NEE, BIIA#IT:; FW, ENMHBBEETARIT,

BAEERRSRE for( ), ZELAATF—HEBESCERRIITER, TARMNHAKIESH
Bl

> f <- function(x) {
+ for(i in 1:10) {

+ res <- x%i

+ cat(x,'+,i,'=',res,'\n")
+ }

+ }

REAFRLHEEMARE L) (Flm(S5)), LHAREPH for 5SS EVFR, EREKSE
SHAMNBAITERITER (XENI0K), HBRR, XL HEZK  BUSR B E T 8
BEREPAT, i WREAES1: 10, BFL, 2, 3, -, 10, EEKEE for ISR BAT 10
w, BRIBAFENE, X8H 0 FENETUREEMEE, EMNALARFIREHER,
M cat() ATHEIMNEMATHHARE, WRER, FRHREEERRHEAR (HRETT
cat ( 'hello!')), TiFAhXFKHHENKAE (KiEfTy<-45, BR/G cat(y)) o FHHH “\n”
ff R 3| T 178
1.2.12 MR, XMFE

R (3 HRN 2 — B EHARERE, SRR UES MH#HTEE ST ES. ER P,
BARLUXMRETEA A, ATERE, RPH—U, NHEMNREZRE. EERNBESN
%, BENR, B— I RUWRHBREBET— (. XEXTETENNRNMBIFIE, GRS,
REXTRTFEMSREBAERTR (HEFE) . i, EEX (marix ) HEEREME
MHEBIBER—EIEHRIT A, FX L, YEARPOEREANSN, RERELU-MEENEX
BN, XRENITA R BEERMONREA —MHRBRRSERH T E. B2, — MR
JREIBPRE . 1) FREFRIRE A TXEX RN ARNITE; 2) MREORRTE. MR
B9 7R B TR FE T R 91 B A

RAFLZHE XWX REMMERR T B, BETRECHKMRE, 7TLIGIEH I R AEFH
Fiko FOTLEAILARFIRNITE, BWAILRCHRN T L, FXBEIECHLNMEMLE, &
HEMECAHRNRR LFEMFER.

KT — A TR, 8METHE - NERMRECHTFREEMXKKNE, BEM
“@” RIRKBUFHEFEEX A THIGEE . »@y RARFHENR « PHET y E. BR, ER
E x IREIREH -T2 H y BB THIER.

A—NERFRHIBMESREGR, JRETTHIRZEHRER, EAGE-TERFEEL
BmMBSIERATT RRI—IHE, AR REREFLURTEALNTETE, X#
KRTTEFHRENOAE, MALNKITE, X, RIMUNFZELAFTLPARR T EHY BEEN
£ J (3

BE—THEEHIEES. ARRKATUNATEZNRRKXMNRE, PEMNTHENRE
MR, ZERY, ZEEZURBEFTRRE &, THRBEATEEEBANSRIEE, 6
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n, AIEARIMNEE plot() A4 XNRZHEER~R, XRZEHEHEHBN. Rm, BEEX
REAMARE, ENNEERRIIEEREARELY, S, 2% —HBENSHEHEEYRERNFR.
AP REFHEXE, Z5ERBHRXFARMNXE. AP ATEAEARBESTEEXNRYE
. R AER) PRBHLAI 5 3T AL DL R S BT R RO R JE A0 A R 3. BT K 2 o AR
AT HARESAEZE R W3, AP R THEXEBROAT ., FX L, RAGE plo() B—MZRRE,
EREEHATAA plot() REERXTRKIEE plot T, MEFEXFE—MEENTE, B4
R#EMAZFE; BN, REFARANLE L. YHAPREUE—IFHXTRISE, Tk
ERBFREZNFENFET ., Bit, YMIFELBFHAXTRN, TERMLZTRAHIF
EL2ETE, Z2ETER “EHF R MR RE,

P ERRMEMTENEARES., QBFLEMMENNTEEEEAPNIHSTEE, RETR
BEARE REERNPE, HH0 Chambers F)5FE FHEE (Software for Data Analysis) (2008),
1.2.13 BHE R &%

YH RRFBRE RO ERN, ZEAWHSITHFARBERASE, X6, TROMEE
EBRABBEA-NXEIXHS, REik RRBSTXERE, ATERXHEHE, FTUHAKRE
XA wESREE (FUICFEER, Emacs &), BEFE Windows BERFE S, ATLMFEARA
WHMAREEE, 7RG/ S FRhT R, BT TRBXHEEZE, T
LAZE R 5247 AT E RS R BIT XA R 4 [34 ]

> gource('mycode.R')

BETEYR T HFHFH BN “mycode. R” CHICAI M, 7E Windows T, BA5 4 HT
TEBFMERTERED “3CH” ERTH “WETEBR” &, £ UNX BERE P,
AT A4y 5 F R getwd () 1 setwd () RIRBOHBT T/EH RSB LT TER R,

EXHEFATHARMEST N, TRFEREROXIZUSUENA (Hln, MA
HIEE) o T EIGIFIES PN mysession. RData B9 3CHHRTE T 44 £ Hl my. dataset BT DXTH

> save(f,my.dataset,file='mysession.RData')

LA, e8I R &ES, ATLMERAIT EM a2 REHEAXENR .

> load('mysession.RData')

Hu AT LA F T A9 A & AR 2480 R TAEZS Al P B BT o 52

> save.image()

LHEGSELFMTEBRPE R TAEZERFNSA “. RData” HXF. NZBREFHR
B, XACHR ASIHBA R, S REBHEA, MREZ “BE”, SR8 FRARNER (2
W121%),

XF RMSEXR .

HEBAGREZFH (RAAN) ZEI RETHRITEH. RASG “#&” Fow
‘TR LHXATRABAFGHLEBHE,

1.3 MySQL &4r
AT RN A MySQL 3R EE . ZEA BHE BB PR —ZE R MySQL. AT, ¥ F AR

O KEMXMLER “ R REEHM, KTUHLMERSE,
© WEREN, TSNS Is() KIS TSR RFAN R,
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RBARISETTE, BAR MySQL XA WBRERLFH . WA hitp: //www. mysql. com 52
BTE MySQL BB, 5 R A, MySQLBRITEZMARMBIERS, S0 Linux, Windows
%, MRFHEATEN LR MySQL SR, MiXEEMN MySQL M TRE, RFHEERE
BT R¥. A5, WAILAIREERE SIRETHR L P B AT B P E A MySQL AR 5538

A LIRS R E A i B AL B P SR FF R Ui [R] MySQL, 7 MySQL M¥h b, HEH
AR MySQL & PR/ . MySQL B — M ERHSRKNEFREF, ZEWNAREFRMR K
o, UpSfT T AR, BAh, ol L% %3N F EIE R & 5 w2 FF R B A MySQL, Hrp
Z—J& MySQL Query Browser, BER—&ZH MySQL & FIER, "I,

MR BEHERNE P RERF, BATUERERENGSRAFERLUT &SRR
MySQL.:

$> mysql -u myuser -p

Password: *#*skkkk

mysql>
IR FRLTEE MySQL iR %588, WM A THM4:

$> mysql -h myserver.xpto.pt -u myuser -p
Password: sx*ksxxk%

mysql>

XEMRE MySQL RFBA—T4H “mywer” WRAFHEAEBRY . WFEERAETR
MEMREL, KENZESRETHERAMITEREBEFET MySQL ZEFM, SERBHXBE (H
4n, DuBois, 2000),

HEA MySQL ¥R EES, ATUMAC A MPIEERE QIR BIRE ., T 1 i 87 nfa 76 2 #)
ERE P RAGS T EORE— I F B E

mysql> create database contacts;
Query 0K, 1 row affected (0.09 sec)
AT RAE s PATT @ SR R A X BT B A B30 P U A B R R FE BB P

mysql> use contacts;

Database changed

PR —RIIRME, XERCEEREAOBSE. QRROTRWT .

mysql> create table people(
=> id INT primary key,
-> name CHAR(30),
~> address CHAR(60));
Query OK, 1 row affected (0.09 sec)

EBERE “ > BRRRY%E MySQL @& IR A,

A TERPIMABIE, —MHERFHBALRE; 5—FhHER_RMA MySQL MR AMSEA
SNBSS SCA S R R B

B—FRIERBARPHRTENT

mysql> insert into people

-> values(1,'John Smith','Strange Street, 34, Unknown City');

Quexry 0K, 1 row affected (0.35 sec)
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B LA select i FI R P HIIC R Hln.

mysql> select * from people;

PR

id | name | address |
|

+ — +

John Smith | Strange Street, 34, Unknown City

+

]
| 1
1 row in set (0.04 sec)

mysql> select name, address from people;

<+
+

name | address

+
+

|
| John Smith | Strange Street, 34, Unkmown City
1

+ — + — &

+

row in set (0.00 sec)

mysql> select name from people where id >= 1 amnd id < 10;

mmmmmm e +
| name |
S — +
| John Smith |
S — +

1 row in set (0.00 sec)
YW MySQL M TAEZ S, AILATEERI G RE P imA@S “quit” 1BH MySQL,

36

37

X T MySQL #$ % 3Lk

T Wik MySQL A 8 9 %% F Mk T ME 34 % MySQL 89 4eif, A FMEL T A Z K3
MySQL A7 m2 i #9 SQLE T H R 69T A A %S, %%, DuBois (2000 %) Ar#45 (MySQL) —
¥, L RF5 DBMS 9 RELFE TR, A AG 2L - ANigsked MySQL FEA R
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Data Mining with R: Learning with Case Studies

0 A B

FREBFFTEN B —ERIE WO EAES . ZEETLE., HREHELI B URR A
W, X THE—IROABIE, BIEET —ARBR AR S B/ R, X402 B
KEFRILMAEBRNFERR, MREABRERES, HARAREL 2T, BA¥I4AE
HIRBIATRERERE S 1.2 7,

2.1 [EE#HRS BiR

L B R F AR W A S I AR R R — N E AR, BN R R
BIAY), MBRKR. REWE NI 7E R A B AT RN R R W R R R RA LEN,

xbhx— R TR BAR, FERA—FHRE A, 25 RN E AL T BRI 2 &5 R R
BIKEE. MW TEMNKEE, BT EMNRARKEERULE T A ERRAOFERR, ERERE
ABF, DR T SR, WRERNE . FRADRKERRE.

FRORHEZFNZ —RUEFZBERNEEE, ST Ak, MELSHTEDHG
RRFKPHRBRES L EHERE, RENFARNITAEAR, HHEERRXEE. Hit, ¥
BT TA 4 FOR R B B X MR RS A B TR WA F R MR B A 3k
8o

[39 ] FREFROF—-NENREF BT HEMBRFRGER, SRR, ROETHER

AR AU B L AL 2 P B DA R AR (MnZs, WA ME) RAMTHRK,

2.2 HiEiRAA

AR FIAEIER 5 F ERUDIT ML, 3+ AT 1999 £/ COIL MERSUB =2, o
A E A AR G977 18 DI A KRR, B UCT PLag ISR,

EROIEHNEEE, F—NEIBESR 200 K, BHERBE, ZEEENS—KICRE
Al — &R ZEMN R — BB =4 F kBRI KRR E (.

BEiIOFEH U ANEEAR. HP3NEEREUTR, SI15#RKERENSZY .
SRS BFIR AN AKEE, £ T88 M EREEFRAKENARRILESE, B

e BEXpHE

o B/NEEE (0,)

o EHEMAYEERE (C)

o FHIWMIEE (NO;)

o FHEZR (NH;)

©  http: //www, erudit. de/erudit/.
©  http; //archive. ics. uci. edu/ml/.
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o FHERMILSE (PO;7)

o PRI AR (PO,)

e FHHFREE

HXESHMENE T HARAE FRREMKEPHFAREE .. HREHPTUEELNZ
A RIFE

B oABIRES 140 MESMRREH R . ENHELSGHAE—TBEE ¥, BREFG
BT RELMAERE . XEEIMRE T DR IRAE . AR EE BRI 140 K
e 7 FPEERIIR . XEREER TN BEREZEES . XREIEZHEFTAETE LR
F—KRIE, EXFRES, E5EELTNER, JFRM7ES e B2 R &BER N K B
ERAE, RSN OITRSEMAE— BN EREX AR ERABE MR, AR R
e m AR RE RN —MEEHR,

2.3 HiEm#EE R

BATEEFAFEBBBEA RKTE: 1) AAFBEEO R BNE, RGPS5 THEER
AWEHE, TUEENA; 2) WREBHMY, TEREMNEENIFXE, REEXHRAZ
R, BBAE, B—MHTXELH B TRAMARSIAEAHRAR B, RIIESHEAHE R
Titko

MR AE—FRENTE, REBAXBHREMES, REEH T — N8N algae %
FEHE . X ANEIRHE & A AT R 2 69 200 S XLRAE

> library(DMwR)
> head(algae)

season size speed mxPH mn02 Cl NO3 NH4 oP04 P04 Chla
1 winter small medium 8.00 9.8 60.800 6.238 578.000 106.000 170.000 50.0
2 spring small medium 8.35 8.0 57.750 1.288 370.000 428.750 558.750 1.3
3 autumn small medium 8.10 11.4 40.020 5.330 346.667 125.667 187.057 15.6
4 spring small medium 8.07 4.8 77.364 2.302 98.182 61.182 138.700 1.4
5 autumn small medium 8.06 9.0 55.350 10.416 233.700 68.222 97.580 10.5
6 winter small high 8.25 13.1 66.750 9.248 430.000 18.260 b56.667 28.4

al a2 a3 a4 ab a6 a7
1 0.0 0.0 0.00.0 34.2 8.3 0.0
2 1.4 7.6 4.81.9 6.7 0.0 2.1
3 3.353.6 1.9 0.0 0.0 0.09.7
4 3.141.018.9 0.0 1.4 0.0 1.4
5 9.2 2.9 7.50.0 7.5 4.1 1.0

6 15.1 14.6 1.4 0.0 22.5 12.6 2.

BIREM UM —ME I ZRRERRERE, EREFE R BEEAN M EANBEESH,
PRL head () W BREIEMERIET 6 17,

T —FBABER T XRAS B “Data” ($HE) BAHLAF, £ “Training
data” (JNZREIE) EEE T RISCHE “ Analysis. txt” P 200 KHEE, WFE “Test data” (FiR%K
¥) SR TRH “Eval xt” @8 140 NIRKEE, 5 MEET R “Sols. t” G5
140 MURAE A HIBEIPR . BJa XA IR R 8, BT BRREER
HRHE  XEXFHE—THRR—WUE. ENGEMRRED, BATHER (2.2
Brifiid) EZEh =R, BB TS “XXXXXXX” RRR,

© WTEFMEERMRERESRERFN, DAARKEAREMN. XTHENGHEE, BN L2179,
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RIVBEMNE—GERARBME TR, FFHEEFHEER ST RAER MR E
FT (BIFAMETEYATETT R ART, ATRE R G T RS gewd() RIRBUZER)

ST RB— A ENL B FE, SR LHECASCH “ Analysis. txt” R EIBERAIERE] R
M (YRR RS R BT B R SR ) o TTABA M T S4B U BERIEARI R $°,

> algae <- read.table('Analysis.txt',

+ header=F,

+ dec='.!,

+ col.names=c('season','size','speed','mxPH','mn02','C1',
+ 'NO3','NH4','oP04','P0O4','Chla','al','a2','a3','ad',

+ 'as','aé','a7'),
+ na.strings=c (' XXXXXXX'))

B8 beader = F ZRBERMMHE - TAUFELEES, dec=" .~ HHBEMH .~ F
BArR/INEL . XFANSHIRET AR, FHAXBEFEAT EIMRBRIAME. col. names 25 IE7E
BT BRRE—ERAR, BS, na srings RRZXFHEHBBBRAIRAE. SEEERN
BBA NA SEFR, W0 1.2.3 HHEIR,

R A 2 /MMEBSCA S P EIE I R FTRABIA “7 read. table” R3RG 3 — 2 B{F B FIH
feA X R, A, RAE ALK (R Data Import/Export) T, ZFMHR T R MHA R

R BRI AR E T

FHEESHERE—IRIEE, BURENETRREEEN—AWNE, Fn, B]LIHE
4 algae [1: 5,]CRPBCHRIRTS MMM, 7 1. 2.7 FROIVFTE R PHRBURBEREX AR
R ¥R HFETEMN T,

2.4 HIEWHALFABE

ETRAZAETREBHER, §ETHR - ERENEITHRERE BN, EF
FERMNEIF AN E ., BEX EEA TSN TH, N TENRREEESTE FHTH
WR— AT,

RBUBHRGE TR PR — 7 IR R AR OB B S0 T R RS =

> summary(algae)

season size speed mxPH mn02
autumn:40 large :45 high :84 Min. :6.600 Min. : 1.500
spring:53 medium:84 low :33 1st Qu.:7.700 1ist Qu.: 7.726
summer:45 small :71 medium:83 Median :8.060 Median : 9.800
winter:62 Mean :8.012 Mean : 9.118
3rd Qu.:8.400 3rd Qu.:10.800
Max. :9.700  Max. :13.400
NA's :1.000 NA's + 2.000
Cl NO3 NH4 oP04
Min. : 0.222 Min. : 0.050 Min. : 5.00 Min. ¢ 1.00
1st Qu.: 10.981 ist Qu.: 1.296 1st Qu.: 38.33 1st Qu.: 15.70
Median : 32.730 Median : 2.675 Median : 103.17 Median : 40.15
Mean : 43.636 Mean : 3.282 Mean : 501.30 Mean : 73.89
3rd Qu.: 57.824 3rd Qu.: 4.446 3rd Qu.: 226.95 3rd Qu.: 99.33

© HEBEEECHMT R OLMI/ABRP: TN, WTLINAER setwd() RHELH LIEHE R, 78 Windows
BAERG D, TRAE X RETH “BETHEER ®IRUE R WY THEHR,
© BT LIFRTE S H Y head (algae) BRERIKLER,
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Max. :391.500 Max. :45.650 Max. :24064.00 Max. :564.60
NA's : 10.000 NA's : 2.000 NA's 2.00 NA's 2.00
P04 Chla al a2
Min. 1.00 Min. 0.200 Min. : 0.00 Min. : 0.000
1st Qu.: 41.38 1st Qu.: 2.000 1st Qu.: 1.50 1st Qu.: 0.000
Median :103.29 Median : 5.475 Median : 6.95 Median : 3.000
Mean :137.88 Mean : 13.971 Mean :16.92 Mean : 7.458
3rd Qu.:213.75 3rd Qu.: 18.308 3rd Qu.:24.80 3rd Qu.:11.375
Max. :771.60 Max. :110.456  Max. :89.80 Max. :72.600

NA's 2.00 NA's : 12.000
a3 ad ab a6
Min. : 0.000 Min. : 0.000 Min. : 0.000 Min. : 0.000
1st Qu.: 0.000 1st Qu.: 0.000 ist Qu.: 0.000 1st Qu.: 0.000
Median : 1.560 Median : 0.000 Median : 1.900 Median : 0.000
Mean : 4.309 Mean : 1,992 Mean : 5.064 Mean : 5.964
3rd Qu.: 4,925 3rd Qu.: 2.400 3rd Qu.: 7.500 3rd Qu.: 6.9256
Max. :42.800 Max. :44.600 Max. :44.400 Max. :77.600
a7
Min. : 0.000
1st Qu.: 0.000
Median : 1.000
Mean : 2.495
3rd Qu.: 2.400
Max. :31.600

AR SLEA H THRBOGI RN, X TFLXER (RTAETRESR),
TAHENTRBEMNSES. fltn, MNERFTHLERENKEREMBIHIES, X FHE
R, RABRINBHETHE, B WLNEERESF - RIINETHER . X85 EREL
TERESAHRFPER (FEELXAXTEMDN) . EEBRAERKENHELT, FHENA
J& E R BN R N B R A RS 2 A A2 5 DA R A BES, RATATLAT
RBES MR B, B, KEMELT, XEEE W EFAEERRR XK,
RIVE T

> hist(algae$mxPH, prob = T)

ZIELHLHER wPH RE T E . HERME 2-1 fim. RESH prob=T, RATATLIAB
S BARK AR, MRESHIRE N FALSE RELZMLSE, SHAHIRK,

B 2-1 HFRAT, B8 mxPH MO REHBLIESS, ENEXRSREERERKHE
R, RALEIEA Q- Q BXRREZEREBNIESS M, 7 R BEFME car (Fox, 2009)
HIBREK qq. plot() ATLAZH Q-Q B, BB Q- Q BmAE 2-2 WABEFIR, EEAR— /A
HEARWEITE . REUE 2-2 Mar ST -

[ FA¥R AL Hmise #6563 describe() W] LASBIZEIALS R (Harrell Jr, 2009),

B b, MAARESHBUE, WX B8R BRK B LR,

IR B A RERBADBIRRIRFHES, 25% MBREANFE - mES AR, T75% REMFE=1ms
f3, BHAESE— AR = A A B B A AN B0k 50% o MIAHAIEE R =4 WA R — 4
PUSHUBINEME, ELERTRSHPOENRERE, ZERKEARSEX,

® HIBRMAEHERZANZEN 1 (TAREEAANHEBHEE .

® oo
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Histogram of algae$mxPH
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E2-1 ZE mxPH#EHEFE

> library(car)

> par(mfrow=c(1,2))

> hist(algae$mxPH, prob=T, xlab=",

+ main='Histogram of maximum pH value',ylim=0:1)

> lines(density(algae$mxPH,na.rm=T))

> rug(jitter(algae$mxPH))

> qq.plot (algae$mxPH,main='Normal Q4 plot of maximum pH')

> par(mfrow=c(1,1))

BA RBME car J5°, AAES par() RE REBRENEZNSH . XBELEBHHE L
BEHXN 1T 2FMRE, XHETUER—BEE DB HINEE. REeHE—EEE,
BERAR mPHWEFE, XETRE X HMHENT, KREWEEERRE, REASERN YK
iR, ZIEHESRHTRBEANENE (RSN EEMLTS), T F—A 47 X M
EAHARISCIRME, ATIASRIERE®. s, RIOTTURKAAHEMEEEMRTHAR
fofl, XMBW|REREFEEN, BHETUREREFAPITREIANER, EEFPEN
LA RMEREREEREITTFEHRNARME, B2-2 WAEEMAEE qq plot() B
MOQ-QE, EAHERMEMESSAHHELSAU (BAXK) WHE, RN, BEHRHIER
SRR 95% BAR K M MHRE (BR) . MWE2-2 GEWH, ZBAJILA/DREVEAE 5% ER
Rz, BEAIARMESH 6,

EE, EAAKBRNATEEES, —TEBENERAAS B, SARBILEREES
B, ATRAERIAA— RS, ARIEEE AR,

THRESHH T A TBEEENGT, ERRGEEZR oPO4:

© XERHEY library() RBABMONELEE, RENGLABLERERKITEIS. TN, R <@, X
Bf, |EM L2 1P gl MrEReRRRFTma.,

© HTHFEFERHCP, RESH “vam=T" RHBEERKHHTESRLENA H, EEIBHEP, IHBERLFE
B, EXNEREXEREMBRARE. T, #HIER,

© HEb, XEEWREAM. B ng() PUTRE, TR iver() SRS B FRGER BT, X
B T W MEMENTEYE, BMBeT W MAUCESE BN SR T HARZ N —SEY “EE".
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Histogram of maximum pH value Normal QQ piot of maximum pH
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> boxplot(algae$oP04, ylab = "Orthophosphate (oP04)")

> rug(jitter(algae$oP04), side = 2)

> abline(h = mean(algae$oP04, na.rm = T), 1ty = 2)

BRI LLHITE oPO4 WK, FHERRERMRTE S AN —EXBBREMNTE, AE
EMNRFRARTERE NS EREEANEHAE, MEARKFREEROPOALE. &
REBMNSAEE, 8 ETR/MIZR/PTRETHE=W0MH000 1.5 xr R KHKWRE,
TR T HH/MERRRKTFRETHE - NEMIEBE 1.5 xr HBR/PHRIE, FHE L/
2 EESE T /MRET |/ B B Ron 5 H A EAR R KRB A/, ERANES
HE. SEREAESHXENER, EAMSHTEENS.OEY, AARTEENEABER
IR

FoAESENHCEERTET (B—HEHNREELHWCLEARR), MBE=4KSHEH
abline() ZEABMIHEN BAHT —FKAKTLRS, HEHEK mean() HHE, WHHEKNBENY
SR HAT I, U UAEE R E N ERHEGEBENERE DL (NIRRT BUE)
BIE A Tl

B 2-3 WAaHriiel, 8 oPO4 WA MEPER/NOMMERE, FHaSH NEM. KRS
JKBER) oPO4 B LK, BB JLKEFRRERR, EERFIIR.

AB, MABEBFEN, TERCHRLTERENNN, XBEAHWRHT R, —FFE_2EE
Fik. MRLHAE NHA (9, BEEH—MEIRNE, RO LA TIOR8 8K E
AH LB 7K A

> plot(algae$NH4, xlab = "")

> abline(h = mean(algae$NH4, na.rm = T), Ity = 1)

> abline(h = mean(algae$NH4, na.rm = T) + sd(algae$NH4, na.rm = T),
+ 1ty = 2)

> abline(h = median(algae$NH4, na.rm = T), lty = 3)

> identify(algae$NH4)

B—AWSLHTRBOFTAME, FARY abline() 2H=#£FRANHEL.: K yHMHE,
FERNBMEM 1 MadERE, BERNPAE. M TEBENIRY, REX=Z£LFELTEN,

© HS¥ly =2 X R BRENER,
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EREIGBREHTRNAEAGEE. BE—&H4RXERY, EAFAPATRB MR, X
FE—ARHHH, REETIHMTE algae BIBETHTS . HPILAERERTE,

b o

400 500
; I
[-)

300
]

Orthophosphate (0PO4)
200
L il

E2-3 R PO HEM “EE” WA

MRFTERE algae WWE P XN TEEPHOERHENRMICE, BFHTARPTHT
we:
> plot(algae$NH4, xlab = "")

> clicked.lines <- identify(algae$NH4)
> algae[clicked.lines, ]

IEMARETAE I B AR AL, PR identify () HHXIN TEBFREHANTS, FAAX AR
algae BARMEHITRS|, W LIRBUXSMPERFTAER .
WA PR ER 7 AT A LR E, TR
> algae[algae$NH4 > 19000, ]

ERAAHT A —MEIIBEEN TR, INHZERESREET (EEHRATESR
L2.7%), XERSWRHAERTRERERAAHFE. REEETE NH4 (5 LN E N NA {8,
XBRAHMEHRWER, BHAHT NA, AT BRXFMIFLL, 7 LLN TS 4 algae[ lis. na
(algae$ NH4 ) & algae $ NH4 > 19000, ], /A B is.na() ¥ =% — W /K{E (TRUE =K F
FALSE) [m&, X NH4 ({H% NA BF, [mEMMEPE R TRUE, XA~ E TR OB RIEE
algae BF TR, ik lis. na (algae$NH4) REI—AH/REME, AN 1" EZHEEFEH,
By LAXS R SR AE th AR B NH4 (BN E A MFTINL B ER TRUE, 82, XFRTIHFRES HIE
BRHEAHE AR B NHA BUE 2 A13F H KT 19 000 977,

THSH LA ALY BERENS F. XS 7N R AEMNA latice ( Sarkar,
2010), lattice @M T KEMRMEWER TH, XEEP THLH T Trellis FJE (Cleveland,
1993) HEH,

BRFEAREETE ol WEMNSF. TUNAEEITISHEM TS, R, MERXEE
B R oA mfRE T RMAR, RFEFHN TR,

FULERKBETEMEEEFHEEER. BFRE—ITERENETRESHLE TR, §)
m, Xt FER size HARBRE, TULHER ol W—4HAE (E2-4 PiR) . BIEERNR
TAR size WREMFEEPKEFE, B X LR E A LIFE S LR size MTE AR ol

© RirRHEHX TRANLERIGE R ITSEAB—A., s, mBEiMELEE, TSHEEANEL.
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BT SHlE 2-4 FAEENa ST

> library(lattice)
> bwplot(size ~ al, data=algae, ylab='River Size',xlab='Algal A1')

LTI —SRFELSBA lattice fil, 385 KIS LHIXLE lattice JRAKFE, XFKIESTLL
EH: XWAER size REMNMELH ol , HBSBEHNEXBTS R,
ME 2-4 1A, TEHES/DRARS, B3 o PHERR, XERFANGE.

S T
smak ®  Ferrsessse-ce-ooony
8
72}
§ medium ®  F----- 0 @mo o o o
&
farge [ ] B 000 O
'
T L T
0 20 40 60 80

Aigal At
B 2-4 BETE . HEEEE

BXHHEN SRR SUEE, ETUAHFALHERMHELES. R EMNE Hmisc
AL R, TESH ERSIFS ol BRMFZMAMIFEE. [49]

> lil;rary(ibnisc)

> bwplot(size ~ al, data=algae,panel=panel.bpplot,

+ probs=seq(.01, .49,by=.01), datadensity=TRUE,

+ ylab='River Size',xlab='Algal A1')

LEarA ik R E 2-5 fin. B 2-5 RS RERAR T K/ R 3 b 3R B 2 4E
mE P BRSHRRERME O, PABEFE =AM 8. B 2-5 PFR/NBRRRESH
PR ESCEE, XUEMSRE SN E R G, HMIRAERENEREL TE 2-4 fF
AHEGRENGELE . i, ROTLHA LEMAES: MNIKORREEEARNEE, E
At VR B /R To] L PR BE AT R A4 43 A5 EH LAt S AU TR A0 R AT AR I A6 - B

XRRMYRHLEARRRTEXER, &K%I‘E?i’é’l\lﬁ?o RELEEEZTE “BE#
7, WEFATLGETRGLE, THAH A EFRAGLENH T, LERER o3 HEH
FEZ & season IR mn02 FHHRMGLE, TE mn02 B— M EET R, 2BRBUTHR:

> min02 <- equal.count(na.omit(algae$mn02),

+ number=4,overlap=1/5)
> stripplot(season ~ a3/min02,
+ data=algae[!is.na(algae$mn02),])

PSS BB i an i 2-6 B,
EEREHIE TR R equal. count() XELER mn02 BEL, ERERFEHNE
FEY, Z2H number RETEMXFE N, S overlap WEW M XEZBINFEARNES
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CGXBRE R R A P MSH X ES) . S KERRMER MBS, £, 28
algae$mn02 H&H NAE, Fill FEMNHESTRAEENAZER, BUSRECHEHLE K
$i4s, %K na. omit() AT LAFARBIBR R R AIE AT NA S,

- '
- .

T T T T T
0 20 40 60 80

Algal A1
K 2-5 WETE o WEESBEE

L] 1 & by i
i i i i i
T | I |
AT | =m0 > Vi
=R T = [
P e N ouuy L]
abare | - 0o =
[ - RN
SOTEL | e A ] -\. -
-_.-u_.l-n-::h = [,
apang | CTeRCCiEEm L g TATIER AN = =
(T8 1} ok anoAn

a:l
B 2-6 WHELER o3 HRHHE

B AT ML E RE stripplot() , KRR lattice I —NMRE R, ERES —NER
(X B season) {EEBHLIFELFBARMEL b, REXER mn02 K854 A R X fE 2
FIARIKEE, XeXEEENERG . N TR ERIBRERAES], BI52 T 77 BT A LA 2
B/ mn02 {E°, A5 mnO2 14 NA &3 B BB E M, RAERAH E 2-4 THHE

© TREM2S5 TRAHS —FEHFHRIRITE.
© FLATETAIE MR B EBULRA R E SV 69 X B i L 5RE.
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BRI S data = algae, TN XEHBRKESRER mn02 4 NA EHTT.

BB EM A NL S E TRk

KEBFABGH B BREARBLENRNE, —AKB LG, RIFORTHEER
Chatfield (1983) #3 (Statistics for Technology) , % ¥ 89 #)-F fj £ R AL P M, 7 sh— K509
£% % 2 Dalgaard (2002) #j (Introductry Statistics with R) ; *F FHETHRL, L EH—AHK
# % % Cleveland (1993) # (Visualizing Data) , X8 — KM F A K F HH, Bst—KE4
# £ EX 8 H#2 (The Elements of Graphing Data) (Cleveland, 1995), — A E#H & H FHH 2
Chen % (2008) % %¥#) {Data Visualization) , % /5, Murrell (2006) #5 (R Graphics) I £ & —
AeHHALAREALAGOEHE,

2.5 YHigkk
e B KT, —BBREAGRKE, XAEHENLRAERIESER, XSS —HRE
AhBRIR S AE R ST T B T RE P o (52 ]

YHRMAESHBRER BB, FTELE R BT LR 8 W60 5N .

o K EHBRERNRBME.

o ARHEAR B B M Rk R IEAMIRRAE

o RIEERGIZ E AL EAR KL,

o (HARRB AL BB ERIRHM T A,
BE—MAREREN, BAERETRITUTUERAN TR, R, L8 LI AE
MR E T RA GO, EMTRE—MrakE, ETEMET P, RITHEIEHRER
WATZE R pLB bR BB R BN T E. MBRFERERX—KFBPAHKAD, KRETHRE
MAREMAIEN, BFENHAARRK T KA B XL, XBEHRE YREeFRA M
ALK SRR AR, FEEFERSA A RKENFRASEE. EFEREEAABNT .

> library(DMwR)
> data(algae)

2.5.1 WBERKEBS IR
BB EARRBEOICRIEFE S LI, IR LK EID R BT G A9 o7 7T A S bk
TN, XA EER RS,
FEHBRREERPEDEE MR RIERFTARMER, RFESENRNE, XEZL
B X LM (E oL, Bl

> algae[!complete.cases(algae),]

> nrow(algae[!complete.cases(algae),])

(1] 16

K complete. cases() FFAE—NH/RERE, KEHERKITRNES algae BURHE P HT M
F, MRBEEAMEMTHAE NAE (- NZEHWRE), [POREERRZ TURE, #j
mRBE “1” BRENA, ERHEHE, Hik ERESBRT EAREKEMNKEILLS,

R T NEIEE S BIBRIX 16 MEAR, BRATATLIFAMBA [53 ]

> algae <- na.omit(algae)

B RA T AME FRBIBR BT A B S R EIE R AR T v, A4 wT LARIBRIL S PE, B



38 - wEZES REE

XERARMEBRKERE, FTUEIULEREANEAR, MRRARKNTEREFNRKE, BHET
B AME, FEEENE, MRBTTHEN®S, REEEHEREE, ByXME4EL
BB T A SRR, FUETROGSMRAREL! WEX MR FHEE, RITAUERS
62 AN 199 KicRHPH 11 MERTERA 6 MREKRME, EXMERT, BERHNKREN:

> algae <- algae[-c(62, 199), ]

AR, ATARIERPEAREE, AEEOREFERRERBORLERR
WATH, FURERBREERZMHEAFTERT, THNABITUREBREEEET TR
PRI BRE T

> apply(algae, 1, function(x) sum(is.na(x)))

PR¥ apply() BT RPINEEIEHBRAM — KRB, XRRPNFHITEYE, EMNTLUER
B R4 XX R AR R . X e % apply () TIH, B AT LASEARMTH A o& B0 I3 — A B HE XS
SEBNEE b, AR apply() B, BRI ABIBRETHE 1T, XTBNAKN
PREUTE apply () REBMIE=1SEPHAH, MNEEENE—THBIREAKRE. EXREAP
BAVER— MG B8 BRI apply() RN AR, A5, i¥fapply() HE=Z1SH
WA LA — “IEH" REEREZ . W RBEMTIRERITE NS « 1 NA KR, ZER PEE
{6 TURE % TH(fH 1, Z#(H FALSE ¥ THKE O, XEKRELM— M H/REREN, BH@E+$
BUE % TURE KITTE BN

RIELU LS, ATUSE - MEFRE algae PEFHEHBRRENT. EARBRENEF
M HE XA R 7T LA T R % R R

> data(algae)
> manyNAs(algae, 0.2)

[1] 62 199

HATERTTAERIE FRHIER TRREBR LA ILITHIEE AR E AR RS data() o BR% manyNAs ()
BIDIRER IR H SRR MR T 318 20% 977, 7258 A S8 ol IS B —MIE 8 51 B/ e 7
R Bk, ATHMABREFAESAHRRERSHTHRALRER.

> algae <- algae[-manyNAs(algae), ]
XN REIPRAINA T manyNAs(), REEE-ANSHAIRINER 0.2,

2.5.2 AR EAEGERINIMKE

HAESAHRELERNA - T EREZXRBIX LR ERTTRENE, R, XBHFLH
REE AT ERE, ARIRESTEEREEMEEERERNNE AR,

HAMR AR B R A EMREN T R —ERARPLBEENE, REBPOBEMER B
TEERSAHERFELE, Bib.oBaRERRAARNEE ., A2 MBEEPOLBEHEE, 6
mEHE ., P RS, BAENEBRHEENAIHRRE. M TEREESHNSHGRE, Ff
R B L R E A E R E, FIERSREREERE. R, M TREL6, REFE
BHAEMTRRN, SR FHERRAYE ., RESHHAKESI ERREETESHHN—N, FHILFEY
EREEENRE RAENRE, B—FE, EHE (RE) NWEELSHETEHES, SRERTF
BEARARZENEE, Bit, £ EEFHHTREZERCHEENPLOBEHRE

© BIAZEIN 17 BARE-TSRFOMROE—NRE, WBIRENTRE.
© (1.2, 1.3, 0.4, 0.6, 3, 15) p{ER 3. 583,
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RAHEH, flin, FLEROLETR (BE2-2), MRESSAREAEBRENIHAWNE, P
BRI AR P OB BRI

Hin, #E7 algae[48,] PR oxPH FERKME, B FRERMAMESSHE (LK 2-2),
BATTAT LU PEREANX A A7, HETENT:

> algae[48, "mxPH"] <- mean(algae$mxPH, na.rm = T)

XE, R mean() IHEFUEEBAFIE, B4 na mm =T T ENZBRIERE,

K EZEAHBR A — R EA— 1 o B B A SR T A R _E AR — 47 — 47 B A kb, LA
R Chla K6, XNERES 1277 LARKE. 75, SURFPHEFERRRSEEREN
—FMES . FL b, Chla M RE TEENEIE, FEEAILMRSE, XEBESFFHE
(13.971) AEERRAZHUMTRME, Fitk, ROVERA PABOREANX —RABREME .

> algae[is.na(algae$Chla), "Chla"] <- median(algae$Chla, na.rm = T)

A FHE P R AE R BREL centrallmputation( ) 7] LI AEURA OB HERBEHBERM A
BRRME, MBEBER, KRPOAROMLE; x4 CER, BERARE ZRBWBAMT .

> data(algae)

> algae <- algae[-manyNAs(algae), ]

> algae <- centrallmputation(algae)

HTFBRENFAESSBEFE R RAREER, FTLMER e kA MR EE Wil
FRMBEIFHITE, BR LRI RTERER, FIUEATAREESE, HRETRIFHEBERHEK
FEwE, EWEBRBEST e, A, FHLHRTERIREERREMER S, HTRY
PoE i R I A E A .
2.5.3 @I TEREIERXRERIREE

A—FRBEBRREB D MEMITHERITEREIZRZAEIMHERK R, L, SdERE
ZEIHEXXR, RBRARTRS mxPH BEMX, XTLERINER&HGRKEMNE 8 &
HAREARRAEAME, X HZ AR FEE TR ERE—%.

BRI T fir & R AF BIZE BRI A KM -

> cor(algael, 4:18], use = "complete.obs")

R cor() MIZHRER AR ZAIMMXEER (HA3 MEEEA AR, FLUTEM
FERAEEREN) . BWESE use =" complete. obs" i, R ZETHRAAM RN ZBEEFH NA Bl F,
MRMEEL (FH-1) ARFZAHEAA NI ERZEARIE (i) KEHXXR, REHMER
R LIS BB A HAAXHECEEEX, EMLLERMNEL - EEHEITE RS —4
BREKME,

PRSI cor() BN HESRIFARMIFHT, HATLIED RE symnum () REFLHSROH HER,
Bilhn

> symnum(cor(algael,4:18],use="complete.obs"))

mP m0 C1 NO NH o P Ch al a2 a3 a4 ab a6 a7
mxPH 1
mn02 i

C1 1
NO3 1

O BXNREBEEZIIPESKE, WRFRESH na m=T, BIHERIEER NA,
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NH4 , 1

oP04 . . 1

P04 .o * 1

Chla . i

al . .. 1

a2 . . 1

a3 i

a4 . . 1

ab 1

a6 . .1

a7 1
attr(,"legend")

(1 o''o0.3'.'"0.6"','0.8'+0.9 ' 0.95 B'1

XM SRR MEN T EFE REW, RN FRAMCER,
HERRFNEES, KEBTRZMERHEXN. R, AW & NH4 1 NO3 Z
[&], AFE PO4 7l oPO4 Z[H], FHNMERZMAMXEMRE (KTF0.9), ZE NH4 F1 NO3 Z[H]
HAHAHEARENHE (X0.72), BRBEEICEHERAEEBRERMN, b, BAHEE62
A 199 A RKEHERSHRKME, FUMESIBREN], HAKAEE NH4 1 NO3 B A &t
RET . EFEE PO Il oPO4, EHIZEIH XM OFT LU BEAX AL RAIGKME, N T

X HIR, BNBFERIIFWIERZAMHREMLRXR, FEWT:

> data(algae)
> algae <- algae[-manyNAs(algae), ]
> 1m(P0O4 ~ oPD4, data = algae)

Call:
Im(formula = P04 ~ oP04, data = algae)

Coefficients:
(Intercept) oP04
42.897 1.293

R Im() ALARARKBUBEIN Y =B, + B, + -+ +B.x, FIRMEME, 2.6 T BRI R KR
B, LRUEBAIR: PO4=42.897 +1.293 x oPO4, HNRXFNZEBARF A EREME, IATTLL
B MARTTE X SRR E.

TERIBR A 62 FIFEA 199 J5, BRI T — A (74 28) AR P04 LAFKE, WTLIE
B A b T A St R R TR SRR B AME

> algae[28, "P04"] <- 42.897 + 1.293 * algae[28, "oP04"]

R, BT BIRAFE, RIVBRAR P04 A5 Mkl W06 LRIR MRt
BITARIGUREYR? BAFRITERME— R, B LURIES E K oPO4 ETHE PO4 HI1H,
AR5 X BT A SR RGBT X S R

> data(algae)

> algae <- algae[-manyNAs(algae), ]
> £fillP04 <- function(oP) {

+ if (is.na(oP))

+ return(NA)

© RBUARETRNFR, BWBRIEE (P04) QFERHMIE (PO4),
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+ else return(42.897 + 1.293 * oP)

+}
> algae[is.na(algae$P04), "P04"] <- sapply(algaelis.na(algae$P04),
+ "oPD4"], £illP04)

EEAABLERT — M fllP04 () HIRE, HREAE —SYRERZR oPO4 HH., 4
%E oPO4 RHE, X RECKHIRWEARMRMXR (i “fillP04(6.5)” iFM) HHLZR P4
H. R)a, HXTRBABIZR PO4 FSRMEMIAREAR. XNEEALUEL S — I mR
sapply() RELH. W sapply() HE—ITSHE-ITHR, BN SEI 1B, HRES
— Mg, ZHENE-ISEEHRNKE, TRIE-ASHPHRRNARIE -2 ]
AR E—ILREBEMNE R XBRFE sapply() HEREREHNZER PO REEM R,
Bla—#BEFEAREARBEGHI—IIT. FLE, EENTEARR s na() HERX
BUEAERATHITRS, REXEEERNE N ITRE DS R¥ sapply () NI REAIPO4() .

SRR RAPIRERINEBHIL —LFHRERE. BT, SR RIESHHRRME, 7T
AERRROABEF SARRENTRANE TR Z AR R, XATLGELRN A R BNt
lattice (R BOR LW KM E T BR AT, WA 2-7 fim, 2EAMKRBNT.

> histogram(“mxPH | season, data = algae)

i 7
' d ] i 1 1
| garmer ‘ S i - 7]
|

| . -
= 1 | = =5 I.'__l_IJ....n.L'..'I o

f— — DA

spnrg 3
| '|
,_4-.75“7 Ii-—.i:l- -I—.l

T T
T Yl

Fenan =l olsl
1
1

meFH

B 2-7 7R season R TR R mxPH W E FE

FHRABLAHERRFY TR oPH HEFE. S0NETEXNNTFENSF S 0OWREBE.
R, E2-7 FREVIUFARERB RN EIRF, o7 LR REEESEF NS0T,
BOREA] AGE B o 9 5 (0 A ARG . ARESITF -

> algae$season <- factor(algae$season, levels = c("spring",
+ “summer”, "autumn", "winter"))

RAER T, Hits XEBNEXRIE T, S8 levels BE B FH/K AR BFHIT
H3l. EREROT, FERTKFRNARME (BMEFHEIT), FUERTREPEER
ERFRFHHEFTR. REPTU LGS, BAFHENETEE, BEEAHARH,

&, B2-7 PHETETLEM, BbRREARZENZYER mxPH HERE BF
. MRXFFE KN (R size) #HAT EHEBEPEI ST, HATIES histogram ( ~ mxPH |
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size, data =algae), FI84 M5B E 77 o T AR /N T A BE /N B mxPH (B, S X R AH S B
BRATLY BB A2 CER, Flin.

> histogram(“mxPH | size * speed, data = algae)

ERHER A/ MR E A AN oPH HHEL, FEHBHNE, CBRARAEERK
HHEEUMNIR AR . (U — A B & X R, BI5E 48 M4, MR mxPH 71X
B4 a1 B!

5 — M R AT AR RE R, (BB AR B BLARIRE -

> stripplot(size " mxPH | speed, data = algae, jitter = T)

EERAHERIE 2-8 Fim, S8 jitter = T SR Y B 2 BAEHAT/NE B BEEHLHES
AR LB EEZ H AL ERN FEA X AA R ESEHENMEEETENER,

XFRR AT AR B ML S A SRR ERE RS, TH, XM RE—IEBNTRE,
ENARZHERAGTENMNT . Ail, IMTETUNABE SRS L ERB/NIERER

s,
1 A
medium
small | 5 @ 0P
medium sffibso ©
large Wl o
Figh fow
smal S glg
medium ¥R Pwo ° o, @000
iarge % ®@cc° %00 Yoo, o

mxPH

2-8  HIFUA/MIERE 5 E mxPH 693840

2.5.4 ETHRFRGIZEAIHEMMENREIMRKIE

FRTHRREEES (BR) ZREHERHE, ATEZRAMEAT UEE) ZRBHELIHER
BAMBRE A, BRATTAT AR X Fh O SR BAMBR 2T A& A K2 NA HIOHEA S KA R 3K

o BRBAARRGIBERBER AV ZAHSHOAB (RRIFEL2ET T HEHRE) .

> data(algae)

> algae <- algae[-manyNAs(algae), ]

AV R I BB MR KRS, Hp— KRS FaRcHE,
LAUBRRERAEES S — N KENEREMN, AT HEAXMEROTE, &%k SOH IR
&o HLMEEE M RNEENL TERT BN ERIE L. EXRIEITEERHLENTE
P, WRBRERAER, XAMEEE R LR ER M E Y AR R AN RREZ Z M, 3T

© HESHTER oPH HHEREAEORRENGS, DRIITTEHFS, BRAERXBENHET.
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g_jL\\ﬁﬁﬂ_F

duJ>=/icm—xV (2-1)

THE#RN T EBERAXFEREIRSEMSHREENREIBAHMUE 10 MK, I
FENSREAREE, RIE WA AXEERN L, H—MFEERBITEX 10 MR
HI R B B O O XA PO BOREAMR R, MRBRAAERS XER (ARRHH algae BEAR
HAEXMENR), RAITRAX 10 MBAMUBEHE S HIAREEEZHE (MAB) . F_MHHTERA
X AT MBIIE, NENK/PEEERFEFMUREN N RERS KM/, X8
P R M BE B RIS E . A RAMS N REERFEAMIREWAN RNER N 4, WEREEM
PR R R

w(d) = e (2-2)
LEE AT DU A B 304 A B8 knnlmputation () SREH, XK A~ EE K
TR RBRB MR kNPE XNER IR EERE 7T LN R T RET & F 8 ORI

HTBRHEEED, HEAKXWT:
d(x,y) =
Heps () BEE  WRMEZEMIERS, B

1 i RANTFEH v #v, B
8.(v,,v,) = 0 LiBAXEEH v =0, i (2-4)
(v, —v,)" HiRHKETEW
fe RN, BRI, B

x, -X

36,05, (2-3)

y. = (2-5)

T E 1 BH AT f B knnlmputation( ) K%Y,
> algae <- knnImputation(algae, k = 10)

IR A BOREAMRAE, TMERITRE

> algae <- knnImputation(algae, k = 10, meth = "median")

B2, xR RMBRE, FMEPAESSE NAE (BRE), NEA R 6 w56
T o i 7 o O HE R AR,

L P E FIRTE A 48 R b Oy B R AR R (BT, K 25 Bt 6% I 12 AR 8 BT 0 #r S8 1) S LR
BE. BFEBNRZEHACEREI R EEERESHE, BXMHEOAFELMAEE, FlinmT
BEFERHANE R AL, EESERAREHEENTERINEREFMNE, H5b, T
KBARE R, 7]LLES VL HBEEAR TRk R E1Z A eE,

SEE K ERS 2 TR

Pyle (1999) # (Data Preparation for Data Mining) — H 4 % FHERIEO KB AL G AE
RO KERE, Pt ie B LA AE, Weiss # Indurkhya (1999) #) {Predictive Data
Mining) —H# P HARGHBAEE, FH RS BEHRITAE,

Hong (1997) A& Wilson #» Martinez (1997) #9SL ¥ 2 A £ RE LM &) % -F 4 36 & 4 F R4
W ARE, FH—F e RE LT AE Torgo (1999a) @i P& 3],

2.6 BTEWMUKRE
ARG EEBIL A 69 RBU 140 A 7 FBSRAHIVAR , RIS TR EBERHK

o-I
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B, EWT LS EHTEESC, BHs, FEsERT — MIRERI - MR EERM
—FEBRTRNER, XMERTUREREBRBTEMNERTNERER, GTUHHE
W AR R R P AN B B EBER .

ABHHRE A TFHRIEE AR AR SR, ST RS EEMER, XBF
B FAPPMAESTROAENSEEE, MIEETPRIOERRELE, A, XFpER
B A FEFEENSFER, B eI EL N EERRNERE S RRNBIER, mXH
RERS TR, WE A UEEM N EIEE R BT, HX 3R 80k H 2 HE 17 58 12
REE RS, RIGH— BB ERETE (B12.7F) REBELPFH—IRES
AFTFREHN 140 MRREEE .

FAMER LR A R (R, R 4 B AR BB A SR (I B4, T

(63 | EIAMHEAITT LIFR B SR AL B B A SRR 3R . B, R ERZ N, FRRRMIE
SEHITEIENES THE. MR, RITEMA 25 Vil EsrREses, RN
FIRHERSEEAY, 75 B ISR, FRATTHE B AL RUA 69 200 MKBEC RS,

ETEEA, BE 140 MR BT B ESERRMN, EHZIRE, A5
Rk s TR AR A R, KRS RAH TRNBAERMNERUMEESE,

2.6.1 HBILLHEEA

ZTAKEHERERE NG RIEMIT R, ZERAHT 1 MEAXERTR5—4
MBTEXANKHERR., XMRERRELNB, x X, XHHTKH, X8 X EHANER, 8
B—ANE¥.

EMZATREIN, LA EIER A R BT, Hik, XE¥ R FEREY
GEBEANRHMLE (BH.2.5.4 %) FEFEMBEE, BEEENE, EHERXMHENY
2R, HABRE 62 £ 199 £AMER, HAEXFAIDRN 1L ATWUERSPE6 MR
AR, UTRBIEBR—REH B R BIRE.

> data(algae)
> algae <- algae[-manyNAs(algae), ]
> clean.algae <- knnImputation(algae, k = 10)

ZEET EEMRBE, BEIMEBIEE clean. algae WA FHERKE.
BTR, WEs— T ISR L v E I 5A
> Im.ail <- 1lm(al ~ ., data = clean.algae[, 1:12])

PRR¥ Im() B —ERMEEESEA, KRS SBAH TRENERER®, EX/ 4
T, ERWEARARESHRMFATEREMRMUER ol, F-ISHPHAT “. 7 AFRH
BEEFHFTAR ol SMER, MRFTEATNZE mxPH f1 NH4 RN ZER ol , BE 2 EE
K “al ~mxPH + NH4” , £HFEZHME ERW TR, XEBHFI R AKX, FEHABEHTA
F. B data ZFRBERETANBIEES.
BR¥ Im() SRR SHRUHEBRFEERONR, TLLGES FHABRRESREEIMN
58 .

© kb, BTRMNETRWSMAKEN 7 MM, AR XA MR 7 #ARFE LS,
© b, BTBRRERE, RIABEBRNAMHE.

© HX, RPHTERIBEREK AT REEE T,

® RICL\HT 1 ERERNERRER 1 5,
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> summary(im.al)

Call:
Im(formula = al ~ ., data = clean.algae[, 1:12])

Residuals:
Min 1Q Median 3Q Max
-37.679 -11.893 -2.567 7.410 62.190

Coefficients:

Estimate Std. Error t value Pr(>|t}|)
(Intercept) 42.9420656 24.010879 1.788 0.07537 .
seasonspring 3.726978 4.137741 0.901 0.36892
seasonsummer 0.747597 4.020711 0.186 0.85270
seasonwinter 3.6929556 3.865391 0.955 0.34065
sizemedium 3.263728 3.802051 0.858 0.39179
sizesmall 9.682140 4.179971 2.316 0.02166 =*

speedlow 3.922084 4.706315 0.833 0.40673
speedmedium 0.246764 3.241874 0.076 0.93941
mxPH -3.589118 2.703528 -1.328 0.18598
mn02 1.052636 0.705018 1.493 0.13716
Cl -0.040172 0.033661 -1.193 0.23426
NO3 -1.511235 0.561339 -2.741 0.00674 *=*
NH4 0.001634 0.001003 1.628 0.10516
oP04 -0.006435 0.039884 -0.136 0.89177
P04 -0.052241 0.0307556 -1.699 0.09109 .
Chla -0.088022 0.079998 -1.100 0.27265

Signif. codes: O 'sx%' 0,001 'sx' 0.01 '#' 0.05 '.' 0.1 ' "' 1

Residual standard error: 17.65 on 182 degrees of freedom
Multiple R-squared: 0.3731, Adjusted R-squared: 0.3215
F-statistic: 7.223 on 16 and 182 DF, p-value: 2.444e-12

R RERE summary () R FABIEMEERIXN R BMERZE, £NME R NTLE3 Z
R, Y5 EE—HHTERMER, RSN —HMEBIARS, BIXME—NE EAKER
HFZR, ReEgE-1 MEBTR, XEEHTRMNENORE 1, YHBTRNENL, £
HiZEFELER, FNRETARLBHBERMMEN 0, MRFAEXE-1 MEBARBREERY
0, WEHEFERHMMENE M BRHME. ZL EHILEERS, TUER R IYAFER [65 ]
season £ R T 3 M HIZE R (seasonspring, seasonsummer Fil seasonwinter) , IR IKEER) season
TREBMERN “avumn”, WHH 3 NMEBERNERLBAHZF,

X115 B A 2R PERE R XS S 0 F RS summary (), H43HFTRERIM— %2 EE . HARE
FAMERPEBEDUENRE, RENZEHENOFERESSH, (BERARERIFRTEE
Hi/NY)

XNFENEZTEERBFEORR (BR), RERNEHNMGIHERRERE (XBERHEL
BEMMID . ATREXERFWEZENE, TUHTXEREY 0 MBRERK, B H:B, =0,
ﬁﬁﬁmtﬁ%¥ﬁﬂﬁ%ﬁﬁoRﬁgtﬁ,ﬁﬁ%iﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁm%,W%o

8,

R%E%ﬁ%ﬁﬁ%ﬁ%~ﬂ(”(>“”)%ﬁ%&ﬁ0ﬁ~ﬁﬁﬁﬁﬁmﬁ$oﬁﬁ,ﬁ

© AMBELEREE,
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{84 0. 0001 FHAH 99.99% B BN XN REIEER 0, X FENMWR, RBLHH—IMHE
Sk RAX R IR BEEAF, B2, NN TFIXHENEAREMNRE, RITZDH 90% B
BSR4 R BN 0 X— B,

B—AHREGHHEHNZKEEER (ELT PRAE R, FREAERMSHENYE
BE, EDBLEVRTEEMRRRAIBIER ML, FEET 1 (JLF 100% A BEERRIENEZE) Hik
RIS ; R /), KRR EME, ARRBUE™E, EEREEERNFSH
HIBE,

BiG, BNEMURREMERERS BHRTRRARBXARXI—FREBE, MH:B =6,=.-.
B. =0, TWTLLESH R A HEM F SHES—MEFEHIT HREORFITRE . R BE—ELIFER
W B(SEKE. FEilp ik 0.0001 £RA 99.99% i BSEHE BT REERN, @Y, mP
—AMERIREEESXEE (SN p ABIAIKK, BIIKF0.1), WANSREK  REER
FEX,

A2 E B T LB 2 R MR AT R T, SEhs b, ATLAA—A251 plot (Im. al)
S RBI—RIMAUERE, EMNAEBTTHRERNEE, RPN ERELHBEH
AR B EMSERRENE R E, REAXME AR, RiEEEZBARPRMZIRERNNT

[66 | ¥, XHERATUTEHBEEXLRERERNMICE. RAHMWII—-TEERBEENESQ-Q
A, B e UREREREHANANESHES,

ZHEAMBRN T ZHAEAEREME (K432%), BAlLIEL BT RAKE TR T &
BB (FRIEMp ER/D), REFERENEEN, THRAHREEAETEETNIZHEABE
W, LT EAT AR T R EEE, AN 8B N

B EE anova() FAFEAR MBI, 28 anova() BRI AL BRI, X1 EHER
H—MEBRREH T EF RS R, BEARXNPIMBRNEM, HRMKERETEFMED,
TATHE RS MR AT E 00, &SR0T,

> anova(lm.al)

Analysis of Variance Table

Response: al
Df Sum Sq Mean Sq F value Pr(>F)
season 3 85 28.2 0.0905 0.9651944

size 2 11401 5700.7 18.3088 5.69e-08 #**
speed 2 3934 1967.2 6.3179 0.0022244 *x
mxPH 1 1329 1328.8 4.2677 0.0402613 =*
mn02 1 2287 2286.8 7.3444 0.0073705 *x*
Cl 1 4304 4304.3 13.8239 0.0002671 #x*
NO3 1 3418 3418.5 10.9789 0.0011118 *x
NH4 i 404 403.6 1.2963 0.2563847
oP04 1 4788 4788.0 15.3774 0.0001246 ***
P04 1 1406 1405.6 4.5142 0.034963b *
Chla 1 377 377.0 1.2107 0.2726544
Residuals 182 56668 311.4

Signif. codes: O '#*x' 0.001 '+»' 0.01 '+' 0.05 '.' 0.1 "' ' 1
FHEHRRHER season MR A G REMTIRE/DN . T EREAER FHIK

© TEEEHFLT, IANRZEAE BRI HLK.
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> 1m2.al <- update(lm.al, . ~ . - season)
% update( ) FITXEAMEHEEHTRUNMFEE, 7E LEAMABS, N R update()
MASHY Im. al FEEERAE R season IR — PR, FHEMKILESFERWT

> summary(1m2.a1)

Call:
Im(formula = al ~ size + speed + mxPH + mn02 + C1 + NO3 + NH4 +
oP04 + P04 + Chla, data = clean.algael[, 1:12])

Residuals:
Min 1@ Median 3Q Max
-36.460 -11.953 -3.044 7.444 63.730

Coefficients:
Estimate Std. Error t value Pr(>|tl|)
(Intercept) 44.9632874 23.2378377 1.934 0.05458 .

sizemedium 3.3092102 3.7826221 0.875 0.38278
sizesmall 10.2730961 4.1223163 2.492 0.01358 *
speedlow 3.0546270 4.6108069 0.662 0.50848
speedmedium -0.2976867 3.1818585 -0.094 0.92556
mxPH -3.2684281 2.6576592 -1.230 0.22033
mn02 0.8011759 0.6589644 1.216 0.22561
Cl -0.0381881 0.0333791 -1.144 0.25407
NO3 -1.5334300 0.5476550 -2.800 0.00565 **
NH4 0.0015777 0.0009951 1.586 0.11456
oP04 -0.0062392 0.0395086 -0.158 0.87469
P04 ~-0.0509543 0.0305189 -1.670 0.09669 .
Chla -0.0841371 0.0794459 -1.059 0.29096

Signif. codes: O "*x#+' 0.001 '=x' 0.01 '+' 0.05 '.' 0.1 ' ' 1

Residual standard error: 17.57 on 185 degrees of freedom

Multiple R-squared: 0.3682, Adjusted R-squared: 0.3272

F-statistic: 8.984 on 12 and 185 DF, p-value: 1.762e-13

FRERMIEHE R #RBB T 32.8%, IRRRKHEE, THEHMA anova() REX B
AT HBOE M R, EXRERANMERIE RS

> anova(lm.al,1lm2.al)

Analysis of Variance Table

Model 1: al ~ season + size + speed + mxPH + mn02 + C1 + NO3 + NH4 +
oP04 + P04 + Chla
Model 2: al ~ size + speed + mxPH + mn02 + C1 + NO3 + NH4 + oP04 +

P04 + Chla
Res.Df RSS Df Sum of Sq F Pr(oF)

1 182 56668
2 186 57116 -3 -448 0.4792 0.6971

T E R ESGER F RSB AMERST 20, ERIEERAAERETE BERA, X
T, REBREFEFABST (-448), BRAKBEREHFESNEEHFAEE (BEH
160.6971 SLEAR MR A RIAOTT BEHEA 30% ), W, FMAKREE, N TREERSBRE
ZHAEB, ROTERN ln2. al BB anova() H¥. AWFEE XA TR HBBA T HIE K5
PHRE HTHLAENTLR, RE - BECEHIT L EFA 28,
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TEORBTEER (Im al) FRGEHETT SRS — MRS,
> final.lm <- step(lm.ai)

Start: AIC= 1151.856
al ~ season + size + speed + mxPH + mn02 + C1 + NO3 + NH4 + oPD4 +
P04 + Chla

Df Sum of Sq RSS AIC
- Beason 3 426 57043 1147
- speed 2 270 56887 1149
- oP04 1 5 56623 1150
- Chla 1 401 57018 11561
- Cl 1 498 57115 1152
- mxPH 1 542 57169 11562
<none> 56617 1152

* - mn02 1 650 57267 1152
- NH4 1 799 57417 1153
- P04 i 899 6575616 1153
- size 2 1871 58488 1154
- NO3 1 2286 58903 1158

Step: AIC= 1147.33
al ~ size + speed + mxPH + mn02 + Cl + NO3 + NH4 + oP04 + P04 +
Chla

Df Sum of Sq RSS AIC
- speed 2 213 57256 1144

- oP04 1 8 57050 1146
- Chla 1 378 67421 1147
- mn02 1 427 57470 1147
- mxPH 1 457 57500 1147
-Cl 1 464 57506 1147

<none> 57043 1147
- NH4 1 761 57794 1148
- P04 1 869 57902 1148
- size 2 2184 59227 1151
- NO3 1 2353 59396 11563

Step: AIC= 1140.09
al ~ size + mxPH + C1 + NO3 + P04

Df Sum of Sg RSS AIC
<none> 58432 1140

- mxPH 1 801 59233 1141
- Cl 1 906 59338 1141
-NO3 1 1974 60405 1145
- size 2 2662 61084 1145
- P04 1 8514 66946 1165

BR%Y step() I Akaike {5 BAREHITHEIER, BIMFRT, MRERMEHTTE, H
L B BB direction, ATLURAHAMKMTTE (BHZRBEWHE IR UEBELZER)

© BAZEIFEE, FrLAZEAbE it T304 step() HERISEIH
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AR T IR RSB EEANES
> summary(final.lm)

Call:

lm(formula = al ~ size + mxPH + C1 + NO3 + P04, data = clean.algael[,
1:12])

Residuals:
Min 1Q Median 3Q Max

-28.874 -12.732 -3.741 8.424 62.926

Coefficients:

Estimate Std. Exror t value Pr(>it])
(Intercept) 57.28655 20.96132 2.733 0.00687 *+
sizemedium 2.80050 3.40190 0.823 0.41141
sizesmall 10.40636 3.82243 2.722 0.00708 *x

mxPH -3.97076 2.48204 -1.600 0.11130

Cl -0.06227 0.03166 -1.651 0.10028
NO3 -0.89529 0.35148 -2.547 0.01165 =*
P04 -0.05911 0.01117 -5.291 3.32e-07 **x

Signif. codes: O 's#x' 0.001 '++' 0.01 '+' 0.05 '.' 0.1 ' ' 1

Residual standard error: 17.5 on 191 degrees of freedom
Multiple R-squared: 0.3527, Adjusted R-squared: 0.3324
F-statistic: 17.85 on 6 and 191 DF, p-value: 5.564e-16

XAMERFTARANITERS (R') MARREMBAIM, XHEHN R ZYXEERANABEN
KUHERRAEGEN,

% LM B A B 5 Rk

ZHEBRREFANETRTZ—~, Bk, XESWHETFIRARAFIL-THMAAS, T
EANHR, TOALARAEELEBHE, APHBART RSB HIENRNEH 342 Drapper #=
Smith (1981). Myers (1990) #9H 4, CMNBETHhE 2o ENRERBHLRESAE,
2.6.2 @AW

AFEAE R PHH—FEAER, BIARFHERT wfES &8 EER (21 Breiman et al. ,
1984) RPAMINEHE ol HBASRE, hFXIRERBGABE LM, X E AT EWaimeTk
B 62 251199 BkRERPA],

2 7 [F SRR M ARAS ANF

> library(rpart)

> data(algae)

> algae <- algae[-manyNAs(algae), ]

> rt.al <- rpart(al ~ ., data = algae[, 1:12])

F—%18S AT ME R 4 rpart HN42 (Themean and Atkinson, 2010), Z 4 BlIH#
MLHC, BE—&ESHATERRERN, BE, XERNMNANSEERS In() ERHSHK
BRMRE, B% rpart() KIE - NSEES A FES BIERMOHEHESE,

X4 . al BNAEIE -

> rt.al

n= 198

O ZKL, FRFS—NBNART KRG RER, HREEXNTRAS, RIIIEA pan B,

69

70
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node), split, n, deviance, yval
* denotes terminal node
1) root 198 90401.290 16.996460
2) P04>=43.818 147 31279.120 8.979592
4) C1>=7.8065 140 21622.830 7.492857
8) oP04>=51.118 84 3441.149 3.846429 *
9) oP04< 51.118 56 15389.430 12.962500
18) mn02>=10.05 24 1248.673 6.716667 *
19) mn02< 10.05 32 12502.320 17.646870
38) N03>=3.1875 9 257.080 7.86€667 *
39) N03< 3.1875 23 11047.500 21.473910
78) mn02< 8 13 2919.549 13.807690 *
79) mn02>=8 10 6370.704 31.440000 *
B) C1< 7.8065 7 3157.769 38.714290 *
3) P04< 43.818 51 22442.760 40.103920
6) mxPH< 7.87 28 11452.770 33.450000
12) mxPH>=7.045 18 b5146.169 26.394440 x*
13) mxPH< 7.045 10 3797.645 46.150000 =*
7) mxPH>=7.87 23 8241.110 48.204350
14) P04>=15.177 12 3047.517 38.183330 *
16) P04< 15.177 11 2673.945 59.136360 *

EEE SR AR BB R KRB, TSR BT R’, XS
BARARZEHSERPHI. WA RZRNR1 RS EFFHREE, RAEXNESPEESEN
MEEE, B, TUERESFED—HF 198 MkEE (HTFHENOISEREEELR), &
B 198 ANkEER, YGEE al HIBRRFEIHE K 16.99, AXPEHERRES 90 401. 29, A
HEARHRANSE, XE5TNTEMERLERAE X, Flln, RS RHA MM T “PO4=
43.818” NE (HA 147 kR WARAE (REHFRHY 27), AA B HLas
FIAEY 51 AW X MRAKEE (RERIER “37) . MEER2 AN AEEDLE R4 M
%S, BEEIIAGEETER ClIRBRAE, FEHTU LR, HRXERE—1rts
B, XEMHESE R PHESHCH K. S, BAIBEATIXR#THENT . w2,
MR ATAEE ST — A BT B A KB R, R WRE S P R R IE X BOK R B 5
R, BEEMNE, HEMNE A, 18 A BT RN FEERER R BIRE,

BA o] AR BEESM B R . 7T AR eR%E plot() FIRRHL text () XPRIXTRLEEIW], X
P RBOE A SR ERM T L. AT FERE B EZMR I TTRAERE, A6518 R B
PR T BB prettyTree () . At 1 ES A% 4 I Al %, B3I 2-9 B .

> prettyTree(rt.al)

PRH summary () WATLAAI TR R, HREHS HFZERXTREOWEFEL . HMbTaEs
JRAUHR L R Al 4 8156 o 33X By eh (] 43 B0 R EDE AR Ab B Sk SR (R B — P07 85

W AP AR . &, AR —RBRER, K5 E g T BR R B
— B SR AT, XN EROEREGETENSG. FLE, —ITEERKN—&
LM NEREE#TUE, HEESUSAERBEFN —LEBRNXER, HibYE
FEE AT HEERO TR, MMEERE, EASERERTFELENGRE, LHE
YR EEL KRB RS R R RMR, X TERAHRAEE, BREMHESR
e, AIrEzep AR, BAFETELMESRE, FUERE - FREIT D Bk
Gt BE LA F AT

© ARESFHEZZHNFIT,
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F2H FMERNE - 5]

LA mart() BEMER, ERERAEES, YA ERGHERWEIEBREL., X4
TrRI&GHAR, MEETBRESEE: 1) RENBODPTFE-IBERBMER; 2) L&A
AR R/NTENMAERRBE; 3) YHHEFXT-IEENARE, L3 MRREST
B rpart() REA=/Z% (cp. minsplit, maxdepth) RHE. BENTHBRINEDHIH 0.01, 20
30, MRAEREWHNTENSAE, RELFREXLBAENAE R, X0TLLEE 83
AR LR G B R AT .

rpart RN ELIR T —FFR N A & B R %45 9 A9B8I 5 (Breiman et al. , 1984) , XNk
5/ R B MWL ATTE NS EE cp. XFMEN kR EG T cp H R A T TR M F
R R/DZR B AEST . 41— B8 rpart() B AENER, R 7] RIA X BRI — 26 F

B, FEAETT R A HERE . XS BT LB BR SR printep() 53°:

> printcp(rt.al)

Regression tree:
rpart(formula = a1 ~ .,

Variables actually used in tree comstruction:

[1] C1 mn02 mxPH NO3 oP04 P04

Root node exror: 90401/198 = 456.57

n= 198

CP nsplit rel error xerror xstd
1 0.405740 0 1.00000 1.00932 0.12986
2 0.071885 1 0.59426 0.73358 0.11884
3 0.030887 2 0.52237 0.71855 0.11518
4 0.030408 3 0.49149 0.70161 0.115856

© HRAEZ R plotep(nt, al) LAEBIF ARBEIRMUME R

data = algae[, 1:12])
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8§ 0.027872 4 0.46108 0.70635 0.11403
6 0.027754 5 0.43321 0.69618 0.11438
7 0.018124 6 0.40545 0.69270 0.11389
8 0.016344 7 0.38733 0.67733 0.10892
9 0.010000 9 0.35464 0.70241 0.11523

f tpart() EREEMEIARE FEFIRP MG (B 9), XREK cp 4 0.01
(B% cp WBRIME) , BREFEALNKA— MR IREME (5RESMI) 0.354, R, R
B 10 3738 X BAE R IR /2, PRAS O RO IMIXHR 25O 0. 702 41 £0. 115 23, AR4EXEE
REMERGITER, TLRATENEGRE, TLED, 8 SHMMMAXiRE (0.677 33)
B/ H—NEFERHERMRSE 1- SE SNk HBFHEIER, XEHEER BRI ITHRE
(“xerror” %), LARARMERZE (“xstd” F1), 7EXREIF, 1-SEHMMERDEIH, RED
F0.67733+0.108 92 =0.786 25, Wik | BEM 2 SHMTTIRENR0.733 58, WRRMIskEE
BEAMTIAR R BUAR, FRATBAT LGB AR R A op {8 ° R 2R

> rt2.al <- prune(rt.al, cp = 0.08)
> rt2.al

n= 198

node), split, n, deviance, yval
* denotes terminal node

1) root 198 90401.29 16.996460
2) P04>=43.818 147 31279.12 8.979592 *
3) P04< 43.818 51 22442.76 40.103920 *

EABIIE T rpartXse( ) REA LA SNEITRXEE, BERSE se KWRRINER L,
> (rt.al <- rpartXse(al ~ ., data = algae[, 1:12]))

n= 198

node), split, n, deviance, yval
* denotes terminal node

71

75

1) root 198 90401.29 16.996460
2) P04>=43.818 147 31279.12 8.979592 *
3) P04< 43.818 51 22442.76 40.103920 *

BLANE A R B9 R 3K snip. rpart() SKAZE MW HITE . X4~ kBT LUE R PR O XA B —
MBI EIRR, M EREHTEBEIR T MRS (LGB o 5w k8
ML RS ) :

> first.tree <- rpart(al ~ ., data = algae[, 1:12])

> snip.rpart(first.tree, c(4, 7))

n= 198

node), split, n, deviance, yval
* denotes terminal node

© BE, RAUTRES “xemoar” MF “xstd” BEFRFAMKE, TERIEMSITEREDHIMEERN, XEKRE
FREGHETT X BRRR, BRAZMNSRURRFEMN,
© Hsb, WLAEXNNM cp EME_EEEIERN K cp (2 BT MTHME.



1) root 198 90401.290 16.996460
2) P04>=43.818 147 31279.120 8.979592
4) C1>=7.8065 140 21622.830 7.492857 =*
6) C1< 7.8065 7 3157.769 38.714290 *
3) PD4< 43.818 51 22442.760 40.103920
6) mxPH< 7.87 28 11452.770 33.450000

12) mxPH>=7.045 18 5146.169 26.394440 *
13) mxPH< 7.045 10 3797.645 46.150000 *

7) mxPH>=7.87 23 8241.110 48.204350 *

Fox WmRBRME - 53

XAEHE mpart () B — R E— R, B LAA LLUAE I my. tree < - snip. rpart

(first. tree,c(4,7) ) XFERIDRAXMER L HH

H4h, WATLEREE O TR snip. part() K3 B, EHERPR, KREFAAREEZ

> prettyTree(first.tree)
> snip.rpart(first.tree)

node number: 2 n= 147
response= 8,979592
Error (dev) = 31279.12

node number: 6 n= 28
response= 33.45
Error (dev) = 11452.77

n= 198

node), split, n, deviance, yval
* denotes terminal node

1) root 198 90401.290 16.996460
2) P04>=43.818 147 31279.120 8.979592 *
3) P04< 43.818 51 22442.760 40.103920
6) mxPH< 7.87 28 11452.770 33.450000 *
7) mxPH>=7.87 23 8241.110 48.204350

14) P04>=15.177 12 3047.517 38.183330 *
15) P04< 15.177 11 2673.945 69.136360 *

ELBIP, SHFEHTHER2 FER6,
R K8 % STk

BB EH, WRALEAWNHRELEES, RSEEFSRHXELERANES . REEAL
RAGEE, RS A RETENC, TUARBH OS4SEWEEN, HERAGHERX
—XERWENER, ARZRBNERDRE MR

WwREZE e EHF I DM, Tk % Breiman F(1984) W9 F#., HE RS EMPw

PRAIEELAE LR, - Rk ERT, ABHFTETRARKREX (27 X2FYF), L
17, MRABARENE —ABITFHLAER, RECERETHIEI#K, ANBF I FHMF, Quinlan
(1993) BHELCAS B R—AFE5EMGBRIFERTE, KFEHHE G L8 L (Torgo, 1999a)
SR TRIFODEARAN TR HRIM, KTAREFRELERT TR, #XFEANBT HELT
WERE, ENHBENRETHEEAZ I LWNBAYRRS M OHAE (Torgo, 2000),

2.7 HEWIFHFIERE

2.6 WA T AR BEEKH T, REBREZER, Bk ASB— M RERRE

e BE, BARANNEFRAES, HURASEREE OERSNEEMYERE,
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7 AR 140 NMUREES OB, KT BEXANAE, TEEVHEFRNEASHPIEE L&
A KRITAE, WRRU, FEEULEN I PR EE KPR

HEFEM (FIHR) SHEMRE. RPRATHRESTRERENTUEE. SREH
Hibg BRI MR, FIIERN TR, BA XN KB ZHENERRRE, BN
BHE,

[T AY B0 AR R K B AR B BT 5 SERRE BT LB B, A X E
PHEREPHRENER, —MERTTIERFHENRE (MAE), FEHERINMIRG 2.6 17
hEAMEE (REEEMEIER) KBRS, B4, RETEIFOEEE B % 68 69

76

71

RENRMBWE, F£R T, BERBEMAEBMOT, REMHEH B predict() #HTHR., HIK
predict() B—MZERH, EN—ITSEATEMNANRE, B SR VEEORRE, @

78 |

HY 45 SR A R AR Y S

> 1lm.predictions.al <- predict(final.lm, clean.algae)
> rt.predictions.al <- predict(rt.al, algae)

FEBAFSWEE 2.6 WHEIMNTNEE o BRI EBERERE, B8, BXERI
SGEBEETHBEME, FTLATEL MR AR f 6 F B3R B SR HE clean. algae,

BRERMMBRES, KA LTRE R EEITRE, WTFHR:

> (mae.al.lm <- mean(abs(lm.predictions.al - algae[, "a1"])))

(1] 13.10681
> (mae.al.rt <- mean(abs(rt.predictions.al - algae[, "a1"])))

(1] 11.61717

A—RWMATHRREERRYITRE (MSE), LB TFHRBITHESFRE.
> (mse.al.lm <- mean((lm.predictions.al - algael[, “a1"])"2))

(1] 295.5407
> (mse.al.rt <- mean((rt.predictions.al - algae[, "ai"])"2))

[1] 271.3226

BE—MREEETENARZAR: REEMBGEENRMUAZL —, REMNAPHAE
B, XMRERTHRE, AMEMNAVHEXIRE (MAE) RERIRE, A2 A s iay
BaRFERE, BBRIRX—-FAEHREERBREGEALE N YL RE (NMSE), X—4
THE R ER R B R A AR (O Bt R 2 R L 3R B R BR R R ERE
B, BT,

> (nmse.al.lm <- mean((lm.predictions.al-algael[,'a1']l)"2)/

+ mean ( (mean(algae[,'al'])-algae[,'a1'])"2))

[1] 0.6473034

> (nmse.al.rt <- mean((rt.predictions.al-algael[,'ai'])"2)/
+ mean ((mean(algael,'a1'])~algae[,'a1'])~2))

[1] 0.5942601

NMSE &—ANHUME, HBREEEERE N0 ~ 1, WRBEERIR Fix A3k 4% 6 S A 2 R T
W, A4 NMSE piBiE/MF 1, NMSE f{E8/, BAKHEMBE . NMSE RERT 1, BkE
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BRI A 4 o] B b 4 BT A SR (B A Do T £ !
A FRMN R EMEP, KA regr. eval () ARITRELHENRBAWEERESER, TH
8 N R — B o P LAZE 4R 1% ek B 3 B SOER IRBUX AN B A R A%

> regr.eval(algae[, "al"], rt.predictions.al, train.y = algae[,
+ "81 MJ)

mae mse rmse nmse nmae
11.6171709 271.3226161 16.4718735 0.5942601 0.69563711

R EERMOTAEREME R, —HHTERLHRENBRE, B2-10 55 T
PR B TG B9 AT AL, SR el DU T B AU A 69 -

> old.par <- par(mfrow = c(1, 2))

> plot(lm.predictions.al, algae[, “"ail"], main = "Linear Model",

+ xlab = "Predictions", ylab = "True Values")

> abline(0, 1, 1ty = 2)

> plot(rt.predictions.al, algae[, "al"], main = "Regression Tree",
+ xlab = "Predictions”, ylab = "True Values")

> abline(0, 1, 1ty = 2)

> par(old.par)

Linear Model! Regression Tree
oe o o g
8 ° 2 1
& 8
-]
oo Ps o 8
z 8 ° o o s 8 o
3 ° o 13 8
ES o 12 °
e 94 08, o ‘;‘ e 9 o
= ° :o 00y T °
° 09 06500 $
R o o® °&°° ° & 1
0 09T 0 O .
® ® 8
o & - o o
T T T T T T T T T T T T
-10 0 10 20 30 40 W0 15 20 25 30 35 40
Predictions Pradictions

B 2-10  HRE7RYTH (80 A0 B S0 RO RIS

ME2-10 pEfH, XM RBEFSIR EOERLERE. ARANELT, BHEXMFA
IR ERA TR, B ATE BN XEEA L, XRBERELKE abline(0,1,lty =
2) kKM, XFBAFILERMFR, AR+ L5y LHEHESHORE. B2-10 vEANE
B« AR y LR HIREZ B FERKTREMELE, MRETESE, RaxLRBRe%
X ABBNEL b, EMMAE 2-10 FERE RN, HOHFAEMBL! 7T AR &% identify () 3K
BEIRLE PSR 2 AR S, ZRBATLLEA P Ed BT AREEEPRA, RBUOT.

> plot(lm.predictions.al,algae[,'al'],main="Linear Model",

+ xlab="Predictions",ylab="True Values")

> abline(0,1,1ty=2)

> algae[identify(lm.predictions.al,algael[,'a1']),]

BT EEBONRB, HERE LGS, REAEERZEARE, NiZEBHMFHEEHE
B 0 IR R AHE A AT B0 —— R DX BL AT R K identify () 18 DIiY 1] B R R 51 SR BIRAE .

VR 2-10 AR, EXMKREERPMER, F8, AL MRNEFEMENTMMEY
. EARBP, BEEHNIRARENRENEARL (E0RF), Hik, "TLA DM
YRR i /N AT RRERER (4L b T Rk [ I AR,
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> sensible.lm.predictions.al <- ifelse(lm.predictions.al <

+ 0, 0, lm.predictions.al)
> regr.eval(algae[, "a1"], lm.predictions.al, stats = c("mae",
+ nmsen))

mae nse

13.10681 295.54069

> regr.eval(algae[, "a1"], sensible.lm.predictioms.al, stats = c("mae",
+ "mse"))

mae mse
12.48276 286.28541

FEAR TSR RS ifelse( ) RBBEBMBIRGR, ZREA=ANSH, F-NSUEZH
&0, BN SERYBBAGHENBBNBE, £ SHELBEZM AR B
B, T8, @dX—/ MR TR KA,

RS DL B R e BB R AR, BRI 1] T osE 4 [ SRS AR U SR T 140 AU iKAF G
AR, AR AE KA NMSE {H, AW, XMEERE - 8. RITWTFTERE
KB EEEEXT 140 ANMIAE & BT R HE AT BRI A B AR RS, oy T8 J0E X L B A 9 B AR 22
BE, URNBEMH B MBS X KA P A BFRTEE, XBERXBAER
ERMBESRERLLY BIFERREN, BEREGEMNEZBIRE ETRAERMNT. ERER
RV RBE RS PRI (BT CITAITRER) BRAEN, FAXEHERARMKN,
Fhr b, BREE A UBE SR E I SBENFTRETN . R, SEHEX—RFERRAERE
IR B R ERAMFEA L, EMZRTTR, XFMRSEFHFEEUESVIGFHE. Fit,
AT EFE-NEENEE, RINFTERBERIERDESE LR SR E M RAhiT. FIrX
R RS RAM T RGN —FE AT E, EERTRERAXEN/DEES. X#TF
B LEEMRNT . B RRBE AR/ DIBEILIISGRE £, W TX N FENEG-F
%, ABREEZIMIERE- 1 NFRELER, RS F TEREINMER, RETFHE
R, MHKNEBNFREEREU LR, BEFR P MEEREONRE, XEWEREIT
EENERA A TEENEE BITRBRIN, XBRRBZLA, F ITRXBIEMITEX b
RIS, SRR k=10, FRRITSEZHITEW b 3730 L8 UE LKA 3 7T 5 89
fliito

B2, HEX RS, TEMHETIIRE:

o FWMPEFEHFER (FA—BENARSEBE R UANEAFRNERR),

o PP BRI BB AT RT

o BFIRBUHG IR AT AT LRI %

FEHRGEEN R B, RMH T B experimentalComparison( ) , "B RIRHFTRE K M L
BAEFS. EAIUMARKMGH B8R, WX BIEE, XMREA=128: 1) ATH
BHEHEE;: 2) FERBEMREY; 3) SRABRPHRE. ROLUSEREE NG, HE
S FEBR AR A [E] R AR R AL AN A [ # [ I AR A A

PR X experimentalComparison() &M FAEMBEFEMHE, ZXMEX L, ER—-IER
PRE EAERM-HLAF BB R, HPE— Rz I gRE R L 3
—ASEEE Y%+ TR G A, EAEENE KB, FRAXE R X&R
BRZR E— R, RN BIETAATENEEITHRE, TESHFA iR
RUA PR -



> cv.rpart <- function(form,train,test,...) {
+ m <- rpartXse(form,trainm,...)

+ p <- predict(m,test)

+ mse <- mean((p-resp(form,test)) 2)

+

+}
> cv.1lm <- function(form,train,test,...) {
+ m <- lm(form,trainm,...)

+ p <- predict(m,test)

+ p <~ ifelse(p < 0,0,p)

+ mse <- mean((p-resp(form,test))"2)

+
+

}

c(nmse=mse/mean ((mean(resp(form,train))-resp(form, test))"2))

c(nmse=mse/mean ( (mean (resp(form,train))-resp(form, test))~2))

F2H WMMHRLM - 57

FEXAN R BIH, BRI NMSE /2R ] )3 50 A (| AR B B A BRI 14T . BPAaX 6
FE X B RBIAT =N BB Z R AR, EGER MM K K. %37 I8 A ok e ol AR A
MEMASBEEETHREFRENSH. BREVMHNFHIMMENATZEARNEIHE,
{ERFAER REEA RN “JIg + IR + 787 R, REE P EEE— TR SH
“L T AR SEFLIREERERN R B, EAF-TMRERBEAEAIENS . KL,
LT BTBREHREIIR, ERARKBERERBNH =TSSR EHNIEEE. X
MERRA TR LR SR ENBINSE (FIMTERE pantXse() FHMEL Im() H), X
BB S — MERZ RN A B A MR B resp(), ERTREAXKBHEEHN
BinAZR{E,

FE5E SUHF P TR 2 ST R B eR 3, BEPT DURR T OB TR R 32 B E R -

> res <- expisrimentalComparison(

+

+
+
+

c(dataset(al ~ .,clean.algae[,1:12],'a1')),

c(variants('cv.1n'),
variants("cv.rpart',se=c(0,0.5,1))),

cvSettings(3,10,1234))

##### CROSS VALIDATION EXPERIMENTAL COMPARISON #####

** DATASET :: al

++ LEARNER :: cv.lm variant -> cv.lm.defaults
Repetition 1

Fold:

1 2 3 45 6 7 8 9 10

Repetition 2

Fold:

1 2 3 45 6 7 8 9 10

Repetition 3

Fold:

1 2 3 4 5 6 7 8 9 10

++ LEARNER :: cv.rpart variant -> cv.rpart.vl
Repetition 1

Fold:

1 2 3 45 6 7 8 9 10

Repetition 2

Fold:

1 2 3 4 6 6 7 8 9 10

Repetition 3

Fold:

1 2 3 456 6 7 8 9 10

++ LEARNER :: cv.rpart variant -> cv.rpart.v2
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Repetition 1
Fold: 1 2 3 4 5 6 7 8 9 10
Repetition 2
Fold: 1 2 3 4 5 6 7 8 9 10
Repetition 3
Fold: 1 2 3 4 5 6 7 8 9 10

++ LEARNER :: cv.rpart variant -> cv.rpart.v3
Repetition 1

Fold: 1 2 3 4 6 6 7 8 9 10
Repetition 2

Fold: 1 2 3 4 5 6 7 8 9 10
Repetition 3

Fold: 1 2 3 4 56 6 7 8 9 10

BREREDNEE, F— I SUESHFELRERPIMNABEEN —TNE. FMUERE
A BIIE R, K datatset ( < formula > ,< data frame > ,< label > ) , PE%{ experimentalComparison( ) FJ

BN SRETERRNTRMEE %, S MERITEEL R variant() RiEE, HKBH
HWE—ITBSEEAPEXHAT “%¥3 + K + 45" ABNERER. AN ESEAX

82

83

BT NS BAI T EE, K% varantes() BIBFTASEEMESGER A HER,
HFEATRABS, A “ev.lm” REATRIASEE, MEE “cv. part” KIS se W H

TAFRMEE, XEFRELRELSEEANN=EIEE, XETUELENREEHPEIRH
tho PA¥K experimentalComparison() HIE =SSP EBREXXBRIELEHSH, B LI RAE
ABREFAXRE XBREHR3) . LHBYE (10) . BEIBERBNFF. BENSE (FEILEF
T) BETUMBIEESENER T UERRINNTE (ANERTIISHEMEL),

XMMEBEANERE-NMERNNER, CESXREENFTERER. EXAENRENG
IR T SRRBUXE R ER, B, TEABRETHEERNEE.

> summary(res)

== Summary of a Cross Validation Experiment ==
3 x 10 - Fold Cross Validation run with seed = 1234

* Datasets :: al
* Learners :: cv.lm.defaults, cv.rpart.vl, cv.rpart.v2, cv.rpart.v3

* Summary of Experiment Results:

-> Datataset: al _

*Learner: cv.lm.defaults
nmse
avg 0.71961056
std 0.1833064
min 0.4678248
max 1.22184565
invalid 0.0000000

*Learner: cv.rpart.vl
nmse
avg 0.6440843
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std 0.2521952
‘min 0.2146359
max 1.1712674
‘invalid 0.0000000

*Learner: cv.rpart.v2
nmse
avg 0.6873747
std 0.2669942
min 0.2146359
max 1.33566744
invalid 0.0000000

sLearner: cv.rpart.v3
nmse
avg 0.7167122
std 0.2579089
min 0.3476446
max 1.3356744
invalid 0.0000000

MERbnTd, Hpy—EIERA B NMSE {E, X4~ NMSE {5278 B T H g
B, HEEARE, A THEEREFXHE, TUERXEERMTTRLEE (LE2-11),
BT .

> plot(res)

at
i I
l 1
i t T H :
: ; : : i
cvrparvd | | 0 O T T S T
H v H § H .
: i ; :
PR !
ov.partyv2 | fe----- 1 . RS SORPEORN SUNRL
it i C oy
| |
| !
cv.rpart.vi ---4 < R M—
i .
i | "
i
: : L
cv.Im.defaults | 1---4 @ bemmn Lloo 0
Lo L
? ; | |
T 3 T T T T
02 0.4 0.6 08 1.0 12
nmse

E2-11 XHBIFSRATTHL

PR3N experimentalComparison() %4 MEEI— MR, M0 ARAE 0 4E 7 AR 0 R B %t E 9

> getVariant (“cv.rpart.vi®, res)
Learner:: "cv.rpart"
Parameter values

s8e = 0

AT AR X BT A 7 A BAE 453475 LI AR DA L 3K . AT AT ARES
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DSs <- sapply(names(clean.algae)[12:18],
function(x,names.attrs) {
f <- as.formula(paste(x,"~ ."))
dataset (f,clean.algae[, c(names.attrs,x)],x)

>
+

+

+

+ }.I
+ names(clean.algae) [1:11])

> res.all <- experimentalComparison(

+ DSs,

+ c(variants(cv.1nm'),

+ variants('cv.rpart',se=c(0,0.5,1))

+ s

+ cvSettings(5,10,1234))

RTHERE, RIONERT U EABMAEH., EEANE SR THE 7 M BRHES BB
BEME, XE-ITRAAMEFTEAE AKX, EARNH—IFRHEWE, EREBEE PHERL
WREERNK BRERAFS “ ~. 7 BEETRK. A5, ZFFRED K as. formula() Fik
F—ARAR, FRTE—F, B8 F K experimentalComparison( ) WHIEME, FENEE
B S K 10 FIRXREURBAAROBER, REHBIETRE, JAHESTHRES
ﬁ_‘%JLo

E2-12 A TAXXBIENET, KREXNAREBERMESR, 2HE2-12 mARIT:

> plot(res.all)

ME 2-12 a5, FILMBEMER, WU, JLA NMSE HHRE KT 1, WiXE R
Hup kA BATEMNESEX —EERRAEE ! MRETENE S/ BN KBRAER, 7]
LAR FH eRi3X bestScores( ) , fAFBINT :

> bestScores(res.all)

$al

system score
nmse cv.rpart.vi 0.64231

$a2

system score
nmse cv.rpart.v3 1
$a3

system score
nmse cv.rpart.v2 1
$ad

system score
nmse cv.rpart.v2 1
$ab

system score

nmse cv.lm.defaults 0.9316803

$a6
system score
nmse cv.lm.defaults 0.9359697

$a7
system score
nmse cv.rpart.v3 1.028506
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ev.rpartvd | o t
cvrpartv2 | i$ do P
cvrpartvi [ godo | b o

cvim.defaults | @pdoo] |

cv.rpartvd
cv.rpart.v2
cv.rpart.vi

cv.m.defaults

1FE ]

1]

cv.rpart.v2 i

cv.rpart.vi

c
T i
10 15 20

|
i
?
ov.im defaults | | |
T T

N
¢
>
®

cv.rpart.vd l
]
’
»
o

nmse

B 2-12 FrAEEE s KBS R 8 i

FESRER, BRTEELS, HUSENTRERBA T, B2-12 HHNEREER
B, A8 BEWFRE—MIrNENEY, 485 R—MEARETYE, EELZE KB %
BAGHE X SRR TAHES, XEARNERATLURRANMERNYRHBRYE, FiFE ke
BHEHA, XEARMERAANUETFREGER W T EARR (Flan, RB0EE R I 58 IR
BIAR ., ZRAR., BEFEAR), BETHASTWAUMY AR, VLRI (Breiman, 2001)
BHRHAGEBARSENA FZ—, THREANRER (HAMRESER) HR. 8159
BRELEEK (RAFEWE), ARAEKNE—SR, BN ST EBENETRESHK
—AHNLFEPER, AHEFHBRMRALSTRAMERHENE RHENEG
randomForest ( Liaw and Wiener, 2002) f) K%L randomForest( ) SCHL[E| ISR B A, AT AE
REFLEWANEIE, XRECLE=TRAMWEILFERARRY, #4508 MEEEAFKE
BB, X B — i 2R,

> library(randomForest)

> cv.rf <- function(form,train,test,...) {

+ m <- randomForest(form,train,...)

+ p <- predict(m,test)

+ mse <- mean((p-resp(form,test))"2)

+ c(nmse=mse/mean((mean (resp(form,train))-resp(form,test))"2))

+}

> res.all <- experimentalComparison(

+ DSs,

+ c(variants('cv.1lm'),

+ . variants(‘cv.rpart',se=c(0,0.5,1)),

+ variants('cv.rf',ntree=c(200,500,700))
+ J,

+ cvSettings(5,10,1234))

IO7 FH BR %K bestScores () , REIESEALA B kML E
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> bestScores(res.all)

$al
system score
nmse cv.rf.v3 0.5447361

$a2
system score
nmse cv.rf.v3 0.7777851

$a3
system score
nmse cv.rf.v2 0.9946093

$ad
system score
nmse cv.rf.v3 0.9591182

$ab
system score
nmse cv.rf.vl 0.7907947

$ab6
system score
nmse cv.rf.v3 0.9126477

$a7
system score
nmse cv.rpart.v3 1.029606

HEE, RTEET USIIIAERE, BFNEREABEIANELETERGHE, WH,
GRARLEMBIT, AHEXTEHET, KE bestScores() H WA FRRINILREEB MK
HSRZRAMXIEERE, WREHE, RASIOEILEERIEEIHECIES R T
&7 ARG R BIQPKRRE compAnalysis () AR —FE. EX—MREMK
fth 53 — MRS HEAT AR B Wilcoxon R %y, T EZS 1354 B 2 IR LAY L8 0 A o

STFHEHEL, 2. 4 fi6, WAl “ov.d.v3” BEIFHN. TEAMNABESHX - BKNGEITE
Ek:

> compAnalysis(res.all,against='cv.rf.v3,

datasets=c('ai','a2','ad','a6'))

== Statistical Significance Analysis of Comparison Results ==
Baseline Learner:: cv.rf.v3 (Learn.1)

*x Evaluation Metric:: nmse

- Dataset: al
Learn.1 Learn.2 sig.2 Learn.3 sig.3 Learn.4 sig.4

AVG 0.5447361 0.7077282 ++ 0.6423100 + 0.6569726 ++
STD 0.1736676 0.1639373 0.2399321 0.2397636
Learn.5 sig.5 Learn.6 sig.6 Learn.7 sig.7
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AVG 0.6875212 ++ 0.5490511 0.5454724
STD 0.2348946 0.1746944 0.1766636
- Dataset: a2

Learn.1 Learn.2 sig.2 Learn.3 sig.3 Learn.4 sig.4
AVG 0.7777851 1.0449317 ++ 1.0426327 ++ 1.01626123 ++
STD 0.1443868 0.6276144 0.20065622 0.07435826
Learn.b sig.5 Learn.6 sig.6 Learn.7 sig.7
AVG 1.000000e+00 ++ 0.7829394 0.7797307
STD 2.389599e-16 0.1433550 0.1476815

- Dataset: a4

Learn.1 Learn.2 sig.2 Learn.3 sig.3 Learn.4 sig.4
AVG 0.9591182 2.111976 1.00739863 + 1.000000e+00 +
STD 0.3566023 3.118196 0.1065607 2.774424e-16
Learn.5 sig.5 Learn.6 sig.6 Learn.7 sig.7
AVG 1.000000e+00 + 0.9833399 0.97656730
STD 2.774424e-16 0.3824403 0.3804456
- Dataset: a6
Learn.1 Learn.2 sig.2 Learn.3 sig.3 Learn.4 sig.4
AVG 0.9126477 0.9359697 ++ 1.0191041 1.000000e+00
STD 0.3466902 0.6045963 0.1991436 2.451947e-16
Learn.5 s8ig.5 Learn.6 sig.6 Learn.7 sig.7
AVG 1.000000e+00 0.9263011 0.9200022
STD 2.451947e-16 0.3616926 0.3509093
Legends:

Learners —> Learn.l1 = cv.rf.v3 ; Learn.2 = cv.lm.defaults ;

Learn.3 = cv.rpart.vi ; Learn.4 = cv.rpart.v2 ; Learn.b = cv.rpart.v3 ;
Learn.6 = cv.rf.vl ; Learn.7 = cv.rf.v2 ;

Signif. Codes -> 0 '++' or '--' 0.001 '+' or '-' 0.05 ' ' 1

FEERPH “sig X7 FIRB|TRIOIFTENF S . MRX—-FIBAEMFRFSUERE
FARLABERIAN “cv. . v3” BHEIZRIABELRNTREMRT 5% (BEFFILUERFSHE
X))o S (“+7) BHREHMEEMYLHERMGITIEFEEES TEREE “ov.iv3”, B THE
BERU R0 NMSE {8, IS BB A “ov.fv3” £, BT (“-") & X
R

M ERTLUBIA, BEILERARBRAZENERELET LAFARE, SHAKH
e, ERESERT, BEHLRHERE BERRS.

A FE A LA R R B R AT I B HT, R EE R compAnalysis ()
HI S8 against F datasets b BUA R FUME BN AT

B F MR NS B TR

ARFGEDA#THRAPBE—AXF SHREH LM, LT, RMNASEF Dietterich
(1998) ., Provost F (1998). Nemenyi (1969) #= Demsar (2006) #j3,

RTUEFIFk, LAKREHL#HK, RNELEHE (Breiman, 1996) X T bagging 45 4,
(Freund and Shapire, 1996; Shapire, 1990) % F boosting #) 3 , Dietterich (2000) & — & E4F43
% TR MG — AR '
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2.8 Tl 7 EEEERTE

AW ST Al 25 1 7 MG 140 NRBEAR R SR BUE . 2.7 HR T AT e BB E
IR R, AN TESRXRIELR T EXE S 7 S HE S 69 B RH oW NMSE 1511
ko

A BRSO FE HARE T 140 KRR 7 MEEMERETN . 8- 1BNES
HRF F AR BRI AR 44 H A R (R AT O, X A B AR AL 2 2.7 745 o 8 FH i 3 bestScores ()
SRR —, W RMAER “ev. if. v3”, “cv.rf. v27, “cv.rf. v1” B{ “cv. rpart. v3” 3k
BEERN,

T R BT AT A VI G R MR AR, RIS BB R BT E . B8, AT
fEisa, ZEMEEIEMES, KA kLR EAMNEE FTEIEHE clean. algae B NA {H, 33X 5L 4 [ T4
AT A SRR EAT T . BN FRA B EA T, FILIEEIEHE clean. algae 1
HERNGESDE. TR L REFENA 7 MEE;

> bestModelsNames <- sapply(bestScores(res.all),

+ function(x) x['nmse','system'])
> learners <- c(rf='randomForest',rpart='rpartXse')

> funcs <- learners[sapply(strsplit(bestModelsNames,'\\.'),

+ function(x) x[2])]
> parSetts <- lapply(bestModelsNames,
+ function(x) getVariant (x,res.all)@pars)

> bestModels <- 1ist()
> for(a in 1:7) {

+ form <- as.formula(paste(names(clean.algae)[11+a],'~ .'))

+ bestModels[[a]] <- do.call(funcs[a],

+ c(list(form,clean.algae[,c(1:11,11+a)]),parSetts[[al]l))
+}

FEMRESTEET IR, HXENE-IHNEESNRNER, LIS BERERT
BEAY A & funes HAAHR B AR A R R34 AT DAE T s %K strsplit () SREBUBRIMZ R, X
— S BRFEMABENRBES, I THEHBABNIRE, TR ERREEENXTEEES
SIFRPIT. B— MRS ERA T paSetis, PREL getVariant () 4 HHH R 44 E 4 FREY
BAL, XA MRERE (R) ERERENS, XEMNRERER “BHE", Hb—1TREZH
pars FIEHE, BEAEASES X, MRNBEETLUAR WBRERS “@” RN, &5, BI&%
AR ENTRL 5% bestModels, ¥t FH— MR, WATH —HARELAR, REELHEHK
do. call() PHMEMZENMMA R B, RE do. call() ATLIHAETERE, EHE—ITSH
RIEAFRBHEEEL, BN SHEASHARBIESEN-—131%, AT do. call() E¥K
&, BRTRALL 7 MERERNRMER | SRE R LIS X S R S il 4R A T H I ©

AARAH R BRI EIEAE test. algae H7 140 MUAARE, XMUREF BT HREME,
Bk, 55—2 2 MR I BREAMRE . B 2R RT U X 48 B HEAE B FH 6 X knnImputation ()
FRFEAMRRAE, ZHEFLT, HiEEXEAESEEFHMNEANEESEN “AENREMRKE S
FAEfIE BREL BUE AL . FHik, WREBEMIKE £ konlmputation () 5%, B R
FAURERBHE F4R 10 N BGOSR ME, FELAMORIERMR A . 1A BARAE B35 B ok g s SR B4 X
FIRE, REBRMNEALZER, ERFT LIS AN RS IR B MR e, R A
EHHETH 10 MEITPITERBAMNRE PR B EME., XM EME ALk, WEEH., Lk

© T MRITEIMR bestModels, HythGERETERMENFRE.
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E, RATTRERKKKBUKE, —~ WG —KHE, KE konlmputation() H —MFFRE S K,
A7 LAY SR R SR AN R AR P B Bk (. IR -

> clean.test.algae <- knnImputation(test.algae, k = 10, distData = algael,
+ 1:117)

A LA B B EY knnlmputation () BB ¥ distData K18 EHr € FEIRE, NZBIEE P RIIN
IR BAEHE test. algae HABRBIER B 10 MREWBE, EE, & THXBEERA BIrZR
HfRE, BEILTERIELE algae F AR T BIRERE,

T BT AR R R R SR O PO (LR R, HUBNT

> preds <- matrix(ncol=7,nrow=140)
> for(i in 1:mrow(clean.test.algae))
+ preds[i,] <- sapply(1:7,

+ function(x)
+ predict (bestModels[[x]],clean.test.algae[i,])
+ )

£ L E MR EABET, TFEMNT x 140 N TIEFEERERE preds H1, 7EXMEBWEES, &
FIRE B RELPR EEE M, BRI BRI EMN L ES T8, $BIEaT LT m
MR FER, WHiXESHENESLEESRS R BN ABIEE algae. sols 1, THERMHMAEITHH
%) NMSE 1H .

> avg.preds <- apply(algael,12:18],2,mean)
> apply( ((algae.sols-preds)-2), 2,mean) /
+ apply( (scale(algae.sols,avg.preds,F)"2),2,mean)

al a2 a3 ad ab aé a7
0.4650380 0.8743948 0.7798143 0.7329075 0.73085626 0.8281238 1.0000000

HERPIITH NMSE EN T EASIMEERYATNE, XERAAERFHENTN, &
AT — TSN, EMERRARESR, —BRERTZAR, FEEREOREE, &
¥ scale() FIRIFHEMBIESE, WRBE=ZASHAE FALSE, ENBE—-ITSEIBEHE -2
¥, RAEKRUB=A25, mEROABHIR, £ERAGFS, ROAZRENEFREN S
—frePE AR (BETA 7 MR B EE) .

BRI S RAFTE R BRI AT R B ERAREIMEERBIGR 7 BB m,
A WA A T G R A X B, W | TR B AES

Bz, HEidiE e R R, BT LIS B S R B e S B

2.9 I/hg

ERRBHE—-NEIRH, AEFEANRILEERR R 4. Bk, ABHEZEMAR
HEMS, XEET - MR/MIBIE, AE#HRT WAE R Pl —EEREANEE S TES.

WMRHRE T T AERAENERBEES T LENAE, TNV HIEAMES, REEiE
— B XK ERMILE (Bontempi et al. , 1999; Chan, 1999; Devogelaere et al. , 1999; Torgo,
1999b) , AR5 LA SCEVEH BT A RO B HE 73 47 SR B

HBUREZHET S, ARHBRT TINE:

o BEEW AL

o HRMG AT

© http: //www. erudit. de/erudit/ competitions/ic-qq/.

91

92
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42b 3 g 2 L ) SR
(e 5 4 47
B 5 43 T VR 1R AR
ZILLtEEIR
o =k
i k YR LRI TR R B R
BRIA A ALK
s PEMEY, FERERBXEAMA R WS, BB R L&t dh2iH, N
B¥ 3 T3 R KRR
* EACFEEIHF
o WTRBEIBEENHRILH R
o R A9 B AT AL T Bk
o Wy hbBRA fgk Sk 18 O R
o ANt R A SRR
o fm{er Rz R A8 B SL A F(E
[ 94 | A HEETRMORCITTIOR A 1 T E 2T BT
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Data Mining with R: Leamning with Case Studies

P 52 i Sl A

FHEHB _ARARMBERZEEAETR - BOFEA. RIMTESEREZE TAMER
1oz FA B B b (R R R BT T I B R Y, XU BRI ER B RAEX —AERE G, £T
BRENESHZHEE, SERLTUEE, REHRUSTNTEYRREZSRE. RITKBRE
Tl S&P 500 (IRAE/R 500) BURMEBBIARK ML, NWEH LR T LA BRUER, RiGxk
BRZSAENZTHRETETH ERZHRE (WELFES) . 2EIEHBRILFTROREE
HREE, Ef£: 1) WFAERA RRIWHFEELIEEFORE; 2) W0For B4 o EiF # 0
WAE (EPETEFES) #ATHI; 3) ICEBBRE RN BN IR AT S

3.1 m\@EHRS BRI

MNPBERMSBRRETER BRI RAERF NS, FXLE, dTRERHEHE
MFE, ATXXEHEmATRNRREEN, MEEZEEANKBER LXK 50
W, A¥EER, THEMEABEENZR, UETRARAZRTUAIREMHRE. X5
RAZNARET BRI, XMERERH—EERMRORAFTRNA, B TREENTEER,
R RA —EXGIEE A,

BEXGHAEEREER T ETERITRNREAS, KABERENXEREZS
FRBURATREE R, 2EMNBRRAGHL, R “X5” —RE—MiEk, XERAREN
g — L RIgH . M TAEMIEFMMERE, RIBZHEIXETH (KA. £
. #8), ERFR—-BEHEXMEMEERL. MABRZEEABIAZRANFES, REHEL
YE PR BERDE R E X 5 KM . BT BRS, RAINFARHEE /R 500 16504 P 52 008 5k B K
REEPENL, ARBRNHPMERELTH A XHRES, EXBHRENAKBKTNSES
REERRK . BEKIEHIREREZZ S RERMEE, XS REMNI S B4 KA E R
FWER, URMERER BN —EHMAETHER. Bk, ROWEEIFNEIRELABIRZE
WBRERNATRAFTRS LRGSR, MARTEZIE SRR AR,

3.2 WHRMNEE

ERNMOBHA SR XT3RS IR /R 500 F5%, X550 B 5508 18 £ 1 7 #8007 L3k
&, Hin Yahoo A2 M¥EC,

RMNEAZNBETUAERBHEMEPEE, RN, B THHE R ATHE, BIMNSH/HEK
BUZBUER AT R, Foh, XLREUEE B 2 AT LA ARHE 242 22 2 3 89 138 57 A 21 i B9 3K
B, MARUURFEILE BB ERITEAREE.

ATHEIABK R BFEEDXEHE, "TLIER BEHA:

© http://finance. yahoo. com.
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> library(DMwR)
> data(GSPC)

OFCATRATESETN R 2EPHITE - KELNERT, $—RBOAIFEHRA, £
FZHSBA— GSPC O %, HMRE xts KM, MATHFE3. 2. 1 TifFa# xis Jxd %, B, B
BT R AR E SRR R EI T (LN head(GSPC))

EABHME Cp, TURBFAHE RO, F - 2ES DM (Comma Separated

Value,

CSV) x4, ERTLABEES R & (52 THR) . 55— iR MySQL $ii & % i X

%, AU E#E MySQL &4 il — 77 S&P 500 MBI PE. RATH UL IMI7E R h R AXFIF
BROBIE. RERARHEXNEE, S2BRTHRAC, J0E RO LUK R & & R85
R—HENAAXBREN R ZMaEPOE, FENHMES (RABEZEHSHTBT)
5 R BT L B A R R B T AR o
AT, RIMAH TS -MBEIEIED R PaJrs, HEEABEERMY ETREENE
. HE, mREEXHTA, BARAEANSEESEAETHEEREXRE.,
E R PR 7 AR BEE, RS B 25 SR % a4E T mL R

3.2.1

325 H i

4 HIFEYS

X HBw

4 H R4
E1:Ele: 1)
E]% s

% H AR RS ©

£ R p B SR EH XK HIE

XA AP R BE R A, BN IAER — N ERE . X EEE R R E
Fol%E, BT WNMEERA — S E RS IS, Br LU ] FF 50 B0 i 3 F AR R
ZEBERFRER, —BkiE, NEFIIREMIER Y H—HAFARRE, B

Y15Y25 " 5 Yim15Ye s Yew19" "5 Y (3'1)

XE y, REEFSIZER Y A ¢ 890 E.

i)

BFASHHEEHORBEERSEZHRIE y,, 7, -, 700, 7 RAE—PEE, #

IGR] LAXT B B FR 5 R SR B B R AT B, BRI y,,,, -, 7.0
HEAENRERBRA S, dTFRNER—oHEE LW T EZNER, Ef14%8 B & Open,
High, Low, Close, Volume 1 AdjClose ®, B LAiZ% R pyist ] F 51 % R S £ TTBt 551
RAZANEMERATFRXEEEH T o0, QR T RENIORFMERFE R 8
FI%EE, MH, RAFZRBAATXEARRAERMEEFFIESE, FImFRNLERR%E,
TR AFFIEIE, R PREBEARMNESE 200 (Zeileis and Grothendieck, 2005) 1 xts

(Ryan

and Ulrich, 2010), XPMAEBRUUMINEE, BRE xts R M T /i IS0 8601 B 5] F4F &

REBBETREESH T . GEEARL, s BYFET 200 K, B4 xts BEFEIEHR—4 200 2,

@GO O

ERITT RITH BRI MRV 2 M, fRELR 500 I5HMBRF% S X GSPC,

http: //www. liaad. up. pt/ ~ ltorgo/DataMiningWithR.

BMBEERTRESH. 44, ERFZEHANE,

=L b, ERHE, XENZAAERANHEFH (H# Price FRAE Volume) , B HTH WIRY R — 72
B (448 Price) 7E—XKPAE AT E AL,
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BB zoo ST 5 B BT A J7 L ER AT LA FA B xts KX R AEM T EE RN A xts MR HE, zoo
Al xts #B2 R A9BEINAL, EATE R WEAREPRERAN, ENAZHTEETRILEEN
(ZR1.2.1%),

T BRI UEEA an ] BRI AR xts XA,

> library(xts)

> x1 <- xts(rnorm(100), seq(as.P0SIXct("2000-01-01"), len = 100,
+ by = "day"))

> x1[1:5]

[,1]
2000-01-01 0.82029230
2000-01-02 0.99165376
2000-01-03 0.05829894
2000-01-04 -0.01566194
2000-01-05 2.02990349

> x2 <- xts(rnorm(100), seq(as.POSIXct("2000-01-01 13:00"),
+ len = 100, by = "min"))
> x2[1:4]

[.1]
2000-01-01 13:00:00 1.5638390
2000-01-01 13:01:00 0.7876171
2000-01-01 13:02:00 1.0860185
2000-01-01 13:03:00 1.2332406

> x3 <- xts(rnorm(3), as.Date(c("2005-01-01", "2005-01-10",
+ "2005-01-12")))
> x3

(.1]
2005-01-01 -0.6733936
20056-01-10 -0.7392344
2005-01-12 -1.21656554

R xts() B —ANSBERK EFFIBR . BZRETUR—ANEE, RE MR EFR
ZILHEFES, RBSWETUR—MER®. ER_MELT, EMNE—FIRBEN -1 ERE
FrREEER (BE—17) ERHEE. B ISHEMERE, BT LU R B2 E T —F
. EEE8RE, FET R FRnEE R PR A BRE2E . POSIXct 3¢ (B POSIXIt
) #0 Date K, HIFLFLXLEAAKIRE BB LARRBMEX LR BN EEL, HEASR R I
WRISCRY, BN, 7ESE 1 EHRAVE seq() BECRAER—FRINE, XERNVFRRH®HER—
FHFE A

ELEEHIF R, mREEN RS, BAXLMEFFIXRAT UG “EE” MR
IR5 RERRERTE), RMNSFTEETENEAXHRERKRIEFIIHNTE, XA
xts WRAILIAZRTRLHE, 20T .

> x1[as.POSIXct("2000-01-04")]

.1l
2000-01-04 -0.01566194

© XEREASELE xs PHK/PBEINRARKBBE,
© L, XBEBRNATEPOSX MZ R seq() W—MRBEIHE. TLIMA “7seq POSIXt” RBZBHINE
£EL.
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> x1["2000-01-05"]

[,1]
2000-01-05 2.029903

> x1["20000105"]

(,1]
2000-01-05 2.029903

> x1["2000-04"]

(.11
2000-04-01 01:00:00 0.2379293
2000-04-02 01:00:00 -0.1005608
2000-04-03 01:00:00 1.2982820
2000-04-04 01:00:00 -0.1454789
2000-04-05 01:00:00 1.0436033
2000-04-06 01:00:00 -0.3782062
2000-04-07 01:00:00 -1.4501869
2000-04-08 01:00:00 -1.4123785
2000-04-09 01:00:00 0.7864352

> x1["2000-03-27/"]

[,1]1
2000-03-27 01:00:00 0.10430346
2000-03-28 01:00:00 -0.53476341
2000-03-29 01:00:00 0.96020129
2000-03-30 01:00:00 0.01450541
2000-03-31 01:00:00 -0.29507179
2000-04~-01 01:00:00 0.237929356
2000-04-02 01:00:00 -0.10056077
2000-04-03 01:00:00 1.29828201
2000-04-04 01:00:00 -0.14547894
2000-04-05 01:00:00 1.04360327
2000-04-06 01:00:00 -0.37820617
2000-04-07 01:00:00 -1.45018695
2000-04-08 01:00:00 -1.41237847
2000-04-09 01:00:00 . 0.78643516

> x1["2000-02-26/2000-03-03"]

[,1]
2000-02-26 1.77472194
2000-02-27 -0.49498043
2000-02-28 0.78994304
2000-02-29 0.21743473
2000-03-01 0.54130752
2000-03-02 -0.02972957
2000-03-03 0.49330270

> x1["/20000103"]

(,1]
2000-01-01 0.82029230
2000-01-02 0.99165376
2000-01-03 0.05829894



EIW FMENATHEE - 71

F— S PHSHER N EEHREENR, EMEIRE x1 MR EHHE - SHEENTR
MRR K, HAREIFRRT as @PRANFERTIIE, BERxs AMRT R M EF
IR 2 —. XENTFERTENEREFIFHE, H—BHEX k. CCYY - MM -DD HH:
MM: SS[.s], bR RIBZERRRAT AT AR, BB R3] LA M LU T2m
— I EREE G A, /7 HETUATERBANITHERGE, AURREANEEE,
“/7 SRR LGEMNEIFFRNEEB, “/7 fFSTEFF RN LA E 2R E B .

Z it a3 Al LRI IR O X sr, Bl

> mts.vals <- matrix(round(rnorm(25),2),5,5)
> colnames(mts.vals) <- paste('ts',1:5,sep=")

> mts <- xts(mts.vals,as.PO0SIXct(c('2003-01-01','2003-01-04',
+ '2003-01-05','2003-01-06','2003-02-16') ))

> mts
tsl ts2 ts3

ts4
2003-01-01 0.96 -0.16 -1.03 0.17
2003-01-04 0.10 1.64 -0.83 -0.55

tsb
0.62
0.49

2003-01-05 0.38 0.03 -0.09 -0.64 1.37
2003-01-06 0.73 0.98 -0.66 0.09 -0.89
2003-02-16 2.68 0.10 1.44 1.37 -1.37

> mts["2003-01",c("ts2", "ts5")]

ts2 tsb
2003-01-01 -0.16 0.62
2003-01-04 1.64 0.49
2003-01-056 0.03 1.37
2003-01-06 0.98 -0.89

¥ index() 0 time() ATLAFIR “HRE” EE xts XA RBMNBEIIREE L, coredata() B

PSR ARB T 6] 3 B SR {EL . Bildm,

> index(mts)

[1] "2003-01-01 WET" "2003-01-04 WET" "2003-01-05 WET" "2003-01-06 WET"

[5] "2003-02-16 WET*"
> coredata(mts)

tsl ts2 t83 ts4
[1,] 0.96 ~0.16 -1.03 0.17
[2,] 0.10 1.64 -0.83 -0.55
(3,1 0.38 0.03 -0.09 -0.64
[4,1 0.7
(5,1 2

tsb
0.62
0.49
1.37

3 0.98 -0.66 0.09 -0.89
.68 0.10 1.44 1.37 -1.37

B2, xts SRA] LA TR AL AR E M 2 ITmE 51, B R UARAMBRRE
SEEE, SRR FERTIZIEE,

3.2.2 M CSV HiEmEIE

WA, FHMHAFERGINSMEERER. WRIRRER SV Sl X, BEE

FTEEBEIAF, EHREILITH:

"Index"

1970-01-02 92.06 93.54 91.79 93

1970-01-05 93

94.26 92.53 93.46
1970-01-06 93.46 93.81 92.13 92.82
1970-01~-07 92.82 93.38 91.93 92.63

" Dpanll llHishI' llLowll Ilclose nn volme " "Adj close n

80650000 93

11490000 93.46
11460000 92.82
10010000 92.63

99

101
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1970-01-08 92.63 93.47 91.99 92.68 10670000 92.68
1970-01~-09 92.68 93.256 91.82 92.4 9380000 92.4
1970-01-12 92.4. 982.67 91.2 91.7 8900000 91.7

BAREZE TR T, FEHAXMHE “sps00. csv” REFEMATEFT R KERF, M4
ATESEE AR R hIFAZ A4 s 3R, BWTHR:

> GSPC <- as.xts(read.zoo("sp500.csv", header = T))

fB 40 CSV i ST — 3 KBt IEIAR4E, W zoo © HLAY read. 200( ) BR¥XAT LASEBUIZ CSV
PESCAF SRR IR BN 200 S5 BREY as. xts() RS R REEA xts X,

3.2.3 MMah _E3RENEHE

ZKEL S&P 500 FEHUEI A —Fh I Bk R B Yahoo MM RMIRMAM BB S, EARIFL CSV il
IR T RBERM . R BY teeries FRANL A BB get. hist. quote( ) , % REAT LLAIR T HIRH
BARE|—> zoo MR, T HEBLRE (A% R EEREL S&P 500 1R 4T EIH1 T

> library(tseries)
> GSPC <~ as.xts(get.hist.quote(""GSPC",start="1970-01-02",
quote=c("Open”, "High", "Low", "Close","Volume","AdjClose")))

> head(GSPC)

Open High Low Close Volume AdjClose
1970-01-~02 92.06 93.54 91.79 93.00 8050000 93.00
1970-01-05 93.00 94.25 92.53 93.46 11490000 93.46
1970-01-06 93.46 93.81 92.13 92.82 11460000 92.82
1970-01-07 92.82 93.38 91.93 92.63 10010000 92.63
1970-01-08 92.63 93.47 91.99 92.68 10670000 92.68
1970-01-09 92.68 93.25 91.82 92.40 9380000 92.40

1 FeREL get. hist. quote( ) R [E[—™ z00 ZEHYXTH, FRLARATHI G as. xts () IBZEXF R EH
H—A~xts MR, BR, MRETZEGS, BRITESILAS R @R RIEE XM —E
#HE, WREAREAETEEHHN @SBRI BRRERENEE, NIZNA TR,

> GSPC <- as.xts(get.hist.quote(""GSPC",
start="1970-01-02", end='2009-09-15',
quote=c("Open”, "High", "Low", "Close","Volume","AdjClose")))
X, “2009 -09 -157 BABEFEMAH A GSPC XM RMBE—MEREZS HH.
AHSA—MELMERBRBEENTE (RINMFESEFD, IARE—-NFE) BN
quantmod (Ryan, 2009) £ K%Y getSymbols( ) , quantmod 12 R MDA, £ B2 BT
RZBCEEE, ZEEHE TSNS BEAXHINEE, AEGNAXEIME. B
getSymbols() FIXDPHHAMEH — BB M TRBURNFEREZ S BB W HXTE R, HEIIEER
KETTEE. T mE6l58 8 2 R B A

> library(quantmod)
> getSymbols("~GSPC")

© WA BRI B AR e library () SRBABEME zoo, FHE xts BRI FRME 200, LA xts
AR RFEIRRA T 200 6,
© WEHLERFREmME,
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PREK getSymbols( ) HIE—TNESBR—ANFHESES, KRECHE A F P 0k 24 b B P o 42
BUX S5 B Xt R R 5 38R, REBRIGERE 545 RIL I xts 35, XEREHEER THE
WIET BEI5EMI. /RATLUESCR B XM R B S5 A BaFHENREAREL2MER, FIMA
ARG, ATLGER FIAEEE:

> getSymbols("“GSPC", from = "1970-01-01", to = "2009-09-15")

> colnames(GSPC) <~ c("Open", "High", "Low", "Close", "Volume",

+ "AdjClose")

FHL b, 1E quantmod GEMKER T, TLURAZMHFSRKAARMHEXERE, BIME8E
£ ANSH., XEREEHTLUAE R 756 R setSymbolsLookup() K#g5E, T HIR:

> setSymbolLookup(IBM=1ist (name='IBM',src='yahoo'),
+ USDEUR=1ist (name='USD/EUR', src='oanda))
> getSymbols (c('IBM','USDEUR'))

> head(IBM)
IBM.Open IBM.High IBM.Low IBM.Close IBM.Volume IBM.Adjusted

2007-01-03 97.18 98.40 96.26 97.27 9196800 92.01
2007-01-04 97.26 98.79 96.88 98.31 10524500 93.00
2007-01-05 97.60 97.95 96.91 97.42 7221300 92.16
2007-01-08 98.50 99.50 98.356 98.90 10340000 93.56
2007-01-09 99.08 100.33 99.07  100.07 11108200 94.66
2007-01-10 98.50 89.06 97.93 98.89 8744800 93.55

> head (USDEUR)

USDEUR
2009-01-01 0.7123
2009-01-02 0.7159
2009-01-03 0.7183
2009-01-04 0.7187
2009-01-05 0.7188
2009-01-06 0.7271

£ AT, BAOEE T WS HTXE R AR BATH LR A P35 . IBM B Yahoo 34
KHL; USDEUR (EITTHIBKIC) AICERBIEM Oanda B34S HKE

X238 1 R 4K getSymbolsLookup() SERLAY. ZE AT R 21EH, A getSymbols() ¥
KL E BB AR R AF IR B, K L 1 o 3K getSymbolsLookup () BRI A X Bt B, R %
saveSymbolLookup( ) Fil loadSymbolLookup () Z+HIFIRFAEARRE R RIEHREFMBAXERE ., m
REEXBERBENEZFTMHAME, HSHE R FXERENH B,
3.2.4 M MySQL 12 FEiE IS B

7 — MBI X MySQL B R, EA BN £, H— & SQL KX
4, EFLTEIFA MySQL K47, M E# S&P 500 HiEH| - HRIWERE ., H X HMA
# MySQL BB RN AT ISR 1.3 95,

QB — M BER R MR SE, BT LI AT SQL BRI T MBI SC i FIsi A B9 MySQL
WAER—NHRT, Fof, QZHBERESN Quotes, B7E] MySQL, RJSHA:

mysql> use (uotes;
mysql> source sp500.sql;

O WEHEREDNG,

© http://www. oanda. con..
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103

105

3 “spS00. sql” i SQL iBmH RIE— 4 7 gepe BOBIER, FHIBXARE/+ A B
FEEARIRP, RATLAFE MySQL Hr 34T LA F B AR B IA SRR E IE ML :

mysql> show tables;

+
+

| Tables_in_Quotes |

+
+

| gspc |

+ +

1 row in set (0.00 sec)

mysql> select * from gspc;

B —% SQLiFMEm i KREIE, B4ndEI/R 500 MO 5iE. mRREERBHE DK
B, PRATAELL L ar 4K B SN limit 10,

TE R FABRF RMBAE E#TEG. —F R EZT ODBC i, 5 —FMEETF DBl g
BREMHERAZEONSMEETHERS (DBMS) ¥H M,

SRR Y E BT ODBC HMY, R ARERIATT LAR A UM IR E S, XATRERmEER
PR E AL MRS, 7 R 3, TEMEE% RODBC 1,

DBI 03B T — R 51 0 B8 B 1 BR K, X S0 sk 30 7 TS0 bR _E 77 SE I8 B0 20098 BE R 55 2%
REEERVASEER VERNEBHAFPBN AR - MEFED . YXOEREER, RRE
WA SR (ZESEHERAEEFORIEE) . ATERBXMMIYE, APTELER
fibi R ARALEARFBIBEMEFEY . M TEROEERE, REFELEANEIEEL. X8,
X T FEET IR 5548 L i MySQL B PRl (5, AFE RMySQL 42 (James and DebRoy, 2009) .

3.2.4.1 45 Windows % Eim#k 4 3E 35 R P

WIRTE Windows R4 LZEFT R, AT MySQL BiEEMRFBREZEHTENN L, £-E
B—EHBNLE (FTURHMBERLSE), M REZEXBIEFEN B E BT ODBC (FFiK
BEETE) ¥, NTER PHAXMHML, FTELE RODBC FiNt,

$—WKf# FH ODBC Yrisl £ { MySQL BB ERT, RE - HEHIINLE, WERTELE
Windows R4t b %% MySQL ODBC K fF, EFFA “myodbe”, BILIM MySQL M5 EF#, X
AMEBR R7ESE— WK f# ] ODBC R4 8 MySQL ¥4 ERT R, BEFXNWHIBRFE, AT L4l
B3| MySQL ¥ R0 #e, X ANBERFERT LURTER BT B AL L 30 3 At vT LA R 48 o 15 ) B B4
HHEVL L. 8% ODBC Phil, SIEMEMNEIEEEERE -2 F (B ODBC MAIE, REE
HAHER L) . XNBFRIEM R EKijH MySQL 3 FE,

TE Windows 138 #Hl L8 —1 ODBC ##:, JFE—IHN “ODBC UER” WEFF, WTLIE
Windows REMEH HR L RBZBF. 8T XNMEFE, % EH MySQL ODBC K 3h &
(myodbe) BIE—MHAFBER, FAMRBIEFERMIES, AL EBELET], Hin MySQL i
Fiaubt (ANRRAHL, WY localhost; MR EHL, MY N myserver. xpto. pt) ; T EE &
BHBARES; RAREENER. —B5ERX 138G, BT R %8 MySQL BdBEET .

PIF R ARBBEESL T — 13 Quotes B EM 32, 3+ HIE S&P 500 F|/MERZ R,

> library(RODBC)

> ch <- odbcConnect ("QuotesDSN",uid="myusername", pvd="mypassword')
> allQuotes <- sqlFetch(ch, "gspc")

> GSPC <- xts(allQuotes[,-1],order.by=as.Date(allQuotes[,1]))

> head(GSPC)

Open High Low Close Volume AdjClose
1970-01-02 92.06 93.54 91.79 93.00 8050000 93.00
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3.46 11490000 93.46
2.82 11460000 92.82
2.63 10010000 92.63
2.68 10670000 92.68
2.40 9380000 92.40

1970-01-06 93 46 9.
1970-01-07 92.82 9
1970-01-08 92.63 9
1970-01-09 92.68 9

n.pwoon
[ BN R
O O O WY
Hl-AHNN
oototnn--m
NOWww
© O W WY

> odbcClose(ch)

%k RODBC fu/5, FASGHIRI#A DSN ] odbcConnect () H¥E S SHIBHEMELE. R
JGFl sqlFetch() R¥ (BEEE TRBHFTATT, HEIBEBEXNRER) BAREX. T—
F IR F A HIAE B S BRI BARELI R — 1 xts R, BfG, H odbcClose() ¥
R SR ERE,

LR RNBREEN, XERBEEENR: MEEATENSERKRE, UETHEIAR
FRAT, MAKRABARAHMEI R, RATUSEXNBREH#TIREE, ITEERY
sqlFetch( ) #l sqlFetchMore() FIZE max Y,

WAl LB R A B, BN I8 R PR B v MIFATH B IBEC KM, ff 4 (Aoler et
al. , 2010),

3.2.4.2 & Linux A4 L Kig

WRTER UNIX R4 FiEfT R, BRAEE MySQL R ERA 5 i 12 i i DBI 85 RMySQL
BH%E. XE, ODBC HMYX Linux REMRATHM, AT RMySQL B)5, RRARERNA
RODBC &ARFHIHES TR, F5E RMySQL &G, REBLATATRMERIE, MEm TR

> library(DBI)

> library(RMySQL)

> drv <- dbDriver("MySQL")

> ch <- dbConnect (drv,dbname="Quotes", "myusername", "mypassword")
> allQuotes <- dbGetQuery(ch,"select * from gspc")

> GSPC <- xts(allQuotes[,-1],order.by=as.Date(allQuotes([,1]))

> head(GSPC)

Open High Low Close Volume AdjClose
1970-01-02 92.06 93.54 91.79 93.00 8050000 93.00
1970-01-05 93.00 94.25 92.53 93.46 11490000 93.46
1970-01-06 93.46 93.81 92.13 92.82 11460000 92.82
1970-01-07 92.82 93.38 91.93 92.63 10010000 92.63
1970-01-08 92.63 93.47 91.99 92.68 10670000 92.68
1970-01-09 92.68 93.25 91.82 92.40 9380000 92.40

> dbDisconnect(ch)
[1}] TRUE

> dbUnloadDriver (drv)

m#EaSs, A% dbDriver() F1 dbConnect() FTFFE5EHIMEMZEE . F kI dbGetQuery [
BEEERZE 1 SQLER, RERB—IMEIEELER. EXFERT, BERERN s NR)F,
Fi dbDisconnect( ) 1 dbUnloadDriver( ) & ¥iEEEHE,

FA4b, AILARLIA quantmod 4332 A BB $E B A MySQL BB FE R ROSIE . L b, ATLAE

© XEEMRTE Windows BB B+ EIRAEIE (DSN) FRA) MySQL i/ B M,
© hitp://cran. at. r-project. org/web/ views/HighPerformanceComputing. html.
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MySQL %8 PEVE R bR %K getSmbols () BI—MEARIE . REIINTF -

> setSymbolLookup (GSPC=1ist (name='gspc',src='mysql’,

+ db.fields=c('Index','Open','High','Lov','Close','Volume','AdjClose'),
+ user='xpto',password='ypto',dbname='Quotes'))

> getSymbols('GSPC')

[1] “espc*"

3.3 EXWMES

R, AR B AR T SEP 500 5 BCEI RIS, FEILTT LU B HEATRE 5 A M e K
Flo BTHFEWRE, el LAAS e SRR Z B &9 X S ——H00 4 #8 B 8] 77 51 69 5k SR 1E ..
AT, BEEXXEANES, RIMCIOERLAFE: 1) RAB—1 8008 2) B
WA, X REHAAS S, SR RRTE T A58 & SRR R R
3.3.1 BWMfta

3.5 W FE I 35 R RN LB ARILR T 52 LA R A Bk k
BRI RIERE), MAETHIR F A5 ESHRRMNE,

BENZH T HE, BRITAANEEEE p% ERRS (WRMBAXZRA) . EX
MR, ROTERUHEBKRBRAERK b XFEBFREREX M AFFE, TR, EXk
R, b EATDORSAIH#8 AT RER TX A B AR T XA A . XWRE, BUARRFENHEE
Bl + k B9RN AT REA R BIFHI TS FE L, RINTERMMRERK b XP M S K318
., FARBMIAEEH HE— TR, Fln, EHE +k KRR AL RELL p% K
/%, HEEEWEEY ¢, -, t+ERMBELARTEKRT p%. HiL, RIFLETEN
RRK b R B ES.

BRATARO B H— R, ETRMENRRK b XBHERE, X—Etn N SR

BTOR k REEBRE p% MR AENF OMR, EXATHE, EENREER, HRIRED
p% AR, ENEERRTHET BTN XENBER, ENEHFIBEEA, MK
R R AR SR AT 3. R BRIVGHBIREBREN—TR—/E, EERRE EREE, f
R T H#ES
BB REF R AT LU T E 2RI
= C +H +1L

P =—=— (3-2)

Hep, C. H ML 535185 i REKES . BEHAREN.
BV, ERREK b RETFHIM AT SRR EE R GEERAIBAKE)

= P-’q‘ - Ci ¢ _
vi={ p kﬂ (3-3)
RSB EB A BRI p% BT BIEN —MBIFER T!
T, = Y {veViiw>ph Vo<-p%hl (3-4)

HARAR T ARk RN, HPSOE B BT B (e BRI M, Khy
IE TEBEREEJLKK B EYRNE TS REEME p% , IFHARPAEENNRRELA
4, BAARFHBANES L8, B—J7E, KR TERBAMETETRE, TLUETEN

© BARMAFAFFHETEARKAZTUFFAINE,
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178, MR THEEET, WTEEEH TR FRESIREMEKBKER, ENELMANELE
HRHETE
T T B B B S X A R BB 4 A -

> T.ind <- function(quotes, tgt.margin = 0.025, n.days = 10) {

+ v <- apply(HLC(quotes), 1, mean)

r <- matrix(NA, ncol = n.days, nrow = NROW(quotes))

for (x in 1:n.days) r[, x] <- Next(Delt(v, k = x), x)

x <- apply(r, 1, function(x) sum(x[x > tgt.margin | x <
~tgt.margin]))

if (is.xts(quotes))
xts(x, time(quotes))

+ else x

+}

RIER (3-2), BEEERITELHME, BB HLC() MM R PRI B
BEMAREM . K5, HHERE n days KHEX HATHRM MR, BRI next() B A F7
—ABFEVFS) (FATEL RS ) o Delt() BRERAT A F it 3 0048 77 51 (9 E 4 b e 2% ST Sk 2% .
BjE, T.ind() RECELXNEROKBRAHN, BRER, Wadd iR, RARE
#2.5%,

A 3-1 Bl ASE S AR I8 4R T MR, 2EMABIT .

> candleChart (last(GSPC, "3 months"), theme = "white"”, TA = NULL)

> avgPrice <- function(p) apply(HLC(p), 1, mean)

> addAvgPrice <- newTA(FUN = avgPrice, col = 1, legend = "AvgPrice")
> addT.ind <- newTA(FUN = T.ind, col = "red”, legend = "tgtRet")

> addAvgPrice(on = 1)

> addT.ind()

+ + 4+ + 4+ +

ol ety i e sl

T
[ e TR _|.:,d Rl ]
' P 5
| ¥

: 1y
- Fai FHtH f LI"J{I - i
gt I

EESy cma oy
&

L

= L P
/ e |
- | R

. |
Rl e S Rl v
B 3-1 &5 3 A KRHEE /R 500 SEEMRMNEEIREE

PR3 candleChart() LHIREMHEN K LE, KRB ANENEENERENRERS
Hiftr &R, HEARRLARMORE ., REMHE, MEARTFENAEEN, ENGERARERE
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TSR RO GFRMERBEY), BIE—XPHBEETR (E3-1 PHRE, MXE
X REGEMEREIFE) - EF (E3-1HFAE, ERIFHHIRE), BIER—-KK

RE, WIT BAFA KR UM (KK ER—KEL) fTHEE (FE). 8%

111

newTA() ATATAHFHNEBIFHMABICH M K RE S, ZRBAREMER—MEERE®!
XERE AT MR R R H A R 3 — R R JE FIX R addT. ind FIXF 4 addAvgPrice, X Hi B /5 P %
HARTER, B—FKIESE—NMEIFLHIBIRE candleChart() H2IM K REH, BRIELSE
B N—A~E45ik candleChart( ) BR¥G=HEVAETE . K4 addAvgPrice() HBECOH1, XEK
EURBPRREHRE - EEE O, AESEN KLEY ., WK addT. ind() HRA
RiASH (MAREND), XRBEKLBETLHFNEE. B THE THERN K LZER
[, BrLES —AERFLH TRESEK,

WA 3-1 i, YAE—-RANKNBONEEFER, TEEBITRERK, B8R, B TIHELERNE .
EHERR TRBUE, FEARE 10 XM, HILXBEARRE TRBRRKMN#E . TRRK M
AR THEE, HERRERENN 2O CREY— I —8E,

F ROV ITIEBRAERZ] ¢ FIEBZ 5T RRMBATITRE b XMEHBLBHEXH, B
TFIESR TR MR AR RMBI L, MR TEHST - THAENFRE, BAERNOZEESNIX
KA MRTEHET-TRENFRE, MAERKRIZESHR “LH”, EHMAFRL
T, ERHZZTAERA A0S (BRFH) . B2, RINMEETRAUNZ  HERZZFS
TR, RIPEHBESXN TE, FRASENFRE, AEmSHMrEasEe—X
MIEH{ES .

3.3.2 MNEREMTA

EMNCemeEAER () REBLEETR F XROMEREIFIT N, BBZHEKN B2
XFTH . REBRRRERMITHTAE G EZBRERE S WE T T % 047 W LA KR
B, EHUh, RIVMBERMRIERETHp ZBERA—MTHS, FHMRX—ER
BEWRRE, BABEX—HARREELFREERZESEHN, TUNKRRNAENEDASR
p, FATBLAT AT T EH ME BB fo RAVAIAR T RIEBRREKRIITH (). RITFEH
%R E MR B (B LE#RMIEK p) o X BRI B —m3RmR AR 0
WEEIBNE, TMRMEAZSMERRRRNENFEFFINAR R, BL#TRIES.

HATAT LA R AR 2 B R R (R BB R BOE MM BRI 4B, SEAHB, XBREA
PRAERT (] FF 5 7 SR BT R B ik o X e 07 HE X B (B P SRR E A FF R & ¢ MRME S O
ZEEXE R, RO T H#k L aTef 8 75 B S5 5H4, B4%BEE 8 OaHsH
WAFIE

BoRIENR BT AE B 1] FE SRR O BEIC 8 o R R X IR E D R E RS N T RAR
BEARSWE, EEMNTRTT RN R FFISISRHENE BXHILE, AXRHIBEARELR,
# R B¥ A TTR H AT AR BIX 24845 (Ulrich, 2009),

KB AR E T AR M P 5 SR E, Bl RBWIIRK ., BEAEME
RHHE, EEROT, RIASHERERN FRIFRESRNBUES HEARER. TR, SF
RITRB], HARBRHERNRE - THREE. DEERNEREFTE, TRARMFEE
MEBMAZR P RIBESBENRNFR, TEXBFFREEI HFHE: 1) TRTEE;
2) ZRINE, WENTRERMNY TERREZ EHERHNERNE, E—REATRHILS

© HFUTLLEMBA class(addT. ind) RPFAX— 8, REBANRMLHRREEBNRBAR,
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HEEE (IR REHFRTERENEES. TEHETEASEEFIBTEQSEEEN
BOEMER, EEMEREELRE, AWRFEEIENE—FP, —4dBEETEATHREN
BRI O RERHENGE R, BETHRFIERNER, AXLHIBRERE -4FNEERAZT
BTHE, EERXTMEBHEIE LEAT R FEMNESENTZE,

BRATK SRR R T B EREA TEANTRE S, XEES -NEENE 7R ER W
BETE, XEARKBERNEANENBETRFE, XUFEZHBRATERE. 54%8R
A H—HMBMATER, REA - IMFERMTXETEATENE, ETEMNNEEY, %
BEANENAER,

HTFEA/ZHRREAEBREGEFRE, MUXBEBER TSN W, BHERAZ
BEEMETUREM BT EWEMR. TUATHARRHE X (BAR) HMK%E®, ETH
tbi gz 112

Ci - Ci—h
Ri-h = C N

(3-5)

XH C, B R,

ERERATRPEET AN ~10 W10 4MES K. T—3#, MR TTR
HRRERBEARIEIRES, VHELERE (Average True Range, ATR), ZIEIZRERM BN
ShHFEER; BEVL 3 B $5 B (Stochastic Momentum Index, SMI), Z$EIrE— TS EHEHF; BR
B - BURTE (Welles Wilder) E[E314540 (ADX); Aroon 3HiR, HIGHRER M FFIRMME; Mk
# (Bollinger Bands) 845, BB —BEEAMERIES); #&E3N (Chaikin Volatility) #547;
WM EH{E (Close Location Value, CLV), ZIRPRIEK MM ML TEEIFIBE R ; B H
S shfE+r (Ease of Movement Value, EMV); MACD #545; B 4& W IAFEE (Money Flow Index,
MFI) ; $¥yse (bR R SIMERR. DL R36ARi iR 4015 8 7T LAZE R 3042 TTR A 57 s 3 H0 55 B
TEHRE . XERIF RIS EE T ZMEZHHREK . WETR, BRATITEE X EHERR
5o B, AN XL TIR RBHREHMT LA BMURE - —E, UTREEHT XA
T2

> myATR <- function(x) ATR(HLC(x))[, "atr"]

> mySMI <- function(x) SMI(HLC(X))[, "SMI"]

> myADX <- function(x) ADX(HLC(x))[, "ADX"]

> myAroon <- function(x) aroon(x[, c("High", "Low")])$oscillator
> myBB <- function(x) BBands(HLC(x))[, "pctB"]

> myChaikinVol <- function(x) Delt(chaikinVolatility(x[, c¢("High",
+ "Low") 1)) [, 1]

> myCLV <- function(x) EMA(CLV(HLC(x)))[, 1]

> myEMV <- function(x) EMV(x[, c("High", "Low")], x[, "Volume"])[,
+ 2]

> myMACD <- function(x) MACD(C1(x))[, 2]

> myMFI <- function(x) MFI(x[, c("High", "Low", "Close")],

+ x[, "Volume"])

> mySAR <- function(x) SAR(x[, c("High", "Close")1)[, 1]

> myVolat <- function(x) volatility(OHLC(x), calc = "garman")[,

+ 1]

FEARARS H T HUEE T HRRBENRTNERES, FTENAEEEE)
BAIX 22 AR RHATHE R o 2.7 TR T BEHLARAR (Breiman, 2001) J7 B HIU%E BEAY AR

O MEBUKBMRE LR og(C./Ci )0
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BEPLER ARt ] LU T H B S P A RNE RN, A#HmdF, EvTLLES RS ERE
BTV RZ Ik AT E RN E RN, AXMELE, IMTRMEREEXRL, €
ERBFTEABPREAFEENGER. AT, XEAREIEFIBRREEZREY, H5RN
P AAERDRTI T, XA, XAEREFIREA X AR e, REE
BEERITE,
ARG, RUOBEEESTH 2 ABINFRE: 1) —TMEELEATHELS RS
2) B—AHATUR, £ HHEESH S&P 500 FEHAT 30 FRBEM R, B THEE (KA9
) ATBAXSRGEHNR, BT, I THEHAFGRENEGR, BAKNMNREEART
BREFLE,
FIVIGREBE MRS MRR, U T .

> data(GSPC)
> library(randomForest)
> data.model <- specifyModel(T.ind(GSPC) ~ Delt(C1(GSPC),k=1:10) +
myATR(GSPC) + mySMI(GSPC) + myADX(GSPC) + myAroon(GSPC) +
myBB(GSPC) + myChaikinVol(GSPC) + myCLV(GSPC) +
CMO(C1(GSPC)) + EMA(Delt(C1(GSPC))) + myEMV(GSPC) +
myVolat (GSPC) + myMACD(GSPC) + myMFI(GSPC) + RSI(C1(GSPC)) +
mySAR(GSPC) + runMean(C1(GSPC)) + runSD(C1(GSPC)))
set.seed(1234)
rf <- buildModel (data.model,method='randomForest',
training.per=c(start (GSPC), index(GSPC["1999-12-31"])),
ntree=50, importance=T)
- E AT {8 A SR B specifyModel () R EFHFIRBURBIHIEE . X1~ AEBIE — quantmod
MER, EEE—THREEY (AXMR) O#R. H#R T RE BEE T LUA SRR KR
®, Hh—8E D QiR ATET BV NS, ZeRP0CK A F K4 getSymbols () RALE IR,
HERLENERE. M TEENEENBRMS, XMHEEHEMERLBZHEN TXREFTT
B, o, WFREAMNEHBERS, TUESFEEXESINNE (ERMBFHRH
data. model) {EX BR%Y getModelData( ) WZ%, FHZRECERBE S BH MM BIBHXTER, MR
BEHXHRAGEENEFHIMNGEL, XRH B+ HER,
PR % buildModel () IS BIMBERILYE, FKASH MV BB B, 32 % training, per,
Al LIE R B AR BT IS GX BRI MRRT 30 ER8EE) . BRTXEBEE TS IHNEN
BRI, Heah RN, QST A R 2 buildModel () T BA X ABR, A LUEEH R
modelData( ) RIRBEHE, REHEAREEMEEDERE, THA HBERAN:

> ex.model <- specifyModel(T.ind(IBM) ~ Delt(C1(IBM), k = 1:3))

> data <- modelData(ex.model, data.window = c("2009-01-01",

+ *2009-08-10"))

FrER5HY data XF R —MRUERT 200 X, BRI LURE B H N EEREBEE, REERN
SR MBI R PR, 0T ERBORE TS

> m <~ myFavouriteModellingTool(ex.model®@model. formula,
+ as.data. frame(data))

EE, XERMMARBRAAXK, @EPK “H3” AR —E A specifyModel ( )
BHPRUN AKX L B, BENAXNARKBEE, B “HE” WA P RAHBR

+ +VV+H+ o+t

© TIUAAFHBISGE T A WA,
S AEETXERMAE, XE--B “HhB7,
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specifyModel( ) 5E|MMEMIFIFIARN I Z TR, X EE{5 B & 7B ¥ specifyModel () 4 A quantmod
5t 82 B model. formula BfEF

EE, LEMERRBPHRAZNKRE (IBM), BEAFPEAZBRENRE,
specifyModel () PRECHF 7 F PR%X getSymbols () 25 B 3t M PR BUZ R AR Bdl . BT X —1
stAPHEERK, APEZAUAEAREDEEREARNBEAS (F, 3.2.3 55
JH B % setSymbolLookup () HIHF) .

ml B A BRI, IR E S% importance = TRUE, XHREVLERAK M BRI ERE M,
Xt FEEBIE, R PEIREPLERARRE TN T B EEEI . B30 LK MR &
MNEEE, BRI RGN E 2. B NEESMERE, Bl iTENERARSMIE F
FiRE MRS THZIER . RIEARR X B A B B4 RETIFRELE RN, =
MESRETRIBMAS SRR A R, YARECUWREXNFANNGFHE, RIEERE -
85, HABEREMILZRM (Breiman, 2001) MM XEAHRBIM T %, BREE)S, RITA
URKETEMNEENE, FEMT:

> varImpPlot (rfOfitted.model, type = 1)

T ERBRR M R 3-2 A . RS varlmpPlot( ) S BEBEVL MRS EM
85 (MRERSH, BLHME) . 2R KE buildModel () & EIE K45 R4 quantmod Xf
RIEW (fitted. model) BP 4 Fr K18 MR R, 72 B oK 3L buildModel () R BRI R % &
quantmod Xt R H— B M.

115

runMean.Cl.GSPC
myATR.GSPC o
myMACD.GSPC [
Deit.CI.GSPC.k.1.10.Delt.1.arithmetic [}
myVolat. GSPC -0
mySAR.GSPC °
myADX.GSPC o
myEMV.GSPC °
runSD.CLGSPC o
myCLV.GSPC - °
CMO.CL.GSPC Q
Delt.CLGSPC k.1.10.Delt.2. arithmetic . ©
myMFL.GSPC °
RSLCIL.GSPC o

Dok CLGSPC K 1.10.Delt.3.avithmetic o

Dot CLGSPC.k.1.10.Delt. 4. arithmetic °
Deit.C1.GSPC.k.1.10.Delt.7 arithmetic ]
Dett.CLGSPC.k.1.10.Delt S.arithmetic | - - °
mySMLGSPC o
myBB.GSPC °
Delt.CI.GSPC.k.1.10.Delt.8.arithmetic °
Deit.CLGSPC.K 1.10.Dolk.6. arithmetic o
Del.C1.GSPC.K.1.10.Delt. 10.arithmetic | - o
EMA.Deit. CLGSPC o
Delt.CL.GSPC.k.1.10.Dett.9.arithmetic °
myAroon.GSPC
myChaikinVol.GSPC o

B 3-2 ARBREVIFRAKEBERY

B, BRNFEHE-NMFREREFEERTIENTRFE. JNE3-2 WER, BN
XA RN AEIRMRERZ RO T, ARSI RRE 10.

> imp <- importance(rf@fitted.model, type = 1)
> rownames(imp) [which(imp > 10)]

[1] "Delt.Cl.GSPC.k.1.10.Delt.1.arithmetic"
[2] "myATR.GSPC"
(3] "myADX.GSPC"
[4] "myEMV.GSPC"
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[5] "myVolat.GSPC"

[6] "myMACD.GSPC"

[7] "mySAR.GSPC"

[8] "runMean.Cl.GSPC"

A% importance () ¥HBENMERNAGEEMSIY (XEFE-I1E). RE, RITHES
EMFREEREATRENER TR, RIMVBERMNOEUZAPFEHAILTE, AHER
HEWMNGER, RITTUAIRAHTELRMNEESE:

> data.model <- specifyModel(T.ind(GSPC) ~ Delt(C1(GSPC), k = 1) +
+ myATR(GSPC) + myADX(GSPC) + myEMV(GSPC) + myVolat(GSPC) +
+ myMACD(GSPC) + mySAR(GSPC) + runMean (C1(GSPC)))

3.3.3 HmES

E3.3.2 %9, BAIBLRIKE—1 quantmod X5 (data. model), EXN R EWETH TR
MBS R BE & . XM EBERRBIR THEABWER, —RINEREFIBRBANTZREER
WA E, 7£3.3.1 THELED, RIOWEEBREMMAEMEE: WEHRZRES. A€
RATER— T AERMEIE, W #TXFARYR? THRIMEERZRBRIFPERHRKEES R
HPF IR,

E-FENESENATEHENBRETR, REERARBER, ZEANHATNTRMGEE
B TE, XFIE 2 EEERNBILAEEIFESHEM. RMAXMHTE, RNFELEEME
MWEHEEZZES . XBRETES M RBERIETW M TEX N =M 5 ESHH—F,
B AT .

% H T <-0.1
signal = {ﬁﬁ -0.1<T<0.1 (3-6)
FEFN T>0.1
XEEFERBEO 1 F1-0.1 4B EF XM, Wl IMEREMARRE, R, XHERRER
BXE, £ THEKMI10 BHE, ZPANKXAFHEHNETHIMEAEN2.5% (4%0.025=0.1), &0
Ry WAL MMARE, FEZRHE, KXKHRRESEEFBELSNRES, HR/DYRRE
EAESFBAEXRNNTHEANHFTRS, NTTHRBERMKXR. 2% R 2P 8 EH
trading. signals( ) , FJLABEAT LR, TEBUERIN TEEZHN=TTREMME: “s”, “h”
“b”, HMREEE .. FEMEAGTI,

BAHEBENTNESFREEBNZSFES, XBKRELS d ROERESENBRE
B, EHAEBREBXEERFESR? XBOARGHER TR (3-6). XTI AN & HE,
RAGESET 810 XRIFBEER THE, REHARX (3-6) PHFREKRAESHES, NMEHESE

117] —RKBIRGES. EE/NHNESS, BFREEE-NEBXER, BinZEEhL TR
BRI £424°, AREF (FE) MEEEFHIERHNEBRTRIEE, ARESE
—AMERBRER (Flm, ROFBEPH THER), MSLEFHERERRBUEIHRME
B AR, AR EMEITATUAT L EARARE,

R ) xts PP EHETHEREE, s GPNROBEBELTE M EREER, B
ENMRA—EHEXWEBE. MUEARTFNSGEEREN -8 LERE (RMET), WMEMmTIN
BUERIE R, KT AR xis X018, RATE xts SFFTRENEN TR, TRRSED, X
FE R B B WA TR xts AREERIBRE . BRATH xts IR THRESR AT HIE FENERNLHE,

© RESHIUEREITEN “HAES"
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BT LA A xts FTHEE .
T HE AR AT T mE 4 A T AT & B B AR B 7 B R BUAE 4 .

> Tdata.train <- as.data.frame(modelData(data.model,

+ data.window=c ('1970-01-02','1999-12-31')))
> Tdata.eval <- na.omit(as.data.frame(modelData(data.model,
+ data.window=c ('2000-01-01','2009-09-15'))))

> Tform <- as.formula('T.ind.GSPC ~ .')

L EAIE P Tdata. train #1 Tdata. eval B NBIEME, T NIOEEE 5 51 FRERI YL B
BAGFN B . RIVEABIBEEIBRABIBEY, CAFSILEFHTERMBESEISEE,
RATVH B trading. signals() FAEBERI BRREROMHENGES, ARRAGSRERBERN HIRE
&, AR BT DB N AR HE Tdata. eval, 76 R4S 5L S 15 21 (9 B AR B AU B 4 1 F
RBUERE, WHEH na. omit() BUER, B LSRESIBESHE B, TEE REEHEITE
T{EFT R3H NA fH,

3.3.4 KAFHAN

3.3.3 RN TEES KEHERAT A RETH T MHTEE, SEEESFHS,
XABER M UE (B TEMTIE) ; 4R ESFTE, XITUER—ME8., LEC
£F3, IEERBESFHELT, RIOA-TAREERAEMOTMER R IES., #£3.5
W, RAVER#RIVMREXETNESHITHHIT AL S KRG, RIS A Eg#E
R SMMEE, RIAERE THRFOHETN TSN, B TFRIOAEEGEHTRABMERE T, B 18]
WM BERTRNESRIIMBEFRAHE T, B TFRIMNAMZEFSRBXE, FIUREA AT
FEXEEIREFREAEN . XERIMNAREILHRERNOTUITES, BAIRFRMESE
BB A B AR MW E MRS, tin, YSIFEat, BTLURSESE R B8 R/ Dk E 8
M. REF/INMTHE, MRITTKTRBME (T>0.1 REEXEAMT<-0.1 RELH), T

FBEANEHK,
ALGEN R R R R RE ST, HRENESH
error. rate = %;Lo/l(yi,j‘/i) (3-7)
XEy, B MUREEEOERTIE, MEZHETEN ., LR 01 LR, HEXH:
L0/1()’n5’.-) = {1 {i = (3-8)
0 5.=y

AR H R A EEBUKR KBS B, B, &R 1 - error. rate,

X (3-7) KX (3-8) PEXHAITTBERAREEBMOBMERRK k XK LELRE
B RAITHER

HHE (REERR) JEAAEERLSBABERGBERT. FXE, E=ZER
g5, ENRATE. EEMATGT, KEOMBIENLED, R “FA” X—4RHAKN
KBAKBA AN LEREIOREE . IR BRESRE A T EMBEREL AR LR
(#A) EHHRERRE, AT, “FA” HARBRINXEHXOMER, RINFEE “FRL”
B (KASEE ) ERIERKEE, XAREZHFHF RSB HIT NI BENE
HES, BERMNNANRE AR,

© REBXMRTFHFAELH BFAGEME, G-, ATEEEXHRA, MXREZAFFEESL, KU,
REM “FH" HREFLRR.
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SR TR T RGN AN DT 2T 3RS 8 F R AR R 18
FRA B SR B AR, X ANE AR AT AR T T S F A A PRAS T A R L IR A
(RMEHPE A" BEEMRERES) ., 2 A RGREEASNNEAHESHERE T
bes T e ik A RAERB A NN EMHES SELFENT . EdREE (XRNR
B FTUFESITEXRA R, AREERET LR BIMENRELE, RELE
BEI . R3-1 /N T AR RER
WAL 3-1, AT R SRORE 1 B R[] B 0 E i A IE = LI

_n,, tmy,
Prec = N.+N, (3-9)
_ ns,s + n’b,b _
Rec = N—,” N, (3-10)
£3-1 HMMZRESHIRER
WA R
EPN Eox=] =Y
iﬂ'—l’ nu n:.h ";.b Nx,.
HEER 5 s L LW Ny,
LA Ry Rpn Ty Ny,
EA n n LY N

WA LA FEAEEE S (PIEESHERES) THEH M S 89 s 5O 5 B2 71 5 3
WHE, fin.

(3-11)

"N
Rec, = %if (3-12)
Z R EM R E A I —NRIR, A FERE (Rijsbergen, 1979), £3F

ERgGitRER:
(B +1) - Prec * Rec
B - Prec + Rec

B O<p<1, Bl YR AR X R RO B B A AR B
3.4 WS

AT, BTSRRI —BR, E 2 X SRR 3. 3 WATHE R TAEST . A
FEE PRI B LR E T R 0 4 Rt B R AR R, X BATREIH T ER R
S, MR, FEHAMM IR LRk AR M, FERRRRER RN, £
N EHFRARTERLRTELETELHN RN ELZRESF EFAHLETXHERT, X

RN i T HR B A A S AR 0 T 0 SR T R A A o

3.4.1 IRz Al Sk R BIEREE

RZRput B P R EEE A EA R RAER, WINFF B 33 K E B BB AN 8F R
BB, JE RGBT KT, XERREKFILEE R EIE LR EFT, £F
BREMNEFBBRRHT, EFRFIIESWRTENRE, XREBMS LK, Lz HE
MIRFIPROEEE, EHMEONEFFIE, 57T R FRFFIHRBHERER, R

F =

(3-13)
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DA — sy e iR B T R s s, Hean i I E B T IR s e ) R S i — sk o ik, A
28 B 2 e B AR Ab S B B ROk B 4 X A S SRR — R vk, T DAY B 2R B R BUHEH E#H
WA, BIREERSE PRI SGREBIRRE T — SR, 7 2R R e
E B TRE . PRUERIE R VISR B, R K AN AR SRR BE, mRR
AEEBAERFNER A RAET 2R, B4R —ASETR S T 5L e) B B 8 S A~
EBgFE, LHERYANBBEFE— RN, BHSERINEAER N, EXF
BHT, RINTENTEEABRER, FERERENEEWEE, XHAR B 883K B = 5 8 1
24k,

R R RE R, MRARFPE RS MR, £ LT 3xd, BiE%EN%E—1
BRI HIZE BT BIES, BrAetEbR e/ T i B E (E<i) WPERCELRE Tid k. X8t
BrE, BERMNESMEXES LZHBK BB ELE, BARMTBL AT LUECHb 6 X
A, Hit, mRAEMKENFTFIIMENEEL m, BRITAEFOHENEIFI AL T2,
AR 2 1 % HE I AR BT[] P B B 1B R m Z BT BT A EIE B S BB INGERE S, REAXT
HAEFOELEBPINGERIE R EFH B AR, XA AT LR 5 B0 A 2 X 5K ok 15 5 49 T 1
e, EFRAN—F TR E AT NERARER AT FEROER, XEFEBERY
WEEY, BAEEFHEALENEFHEEMEMMN LTS, BiiEBA KEHEEEITRN
BAXFEFERMA TR, LHEERS, BAERBWERTTLIRAXMA TR, ExHF, RN
iR T R EHRA, FRAFNINABIRERENE VKR, IBREHEFE
BT, XANRBANAMRPRER, MERERNE., ZRIWNAERRS, RINEEXKTRE
g, FEEARAR —NEBREES, BRRIEH—-MEFEINTE, RIVERMEL
R HFHIRGAIAAINGE S, AEME DM AR L TR ME S ETHINGE,
M AW KEEAE, X TENBELREET, A TFRIMNMBERLINRERFHTESE
A, FFURMBESEZEERNEROBBINGHERARCEAN T, BARTRELE
EER AR PETR? T X &R, EEIFIFO AT, EMBRINGEEPRIFEBHIEOFS, m
ABFMBHAE, MTRFNGEHRKDAZE,

PFRMEHE ORNFTERS R — N RBHYIGE: TARENZEIHAET OB k%NE
REFREEE? BRXTMRBEEEAFRM TR, $—M/aTEEdRERMA RN TNEE
T ARHEFF R R, RBATMEZRELNEHE, HRNTIERRARK, RAITHTLLA
REEXBRBRAE TR, XM T EEEZNDRRET A HEREREEIN S BT, R
TERYUHA MBI R BN L, EXAEMEERABRN - ERERAIERN. £
FERRENTEEEF A A ER EEHER, wRER, S8R o MRS, AEHFK
FERES BB, EARRES, BRI RAXAH I,

B2, RNEEE-HEANASABUT =ZFARMFE: 1) AR B E H—
MER; 2) BR o XEFEIERKED; 3) ASR» XNEERIFE0., A3-3 BBETX=
P,

BT HS & K

B8 A S E SR AR Gt RS (Hlde, Oakland, 2007) AR K wEAF 5% 6
RE, CEAXHNEBEMNEEARTRTE S, X—REATHHIERAG TR (HH4, Gama and Gaber,
2007), AMTAREZE ARG AR HE M, $3F4ES (Gama et al. , 2004; Kifer et al. ,

© MREEMKS, WIS HPEZE, WEERETEXLOH—MEE,
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2004; Klinkenberg, 2004) Z 2 M2 T FIA: e fTRRH EG T, AR T 5 5 fois A fLX &
TiF @GR,

The Problem [ waining data [ test data |
Oneshottesting |1 single model applicd over all test period T ]
Sliding window | : T } |

‘ ! -

| i ]
| ]

Growing wind | J] 1

I ]

B 3-3  =FIE R8I e B R i

3.4.2 BEIR

EATH, RIGENSBEEN TS, BEAXEFEXTRBMNOTMES, HHEHEER
o G el PR X S

3.4.2.1 AILVER%

AT #Z M4 (Artificial Neural Network, ANN) Z ¥ 7ZES B WM A (H41, Deboeck,
1994) , BNz ATHEMER LA EE EIELAE RS, R BEINA nnet °] LSEBATH A2 M
%o XMARMMEMERREAN, LERMNEEEHNHZME,

ATHENEFHEERRAITESRT (BHET) WR. ML THATRKESENH
B: MARNEKHAES; ZEMTHSRNIERETESINBEHEREINMEMENT -1 M2
TLHHEA . BIMAETLEREA - MEXBKNINE, EMBEATHEMSE, SERTMEERE
W, REFA—FHERRTE RS RMEENE,

AMMATHERERERASANEZT, F—E03MEBRAMZIT, 5458008 EE T
XU AMZITTERENE, BE—BASTEABR FTERAMBNERAMBITHEERK
KPWE, EXWEZE, BEE-TREN “BR” BHET. NEEFHFAEE, LingmE
B, RERBRBEEAENMRERENEERENE, R XERENEHE SR BHZN
BEAPHNEEN R B, XREIENEWALS SABREANGHRERTERN—P IR,
RGNS SRBRRE BN ANBNREE, @3 HMNE PR ERR /MR K
miRE, XFERIRREHTT, HIWHE—E KSR,

£/ R B INED nnet (Venables and Ripley, 2002) Hf)— A EELH T #HA BEZ IR
PR, B RPN, BT AREE, AT EIEEE, Bk eER
FRAHTRTH (R3.3.3%), ,

ATHEREX TR EEPERHORERR. XHELT, EEEENFINS AN, &
HITBIRRREBERNN ., XERTTUSAHEMERMNEEZRTRRENE W, £R
IR, SHTEEENIRELLE, GHRETENEASHEMRAEZN 1, BdTENA
X, TLMBRAES M HIRENE SN AT AT

X —x

Y = (3-14)
ag.

Her, » RFHZR XHE, o, BRER X WinMERE.
¥l scale() AILAFR#AT EEMMELS, EABMH REMEG P, ST LRI BHK
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unscale( ) , XA EHAT LLHATIRMEL S BRZH, W 585 B0 BUE 3% 28 0 IRk R B9 3BEE
THEE—AEFHANFT, FAREHZER PmARRAERXFER 2R LE .

> set.seed(1234)

> library(nnet)

> norm.data <- scale(Tdata.train)

> nn <- nnet(Tform, norm.data[1:1000, 1, size = 10, decay = 0.01,
+ maxit = 1000, linout = T, trace = F)

> norm.preds <- predict(nn, norm.data[1001:2000, 1)

> preds <- unscale(norm.preds, norm.data)

HERNFOLT, B mnet() DIZEXE [ -0.5, 0.5] WMBEIEREES S ZRISFENTIHR
WE, XEREEZEITARETSHRSENFE—BH, BINLRERTRERNE. X T HE
AUBRMEIMNEGERE, BRAIEM T B RE set. seed() , XN REAT AR MBILRENL IR A 82 80
FhFE, SERBRTAIUBBSEBP—HRNEER, EX DAY, RIOTAFFHE 1000 4
SREVINE QB2 ML, I HE T RAT 1000 IR HE R WX N FRER, Kl Z4EERE
fbia, WAV G nnet() RBIER, G TSEE R PIEMERKNERPHRENSH, &
B REIE R Ed — AR R, NFGESHEATESER, RITRMFE met() BEHH
— ¥, WA, ¥ size AXRBERBEETHE S M. XBHERANSH size HEBA T
AWHEF, MIEE2ERIVMDEREZMZERNERNITN. REMK, TUAHEBEREZSHE
BI(E/NTF ) P B A B 8. S8 decay B R MAREENENEFE, MH, LR
HEREENIT R, BE, S8 mait EHNERSI BRI AFERNRRERKRE: MESH
linout = T 5 {FZ R PORAL B A B ; S trace = F AR B G — MBI ERBE XNE R
L h

BR¥ predict() F]LAFIRKABNABREEN S RETNE . B EHRUES, RITEH
A4 R FINA PR A BRI unsacale( ) FHEOMFRREAORE, XM BBHWE—-SHE TN
H, BN SEESERELBENNR, E—1SHPHNRRLEN, BRI RPEET
AT BB ERELES, X RIS BITLEN,

ERATRIEEA THZEMEEB TR ERFS RER . A7 LUK S B B 555
BAES, REMHA3.3. 4 WhgiH s,

> sigs.nn <- trading.signals(preds, 0.1, -0.1)

> true.sigs <- trading.signals(Tdata.train[1001:2000, "T.ind.GSPC"],
+ 0.1, -0.1)

> sigs.PR(sigs.nn, true.sigs)

precision recall
s 0.2101911 0.1885714
b 0.2919255 0.5911950
s+b 0.2651367 0.3802396

A RIAETARE R RBME, R rading signals() AT LU TR BEZRBES ., &
¥ sigs. PR() AILAIRIGRATCL BB B M- D S R SRS o0 BEFD ] RS R BE S I . S ER B A
THZMEHTMERIFARMRE, Tht, 2BIHLGERNTNERE, MERREELRR
REF. BE, FEUBREFFENEEARKTE, BAEER LEREREINSTABKES
BABEK. A—TTH, WREHENB/MIRRE ZRAAESNERES . MRXEESHA
k355, MATRERBEKBRE

S EhMREEHE.
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ATHEMEORUETHREE, 3FXEABE, EMEHINTFARERNENETA
R—AB—pHas, RIVEAMBEGERE (ANHFIRER) —FZHEHEA, X
WA B~ R A S AR ENERMNT . XERE, N TE—MIREANR, ATHEN
A LA — R RE, B BIREAN T TR AR,

{7 nnet () BREOR5E BUX AME %5 5 {6 FiT 20 R S50 B[] IR TR RRAR AR (58 PR NI R e 3F B A

TR RBHTER:

> set.seed(1234)
> library(nnet)
> gignals <- trading.signals(Tdata.train[, "T.ind.GSPC"], 0.1,

+ -0.1)

> norm.data <- data.frame(signals = signals, scale(Tdata.train[,

+ -11))

> nn <- nnet(signals ~ ., norm.data[1:1000, ], size = 10, decay = 0.01,
+ maxit = 1000, trace = F)

> preds <- predict(nn, norm.data[1001:2000, ], type = "class")

XEH B type = " class" BRI T RBIURBNRHURGTE, MARBERKNMGITE, EHERN
gmmch, BTLAHE R R T e B A [ s e, AT .
> sigs.PR(preds, norm.data[1001:2000, 1])
precision recall
s 0.2838710 0.2514286

b 0.3333333 0.2264151
s+b 0.2775665 0.2185629

SRS, TR B I R R RR, (EREE T EIEES PN AE,

EFHER %R SE TR

Rojas (1996) #HiRATHERMLH—AFREGLEH, s TE S 285 B9k, Zili
(1997) 4B 2 — KRG FE HMiked H, MA “Anificial Neural Networks Forecasting Times
Series” ( Rogers and Vemuri, 1994) &3 X £ & 5 sF — A 45765 5] B R fo 4 L #k, Deboeck
(1994) HWHA—H2ENMBRBRTAZREEARFXHHGILAFYF, McCulloch F= Pitts (1943)
RETHE-ANALIHZAMER, X5 T4 2 & Ronsenblatt (1958) . Minsky #= Papert (1969) i
JH, RAERE, REYAOREEZN 5k, KL F )25 T Rumelhat F (1986), 124k 3%
Rojas (1996) #94, XA F kR B Werbos (1974, 1996) £ BA#5,

3.4.2.2 X#HGEM

X #EEHL (Support Vector Machine, SVM) ®HIA THZAR%E —#, hR—FhE&ETH, 7]
IAFRIAFASEEE, BEFRAMARZMBALBKNELER, XFNRNE2%
PR E AR TIEAEE, Vapnik (1995, 1998) . Shawe-Taylor #1 Cristianini (2000) &
X BILGH AN EES L CHER, Smola Fl Scholkopf (2004, 1998) HM T — A BFHN XiHHE
PR, SR T XFRENATEHNEREE. RPESMNENEEATIHMEN, Exi

e, BAITLAZ %l Karatzoglou 4 (2004) LW H ZMIIAEAIR M kemlab, AT

AT LA I B9 Dimitriadou 5 (2009) RHEEMHH svm() BEAIRMA 1071,

XREBIMEARTER, BIERBEERFE - M FHERESEP, EXMTHEEZSR
b, A REMALEEEREE - MEVERSTHE, FMEMLEESS, SEREFHRR

© WAILIFEMYS: htip://www. kemnel-machines. org 8 Bl AR K RER .,
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R, HEEBIE P —F 2 RN R BB T TN, XEBILEER
£ B A% B BT B A IS BR R BB L

FEFMXMBERFR FHTREES S, X2l &K AR R 5= 6 A R 64 850 55k #47
M. BILE3-4, IR MELEE, 2% B RARIRMAR, TohR TR AEE AR A
KRS “44iR7 WXE, XEFRSB—EMN “HK,

EXFEBEES, XMEBREL, FTERHETREMMEERLHITE, XBEEDT
Frigl e REERMKESE (€], HRBEERMT .

_[0 ¢l <s
Ifh—{lﬂ_g (3-15)

B 3-4 XREBEYLAREKREL

TE, RATERMERR FXBEBBE AT, ROIAFERTME 1071 F i e 61T
ST, BT

> library(e1071)

> sv <- sva(Tform, Tdata.train[1:1000, ], gamma = 0.001, cost = 100)
> s.preds <- predict(sv, Tdata.train[1001:2000, 1)

> gigs.svm <- trading.signals(s.preds, 0.1, -0.1)

> true.sigs <- trading.signals(Tdata.train[1001:2000, "T.ind.GSPC"],
+ 0.1, -0.1)

> sigs.PR(sigs.svm, true.sigs)

precision recall
s 0.4285714 0.03428571
b 0.3333333 0.01257862
s+b 0.4000000 0.02395210

EXABFHR, BRIOEAT B svm(), BB gamma Ml cost 5, KEHAHISERATERA

BOAE, EARTP, HRPHEHT MR R
K(x,y) =exp(—yx lx-y|?) (3-16)

Koy B— 1 AP28, EFLENREARAS, EHMEIRENO0.001, (R svm() *, &S
Bt BIAME K 1/ncol(data) ),

BH cost L TEAERITZIAMBE . HRAT XS K% svm 1 BY BT LR BUZ S B0 HoAth
e 3 GIE: R

ROTLMED, ZFRMEVEENREEREALATHERNSGIT S, REEBRK®
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BEMETRE
T—#, RINVFEHHES, XREM R K kernlab Fii0e, BITF:

> library(kernlab)
> data <- cbind(signals = signals, Tdata.train[, -1])

> ksv <- ksvm(signals ~ ., data[1:1000, ], C = 10)

Using automatic sigma estimation (sigest) for RBF or laplace kernel

> ks.preds <- predict(ksv, data[1001:2000, 1)
> sigs.PR(ks.preds, data[1001:2000, 1])

precision recall
s 0.1935484 0.2742857
b 0.2688172 0.1572327
s+b 0.2140762 0.2185629

AV A kernlab FRANALH AT BRE kevm (), HFHBE C ARHRERARMARBEK, &
SPHBNMER 1. Rt sh, HASHERARNME, S0, EoXEANRASHERmEK
M, ATLUE A% ksvm() B B UBIEREUE & 41T,

127

128

R ARV ERMETIHA ML FERBILEHRNERE, XHAERERINFH IR
R BALEARFTRERG MBI E R . X R UL AT R o (i X S B AR AR B ] .61 F

3.4.23 3aBEREEHSE
ZILABERBHRES (MARS) (Friedman, 1991) & HiEN [BIJH#E%] (Hastie and Tibshirani,
1990) WI—ANBIF. — Lo BEMNEIAELZEM AR T —RIER:

mars(x) = ¢, + iciBi(x) (3-17)

Hire, B, B(x) RERH,
REBMTUALZHARMRIAER, NHREEIHBRRIEENTERHEEXRRNBE
BR, BELMEERREMEN&ERE, FUTER:
Hl - (x,-1t)] = max(0,t —x,) H[+ (x; —t)] = max(0,x;, - ¢t)
Hebx B— I HMAR, t BATUNTENRRE, B 3-5 HHXFNREN— T

i \ — max{0,x-3.5)
. == max(0,3.5-x)

1.0

0.5

(13,

T T T T T T T
20 25 3.0 as 40 45 50

B 3-5 PR R BR(E A BLEE R B 51 T

R PEEEZVAWNFEMELAT L0 AEMN EAFERR, FI04 mda (Leisch et al. ,
2009) AT R mars(), KREEIT LT HEM EVARRKIT . BN earth (Milborrow,
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2009) IR earth() FEFEWEI T BT HBA EIAREETTE . NBRRHRENET AR
BOXE, A eanth() AHBBYBEIRAEN R WEMNMEE . R RN earth FLH T HAfth
FMERARARNRE, BERIEERNE earth,

T RN RS earth () AT BB

> library(earth)

> e <- earth(Tform, Tdata.train[?:1000, ])

> e.preds <- predict(e, Tdata.train[1001:2000, ])
> sigs.e <- trading.signals(e.preds, 0.1, -0.1)

> true.sigs <- trading.signals(Tdata.train[1001:2000, "T.ind.GSPC"],
+ 0.1, -0.1)
> sigs.PR(sigs.e, true.sigs)

precision recall
s 0.2785714 0.2228571
b 0.4029851 0.1698113
s+b 0.3188406 0.1976048

BIAMERSIHABRINEPERAERNK, REFHEL N 3I0%, IFEREEEMR
_.J.H:.O

&350 @M EIEAEA LERATEISESE, FRUESKRES mRMRAEREHHE,

X F &t BB N [T # &S E TR

$ABERDBPHELTREE LA B M Friedman (1991) ¢ B F, XL —BRIFH
¥, CRETHALXTHRISAAELDARENARURZATRABAG AT, &
BXFLEOIETHEMAFRIEERLAEGITE,

3.5 MPMEIKLEE

XHHRmm A YRR BINTENGES . AR NY—4HES, TAFEl
KRB ENZHTHGHNESRE,

3.5.1 W AmAEs

EARAF, ROVBBERETEHTRE . PIRNTHRESAEM LHITEEN, 845
EEREFENHENEE, URKRTHRENNEEARELHEH, IEFAHANEAANE
A TEBHEE. HE, NEUNAEE, IBERERMNMZE ZEH TSRS LT [130]
£33kt (WHRIELEN) MELLT (MRS KEA) . BLLTRIBE 2. A
pEATES, FEHENZt+x 2, S5 ETUHRRME LHKE, XKLL EREE
ERXHM, #ITXMHEGFEMERAE. s kk-tat, ZHEERZ . A p L HAES,
RIEHBATE L FEREEERFEMIES. BT UEAESFMHTEER, XFHELL-THAET
BB (AXRZEANYEY, HSREMH, AlngERER) . FHRISIEHFME TR, Mmie
PAZERT 2 ¢ Jo A 238 A SF R BT e S, AmERAl. fimgiit, YA IS TR FZ
KB, AN S ERRRTFE LB,

BH—ARRES, TUEFEZFRERRTH ENAEN]. TEABHARIMAEE LR
N AT — BT EHRNR S K, B TR EBEH, XERAeE#H—%
FITZEERE, B2, EEUET — S ELA TSR, 30T U &M s
R

BT ARSI D RBILGI RN Bk, BE—XBERARIITIAEHRE, 1
BRETHYUWNTANHRNGEEE. BRAERH « WA, RITMWBEEREEHEERAMEIEE
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TRk, BRFRMH— AR THRE - NEZHNES . MREIBERAELLT, WaERL
HEESHEZN; WRRMNAEEREFALLEN, RIOKTULREEZSHS, Brskk
Fo WX EASIERFEFTANEHELUMAE pr PATET, RITELHNR EEMBH IS, BE—-1ES
B—THRNMWERHES, REMOERA pr-p%, XEp% R ERKRER, ﬁ?é?bv/\ﬁi’ifﬁ%ﬁ
BABRIETREANEE A ST, ZESAB T YL RENFEBER. RITESEFRF10
KLEGABEIXA Bir, MRESEREHIRTRA T, RITELIE 10 RHWKEANEA, E_F
A RIERES, B ERE pr+l% .. XAHHESHEMERHRN AR RENREHE,
MRTHNAEBLEREME R pr+1% , IAZEDWHIIT, BRRITHH R T LIRHIZE 1%

SRR BRI R, BB THRNERREEAEEAGS
Bf, RITKEBERFALLEMN, RELRINMNAEREGEM AN, FLBXXCMN, FEXTH
W, BRIOSERZ . IO p TR~ EATKS., MaiE—H, RINELBREFENFES.
BB ELNRENES, BB pr+p%, RALHBETRET pr+p% i, X4
BEAPIT. XFRMIESFCH—EHF 10 XEHIR, % FiES R IEBRBE, REMNE

m [131] K pr—-1%, XKEFERBHBIMBELBER 1%,

H— ﬂ’ﬁ%ﬁ%{%%‘, EANECEE—NZREE M. 1o, #EL2T 10 REFBHFA
Hig, SBFe. RITLEEEB-NAEL “KNK” WXSEE., FRES5i— 80, W
REMMESRANE LFH, WRELEBHES, BALEAFHNELENM, B, RITLU—
HEFHIFRFAPE BHRAESR PR R ATFRRE.

BMARFZRBXW AN EERNZ S R, XA KGN ARS8 A HMmZd (Fim,
A, TUElEE, RSN EBRRARER) . miTird, XBEFEFENR R EE
LAULE N B R,

3.5.2 5XZMXMTEHEN

3.3.4 T HAN MR AEHRNETRIFENBEENMAR X RO AT, ZFAEEHRER
BRRESZFHNEGEHE S, AFROANERT, REAFHEM— LR TAFNEREHNKSE
B REARAIMBERTESBIXEE R, XEBIRTREREE -ZENRERE TR, R M
HEAH 54U PerformanceAnalytics ( Carl and Peterson, 2009) SZEERT #r R A2 5B = EA
EZE&RIENR, BN TAERS M — LRI, RAITREME AR E TR K BRI ER
NFENETREHRIRER. RITWXETTEERETENBEERR, MR RERERLRE
AFEMN BN (1) BFEHER, 3.7 WABHNRINS LS RENBREITHP,
BITHEAX I RN TARITERANKZS RGBT

RITEFERLUT 3 MERE RS WBALR: 1) MHEEA SR A Z B %
E8 (ARHAIFE/REK); 2) HEBHRRWE LR, 3) XAHRA R BH R
R XTREALEENRPFBFAZLECMNMERIAREFE, AWLHRBANRERGER
TR 3 5 B FIX A TR B SRR Z R I 22 37t

XoF 5 XU A AU MR, 3R AR B i b 2R R B0 & 5 50 A0 KU B9 4, IXURS: B 2% 9
PRYERERGE ., AT EITEHBRIERKE (BRKER), DIWE B8R AR K ks REH
%o MFXHH, IR—NEENNRBE, EREH—NEHNRAEN, RUTBESHBAER

ERBAZZGFRGE, HABRKEEESFNXEEETHRIFMHMITINE L.

BfE, RENSPIFAMOEE. 8NPk . BACMRE 4 A R/
KA KBSBEE IR A B ITRRUR .

3.5.3 EBRKEH: HEES

ATEHEARAMATTRAELY B ENAENESEHTES MEE, 2 EAHARNG



EIE FMBTHIGHE - 93

LA RS trading. simulator() B EEMBESESE R, LHMEMER G HNESHTES
HEMATIRE, XMEENFESHEGAPENTERNMAF—HPHRBFES. 54 S
BRAEXXHRBHERRESHIR, B)a, RINMEATLUEEE - EXHHWRANRSE
REMS R AL MPIIATE A ., BB SES R BEN AR P RN S R RE, RP X5 KR
PRYON ZOR B ER BRSBTS S . MBSBET S LT X &R SHFAZS M EREHIC
X FHANRHES . BIHERRE—1 tradeRecord KX R, EEAFRKGENFEL . XMIRA
AR TR G i1 IR B IR B 38 5 1 sh R AT R, X EZ RRBRAERE R,

g X MR T HLFZAT, RMNFERBATHEUBHIXSG KB RBENELHY,
BEZERREM B IORRE X R, Wi, EMMRERIRUSENEAEN, RE
1A iR [ HLER B R (5 8 o

B BEXSH R E, ERSHAUEESHURA P REMEMRASEOREA
5 R R, XUNBSHE: 1) SHEBJdXPBERUGESH—I EE; 2) THRY (BB
X); 3) HEFEHEL; 4) XEELYAAIEANTES. SR eHLR—NERE, ZERNT
Y d REBEN KT RS, ZEREH 45]: “pos. type” K1 AERLLEM, -1HARTLE
fi; “N.stocks” RZ M FHBREL; “Odate” BIEFCHHEYM (BHPEL ~d ZH);
“Oprice” RIFER MM, XMERNTARSAECMUMEIRNT (ID), YRINTEEUBZEE
A E AR ERBIZ D,

A XS RANGRERRAFTUEL T RRKHZSRERBEE, P HE
SCHYIRRE RBZR E — P FH X G IESEGHBEE, BEHXHESHhEURFHIT. X
MG ASBEWENCFELUTHER (F1): “oder” X1 RELAHES, -1 REZHES;
“order. type” 24 1 {ARFEBEIULAPATH T HH S (LR LELKEKFEMAT) , 2 AERBH
#4, 3MARLBIES; “val” BRBEFCHESHHXERERE; NA BB FLES, RERM
BL 5L BB ST EHARMAE;  “action” MERE “open” ARIFHLAES, NEFEBMENR
“close” RFFCEBBMMES; BIG, “poslD” MRBEIET, HAFRTEFLHEAL ID,

THEERPEXEIZ 5 R H R .

> policy.1 <- function(signals,market,opened.pos,money,
+ bet=0.2,hold. time=10,
exp.prof=0.025, max.loss= 0.05

)

-~

d <- NROW(market) # this is the ID of today
orders <- NULL

n0s <- NROW(opened.pos)

# nothing to do!

if (!n0Os && signals[d] == 'h') return(orders)

# First lets check if we can open new positions
# i) long positions
if (signals[d] == 'b' && !n0s) {
quant <- round(bet*money/market [d,'Close'],0)
if (quant > 0)
orders <- rbind(orders,
data. frame(order=c(1,-1,-1),order.type=c(1,2,3),
val = c(quant,
market [d,'Close'] *(1+exp.prof),
market[d,'Close']*(1-max.loss)
),

L T I TR T T T S S G O Y
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L T I I R S R O I Tk R T Tk T T T T T T T S S S S O O L P PRy

A%k policy. 1() SEBT 3.5.1 WHHETHRIE — KX 5Kk, KREHE N SHARAL
XA XPUNBHAHR: BE bet MARINEBRAF G AL FTRFEMNSH L LR ENE
Srit; B8 exp. prof REIRATITHEK YT M MKER, LYRMNKITRME SRS FHEIZ
ZH; S max loss RUFCHEMNTEAZHRABRKR, BSHATLEHRES: 38
hold. time FH N LI ER, RITEEEFHRE, MRERFT hold time X, MHRVAEH

action = c(‘open','close','close'),
posID = c(NA,NA,NA)

)

)

# ii) short positions
} else if (signals[d] == 's' && !n0s) {
# this is the nr of stocks we already need to buy
# because of currently opened short positions
need2buy <- sum(opened.pos[opened.pos[,'pos.type']==-1,
"N.stocks"])*market[d,'Close']
quant <- round (bet*(money-need2buy)/market [d,'Close'],0)
if (quant > 0)
orders <- rbind(orders,
data.frame (order=c(-1,1,1),order.type=c(1,2,3),
val = c(quant,
market [d,'Close'] *(1-exp.prof),
market [d,'Close']*(1+max.loss)
J,
action = c('open','close','close'),
posID = c(NA,NA,NA)
)
J
}

# Now lets check if we need to close positioms
# because their holding time is over
if (n0s)
for(i in 1:n0s) {
if (d - opened.posl[i,'Odate'] >= hold.time)
orders <- rbind(orders,
data.frame (order=-opened.pos[i,'pos.type'l,
order.type=1,
val = NA,
action = 'close',
posID = rownames(opened.pos) [1i]
)
)
}

orders

AREMWER, ZEEBTFE,

R, SURNEV—MFRCAN, ROMEUBEE=£HES: —DPUWTHNFLH
HBAIES, — RN SRE BRI BRI R A~ LB SRR K

AL, DAT eRBUEHRAIME A3 5 5w
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> policy.2 <- function(signals,market,opened.pos,money,
+ bet=0.2,exp.prof=0.025, max.loss= 0.05
)

d <- NROW(market) # this is the ID of today
orders <- NULL

+ + + +

n0s <- NROW(opened.pos)
# nothing to do! .
if (!n0Os && signals{d] == 'bh') return(orders)

# First lets check if we can open new positions
# i) long positions
if (signals[d] == 'D') {
quant <- round(bet+*money/market [d,'Close'],0)
if (quant > 0)
orders <- rbind(orders,
data. frame(order=c(1,-1,-1),order.type=c(1,2,3),
val = c(quant,
market [d,'Close']*(1+exp.prof),
market [d,'Close']*(1-max.loss)
s
action = c('open','close','close'),
posID = c(NA,NA,NA)
)
)

# ii) short positions
} else if (signals[d] == 's') {
# this is the money already committed to buy stocks
# because of currently opened short positions
need2buy <- sum(opened.pos[opened.pos[,'pos.type']==-1,
"N.stocks"])*market [d,'Close']
quant <~ round(bet*(money-need2buy)/market[d,'Close'],0)
if (quant > 0)
orders <- rbind(orders,
data.frame(order=c(-1,1,1),order.type=c(1,2,3),
val = c(quant,
market [d,'Close']*(1-exp.prof),
market [d,'Close'] #*(1+max.loss)
),
action = c('open','close','close'),
posID = c(NA,NA,NA)
)
)
}

orders

}

EXARBEZAHBE -G R BB EfWEEERET. ZXHRBANF
FEF—BEIFFL BN, HBAH BRESF-E R EL,

EX TG REERBZIG, BITRERT TRZZLGBEUR ATERTE, BITHEE
BHEEPH—ANBMRETE, BLXRFEEIER, RERAREERERZ5— 6 [ B
WRE, ERANZSRET, ARNERARZSENS, BSEARAXRARINZSES TR
BEOXHER, BT

L R T A R A I I I IR T I T T T I S S S G G U S SE G G SR Y

95

134

136
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> # Train and test periods

> start <- 1

> len.tr <- 1000

> len.ts <- 500

> tr <- start:(start+len.tr-1)

> ts <- (start+len.tr):(start+len.tr+len.ts-1)
> # getting the quotes for the testing period
> data(GSPC)

> date <- rownames(Tdata.train[start+len.tr,])
> market <- GSPC[paste(date,'/',sep="')][1:1en.ts]

> # learning the model and obtaining its signal predictions

> library(e1071)

> 8 <- gvm(Tform,Tdata.train[tr,],cost=10,gamma=0.01)

> p <- predict(s,Tdata.train[ts,])

> gig <- trading.signals(p,0.1,-0.1)

> # now using the simulated trader

> t1 <- trading.simulator (market,sig,

+ '‘policy.1',1list (exp.prof=0.05,bet=0.2,hold. time=30))

HEE, EefTULEASB, RLARNNBATERNBENR, REGTRESR
3.3.3%,

EVRZSERNN, RIORAFE—FHXHRE, RET - LRRNEAENRESH, R
IBERBRIARIZ A (S ANRTAA) . BRAMBIRTA (100 BRRHAEA ), HSKERE—
A tradeRecord KX R . BATTLIBEKEENRHNE, WTHR:

> t1
Object of class tradeRecord with slots:

trading: <xts object with a numeric 500 x § matrix>
positions: <numeric 16 x 7 matrix>

init.cap : 1e+06

trans.cost : 5

policy.func : policy.1

policy.pars : <list with 3 elements>

> summary(t1)
== Summary of a Trading Simulation with 500 days ==

Trading policy function : policy.1
Policy function parameters:
exp.prof = 0.05
bet = 0.2
hold.time = 30

Transaction costs : §
Initial Equity : 1le+06
Final Equity : 997211.9 Return : -0.28 %

Number of trading positions: 16

Use function "tradingEvaluation()" for further stats on this simulation.

PR3 tradingEvaluation() T RGBS HE K —RFIFRZ L BRME TR
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> tradingEvaluation(t1)

NTrades NProf PercProf PL Ret RetOverBH
16.00 8.00 50.00 -2788.09 -0.28 -7.13
MaxDD SharpeRatio AvgProf Avgloss AvgPL MaxProf

59693.15 0.00 4.97 -4.91 0.03 5.26

MaxLoss

-5.00

AT LA R R % plot( ), L6 — R BBERIBIEE .

> plot(ti, market, theme = "white", name = "SP500")
E SR IE 3-6 FiR,

TR
£
S

| oy " ll:-\.
- L
'!Hﬁ lu-"'\g?lllu
=
= A = W
il'-!::': R Al
- F -.--
e " S T - i y
i ‘o 2
e Kl
et | il ks
By e
o i | <
| FI
“rﬂ‘;| - '
."| I'-__'HF = o™ = : - o A ami YL TR T R - . =
iy e, '-'ﬁ'i' .ﬁ' ﬁ' "EH -J‘_:r} ot Tl 1 B

=

F3-6 EXHMBINTNGESEM L, NAS—MRBHZHER

B 3-6 BARXMREHHIBMRAL, KRRNRE MRRALANXHRE, XBERER
F? &F T EA:

> t2 <- trading.simulator(market, sig, "policy.2", list(exp.prof = 0.085,
+ bet = 0.3))
> summary(t2)

=

== Summary of a Trading Simulation with 500 days ==

Trading policy function : policy.2
Policy function parameters:
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exp.prof = 0.05

bet = 0.3
Transaction costs : 5
Initial Equity : le+06
Final Equity : 961562.5 Return : -3.84 Y

Number of trading positions: 29
Use function "tradingEvaluation()" for further stats on this simulation.

> tradingEvaluation(t2)

NTrades NProf PercProf PL Ret RetOverBH
29.00 14.00 48.28 -38447.49 -3.84 -10.69
MaxDD SharpeRatio AvgProf Avgloss AvgPL MaxProf

156535.05 -0.02 4.99 -4.84 -0.10 5.26

MaxLoss

-5.00

ERAMRKNRRES, BEARRKZRSRR, WEEEN -0.27% FTHAIT -2.86%, itR
ITA—AA R A GRF0I X o] B — R BRI SC %

start <- 2000

len.tr <- 1000

len.ts <- 500

tr <- start:(start + len.tr - 1)

ts <- (start + len.tr):(start + len.tr + len.ts - 1)

s <- svm(Tform, Tdata.train[tr, ], cost = 10, gamma = 0.01)

p <- predict(s, Tdata.train[ts, 1)

sig <- trading.signals(p, 0.1, -0.1)

t2 <- trading.simulator(market, sig, "policy.2", list(exp.prof = 0.05,
bet = 0.3))

summary (t2)

VVVVYVYVY

vV + vV

== Summary of a Trading Simulation with 500 days ==

Trading policy functiom : policy.2
Policy function parameters:
exp.prof = 0.05

bet = 0.3
Transaction costs : §
Initial Equity : 1le+06
Final Equity : 107376.3 Return : -89.26 7

Number of trading positions: 229

Use function "tradingEvaluation()" for further stats on this simulation.

> tradingEvaluation(t2)

NTrades NProf PercProf PL Ret RetOverBH
229.00 67.00 29.26 -892623.73 -89.26 -96.11
MaxDD SharpeRatio AvgProf AvgLoss AvgPL MaxProf
969624 .80 -0.08 5.26 -4.50 -1.66 5.26
MaxlLoss
-5.90

BOUARIZE 5 A T AR AR B AR AR R B9 32 5 3w, K48 TH LRSS R, XBEB
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AN, X FaEFFIEEE M, XEEREAR RN TEE ARG (Fm, AR
AR RN ESIEEARNEL) . X2 3.6 WHETEHFE,

3.6 HERTEMMNERE

AT I MATRBE R 5 BRI MR R T R, XEBRRMATHERT LERT&
it AR R 5 R GEHTT LEAE# .

3.6.1 ERFFMit

BB FFFIERE, BIAnRATIEFEAL BRI RIAE, 45 FRBUAT 58 AR B R4 98 A e Al 1+ B 3 SR 7 89
Bhilo X TRTA B A E 751 S MR AR A — I AR, XA S T H8ER
—ANREMF. XMFRERNES, UPIEHRATEMITHENRE, £5%2 8, RITAX
X UEH T ER KB AR AT R A T HE, XF T EE T — T EVET RS BRSO ER
VR IR o SR8 Bk 38 LI Oy 35 3 T 6 50 R R0 R PR S R O o AR R 2 R T
R WA E TR LA TR IR NI FERBEEENBIAZ, ERLFXRATTH, B
B X M BEBRMGTHERA TR ETRETAR. BNAERRMMMESELSS
MWL ERWIE, K2R,

iz i B[] P S SR A 1R P B AR A TR R A IR L R B T . X
B A BB WLI (8 R FA BE AL EE B i A 07 1k B3 LAt W] BB KRR A B AP 51 5048 B i D AR B N AR
R, EAEENMGTHI RN Y EE LR ESR, DS RTRBATHERS T TR, X
BRETEARZG T EREEMITIR, RFQITHENEEIR. SE—TREFIIRE, Hi
B X EAEE] £ ~ ¢+ N, BATMTEIFREYVERHOER M IR 5%, RNITEEATE
RS INSRE A R B o 3 B s JH T R A 5 8 A 1) 5 2 P ) 3R 4R 03 1 K/
KR BEERRDZFBNT N, XA RHEARIIAT NS ABERE PREIEER TERE L
BRARBER. AT, MRRIEFELDOINGE, ERTETEREEINERE, B, X
DRI R TS RBUEAARE, AR MRRIIFEEN & 57 EEEL, RIHE
FEX AR AL T WA, WA K/ R BRI,

BITHBEELIE R 30 FH8E HRMr. XEXFAERRRENRXEN S F1HROK
#8, VIgk&EN 10 FRHRMBIE. ZFHBEERRTIIGEMUEKELRES K. WH, HFRITA
30 fEE H IR 3R, FrUARFEEA B REI NI BREEAFRNRERT TEM,

ELBEIEL, BRIMNEFERS RS LRREBEDFEERHOTRMETT. RS RFIrEK
FRVLBURERIRBUG TH G R o AT AU B 1E 30 4F H IR B4l Pk B — et R N30
RABRES. M TEREPHE—TREYLERRINE L r, RAIVAIX AN ERZET 10 £4 5 #1494
BHEFREPEBEIF XN RZ)E 5 FHEEIAX LR, TR RERZE, RITEEIE
MERBEAERRA R METHE, S8— A THELSEEL EIGEREN 15 EREF AN,
B 10 SERMISRERE R, Jo 5 AR, PR EAR T R EFIIBEMEHF. 'R
XA RIK, BHRAR SRR GMERFZG, XREMT AHEOTRE, T, o
RRIEPHR R RN R — AR R R MR A, WMAMBBHTE R, A
RAFFRBN AR EMNETBEREKE, B3-7 84T LAHRNFR T TR,
ERXEG— LR r, DFBRREZAHE 10 F5E, BEZEA S5 FOBE, XMMREEBIES
BEHEBRTE FEDL B R N BEE S 25k
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[ ~30y |

i period available for sampling i
™ 1

g =t 10y [ 5 |

§' i=2 [ 10y [ 5y |

Q o .

3 :

L ]
K]
£ i-r 10y | 5y ]

B 3-7 REFRPLHIR

8% 2 Feh BT AT b $735 URF 5050 9 R %X experimental Comparison( ) , ] LI B F3#4% R B
S, 7£3.6. 271, RATMEAXABERBEN L5 REW PN IR TR
3.6.2 SISEEB:

NIRRT LR, EITATREE3. 3.4 571 3.5. 2 WiRBIWEAE RN E G
BRI R, AITXELRHERT 3. 3. 3 WERMI £ EESE.

EXELEPRFRE-TMEERIFEHAAARMERERRE, JEEFTACEHE
3.4.1 RN, ENTRMATHA S FUXENE KA BHFOREHKED. AHER
AR BRI LU R B A RT3 DR E . 4K slidingWindow () FIRE% growingWindow () #3F
SAEEBH. E—NBRE leamer EXR, 752 BERINMATZEXNR, ERRAFEEY
FrAE®Y (RPEAMSHE); B ISEERBRTWUESHAN; BEISHEIBE L SHL
PR BEVGEMMRELTE; BENSHERFOEFNANEISELR, EXMSHEER
HARHOEEZE, 0 RIRIRE R BT A I R R\ HT RS SHEEK, RFEHI
SR, WA R BRCER O PR L B 7T B GR [EAR A A R BRI

TEMRBURET —HEH, EMATIITERARZS REMED “UI% + TR + P45~
RN, HEE3T AN RE R LB, REFIIREERRMN “YIZk + WL B
AR LR, BT

> MC.svmR <- function(form, train, test, b.t = 0.1, s.t = -0.1,
+ D A §
require(e1071)
t <- svm(form, trainm, ...)
p <- predict(t, test)
trading.signals(p, b.t, s.t)
}
MC.svmC <- function(form, train, test, b.t = 0.1, s.t = -0.1,
DI
require(e1071)
tgtName <- all.vars(form)[1]
train[, tgtName] <- trading.signals(train[, tgtName],
b.t, s.t)
t <- svm(form, train, ...)
p <- predict(t, test)
factor(p, levels = c("s", "h", "b"))
}
MC.nnetR <- function(form, train, test, b.t = 0.1, s.t = -0.1,
L) q
require(nnet)
t <- nnet(form, train, ...)
p <- predict(t, test)

++ + +VE+ At AV A+t



+

+1}

$IX

trading.signals(p, b.t, s.t)

> MC.nnetC <- function(form, train, test, b.t = 0.1, 8.t = -0.1,

+

}

}

}

}

O I T IR T 2R T T T T T T T TV T T S S S O O S A S N O S

+

+}

S B §

require(nnet)

tgtName <- all.vars(form)[1]

train[, tgtName] <- trading.signals(train[, tgtName],
b.t, s.t)

t <- nnet(form, train, ...)

p <- predict(t, test, type = “"class")

factor(p, levels = c("s", "h", "b"))

MC.earth <- function(form, train, test, b.t = 0.1, s.t = -0.1,

S |

require(earth)

t <~ earth(form, train, ...)
p <- predict(t, test)
trading.signals(p, b.t, s.t)

single <- function(form, train, test, learmer, policy.func,

DI |
p <- do.call(paste("MC", learner, sep = "."), list(form,
train, test, ...))

eval.stats(form, train, test, p, policy.func = policy.func)

slide <- function(form, train, test, learmer, relearn.step,

policy.func, ...) {

real.learner <- learner(paste("MC", learner, sep = "."),
pars = list(...)) )

p <- slidingWindowTest(real.learner, form, traim, test,
relearn.step)

p <- factor(p, levels = 1:3, labels = c("s", "h", "b"))

eval.stats(form, train, test, p, policy.func = policy.func)

grow <- function(form, train, test, learmer, relearn.step,

policy.func, ...) {

real.learner <- learmer(paste("MC", learnmer, sep = "."),
pars = list(...))

p <- growingWindowTest (real.learner, form, train, test,
relearn.step)

p <- factor(p, levels = 1:3, labels = c("s", "R", "b"))

eval.stats(form, train, test, p, policy.func = policy.func)

MR Tz - 101

PR MC. x() RIABTABARMINGERREARKHER, 3 HAHS S HIHEERT X
B, RERERBHTRNE. WRATE, ROXSARMRAMGER.: — R4 R B RES
CEEMEMA LT “R” GR), A—MFRSRESF GREIKEREZLL “C” 4R). & 143
B, XFMEAEINEBETNES HRARANEAELSRERFEN . XL EBPEH single() . | |

PRE slide() FIRR¥L grow() WM, X=MRECER S Y learer F 8 E HIBIEFIHE B AL R

EEHVLFDER BN REMNTNE, ARBENEZ G, X5 RE L3 AT @A R eval stats ()
KRB BEES T HEEEN BRI R, A% eval stats() BISLBINT .

> eval.stats <- function(form,train,test,preds,b.t=0.1,8.t=-0.1,...) {

+

‘# Signals evaluation

+ ° tgtName <- all.vars(form)[1]
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+ test[,tgtName] <- trading.signals(test[,tgtName],b.t,s.t)
+ st <- sigs.PR(preds,test[,tgtName])

+ dim(st) <- NULL

+ names(st) <- paste(rep(c('prec','rec'),each=3),

+ c(s','d','sb'),sep=".")

+

+ # Trading evaluation

+ date <- rownames(test)[1]

+ market <- GSPC[paste(date,"/",sep=")1(1:length(preds),]
+ trade.res <- trading.simulator(market,preds,...)

+

+ c(st,tradingEvaluation(trade.res))

+}

PRYK eval stats() FIHABRIANsREORKERSHIRFEHRE . E¥HEE, UAHMILI 2
TIEM IR, R4 sigs. PR() BRSSP RBMGESMALES, EXMTHESZH, XARM
“EH+ XA FEEHREEREMEYERE. 55— KR tradingEvaluation() , ERXRKE
HEXGIERMETIFN R, X5 DR 2R trading. simulator () FREUAY, ZeRECA]
Pk BERES AT LRTERIR S, U ERAERXEEREES. 5.3 WHEMNEAT.

R IR P RAE Y SHOE M B single() . B3 slide() TR grow(), AR
RNBERLENER . UTHAFNTESL—MEREF, ERATEIT-RIINXRRE, ¥
P L R EOR K BUX 3 B RGBT, BB RGEH - EAFHRESHNEIHE
RAZ SRR, X5 KB ERZS PN ARRNTIUGES. TARNZB=ZHZH
HuE, ETRM3.5.3 FHRMERE (policy. 1() M policy. 2()) #iEmWick, LAFRELHAX=
AT SR -

> poll <- function(signals,market,op,money)

+ policy.1(signals,market,op,money,

+ bet=0.2, exp.prof=0.025,max.1loss=0.05,hold. time=10)
> pol2 <- function(signals,market,op,money)

+ policy.1(signals,market,op,money,

+ bet=0.2, exp.prof=0.05,max.loss=0.05,hold. time=20)
> pol3 <- function(signals,market,op,money)

+ policy.2(signals,market,op,money,

+ bet=0.5, exp.prof=0.05,max.loss=0.05)

THRBETFEF T LR, XBRVREST FHANBREHEL R, PEERERY
REHEN L, BRFEILKA BT FIIRF. EAHRMEE, RIEHT ST LR
BREWER. FUFRAHBTRLBBATLUIESR 3.6.3 LRI,

> # The list of learmers we will use

> TODO <- c(‘'svmR','svmC','earth’','nnetR','nnetC')

> # The datasets used in the comparison

> DSs <- list(dataset (Tform,Tdata.train,'SP500'))

> # Monte Carlo (MC) settings used

MCsetts <- mcSettings(20, # 20 repetitions of the MC exps
2540, # ~ 10 years for training
1270, # "~ 5 years for testing
1234) # random number gemerator seed

# Variants to try for all learners

VARS <- list()

VARS$svmR  <- list(cost=c(10,150),gamma=c(0.01,0.001),

policy.func=c('poll','pol2','po13'))
VARS$svmC  <- list(cost=c(10,150),gamma=c(0.01,0.001),

\"

V 4 VVV 4+ 4+ +
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+ policy.func=c('poll','pol2','po13'))
> VARS$earth <- list(nk=c(10,17),degree=c(1,2),thresh=c(0.01,0.001),
+ policy.func=c('poll','pol2','po13'))

> VARS$nnetR <~ list(linout=T,maxit=750,size=c(5,10),
decay=c(0.001,0.01),
policy.func=c('poll','pol2','po13'))
VARS$nnetC <- list(maxit=750,s8ize=c(5,10),decay=c(0.001,0.01),
policy.func=c('poll','pol2','pol3"))
# main loop
for(td in TODO) {
assign(td,
experimentalComparison(
DSs,
c(
do.call(‘variants',
c(list('single',learner=td),VARS[[td]],
varsRootName=paste('single', td,sep='.'))),
do.call('variants',
c(list('slide', learner=td,
relearn.step=c(60,120)),
VARS[[td]],
varsRootName=paste('slide',td,sep='."))),
do.call('variants',
c(list('grow',learner=td,
relearn.step=c(60,120)),
VARS[[td]],
varsRootName=paste('single', td,sep~'.')))
):
MCsetts)
)

I I A I I I T A T A I A

# save the results
save(list=td,file=paste(td,'Rdata’,sep='."))

+

+}

MCsetts XM RIZHI LW SASH, ERNERNORH (20) . NZGHEMHRA (2540 X ~ 10
). MREHK/D (1270 X ~5 ) | FrRIKBEVLEAE RAFHFH T

5% VARS 41 T RITH EER NS MR TASHEL, FIRPHBSEBTA TR
HERRFTATRERNSHEN, 3 MARNEMEREX (RHC, BHFOAHEEHO)
FBITE—TSEEL. A, MTEEAFRMMBERRK, RINSZBEFRIEFVISGSE: 60
K120 X,

XtF svm B, RAILET 4 MNGSHEAR 3 MARKRZS KM, A 12 MEERE;
%t T earth #E5Y | SCIO T 24 MERAFK; T nnet MR, LB T 12 MERAE, - MER
TEREERNMERR 4 M ORERX (FIORBRAANARNERINSGLE) TET, BR, X
BSBTEEHITRKENLE. B, —HH60 (=12+24 +24) 4 svm BBIAR, 120 (=24 +48
+48) 4 earth BERUAR{AFN 60 4 nnet MEIARK, BIIHHE—NEEX 10 FHVNGHEMS F£1)
BHEEENT 20 K, IREIMARIMNESHTR N ERFTEABRKEE, R, E#HRXA
IR, RIEZXBHLBUNRFTAEBRITEFTH—NNMITF. HBAEREBH N
RE, HIRBRNARMBARWERT A (WEAMZHORBREURRMBFIRES). XX
REEARFANMASE, EAMEANZKXBFERRNITRERERATAENENEE, B
RXEABRITRRBEZ S XK E KRG ER RS SH T EESTARXX B KR E 5K
EREBHFHRS RS
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3.6.3 HRAIW
3.6.2 WIREMABART 5 MR, XEXHETRHMNREFTLZERNS MIGRERF
HERIANMARMSCI SR, XEE BN “svmR. Rdata”, “svmC. Rdata” , “earth. Rdata” |
“nnetR. Rdata” 1 “nnetC. Rdata” , H— M XHHALEFSXHHERET (BRXHT RA5N) HIXt
£, XEITRE compExp XL, APRMEAPEFRRXENRIFFMERMER T,
WA RBAR FEEBITXANER, RARTERFPS FRBLX S MEESCH, BEITTRA
HEHH, FHETUTRISEXEXRBA R KM,

> load("svmR.Rdata")
> load("svmC.Rdata")
> load("earth.Rdata")

> load("nnetR.Rdata")
> load("nnetC.Rdata")

X FE—-IXBHREEE, RINME T B MHEEER, FEERERAXEGRESHMEK
W, B—SBRRRERNAXEFESHTZZNHETFRR . R\ LR PEIXEH
REETHEEEE, REFB—TRURRFN, REEEHERTERRTRIFEEHIKA
HRETEIT

REMHREITFMHEEE S, ERRPHFERREAAHXNE. ERINNRAT, EHRE
BRIE S ERAENEN IR, MRERERS CEREREEIREEE, LhE, RERE
HFME SR, THMESHRERBFIFTHOMELHITH. MBI EEE N HN
FEMHIR, EEREEBRNNEIFFLCN, XEREFEHRAHIEK . 0 EHHF 6 MR A X
MEBERHEA, EHEREAMRZEISNEN, RESERERERK, REREINSHE
%, EFFE®RERRE, Hik, BIIXEBA “prec. sb” G BIFHIBNER, EHEIARG
S RSB TEE .

NXHURERN S, LHRAMERBEE (LBPHLEITR “Ret”), LAFFHER
MEHR (ERPHRGEITE “ReOverBH”) BHRER, AAXBHTLIESHBLRARER, BRE
RLZAES0% (SEitE “PercProf”) Db, EWEBXKIVHE, XEEEELELRE (“Shap”)
M KEIHE (“MaxDD”),

A% summary() FTLAFFELBAK compExp X R R, FEBIRAKEMERELRM
RS R, BHERNAERELEEZH,

148 AT AR BB AR BEA KIK rankSystems () o XA eRE, F] LIRAG BN
HIIF IER BRI, B8 R AF BRI DL R R B PR S AR 1, AUABANTF

> tgtStats <- c('prec.sb','Ret','PercProf',

+ 'MaxDD','SharpeRatio')
> allSysRes <- join(subset(svmR,stats=tgtStats),
+ subset (svmC, stats=tgtStats),

+ subset (nnetR, stats=tgtStats),
+ subset (nnetC, stats=tgtStats),
+ subset (earth, stats=tgtStats),
+ by = 'variants')

> rankSystems(allSysRes,5,maxs=c(T,T,T,F,T))

$5P500
$sP500$prec. sb
system score
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1 slide.svmC.v5
2 slide.svmC.v6
3 slide.svmC.vi3
4 slide.svmC.vi4
5 slide.svmC.v21

e e

$SPS500$Ret
system score
1 single.nnetR.v12 97.4240
single.svmR.vi1 3.4960
slide.nnetR.v1i5 2.6230
single.svmC.vi2 0.7875
" single.svmR.v8 0.6115

N b wN

$SP5008$PercProf

system score
1 grow.nnetR.v5 60.4160
2 grow.nnetR.v6 60.3640
3 slide.svmR.v3 60.3615
4 grow.svmR.v3 59.8710
§ grow.nnetC.vl 59.8615

$SP500$MaxDD

system score
1 slide.svmC.v5 197.3945
2 slide.svmC.v6 197.3945
3 grow.svmC.v5 197.3946
4 grow.svmC.v6 197.3945
5 slide.svmC.v13 399.2800

$SP500$SharpeRatio
system score
1 slide.svmC.v5 0.02
2 slide.svmC.v6 0.02
3 slide.svmC.v1i3 0.02
4 gslide.svmC.v14 0.02
5 slide.svmC.v21 0.02

PR subset( ) FJLAMN FF compExps W%, EHEFMEXENRPFHHEIELE . XE,
RINMREEM T HHEEEEN TE. RE, RITEAER join() BHAMNEBEKXRESE
—i&, HFRETE—1 compExps X R P, XMREATLUIBEE ALK compExps S R 4|7
—E, FROAPEBMEEYEMLBEGFR—HN, BEIFEEEEFENW, B, R
1113z A oK 3 rankSystems( ) ARITTA MG RGN ERERPEFLHSEREHS 1. B
RN ERERAR M, ARRMNTERSNEGAE, ARHPITERKHOER
8o X7 LA B %X rankSystems( ) S ¥ maxs KiFXE, BT ERTERTER KL
Y BUE .

RATIEX 5 MR, RAEMNERA svm Bk, XERXA met B, F—18
M REEAR, LA XEERAEIBERTEAMEONE . XEAETHOILEMK TR
—HEEAIESR, AT LHAK BRI T XEHIEAEEATL, RIOWTUREIEZIEEN
(BRFTEER) 2%, BEAREZHESHTENEHE. K15 100% 6 B0 5 E 2R FER 60,
FARBXBEZGRENER, CEABIAXAENIE, RETES £0MRABPERLH
5%,
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> summary (subset (svmC,
+ stats=c('Ret','RetOverBH','PercProt','NIrades'),
+ vars=c('slide.svmC.v5','slide.svmC.v6')))}

== Summary of a Monte Carlo Experiment ==

20 repetitions Monte Carlo Simulation using:
seed = 1234
train size = 2540 cases
test size = 1270 cases

* Datasets :: SP500
* Learners :: slide.svmC.v5, slide.svmC.v6

* Summary of Experiment Results:
~> Datataset: SP500

*Learner: slide.svmC.v5
Ret RetOverBH PercProf NTrades

avg 0.0250000 -77.10350 5.00000 0.0500000
std 0.1118034 33.12111 22.36068 0.2236068
min 0.0000000 -128.01000 0.00000 0.0000000
max 0.5000000 -33.77000 100.00000 1.0000000
invalid 0.0000000 0.00000  0.00000 0.0000000

*Learner: slide.svmC.v6
Ret RetOverBH PercProf NTrades
avg 0.0250000 -77.10350 5.00000 0.0500000
std 0.1118034 33.12111 22.36068 0.2236068
min 0.0000000 -128.01000 0.00000 0.0000000
max 0.5000000 -33.77000 100.00000 1.0000000
invalid 0.0000000 0.00000 0.00000 0.0000000

B P, REFEEREMIBEBNEZHT T KRS, HPHRER0.25%, XILHEH
RIS AFFREA R R EME - 77. 1% , XEBRETHBARL, :

EAEHLNEFE—MEER, MERKEHME, AERIHEERR, RAMEL LRERSE
Xt AREH

AT R TA X SER AR KRGS, TR XA MRS iR I — S AR R
RIBRUTRNME: 1) —MEHEHETFHZSEE, ARt 20; 2) FHEREDSKTF
0.5% (HBPIXLR S REFHERGBERE, BN RE); 3) BAXSHESUAT
40% ., BAEKE - TREAXE R RXEHREM.

fullResults <- join(svmR, svmC, earth, nnetC, nnetR, by = "variants")
nt <- gtatScores(fullResults, "NTrades")[[1]]

rt <- statScores(fullResults, "Ret")[[1]]

<- statScores(fullResults, "PercProf")[[1]]

81 <- names(nt) [which(nt > 20)]

82 <- names(rt) [which(rt > 0.5)]

83 <- names(pp) [which(pp > 40)]

namesBest <- intersect(intersect(sl, s2), s83)

VVVVVYVVY
]
o

v

summary (subset (fullResults,
stats=tgtStats,
vars=namesBest))
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== Summary of a Monte Carlo Experiment ==

20 repetitions Monte Carlo Simulation using:
seed = 1234
train size = 2540 cases
test size = 1270 cases

* Datasets :: SP500
* Learners :: single.nnetR.v12, slide.nnetR.v15, grow.mnetR.vi2

* Summary of Experiment Results:

-> Datataset: SP500
*Learner: single.nnetR.v12

prec.sb Ret PercProf MaxDD SharpeRatio
avg 0.12893147 97.4240 45.88600 1595761.4 -0.01300000
std 0.06766129 6b50.8639 14.04880 2205913.7 0.03798892
min 0.02580645 -160.4200 21.50000 257067.4 -0.08000000
max 0.28696652 2849.8500 73.08000 10142084.7 0.04000000
invalid 0.00000000 0.0000 0.00000 0.0 0.00000000

*Learner: slide.nnetR.vi5
prec.sb Ret PercProf MaxDD SharpeRatio
avg 0.14028491 2.62300 54.360500 46786.28 0.01500000
std 0.05111339 4.93178 8.339434 23526.07 0.03052178
min 0.03030303 -7.03000 38.890000 18453.94 -0.04000000
max 0.22047244 9.85000 68.970000 99458.44 0.05000000
invalid 0.00000000 0.00000 0.000000 0.00 0.00000000

*Learner: grow.nnetR.v12
prec.sb Ret PercProf MaxDD SharpeRatio
avg 0.18774920 0.544500 52.66200 41998.26 0.00600000
std 0.07964205 4.334151 11.60824 28252.05 0.03408967
min 0.04411765 -10.760000 22.22000 18144.11 -0.09000000
max 0.33076923 5.330000 72.73000 121886.17 0.05000000
invalid 0.00000000 0.000000 0.00000 0.00 0.00000000

KT IR R LRAERENZL RE TR AT, BIOFEATEBRFIMEFH statScores ()
PR, RS EALIE compExp MR LUK MR AT, ERANERT, HRBREHRAER
5 RO SRR LTI, ZRBMERRE - FIE, FIROTENMEMZR PR
EMAMEAMER (ZERMNOZRPRB—NE—BIEE) . BT LIFE R statScores () HIFE =TT
ES B E - EEOREKES — M REILEE, MAREE. fAXIEHRBHER, &
BABEES - NARFENRZG REN LR, EREH intersect () (EREZMEREESHRX
£), BATLARIEWH B ETA ARRM 5 RENAR

EMERMNEDN, ERMNEBEN 240N ZE RETERPRAFEINIXEREHEIER/NY
R BIAX3ANREHNHAEDESFAARETHEMEHER, X 3 MERILCRRF R KA
FVNGERIE, Hk “single. nnetR. v12” BA N AEME OHLE, 3+ BRE THRE KT EH
H97.4% ., R, WRBIMFHAMBEXNZERENER, RESREAERPH—KER, ER
GRIEMRARME, K -160.40% , BR, ZRENEREREAREN, ERREZRK, H
650.86% , XWBIETHRLAL RN ARENE. BIAFNRENB M. FTEABEHRE
compAnalysis( ) EXFERIIT B EELIT 5T,

7

149

152
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> compAnalysis(subset(fullResults,
+ stats=tgtStats,
+ vars=namesBest))

== Statistical Significance Analysis of Comparison Results ==
Baseline Learner:: single.nnetR.vi2 (Learn.1)
** Evaluation Metric:: prec.sb

- Dataset: SP500
Learn.1 Learn.2 sig.2 Learn.3 sig.3

AVG 0.12893147 0.14028491 0.18774920 +
STD 0.06766129 0.05111339 0.07964206
** Evaluation Metric:: Ret

- Dataset: SP500
Learn.1 Learn.2 sig.2 Learn.3 sig.3

AVG 97.4240 2.62300 - 0.544500 -
STD 6650.8639 4.93178 4.334151
*»* Evaluation Metric:: PercProf

- Dataset: SP500

Learn.1 Learn.2 sig.2 Learn.3 sig.3
AVG 45.88600 54.360500 + b52.66200
STD 14.04880 8.339434 11.60824

** Evaluation Metric:: MaxDD

- Dataset: SP500
Learn.1 Learn.2 sig.2 Learn.3 sig.3

AVG 1595761 46786.28 -- 41998.26 -
STD 2205914 23526.07 28252.05
** Evaluation Metric:: SharpeRatio
- Dataset: SP500
Learn.1 Learn.2 sig.2 Learn.3 sig.3
AVG -0.01300000 0.01500000 + 0.00600000
STD 0.03798892 0.03052178 0.03408967

Legends:

Learners -> Learn.l = single.nnetR.v12 ; Learn.2 = slide.nnetR.v15 ;
Learn.3 = grow.nnetR.v12 ;

Signif. Codes -> 0 '++' or '--' 0.001 '+ or '-' 0.06 ' ' 1

FEUERBLER—BEE, FEHTREREANBHREEEHERRNAERET SR
B (B, BAEEXASREZHESHEREBRBEEEST) .

RESREAZHME, HEL L Wilcoxon B EEIFRNT, 5 R4 “single. nnetR. vi2” #F
HEHRLL 95% WEFERTHMAS R, A, AHEMEERETS, XNREHEHHEA
REE,
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it 2% compExp Xt4, RAILLEIFHE T Xt REIEIRE 20 RER LKV MR, 1L
BT

> plot(subset(fullResults,
+ stats=c('Ret','PercProf','MaxDD'),
+ vars=namesBest))

PA_EARBS A 25 R 3-8 B,

1 1 1

i
SP500
siide.nnetR.v15 )
single.nnetR.v12 tfo} ¢ o
grow.nnetR.vi2 ¢
0 500 1000 1500 2000 2500
Ret
i 1 1 1 1 1
SP500
slide.nnetR.v15 [ bt 1 D b------ 4
single.nnetR.v12 R et SRR L 1 D | b
grow.nnetR.v12 e et EEE T 4----{ e o J-------- --
20 30 40 50 60 70
PercProf
1 i 1 1 1 1
SP500

side.nnetR.v15 g

single.nnetR.v12 e F-4--4 ° °

grow.nnetR.v12 3

o 2000000 4000000 68000000 8000000 10000000
MaxDD

3-8 B3 5 FEK 20 KERMHERBIEEAE

PR AE OV RIS RER B EMAD, XIE/EMNHX o HREE. MK,
“single. nnetR. v12” MEERHPBH EHANTRER—H . BIOTLURH, EZFUBEREK
FHm, FEEEPH—-AFERTLRAVHERFEHERME (KY4H2800% ). XTREH
HiERR G EHERREABUANAWIRGEE, N THRERMNMEE, THEH KK
getVariant() MAXMFEXH RAMNREFL, RBNTF:

> getVariant ("single.nnetR.v12", nnetR)
Learner:: "single"

Parameter values
learner = "nnetR"
linout = TRUE
trace = FALSE
maxit = 750
size = 10
decay = 0.01
policy.func = "pol3"
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M BTSSR, ERGEMAT 25K “pol3”, HATSH 10 MREREB¥IH
FEFR0.01 FIMEREEEL,

B2, BELENAWER, IRTFENLESBINEBFERE -1, BTRSK
“single. nnetR. v12” HIRREME, RITATUREEXANZEE R R, 3.7 HH, RITARS
HIBE 9 AERIBERRINIRA Y PEBIX EANBIF NS R G, RGN B RGEHEITRIG KPP

3.7 XHRG

EHHARERG TGN ERINEN “BIEEE" HER, X—HohRBER L mEEmN B
BES 22—, BJEIEREA 9 FERMMEEE, RITEAEXoTE AR, NAS M EER
THRFEHTES o
3.7.1 EARLMREIE

R T HUEM—MNRERNL S RGN TREEMEY, RNTEZRTESTEEH 10 F£0|0
¥R, EiX 10 IR EE, RIMMWEME, R5HNAZEREN 9 FRELVEHNZSE
5, ENATOERMNERSEY, A2 MEREIN AT .

T E AR RBUX B R S 9 AR B AT REIEAS 1847 o

> data <- tail(Tdata.train, 2540)
> results <- list()
> for (name in namesBest) {

+ sys <- getVariant(name, fullResults)
+ results[[name]] <- runlLearmer(sys, Tform, data, Tdata.eval)
+}

> results <- t(as.data.frame(results))

BATX 3 M RACHERIBATIEIR, AWM IISGEEIE (10 4) F/E IR 4 8 P-4 30 B0
SR X AR A, XS AT E N A B 2 A0 R BR 3K single (), A% slide() FIRRHL grow (),
ZHIRINEZED, XEEBNERE R eval. stats( ) FT48 H— R M EEIEM 4545 TR
#HE, BMNESANGERIZETE—EFENEEEX,

THERIMEE —&EEREEEE:

> results[, c("Ret", "RetOverBH", "MaxDD", "SharpeRatio"”, "NTrades",

+ "PercProf")]

Ret RetOverBH MaxDD SharpeRatio NTrades PercProf
single.nnetR.v12 -81.13 -61.26 1256121.565 -0.03 759 44.66
slide.nnetR.vi5 -6.16 23.71 107188.96 -0.01 132 48.48
grow.nnetR.v12 1.47 31.34 84881.25 0.00 89 53.93

MERFRIFE, 79 EHH, 3INMXBRETRER-P—MEKBTEMERME, HMER
GiMER R KB, TEX 3 MRS, “single nnetR. v12” REHFBMAEHREK, -91.13%, X
WHINT ZREWARE, “grow. metR. v12” FHEFEXBA BT, EAMUEEMRRE,
BH—-IBNNEREH#HE, HBRANZSESHAESR U L, B2, X MURY, B
“single. nnetR. v12” FG4L, HMHINREA BT THANEAFRFENTHRE, EII8EHE
AFF A SR A LB 4> 5K 23. 7% F131. 4%

BRI BRI TR

> getVariant ("grow.nnetR.v12", fullResults)
Learner:: ‘"grow"

Parameter values
learner = "nnetR"
relearn.step = 120
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linout = TRUE

trace = FALSE

maxit = 7650

size = 10

decay = 0.001
policy.func = "pol2"

THEININBREZ S ZREE TP NERBERAN DT I THTERAND T, RIT
BERNEBAXS RAEEEPNZZIER. B grow() FRESH X DR, FLURMNETEL

HAures:
> model <- learnmer ("MC.nnetR", list(maxit = 750, linout = T,
+ trace = F, size = 10, decay = 0.001))
> preds <- growingWindowTest(model, Tform, data, Tdata.eval,
+ relearn.step = 120)
> signals <- factor(preds, levels = 1:3, labels = c("s", "h",
+ "bll))

> date <- rownames(Tdata.eval)[1]

> market <- GSPC[paste(date, "/", sep = "")][1:length(signals),

+ ] '

> trade.res <- trading.simulator(market, sigmnals, policy.fumnc = "pol2")

3-9 W T XN BRURSRENKRHILF, LHEEKHABNT:

> plot(trade.res, market, theme = "white", name = "SP500 - final test")

o B e e R T PR P e e e :wf:’-h!ﬁ:

=l mim

El3-9 ZH RS “grow. nnetR. v12” FERE TSN H R
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EAAWE3-9TLUER, EREABRKHBANJLEFRARSES), HFE 2003 4+ 53
2007 SEP L FRARHTH. 2 AMLERITRE, AX—BHH, THRBEERAMNN. EE
ERMEE LEA, RENEIAIZZANEARREY, BRERARADENZRANEE. 5B
SMEERET], 7E 2000—2003 M TTHEAT MR, LAKTE 2007—2009 4R EREMEHLT, &R

5 RERINBHELEL .

M BB HTE &Y PerformanceAnalytics 213t T M Ef3C 5 RGN KB T R, AFEFHH
RLHRENMRE, TRRMBMAXE T BN —MERE, ZE NG T A U5 AIEERS

SREE A EIHR . PTLAR T A2 69 B4R -

> library(PerformanceAnalytics)
> rets <- Return.calculate(trade.res@trading$Equity)

IR, ¥ Retumn. calculate() HEMARBMNZAI—HMAKKEAS L, EHEHEK

{EF LA T 100 #545 FRATZ RIS A A2 | 4 Ho

& 3-10 R REETERTA TG B BB &R . WE1T T HKAHAESE BIE 3-10.

> chart.CumReturns(rets, main = "Cumulative returns of the strategy”,

+ ylab = "returns")

2000-01~04 2002-01-02 2004-01-02 2008-01-03 2008-01-02 2000-08-31

Al3-10 R4 “grow. nnetR. v12” FEHA PG REW 2R

X FREBAIH, XPNREHWEVIEME, 782008 £, REBRXDIBAE 10%,
EEITRERER, EEARGERWERARLN, HE PerformanceAnalytics {524 T —L&

Curulative returns of the strategy

Date

TRERHATXFHT, BIEH yearlyReturn() ;
> yearlyReturn(trade.resCtrading$Equity)

2000-12-29
2001-12-31
2002-12-31
2003-12-31
2004-12-31
2005-12-30
2006-12-29

yearly.returns
0.028890251
-0.005992697
0.001692791
0.013515207
0.002289826
0.0017983656
0.000000000
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2007-12-31 0.007843569
2008-12-31 0.005444369
2009-08-31  -0.014785914

3-11 BT U EFERRFEBNEE, WHTTLORER RA 2 FrlkiE v RE.

> plot(100*yearlyReturn(trade.res@trading$Equity),
+ main='Yearly percentage returns of the trading system')
> abline(h=0,1ty=2)

BR%K Table. CalendarReturns () %l TEFHAMARSE T (HPRE—ERBZERLIT):

> table.CalendarReturns(rets)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Equity
2000 -0.5 0.3 0.1 0.2 00.20.2 0.0 0.0 0.40.4-0.2 1.0
2001 0.0 -0.3 0.2 -0.1 00.00.0 0.0 0.4 0.00.0 0.0 0.3
2002 0.0 -0.1 0.0-0.2 00.00.2 0.0 -0.3 -0.1 0.0 0.0 -0.5
2003 0.0 -0.1 0.0 0.0 00.00.0 0.0 0.0 0.00.0 0.0 -0.1
2004 0.1 0.0 0.0 0.0 00.00.0 0.0 0.0 0.00.0 0.0 0.0
2005 0.0 0.0 0.0-0.2 00.00.0 0.0 0.0 0.00.0 0.0 -0.2
2006 0.0 0.0 0.0 0.0 00.00.0 0.0 0.0 0.00.0 0.0 NA
2007 0.0 0.0 0.0 0.2 00.00.0-0.2 0.0-0.20.2 0.1 0.0
2008 -0.3 0.5 0.1 0.1 00.00.3 0.0 0.9 0.3 0.2 0.3 2.3
2009 -0.5 0.0 -0.2 0.0 00.00.0 0.0 NA NA NA NA -0.6

Yoasty percentage retums of the trading system

T T T T T T T T T—T
Doc Dec Deoc Dec Dec Dec Dec Dec Dec
2000 2001 2002 2003 2004 2005 2008 2007 2008

& 3-11 “grow. nnetR. v12” RAEMEREER

IRBEMBEAHRGERK—BERNBANEERS, FEBWHEMENO,
BjE, BATERMGESPTEMA PerfformanceAnalytics #4LFI X 8 T B, X BRI EEK
table. DownsideRisk () 3RFRENAE 5 3R w& B9 XU 4300715 B -

> table.DownsideRisk(rets)

Equity
Semi Deviation 0.0017
Gain Deviation 0.0022
Loss Deviation 0.0024

Downside Deviation (MAR=210%) 0.0086
Downside Deviation (Rf=0%) 0.0034
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Downside Deviation (0%) 0.0034
Maximum Drawdown -0.0822
Historical VaR (95%) -0.0036
Historical ES (95%) -0.0056
Modified VaR (95%) -0.0032
Modified ES (95%) -0.0051

HRBAH T EIARERELS, KhA TSR AL RE, LIREBIHANE
—MFFEROEEERONRERE R, EZRXRTXEEITHEFNFEETUSHERS TR

JIN48 PerformanceAnalytics B%5 B 3CHY .

BB, BT ITRA, X5 RK “grow. nnetR. v12” 7£ 9 £ 030 ] 2 B R K
BTAHBMKRE. REXXSRANBREBF FEAFRARE, XITREEREAXRE
B, ER, ROLHWE, XITEREBHZTH, FHEHRGR—HIENRE, BAHFE
KEMTREY . KEMNTER, RPN —BTEABELELRERRT. FEHERAHORFAABEPH
—/NEBSY, MBRMAX—/MEAREEE - EERIINL S RS, BERRSAEEHC, XA
RAZFAHRMEN . XEMNBRRRBAREFTITOIE, MARFERAXETERH#ITHEE
RIBT R T RBIBEF I T R G
3.7.2 EZHIXGER%

REBRABRRX NS REBHEE . BATINAELPR RT3 5 o L0 0 X R G R?
AR E IR — N BA XA LR IR R S .

XANREOVHIMT . EEREBZE, BESFARAERE. ZREREZROT S TWEBME:
1) KEBBXEFHHTHAYEE; 2) #TERTENRELER; 3) PEREAANER—A
B —RINHTES,

BRRBIMEEF LW RERBRELEMS “wader. R” W, BRIE S HAX RBH &
HEERGRE, R T UNIX MRSEH, #@EF BN “crontab” K, RA]LUEERRIE
RGEANBEZITHEFMABXAN RS, TUERERENGITRATIIGS KRB

shell> crontab -e

XNRBPEBREEHELSHESR, EH—4dMRRABANTEZTHSNFERMR. E£TFE
HKEFH, ERARFEESTIEBN TS 7 RETBF “tader. R”, BEERBWNT:

0 19 * * 1-5 /usr/bin/R --vanilla --quiet < /home/xpto/trader.R

FFEE BT 5 R PN, FEZTAMENT S NREAEA BB —X, A, HES
(“*7) BHREMZBOFTAHRERBETEAEF, FARAEREHIL, 1 REEH—, B “-~
RXEHHBXE., BRE—BEFESTHET,

B “wader. R” LHM—MBEDWMT .

- BALEHEY RG0S,

- BAAETARBZHRNME,

- BERTEZEFHINGHE,

ERARGRAET,

RizmaES RARRS I, HFEFXHHIS,

B ARGX G4,

RHRGEWLUIHRER—THIEEN, THEHXFRAEAEBSHTHPERCIZNER., &

O WRBMLTFERE—MHEYRINMGREMRERS ARE!
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BATORB, EMZMHEBRTHK NNET 8, RRBRZEMNSE . FRRBUSER I 55
ARG, ERY “FR) (EXTARFEEFNHFEUBER) ., BSXNIER
HHZHICRERMAENFFEL T, BENELT, XEFERMEE—MEET, REXH
RENA R WEBERERFRAIXLEGEE (B2R3.2.4%), B8, ARRAELTHEERTER
BRXHREIFRHERRER, BAREFCHMFCHRILET . MENKZEREMNHER,
ERBEFTANZSHE T —KXMFFHER.

WMRBINNEEFHERE, RAKBIFOBERBES . £3.3.2 THRE, TTLUAEK
getModelData( ) FREURITHIIRAMT, M0 EFEIEE.

BEIBH releamn. step AIKAICIZH BT A Hib S8 —H, EREMHFTEEFHVISER, W
RERE “HFR” KT releam. step HfH, MAXMBTEERH VG, MREUFTEEH
8, AN ZFYR0E O AEHE A ESH MC. nnetR( ), NTIRBHHER, B TFRITHR
EXGRGEEANEERFORK, FUINGRIEARE K. WREER KT HTENL
MINFE, XA — NS, MRAXMERRE, ATUEEEFRIERINGELE, Nims
BT GREBAR R BB R/ AT EERR

BE, RIMULABISRORZESHM, XBHRETEHA LT T8 F 28 %L predict ()
A BIMNGRRE—THRME, BSXOBTNE, &7 BME, ST AREAESSH
M5 KEE, ATTHASRKHXZESES. IRERXNBEFER,

ERBRBRBARRA T LR ER R RERRBHER.

3.8 /NG

AEHEBRAMRMEEN A - EMLANBBIZEES . 2AEHRORFAIARE S
Ak 1) A EFSIEER; 2) AEARAEEARMRERNEORE; 3) NFRERE
B0 A SR BTSN

MTERBHAE, AENAT TIIFHEE:

o BHEFIIE,

o JLEHAH H O HLH MR

o AIHZME,

o XiFMEL,

* ZITHEMEIPFER,

o FISHFR PNk RIFAL I 1) R IR AL

o JLATRIAE B E SRS R G R RBTE IR AR

MEX R MEE, BAITERT .

o fnfergb B A 3

o WMTAARFHIRIFIEA LR, FIINEEEE.

o MFRBEFFHME (iIFMEYL., WEMSE ., ZXABENEIFER) .

o MR AL RATEMEREK R RN,

15

163
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Data Mining with R; Learning with Case Studies

DT ViE 23S B

AEIZ I — I H LR T — R P RS BRI IIME, 58 = A RAUE R X Fh R ) —
MEERRA. BRLER, RBFILRMBRRRALIMAE, XAER A i3 R RS8B4854 B TR
HH—RIITRNZEER . BRRERE “FEN" KHILRIRE, EEHEHREHERY
BRE, BREHENGRABTAFRNEERERES . B TARSEAFREE TENTEAR
fR, BrUAFEEEEHIRERE M MRIEM R v &R, X H AT I A R DL &
EIFARMARHERRERE, XHFEBHBAROEEESNERBEEE ZMNA, mERF
R5 . BEFHREES, FETSSMHOEEEEEE: 1) BREXFEERR,; 2) R
T 3) FUTE TR,

4.1 EEHRSE R

ZRIALFAHLSTEPEEFEREXR G FEETES, HRKEREREEESEEAR
— N EEMASE, NEESMTHAE, BIET A ER SRERNERCE, BN XEKiE
TTHRRREERY . EE2ANEEMTIE, XEREEANITISERVERE, EXF, B%
EHRIREE LR “— M NE S AN ERE R ZTEIEBE, WA EEEFRRMHLE"
( Hawkins, 1980)

EROIGEANEEREAFANHE R RENZTEHEE. XEPERATPBERA AN
It ERMEHEHN. RIVBIHWHER T RENHANSERE, HERTHEACH
KM IR A iR EHENHK. BAK, MMMAFTMREHEEA, SEEESENHANBH
ERFEAFATEZANZEMEPHERFKIELCE, FBAATHELXEHERE TN

[165] BITHE, BABE—BRIERHER MRS, X MRVERHES K AFA FEA RS I YT RS
%%ﬁﬁ%ﬁ%ﬁ“ﬂ%”%%%ﬁ%o

4.2 TTHBHE

RAVITRMEBIER B — R AFTFHREFHRES . BRI 401 146 17, B—ITEFER A
BERMENGER. XEFRABEHERANDD 5, PRES . $ERTRENHEHENENE,
BAF N X EHEHITE — 8, ANTNERBRERE 5, EMEARIXRESH#T
BENER. 82, RIANBEEAFEUTES).

o ID: GBIMER ID H—METFEHR,

* Prod: UiBB§E M ID SH—MEFER,

® Quant: HEXRHEHRHE,

e Val: REMEILREME.

® Insp: A3ANAREEMNETER —ok RRAFARETHXH I NNLZZLHK; fraud

RARILI T HKVE; unkn RREXHREL AR HE,
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4.2.1 mEBTEER

BHBETVAABN R BINERE B LRE. BAHRMEE, ERANBHEE -4
Rdata X, ERGAEFZOABHEEN—MEE, MRABEAERBRNEHHE, FELTEAX
MR ENR AR B RT, AREFTHS:

> load("sales.Rdata")

WRAEFHET RWARETRIXMHMER, BAEGSHEAZX NP RBEBRAB -1
4 A sales FIBHEIE
MRERABRMEHEBIE, AR ZFFTIT 8E.

> library(DMwR)
> data(sales)

ME, BB 8% sales WEEHE, LT @EABERERIUTEE, WTFHR:

> head(sales)

ID Prod Quant Val Insp
1vi pl 182 1665 unkn
2v2 p1 3072 8780 unkn
3 v3 pl 20393 76990 unkn
4v4 pl 112 1100 unkn
5v3 pl 6164 20260 unkn
6 vd p2 104 1155 unkn

4.2.2 REMIEE
HTHE TSR OGHSAE, 7L A 8 summary() ©, RFBITF:

> summary(sales)

ID Prod Quant Val
v431 : 10159 p1126 : 3923 Min. : 100  Min. : 1006
v54 : 6017 p3774 : 1824 1st Qu.: 107 1ist Qu.: 1345
v426 : 3902 pl437 : 1720 Median : 168 Median : 2675
vi679 : 3016 pi1917 : 1702 Mean : 8442 Mean : 14617
vi085 : 3001 p4089 : 1698 3rd Qu.: 738 3rd Qu.: 8680
vii83 : 2642 p2742 : 1519 Max. 1473883883  Max. 14642955
(Other):372409 (Other):388860 NA's : 13842 NA's @ 1182
Insp
ok : 14462
unkn :385414
fraud: 1270

MR, BOEETA KR0S ARHEARSE, TSRS nlevels() RHRINX—A:

> nlevels(sales$ID)
[1] 6016
> nlevels(sales$Prod)

[1] 4548
BRE summary () AIZRER T HIEEHILNFEL, HHE, & Quant FUF Val 51H KB HHRE

© TIEAA R FInf Hmisc HPHIBRL describe () RBBRCPABLER, HLHREACEHT,
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168

., MRER-IZHHXBERE, RS ERRTEREE, BIXHEIB—RHEXS T
AXAMERMNXBERRK. TURESMRERSAXMHBLAE, RBUT.

> length(which(is.na(sales$Quant) & is.na(sales$Val)))

[1] 888

HUEDR, BAULREXEHEERREGEN. $TENXGBEMBRA, AMITLEERS
T LA f87 20 o A B3k 26 [l R 5k Val 1 Quant UK & . RATKTE 4. 2.3 7P HBX A R A At
BT,

M —iR, BB RUER, AERBNTAKBULER. EZLEN®SH, BRE
AR FI R length () FIBREK which() EAZ M, HATLIAA R PHERERZIR (T=1,
F=0) ERZHED EmHILER:

> sum(is.na(sales$Quant) & is.na(sales$Val))

(1] 888

MBEH summary () WERBINA - HABHNEREREFINEEL ., i, EWHR
BRARRE, RVEFT R LB B, B R85 RRE 2R AT S EIL®, RIET A
SRS WRERN:

> table(sales$Insp)/nrow(sales) * 100

ok unkn fraud
3.6051712 96.0782359 0.3165930

H4-1 BRTHMEEARRENEE. TLURIANE, FEHEARNBEMLYAR., B
4287 TRUH EREEE, BERHMEN AN, RIE-KEITRROZEDE, LRE
AMEE A LR T mAEEE

> totS <- table(sales$ID)

> totP <- table(sales$Prod)

> barplot(totS, main = "Transactions per salespeople”, names.arg = "",
+ xlab = "Salespeople”, ylab = "Amount")

> barplot(totP, main = "Transactions per product", names.arg = "",

+ xlab = "Products", ylab = "Amount")
T BB W7 B S e by
¥
L i
i
|
;

e

E4-1 BIMEEARNZEBE
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A8 & Quant F Val R MAH B BT THAWERASME., XRUMERHHATEER
KRR, B ARR>@SHHTOEREARELHN . LhHE, MRS RENT 2R
), TP RERERREIAKR, BARFH—IKHRERERNRIER. Fid, AXHEN
B HXHRESISTT RS RAEERRE, Lhht, B TE8IXSPHEN™REEAF, U
PSR G B A AR SR BEAT LT B9 S0 AT BESEIE B AT LAEIX A~ B2 7 A 4% 4 D i B — S A
BEES, BT

> sales$Uprice <- sales$Val/sales$Quant

Trisrew=lcrm pir product

M4-2 BARGRE KR

EXST, F—r=aKRARS MmN ZEHENEEN, S — I BREENKZ S,
7= G B B AR AN R BB KR 4K
BATAT LA T AR A2 7 B AR B 40 A

> summary(sales$Uprice)

Min. ist Qu. Median Mean 3rd Qu. Max.
2.4480e-06 8.4600e+00 1.1890e+01 2.0300e+01 1.9110e+01 2.6460e+04
NA's
1.4136e+04
RITEBRERHBHZSHE,

LT eBEEL, RIVAARGHE D FIN 8N AR5 HTOH, BRREEN™ 880
SRS . RLRXMITEM— M RERBA R REEELMNS . Lhrl, 74548 Fh=fh,
HOR2 MMM HE/NT 20, ETRM/NT 20 HEEBH - TREINTEREHERRH
P o

BERROMREEN>GTEEREBN. RITABANEHFABORARE &= RH
N, TERBATREREMNAFTENGS.

> attach(sales) 170
> upp <- aggregate(Uprice,list(Prod),median,na.rm=T)

> topP <- sapply(c(T,F),function(o)

+ upp [order (upp[, 2] ,decreasing=o0) [1:5],1])

> colnames(topP) <- c('Expensive','Cheap')

> topP
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Expensive Cheap

[1’] "p3689" "p560"

[2,] "p2453"  "p559"

[3,] "p2452"  "p4195"

[4,] "p2456" "p601"

(5,1 “p2459"  “p563"

ROVEEBERMBI R b, XHEETFEENHREENIG ., BT aggegate () BEE
B R AAL N PO, RE aggreagte () EHEANABEM R (RERH) NMAE
HRFEEET (REFHER) EPROBIEFAL, HERE—EEE, BIEEMNENEI
HREGRBE, N EmRENEIBRE, RADELN B sapply () HEREE order() HIBH
decreasing f{E, HEBIS I BAR (BEH) M- &H.

AR AKX S A7 b B B4 M 4 B A ESR BN EN I Z 2 A R #4016 .

> tops <- sales[Prod %in}, topP[1, 1, c("Prod", "Uprice")]

> tops$Prod <~ factor(tops$Prod)

> boxplot(Uprice ~ Prod, data = tops, ylab = "Uprice", log = "y")

BEMA “%in%” ATUR—NMERTRET—MEE. LEAHEMEAHRH factor( ) +4r4b
=, @Mﬁ%ﬁmmmﬁdﬂ%m¥&ﬁﬁﬁﬁﬁM%&Eﬁwhwﬂ%*¥ﬁﬁﬂ XS
B boxplot() RECABNKFELH —MEE., BRBRMBARELMHOBERNRZELRH
Mo ATHREREE™HHOPWEBEXERE, RIVEAEFRTHE, XETRESKlog=y
KA, ERY Y MEFHREEONH (ER, B bR — BB X R Y 5074 4 1 R [ FE
). LRABRLEEMAE 4-3 Fim,

2‘1

10400
-]

? —_—
-4
-

T T

p560 p3688

B4-3  BAEE RS I & BN
AIAHITRMA ST, UREHEEATAERES () BEMNHBEAR:

> vs <- aggregate(Val,list(ID),sum,na.rm=T)

> scoresSs <- sapply(c(T,F),function(o)

+ vs[order (vs$x,decreasing=o) [1:5],1])
> colnames(scoresSs) <- c¢('Most','Least')

> scoresSs

Most Least
[1,] "v431" *"v3355"
[2,] "vb4" "v6069"
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(3,1 "vi9"  "vy5876"
[4,] "v4520" "v6058"
[5,]1 "v955" "v4515"

ABHE, LHEFRPAARHRELSHTEESIA 100 BHEARNEESWRAILESARRE
WA H 40% , THTE 6016 Z4HE AR P, I 2000 AKSWAREA R SWAK 2%, XTFTEEL
HEEER, R AR ESHTRISCE,

> sum(vs[order(vs$x, decreasing = T)[1:100], 2])/sum(Val, na.rm = T) *

+ 100

[1] 38.33277

> sum(vs[order(vs$x, decreasing = F)[1:2000], 2])/sum(Val,
+ na.rm = T) * 100

[1] 1.988716
WRBAD A BT HE N BRATREUN T, SREMAFE:

> g8 <- aggregate(Quant,list(Prod),sum,na.rm=T)
> scoresPs <- sapply(c(T,F),function(o)

+ gs [order (qs$x,decreasing=o) [1:51,11)
> colnames(scoresPs) <- c('Most','Least')
> scoresPs

Most Least

{1,] "p2616" "p2442"

[2,] "p3599" "p2443"

[3,] "p314", "p1653"

[4,] "p569* “p4a101"

[5,] "p319" "p3678"

> sum(as.double(qs[order (qs$x,decreasing=T) [1:100],2]))/
+ sum(as.double(Quant),na.rm=T)*100

[1] 74.63478

> sum(as.double(qs[order(qs$x,decreasing=F) [1:4000]1,2]))/
+ sum(as.double(Quant),na.rm=T)*100

[1] 8.94468

FAREE AN ED L HEA LB T as double() HE¥. XFEMR T, sum() B4 H
BEXK, WA double KEEFFE, B, N FIKRY as. double() BEFH{RXPPAERIF:

TE 4548 A=, Hd 4000 BB T AT 10% HSE R, TMHERERN 100 M=R&GT
5% MR, XMEERXM=RMEST40E . i, EFAEREL RN ZEIEE 4
BEROWN™R, FXLE, NRXEFJEEENAFEAE, RLEAHTE, BFRNEA X
FrRbl BN ERER, FFULEEHEEREL:F=HR/PIF SREMELE,

BMNAITRAFRELEHRE, MEBOFEBREZ—E, AR QAN TEE &
HESHIH. XEKRE, RIOIBBHWE—SWRMNERKEAMER, B2/ RER
HTFHEBEARNTABMAIWRL BT RBRA R, EXFHBET, F-EXFNEITRE
EARBHRMNEANBESME EAREZ., KPP HFERETFHEERN, £xH45, RIE
SZERBINABERINERHE, FEAMANMNEXE: NE—/IUUESTLEHR (RERKTT
A, WHERMERCHRER (K. EFANENRE Q, +1.5xIQR (THMENLHN Q, -1.5x
IQR), Hw Q, BE—M ¥, 0, BE=1NWoA%, IQR BM4HiE, HEXNIQR =
(@5 - Q,) o EANFERMAMUIN EESHFHNERBER. B TERETHNS X —RENST
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171

173

B, TUEASEEEREMZANRREY, TEARBTL (RELREN) WESIN™ MR
5 EEAE

> out <- tapply(Uprice,list(Prod=Prod),

+ function(x) length(boxplot.stats(x)$out))

BR¥Y boxplot. stats() FILAIKGF LA TLMBENLAITT R, &R EFHXLERFBH—5]
Fo FIRM out THEEE TREMEANGEH N BHENRNE, EEOABHTE TS8R
S EHNERENER . SERSERERNRITHR:

> out[order(out, decreasing = T)[1:10]]

Prod
p1125 p1437 p2273 p1917 p1918 p4089 pb638 p3774 p2742 p3338
376 181 165 156 166 137 129 125 120 117

R EITEE, RE29 446 MM EMBENRZS, IMHTEXZHEN 7% .

> sum(out)
[1] 29446
> sum(out)/nrow(sales) * 100

[1] 7.34047

WFEE LSRRI RN ERFEAAN BT RIS RUX RO HTENFE,
4.4. 1.1 KX MR BB LUE R AT A, FFPPASHERE

TREERATPR/ORLEL R, RIVEANBERL T TEHFES. FERERAAK
VE, WHAMRRETREAERKTE, RERFRUE, XEKREALEREIETREISHRIMGRL
SZRRAREN. XENREEE, SRERCAFERENRE, RIANEENETHEKE, B
whk, RITERERNRSEMELAES] Insp BEN OK HiftE, KRMXEHRERLEILXHEH
3.6% ., Filk, RESHRIERHRK, BERTRZEERBOBEERL R, XERLFE SN ZEE
B, AEETESHROEERS A ARMEN . RCBOEFIMERTEY, HibXF g
BRESFEN, ZERMNERREMTEENBLEAE2L2ALITHERIBIOZGHE.
AN LMHEERRLEREAL AR, WRMBITAAFESFTEREENERN, TN
RXEFEIRTLARNBEHTEABH . LBREIHBMTEFTESTRERUREME
AAFTWE, BHREEARFAIPIEPFEBARN RN, b, XFRBHORRESXHERER
RBRARER, EHNFEFEERUESMEXTHERR.

4.2.3 HiEEE

il i B R ] RS 4 B A B JR B R R — R, AW A LRI RRRE.

4.2.3..1 Bt

AT B GRAE X — T 4. 7 2.5 WHiRE], EELH 3 MEE: 1) HRXENER;
2) AFBRESRIEANRARTE; 3) SRATLUAERAENTR, FRILEHEMABNITA,
RAMANEENRITRARN,

FIEESN, FEMFRERER Quant MR Val HARBERENZS . MEBBRIAN
888 MK FHBIBRF LB RHEARARKB LS, XoHRLIHIER 888 MREH RIE
M. TH, RIMNMEEXMFARTSRE,

BMEEARMS GRS HE A TEORBAS:

> totS <- table(ID)
> totP <- table(Prod)
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AL T EAAEE R SHFERBRZS XN HEEA R

> nas <- sales[which(is.na(Quant) & is.na(Val)), c("ID", "Prod")]

T4 AR Quant MIZER Val FMABEMKZZS HBREFIFHEAR:
> propS <- 100 * table(nas$ID)/totS
> propS[order(propS, decreasing = T)[1:10]]

v1237 v4254 v4038 v5248 v3666 v4433 v4170
13.793103 9.523810 8.333333 8.333333 6.666667 6.250000 b5.555556
v4926 v4664 v4642
5.56555656 65.494505 4.761905

ZEOMNHEARTERE, EEIBRILFNER T EEFRAENTLEGERN, BR
ENRRRTRAN—FAIRS . Ao, KEEREEFHIICIFERER.

W= TR, R T RS R RN B EA SR ERIZR S BRI LB &

> propP <- 100 #* table(nas$Prod)/totP

> propPlorder(propP, decreasing = T)[1:10]]

p2689  p2676  p4061  p2780  p43bl  p2686  p2T07  p2690
39.28571 35.41667 25.00000 22.72727 18.18182 16.66667 14.28571 14.08451
p2691  p2670
12.90323 12.76596

ZATE R BRI BR B 32 5 AT 20% 5 4% SR i p2689 KA I 40% WA B B MER . XE
RKRET o A—ITH, MRARRIIREHFBEGRE, RAE—SEHREERERRR>HHR
A “EL” RENXE . XBWHERAE™ SRR 60% K35 E B EEAME™ G 40% WX HF
Bo REERBUEAGEN, FEHE, WRRMNEBES KBNS ZEBAUE (3
W.4.2.3.27%5), IARMNEER EAT AREEX 867 G A AL S A L0, XMERT, BN
MUBREMTEL.: WRAHBRERAFENRZERALBNXSE, MARMNMAT LML
MR B HAGELSEMARER NI TR, 82, HERTARNERRMMRE LA RE
HHIZ 5 R B IS

> detach(sales)
> sales <- sales[-which(is.na(sales$Quant) & is.na(sales$Val)),]

RATH detach() RECRFILEHEVRBAREHNT], FEREET atach() R THET R,
LA FREY attach (sales) Bf, R il sales PIMERB—F], HE—FIBRIT MR WEN
sales SFHEMBREIE, MAXLTAASRBEZXEH R, SR, YEEANRES
5 RAEYER, ARZMEH attach () RERMHER; BN, RITELSEIA—BHEER
B FRAEERER BRI E R K attach () FTRIBRN ROME . J5H B A — € B E P IR 16 3
FEIER “tRE”, WMRFERMEK attach () FRMBE THEIE, A4 “RE” I T,

AEUEBRNIFTHRNERBREMR LR FHRRENZSH . RIINTEE—F~M%E
YB A BRKMERIZES IR

> nnasQp <- tapply(sales$Quant,list(sales$Prod),
+ function(x) sum(is.na(x)))

> propNAsQp <- nnas(p/table(sales$Prod)

> propNAsQplorder (propNAsQp,decreasing=T) [1:10]]

p2442 p2443 p1653 p4101 p4243 po03 p3678
1.0000000 1.0000000 0.9090909 0.8571429 0.6842105 0.6666667 0.6666667
p3956 p4464 p1261
0.6428671 0.6363636 0.6333333
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p2442 R p2443 T GBI MSE S R RBER 1. B NRIES BT R, FTLUR
A —HHER, AXE™RNESEBRTRETEMMT. EMN—3F 54 fiRE, H+H

WIRCHIRYE, TMHMMRIER “OK”, XEKE, REREREET XM BRERELNE

177

B, HERMNBIWBEEAASZR, BANIEZGPUFATREGAEMNSR, BT, R
1K M BRI 2632 5 4R 4 ’
> sales <- sales[!sales$Prod %in) c("p2442", "p2443"), ]

HFRIINBEERBER THA=5E, FFURININIZEEFF Prod HIKF:
> nlevels(sales$Prod)

[1] 4548

> sales$Prod <- factor(sales$Prod)
> nlevels(sales$Prod)

[1] 4546
RERHEARKNTA B EE SgRE?

> nnasQs <- tapply(sales$Quant, list(sales$ID), function(x) sum(is.na(x)))
> propNAsQs <- nnas(s/table(sales$ID)
> propNAsQs[order (propNAsQs, decreasing = T)[1:10]]

v2926  vE537  v6836 V6068 V6065  v4368  v2923
1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.8888889 0.8750000
v2970  v4910  v4542
0.8571429 0.8333333 0.8095238
MEESERAUFS, AILITHEARBEEREPHAEZHHHEGFRE . R, XFHHL
T, AERERATE, L, NMARCMENZERLURBRE, RBERTAHMHEARRE
BRI R EI3C S, BATSAT LA A A5 BOR AR LE R (E . IERD AN, RITEASM
BRIX 2325
BAERTIEXIZH K Val SIS EHRITROIE T . B, SH&RERIIFREMENZ

5 BT o B LB

> nnasVp <- tapply(sales$Val,list(sales$Prod),

+ function(x) sum(is.na(x)))

> propNAsVp <- nnasVp/table(sales$Prod)

> propNAsVp[order (propNAsVp,decreasing=T) [1:10]]

p1110 p1022 padot p1462 p8o p4307
0.25000000 0.17647059 0.10000000 0.07500000 0.06250000 0.05882353
p44TL p2821 p1017 p4287

0.05882353 0.05389222 0.05263158 0.05263158

XEHTREEN, FHMERXERHREA B BT ALK 35 R H X bk
KME. NHEARTTH, HREXEBFHRIITEMNT

> nnasVs <- tapply(sales$Val, list(sales$ID), functzon(x) sum(is.na(x)))
> propNAsVs <- nnasVs/table(sales$ID)
> propNAsVs[order (propNAsVs, decreasing = T)[1:10]]

v5647 v74 v5946 v5290 v4472 v4022
0.37600000 0.22222222 0.20000000 0.15384616 0.12500000 0.09756098
v975 v2814 v2892 v3739

0.09574468 0.09090909 0.09090909 0.08333333
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R, EXAHEARRKE.,

EXAB B, RIICEMBRTHARA RBEERERENBRE . MHKAKBRERE,
HTR - MR G BN ABREE, RATEBRFEAN I HHETRREE S, RITEE
FRBE—DTRBRHERY . TTHEARER R, RGBS AKIERI S M, XRRE
5, BATEFEREAT 5 BAL M 5 OB A B R 4% -

> tPrice <- tapply(sales[sales$Insp != "fraud”, "Uprice"],
+ .+ list(sales[sales$Insp != "fraud", "Prod"]), median, na.rm = T)

EARMNEARAXZ RN EXF AR EARKE, FFUS—N"0E T —MrEam
Ja, BITHATARERTERAATRERIGRME (Quant 7 Val) o T BAUTBHF AN BT A AR i Bk
FRAH:

> noQuant <- which(is.na(sales$Quant))

> sales[noQuant,'Quant'] <- ceiling(sales[noQuant,'Val'] /

+ tPrice[sales[noQuant,'Prod']])
> noVal <- which(is.na(sales$Val))

> sales[noVal,'Val'] <- sales[noVal,'Quant'] *

+ tPrice[sales[noVal,'Prod']]

WAVFEAT 12 900 MRAPEME, HEAT 294 N5 BME, MBRERER—H, RAE
RRBS IR XS RETA SREME RS, ERNEBRERTIE! RITEA ceiling() %
ok % Quant WIAEBBE, XA eRBUR FIA/M TSP BUERR/PMER.

ETRMNAER T Quant M Val ETHE, RATBLATIAEFTIHE Uprice 5 R FESERTHK
FEIBAALHRE

> gales$lUprice <- sales$Val/sales$Quant 178

A RETAEERE, F—MEAEURKENSESRE. I TH PR, REY
ARG sales BORAE, XHFATLANX N IEHERSET TEKM T, MALBEREMENTE ST,
AN R AR

> save(sales, file = "salesClean.Rdata"”)

PR¥ save( ) AILUBIEMNTRMEFESH file EMN M F, £ 4.2.1 THIEBT, XX
AR R AT LA load () BREIERAZI R H,

4.2.3.2 RAVEXHHER

FEmGRARDARZS . BEAREAXEZGHERRHEXSGTREERE, FUX
R—ARE, MBRAERKLHRS, AERNGH BERETREM B IRE, XFERT, EEEE
A LU — 267 5 14 32 55— B 43 e ik i A 1) R

REZEBEZ=FZEAXRNGEL, BT K0 o WE ™ 5 84476 2 18] 89 A8 0L 3k
HHHEPH—EXR, WRRMERALBLLUNBHRE, BARMNTLUEREIF EIIHENM
WG I e —B#fTa, NMIFRBEE. LBERI AR —FFERTRARE S,
YEFr-MmiBE, XEAUTH, B—FTEREESENHH—8EiHiEt, $2TRELMHN
AN EEREEREPBEMEBER. WHTHR, BEAERRNAMMESHTRAONESRE
AW, XEREBRRKRMBEEZE, BENNZBRFHSHEE AMEREE, BL, X8
WERRAEBEOLI, EMNTERH FRIECERGRERN, XEFHAPMEEMGES
LRgEHHR, MANAAE (IQR) ENEBERNEITEESE L., SERANSEMRES
M, XEGIHTBRERABRAERANEMRE, HBEEMERIFAXENXRIEIT R
WmF:
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> attach(sales)
> notF <- which(Insp != 'fraud')
> ms <- tapply(Uprice[notF],list(Prod=Prod[notF]),function(x) {

+ bp <- boxplot.stats(x)$stats
+ c(median=bp[3],iqr=bp[4]-bp[2])
+ »
> ms <- matrix(unlist(ms),
+ length(ms),2,
+ byrow=T,dimnames=1ist (names(ms),c('median’','iqr')))
> head(ms)
median iqr

pl 11.346154 8.575599
P2 10.877863 5.609731

p3 10.000000 4.809092

p4 9.911243 5.998530

p5 10.957447 7.136601

p6 13.223684 6.685185

AR 5 A B L boxplot. stats() R HAE, H—NEAERME =AW g. Xt
FREAR S, HEXEGIHTRE, Nt PARARKIENSZS . AT XERITRE, BEEF
AT i B EB ALEORT I A BE B — SRR )

Bl 4-4a RARYEEEAT= 0 B M EOA IQR (WAAiBE) LW ER. BHHAA LT mIEX L
SR EARKHME, LA 4-4 RAEFEE, FHE, 76 p3689 (FEA LAKS) HEMSK
A EIRGEAL = SRR o 8 A X R BESR S IR X A AT AL B () RE (] 4-4b) . FEE 4-4b o,
HRBRAK “+7 K, RAZTZHHZZED T 20, LHE 4-4 HABMT, Hh28 log =
xy PSR B BTE B B Bk 4 BE A S A

> par(mfrow = c(1, 2))

> plot(ms[, 1], ms[, 2], xlab
> plot(ms[, 1], ms[, 2], xlab
+ col = "grey", .108' = "xyn)

> smalls <- which(table(Prod) < 20)

> points(log(ms[smalls, 1]), log(ms[smalls, 2]), pch = "+")

"Median", ylab = "IQR", main = "")
"Median", ylab = "IQR", main = "",

g_ n i;__“_"_m |
£ - i
- )
g | |
5 §- 5 ; i
§ - e
§1. o %Iil
o | : .
(I> 20'00 M40'00 solm 8000 R | Iun:-ﬂ' 1--:4.|:l
(a) lin::ia:cale ||:-:I:::: ; ; *

Bl 4-4  BfIHHE AR BFEEARIE

FEE 4-4b F, B-NERBMRE, 27500 P AIEOR IOR KBUHFE, BP R X ¥R B o
R T B AN —MEEER . 1S, RITTUER, BEF LR S W= EHHTR
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ZREAMRIAEFERL . AT, RELM&H, ENAUERSRNZS, ENMEMLMET6 T
MYARE ., BREABAEFIWX L HETHRIERLS

REMMARERCNHEMN S HIER U ERNES, ERYKERFH>RESHR, £F
BEAEXWERURBERKERE, BVESERENAREBENREERRE, RIEEA
XA LR LB M4 9537 . Kolmogorov-Smimnov ¥ 1 7] LA FSK WAL MBI HEAR, LIKE
PEERFK B AR AR IR AE . XTRBELITERE RITTEE S FRBEEENRK
EXAGETTRRHALT . MR DHEEL, WA BAERRRBR D,

MNTPXGEEADST 20 B 56, RIEIRSENRLMBIARHALK ™6, REH
Kolmogorov-Smirmov #; B ¥ AG W= MR BELTTE X LML, XA RHG#HTX M
#E, HARERITRESR. RIVERMEHEIHRSHAEE (FAHAMIQR) . R,
X FTEH—NZHHER LB, ROIFRSEHEHUPAEA IQR (7o X FiXfhk
ARG, ER#AT T & B B9 5070 Z 18] 89 Kolmogorov-Smimov K%, T I B 4UHS AR KB — 4>
5 (similar) , BREPFHEORIMOTF 20 MRS HENHHREES. EAXNR ns RR
T 11 T 2R A5 A9 4517 Y BLAS (A% B P (2 30F TOR

> dms <- scale(ms)
> smalls <- which(table(Prod) < 20)
> prods <- tapply(sales$Uprice, sales$Prod, list)
> similar <- matrix(NA, length(smalls), 7, dimnames = list(names(smalls),
+ c("Simil", "ks.stat", "ks.p", "medP", "iqrP", "medS",
"igrs")))
for (i in seq(along = smalls)) {
d <- scale(dms, dms[smalls[i], ], FALSE)
d <- sqrt(drop(d~2 %*} rep(1, ncol(d))))
stat <- ks.test(prods[[smalls[i]]], prods[l[order(d)[2]1]1)
similar[i, ] <- c(order(d)[2], stat$statistic, stat$p.value,
ms[smalls[i], 1, mslorder(d) (2], 1)

+ + + + Vv +

+

+}

FEAEE XN ms MBEHITRAEL, BEetRERNAENEWE., EWRLE, £
EFN DR PBEG A =R ETTEIR, TGRS TH R BT 2 47 7= S M 2 A R
MR RZRIMER (I HYEHE) . PENSERNER (d) SAEXEERHE. 18D
RN ARE S EEZEBIESRBEEMN TG, XBERE_RB/NEE, BAFE—-B/PNEE
R-GAES, RNEREED, FHP&BAH# K G50 IQR 15 B R HH ™ & Z 8] i A
i, F—2 & # 1T Kolmogorov-Smimov K%, KB AU MIEH 2. X EH AR
ks. test() , XPMRPEEBEHFELS, Kb “BRE” TRENSETREMS QK BEEKE,
- EHEBBRERFNRAREEHREEENRAE. 81 HEFEKHERSARBRNSEIHHE
ERAWN O HAHERX—FBRTRIEHA . THERNA HERER similar 3FRRTILIT:

> head(similar)

Simil ks.stat ks.p medP iqrP medS iqrs
p8 2827 0.4339623 0.06470603 3.850211 0.7282168 3.868306 0.7938557
pi8 213 0.2668922 0.25815859 5.187266 8.0359968 5.274884 7.8894149
p38 1044 0.3650794 0.11308315 5.490758 6.4162095 5.651818 6.3248073
p39 1540 0.2268065 0.70914769 7.986486 1.6425969 8.080694 1.7668724
p40 3971 0.3333333 0.13892028 9.674797 1.6104511 9.668854 1.6520147
P47 1387 0.3125000 0.48540676 2.504092 2.5625835 2.413498 2.6402087

FTABRAEARIREMEUN T M. FFHAEBMLTRHER. TUATERBSE
PIFERE similar BT JLATARRL ™ S #) ID:
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179

| 182

[183]

> levels(Prod) [similar[1, 1]]
[1] "p2s29"

7E£ Kolmogorov-Smimov ZiH BB FEAFFIZE, RITAMBEHAE. IQR FBABI™ &,
TE 90% BEMAKTET, TATAT LIS A AL 20 A FE LRI i RO BCR -

> nrow(similar[similar[, "ks.p"] >= 0.9, 1)
[1] 117
BE, BABRNIT,

> sum(similar[, "ks.p"] >= 0.9)
(11 117

EAPRATF 20 D325 1 985 A= B 280, BATREEIFEAFEY 117 7= R B2
MIFEh . Ait, UAERLLESEREEZSE, XEMEE ARG XTI 117 M6, &
AT B L MRS MARKL B D, ATTRBRBNRETBEEKF, RIVRFT similar Xf
&, LUSTE 52 (6] 5 o o i w2 B AR R 4

> save(similar, file = "similarProducts.Rdata")

4.3 TEXHIEZIRES

B BIMEFRINFENRERS, XM ABRBFRHIEENESHEEEETE, X
WERTHEXURLGRMIES. A TVATFEREEFWREESRAIFELETLK, FHik
XAE SN Z UAKVE R HER MRS .

4.3.1 [EBHAEBRAZE

WARER | (Insp) FHEMBRESINGEE. XENTEREERESHTHANRERA
BB, NHECHRERTMKENESAERE, B R Insp FH) unkn [EFMBKLENE LR
—RER . XMEREROXER SR OK REKENFEE. WBlRHE, RITWBIEEEHAALR
BFIRME ., BITE—DB/MOBEE, HPMNBEEAERIE, TAZSWFEHRMEBMNER,
BI—NRKRBBARER B A RO, EMNRAEERK, 5 Insp MEN unkn, EXFHFLT,
BT HATEENNMERRE, RIAASREET B,

4.3.1.1 REEHEK

TR AR S, Insp FIEFETER, FFIAETMr A EE, T, ®
TREMZZHHR, XEREXLHERENABRECHETE., SMRBHPEEAT
FWBEIBAR, XBEFEFEXAGEEFRNEMNNERAREE W FRIHEE “EIF”
HEBTHIMES, AUREFENANEREREEIEIMESHE T (A, KEREEF
RHHHE) o XBME RSB E XL B Bag 1T 02, MRBERRMANRE AR
FHATXMEL. HERITEEYARTRTES (AR EF RN ER), ME— R ErEk
BEERES.

BRSMRBREEREIZHN— 0T, BRI RAEN —ARNERRENMRE, —1
BAAMNRMM, AMRBIXLERMEN < BR” A, AALIEREESE % 2R i R W1
AR AT E XA RS H— M EER R o XN B SR B — 4 X008 0tk R 0 22 BT B
BEHEE . BFEEINMREFUANBTRA—ER4E,

FEERUETUEBEMRENRBEZEES. ALREE (URVERE) BUK
BREHFENTHSAG, BEEX—SHKEAERCAREE. 53— KR ES
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HREBE - TEESANERNER, RSGEESHAWRNE “ K" R ERCHRE
pURIUNT= 1

ML F R P BRATAT ARE R LR EBN Z A BREVMRR, ETFRUEZE
RN RBEXHEN, RIBEX, REHETAARNANR, BNSREPHAMMUERER K
i, FEAEERREA P AN E B, XBERE N HFHBIRERERNNZEROBHEE
FEEREME, 2ERIMPEXREEMEMFHEAEM, EREEX, XEEFERHWRE,
A BB IE B — 1 KB 2 .

EAIRERRAN TR EEARE AR A, FXL L, BRI BEREE T —4 W0 EM
REHEEF, XTMHFEIATAARRIENER]. XEEREEZENTNE T ELH0 X
HBIAHEFI R EE, 4.4. 1 iR T ROV M UEZHEEF TR EER,

T M E¥ SIS X Tk

BRESWHRZ—ANARBOBRF ik, $F69 5% Lk 2 Kaufman # Rousseeuw (1990). Murtagh
(1985) #9EH, LS ARBBREBA DO NETAER S HERBG AL H &2, #4 Han
#= Kamber (2006) #9%, & 5 FH F8AF FHKMNGHRL, /2R LF T H €45 Bamen Fo
Lewis (1994) #= Hawkins (1980) #445. Austin (2004) #= Chandola A (2007) ## T % F5
FHEMNRFOBRE, FEEEPFETHEZNH L E, TAAF Ng s Han (1994), Torgo
(2007) 9%,

4.3.1.2 AHEBEHK

AERRERIERIZHE S (20RKE) EF8TUNMALMERMBEE L, ARE%Y
FHEMAXHAERICHEERR, FEBE¥ITEMERERIAGRTE (FEFXINEE)
M—AAEE (MNTEEERNE) ZEMXR. XMIBFLIAHE—-IS5HERTHRERY
MPMMTRX,, X,, -, X, ZEHXRORMEL Y=/ (X,, X,, -, X,) B, XTEEH
REES RGBSR AL EFENMERN S, fim, B/MUERRE, XTMEREFES
IREMMREREWFER T #1T, BERETESHEIBSHAFROREE, XupFED
BX, X,, -, X,, YIRERELH], WRBARER Y BELN, BARF -1 (£) EIEMR
B, MRYBE—NBEE, BB —1TERE,

HEERMNWBEEM S, HRZERREEFHNE R, TARANTEEBIE: ok M fraud, X&F
RERIN BREEIREREMEFRENHES, BRRIMTEKR—2X08E, 28, TR
A EMERENKE, MUBRGLEREBHNESEANEAEXEEF P, XEKREN
REMBEAFLXHEARBI -TEE, ARHERTN -T2 MERARKE, BARMN
HEBA 401 146 P R&E A9 15 732 MREERIIGEZE,

RATE X 853 S0 A 3w M BRIV A B AU A 5 AOAe Bk . X MFEEMETE T, EWATTEE
BI2ME, —MEMHBIERITE KT A —ME. Lhrlk, 715 732 MEB#HES, 14 462 4
RIEERS, BTHRA 1270 MR&EMKRE, L, XA RE S EER b2 A b &
BREENRS, BAYECHERNANBN . KIEGN, XERERMOIGEEXENITEMIRE, &
BEGS E A B A 0 K IF 4, RN BRI ZEENBRERE R b mese i HmIEE R
W BE

ARFIX X T RGP AT T — A, FX L, RIBXBHREBEFEREN
BRI ZGHTF ., XEREXN THREARORIAE, RIGHER R EIBEIR & w =i
TRE, X THREMIKNR, FUOREE NESHNRIROEINGE . I TFRITKEE
BABH, HAEBRAAHI HIRENNTROHF., WREXEXHEHIR, MREBRES
R, RIMAAFRERERLEER 1, RONTENR—MERIE, BRZIE, SERRMZHN
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— ANy AR, T EHEN A X MRS AR, OB ERNTHE BT8R & IR ER R
XN RBFATHEF o

AFREEINSELH

HERFET (REFRAFMNEA) R-TRRGFH, CAREZARAATERIBARET
MR BIE, TR THELREABHROILEXMFE K (#l40, Han #= Kamber (2006). Hand
% (2001), HA Hastie F (2001)), R R FHPMBLENR SHARL LW LM, #de, Chavla
(2005) #,# Kubat f= Matwin (1997) .

4.3.1.3 FBHEHEK

AHBERAATICHMENEABL, HRERA BERERREN N RBRERD, BHE
THEBFEG, XMEEEFFETEHEROLAE, XM THERERENSAE. 5H5—I7H, i
REEERSMEMARKEIHREREN ZHEH, BAGSEWEETEERESHKEN,
Hit, 2% 830 REERAHKAMNBERARS, MAASEBNFERCEEMEN—&, EX
MEAERN, XEAEPNAFENEL,

LB AR Z BT X RS EE e DA B X FFEER RSN RAKRGFIEN RO EESE,
BEAEFMARMNEEE S, —FHE, —MEEEIXBREBHRBIENRELBHEIMG
EREEREMEESRBENERE, MR BE R EERETE, EERERRKT
Bl B S AR B s — AR, XEARRETARICHEE, XAl LA R &t
TR o

FUEREWERAAAINENFE RN RLLIBUR, FHRBEHINIRER —L
(must-link A%H) , REEAFERENPTRBALRF RS (cannot-link) , ZERTFHEEMNPUE
B, WAL RRBMRAERX TR, NMRBEENNIREE, AETHUUMN NS

(186] FrEk, X E M AT AL EfRiC BTN RE . XEWRE, B “EM”
BB AR 23 S W must-link F1 cannot-link 245,

B ARITRABEOBERT R, — AT AANNTER ARG XE— BRI,
ERMRBERICEIERRBER TG, T — B0 X MR TR B #7428,
RAARRESIREGFEN RN FC—EMABRERINGE, NPT KTII%GE, FAX
MEEVIREEE, EHRBER, REEEL EENTE, EFWE —EIRSER, e 0E
AR S — M FRERERZ SR (TSVM) . TSVM i BIRRHEEB — N RIFICHIBER
¥ric, MIIHER M R B BEE AR iCBEE L X BIRRMFIE (B0L3.4.2.2%),

Fh, WA ZE B FHREERRR S, BIRERHENHET . BIRTRNRFEALBERRE
TR B ATk, TTLAE A ST 48 /9 J0 I8 A0 W8 J vk (R B A9 5 A 10 3 3R 58
BERIES

$ B HENSE U

FBEFIFHENR LLB THARMAS M, Zhu (2006). Seeger (2002) #= Zhu
(2005) e f AR TRIFOMELFE,

4.3.2 MR

AR EREMIRA, HENTHMERN—MURER, B MERDE ™= A4 5 iR & M HE
FFo RN IHEERIEM X NHERT

TAVEHR T FTIKBUE E M 1B T AT B LR B

BATBERNFERER N GFE R IC R RIMCEE. EXNNAT, BIEELIRR MR
KRR X TEE LB FE, Byt B s i BB R AR, B
RSB AP R AT BRI SR iR MR AR T ORIIME, MBTET S, BESEMEIRICEES
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ARREREESNERYE, ERIFCHELT, BARNAEHEXENIRETHKE, U
X R PEHT R B A
4.3.2.1 REHHELEERHAE

SRS, — MR IERNXER - X5HF, RPEaNKRIEZRSEHTFH
&S, RATMEBPERENRE LR, AN RIMNOEETAFREHRE DR E, RN
FEEHFHTE £ MIBP, RERAREZRZHMERERBRHOMRE. R, RIIHEX
AR EE TR B AR R IR HBLEX kM E P,

FEMRAIES. 3.4 HEZFBN, HRMNWEBERRAN —NMEANFELEH (XHEK
) B, REHHEMEERERAENENET. SERREE LE, ROTLUITEHFY
BTN b MEBARFEREME SRS HE, XNREHEFRE T RIBERGR LR & N 2
B, NBEBARMAEE, Y FIRTRG LA BRI fraud 26, KL N EERE,
RFME T EIFRANTTUR k MEMNZ KHAESL ERERCMRENRE . HEERENESEX
EAMIEFASRIRENRIET AN, BN ZERD, FRENEZELY, LhE,
RN k MESENERFICHRE, ENARAS#TRESHEMRPEHENITE, B2,
WRFTEMNHETTRE, RORATUERA T LR LEERZS, B FOF TN IS
EALER.

T H RO T A B B B 2 AR — AU, Hean, IR BT R A A R AR T O K VE
Y, RAMESERFEFERD] 100% , SRT, XHER Btk A vl 8 G S BE B KA
BT, (R, RIS AA — 5%, FATRRITINBREMNAERSKEG, RINE
FHRENERKREM BT, XERE, WREMTLUA « DTRERE, HFEEEX
x /NEHER BT A BEKVEFT R, FRARNBE X! BIEAX « /M, RIILHREEHRET —HIF
WHRE, WRRRABREAESRETRE ., R E LR LR A R, RITR
B RS HBLE WRERT 100% EBETE.

4.3.2.2 #FBF PR &L

4.3.2.1 HRIVTBATRBTANREFEHEMEPHERE, EARKMKBKETFTEEK
MR —GAEBNEE. FRMEMTESERNFENKTE L SE—-EWRE, mEERE
R, XHATRRR AN A NG R

REETHE/ MPEFE (PR) MR RERMAENXFEN—FA SRR, ELdERRL
THABIEERNMEHHENOEE, NATE3RME, X8 TIEShSEREAERNBRXEBHAT
HEFF B bl S e, ZERATHB TR, OB F 5L FZE LR By = A B B HEFF L R IRI Y
PEERE . SARKMBEAKFE (BMEBRELRELHHME) #H7ER, BRREMRFEHE
MEWREHEE . PR R AR REN T,

Y42 ROCR (Sing et al. , 2009) A&EB 1 R¥, X R IEM M (PRIME
THRBWERNIRGRE) EFEEH. XR—TBHINENE, SHARESEABERAUT
BB, XN TREERER, WMERGEMAKESREMEN T, PR EIEN
URESHE S R MA TR EET, AR MaIEERE R, RO6 R A BT
REE M E LB B2 prediction F—PMITH . X RE T FE prediction( ) LA, HEFAERER
X A] LA 24 ek ¥ performance () RISEE, DAZKIE—EiFMIEIR. BT, ¥ A% performance() Y
BEERMAT plot() B, EHARMMERIERME, LT OB ARG —ERA%E
X AR
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189

190

> library(ROCR)

> data(ROCR.simple)

> pred <- prediction(ROCR.simple$predictions, ROCR.simple$labels)
> perf <- performance(pred, "prec", "rec")

> plot(perf)

1B EARARSE 1 A PR R & 4-5 WA BATR . ¥4 ROCR A4 #9 PR HiZk B AR
R, REHANNRAHBEN, A—FHET DGR MEL . wERE, 7 E K E
BB r T, WRUTRAEM R TEET r 59 B W 5 B K7 B Xt 07 59 5 5RO 78 ) 19 B K AHL Prec,,,
FAZEAE N K r BRFEHE, WX 4-1) Fix,
Prec,, (r) = n}g:cPrec(r’) (4-1)
RN UFHHINEE performance () REPIIRENE, BITHEEIAG 2R y. values HRME,
EEREE y i EiE, BTSHMRFOEfE, RIVKREX(4-1) HERENRIOERE, FH
By MR, BT LER AR BCRAE . RS I T XA AR E TR .

> PRcurve <- function(preds, trues, ...) {

require (ROCR, quietly = T)

pd <- prediction(preds, trues)

pf <- performance(pd, "prec", "rec")

PfQy.values <- lapply(pf@y.values, function(x) rev(cummax(rev(x))))
+ plot(pf, ...)

+}

ERAEERT BE lapply (), EHNEFR L, B y. values HER—IFIR, BRFETER
SBEFETEANER. RITEEAZTRNREMNAXNEL, T8 MREOBHERER, H8
¥ cummax () FRE rev() FHBHEMTMWHEHE, 5 REAURKE @ BB FHF, W
PR% cummax() FIZHEERIRB—HEEHN RitRKE, WRFRAEUEEX S, TUH—4R
BHERLLIZRE . K% PReurve() ELAEEATHRMET, FUATERAA LRRD, H
BAEABATLLT o ATLARIA PReurve() BREUER L% H IR PIEE, LR 4-5 A E .

> PRcurve (ROCR.simple$predictions, ROCR.simple$labels)

+

+ 4+ +

e I Q
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o | @ 4
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o

g"._
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Precision

S

0.6

0.5

- o
-]

T T T T T T T T T T T
0.0 0.2 0.4 0.8 08 10 0.0 02 0.4 0.8 08 1.0

Recall Recall

B4-5 ViF () fHEEE (X)) K PRESK

AT R TE A W EHE PR RIA — NS AR Insp (A 3 T BEAYBUE
unkn, ok Ml fraud) RYIALE, LAK ISR A WUNKE NI EHF, RODERBBAE
WAL P B — MR ER 7 H EHF 8, XEABRER 0 ~1, AHBE, XA W
ERKER S MR BE R, XA BURIRE I EHEF B {5 BAK TR
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F4-1 THINERER

R
ok fraud &
ok 3 1 4
N fraud 2 1
ait 5 2 7

MERMNEBREHSBOHLE I FHTHEY, BARBERITEBAOTHERS £, TR
BHAFOBRESHEMEEE R EE. AERRFEERSEN FRE ERRITA Y-
HAREM R EEIBORE, RIRE—A/MIF. BERIAE 7 MUEHEEA, Insp 5 ABE
2 {ok, ok, fraud, unknown, fraud, fraud, unknown} , {BiZZF/ERIX XM EL HKFRE
Ha%¥ N {0.2, 0.1, 0.7, 0.5, 0.4, 0.3, 0.25}, MERMI XL BHTHF, B
{fraud, unknown, fraud, fraud, unknown, ok, okl , ANR#EETEE H o iF X P4 M {E #4748
B, MAKBESH TEREEE |fraud, unknown, fraud, fraud, unknown, ok, ok} il Ky &
{fraud, fraud, ok, ok, ok, ok, ok, IXIEHFX N FF 4-1 BIRBHERE, THELUTKPRE6HE
0 S B Bt Rl RV E R

1 1
Prec—m—O.S Rec—2+1 = 0. 3333

HEBERNE, REBE4.3.2.1 FPRIN, STEERBRMRE, SHNRREIERERN
ST R, BRI, REPHELE K fraud HFRE, ARNRARERK, BREH
HEEN unkn, RITFEEHEXMERASREARKIEN,

RNz AXMHN TFREEHEFOIEAE AR, ZRETNTH IR o 5 0 E 3% 5 5
DA HM B PR 2R,

BABRARMNBHEAT M X TFHEEBMAMMORRMAE, XHHANHIEHEEENEEH,
AR MEE E, SEE43.2. 1 TEERIWIEE, EEEARIMNER, XEEEHN «
ZFERTE (RPP), EREARITMN — N FHEROBER, 3Nt B2 28 B8 A R BR U
WL R SR EBEREMETT, WIER4-1 XMAFH, IMERE (1+1)/7, BRI
BES, RITUEXMEITERVEERE ARG G, =B v 52 B3 7 E R I
RPP B3I/

RATTLUA ROCR R BLHIEAR, UTR-MHARG, BERAEME4-6 HAE

&3] [191]

> pred <- prediction(ROCR.simple$predictions, ROCR.simple$labels)
> perf <- performance(pred, "lift", "rpp")
> plot(perf, main = "Lift Chart")

REERNXNMHFEMATHARRLEZUARABNA Ak, —TEABNEKSAR
ISR RS RPP PR REAA K R GG R E IR EE, X MR RPEHERER,
XANE T LUE T ROCR AR Be s, AT .

> CRchart <- function(preds, trues, ...) {
+ require(ROCR, quietly = T)

+ pd <- prediction(preds, trues)

+ pf <- performance(pd, "rec", "rpp")
+ plot(pf, ...)

+}

R ARTE AR BT, BPIE4-6 WAE.



134 - igEMS RiAE

> CRchart (ROCR.simple$predictions, ROCR.simple$labels,

+ main='Cumulative Recall Chart')
Lift Chart Cumulstive Recall Chart
o J
S A
g ~
«
o |
-
i 1
5 - |
- -]
o 3 1
e o |
s [~}
T 1 T LB T T 1 T 1 Li 1 T
0.0 0.2 04 0.8 08 1.0 0.0 02 04 06 08 1.0
Rade of positive predictions Rate of positive predictions

E4-6 ®IE (EE) UERRREYEHRER (GE)

X RFAEFHHRERNS, EENHMEBELA LA, BRRF, AENENCPAEBER
CRchart(), REZRHT X, M FEEATLHERE.
4.3.2.3 AFARMEHARENIES
EMENETPRIEIOERIEN FE, IEXMAERICREOHEFHITER. EMNEK
BARMEMIER. BERE R A X SHZ MATH A BRA TRBESRRCHHR Y., 8RR
IEHREREEHF DA EBMMLER? RNAEETEX—&8, BARMNMEGHENHTRE,
Az, BRITTUSHEMNFTRBHMT. B0, RATATIIEENT BN E —F= R E iR
BT R, RIMFPXENMRZAZREEAN, XRE—ER, RBREFEER,
XFER T, REQAMNHEAAEN = RNORELMMENER, MR RBHOREEH
ZEBE M — BRI
R GA R F RS GAR O, WE4-4 iR, HTBAXERNRMETREEIELN
M, RIS BAN ARG Z B A IE R Ttk . B IQR (MUAMiEE) SkbriEbx 4
iy
lu-U, |
IQR,

Hep U, B7= 5 p WFREOIHHE, B 55 B B P A T IQR, B & At
30U PR A

HERMOEE S, BRI NDTP, 89 FE N O BRI — MR iR. LT B R
BRI EX G E:

> avgNDTP <- function(toInsp,train,stats) {
if (missing(train) &% missing(stats))
stop('Provide either the training data or the product stats')
if (missing(stats)) {
notF <- which(train$Insp != 'fraud')
stats <- tapply(train$Uprice[notF],
list (Prod=train$Prod[notF]),

NDTP, (u) =

(4-2)

+

++ + + +
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function(x) {
bp <- boxplot.stats(x)$stats
c(median=bp[3],iqr=bp[4]-bp[2])
»
stats <- matrix(unlist(stats),
length(stats),2,byrow=T,
dimnames=1ist (names(stats),c('median','iqr')
stats[which(stats[,'iqr']==0),'iqr'] <-
stats[which(stats[,'iqr']==0),'median']
}

R E R EE R

mdtp <- mean(abs(toInsp$Uprice-stats[tolnsp$Prod,'median']) /
stats[toInsp$Prod,'iqr'])

+

return(mdtp)
+}

EREHREBMEFENATRENZHENTESH, K, EOFEREIIFEEE
KB BN REP AT, SFRUELESFTAAX—HERNBESH, X
AT AR B S A RIS R B BT B R . IR B RN GREEE, B4 B RIS R 80E
HEEG AT RERVERL S W BRI SEE, AR BB RENDMEEN 0 A, Rl
REFHZHEBRIOWERT . I T8EHH NDTP, HERECHFHHELR, RITEKEL T
S BRI E P A B

4.3.3 ZBHZE

BNEANBERENAOMEGE ., XMIFERT, RIERRE (Hold Out) JFHER#HITER
HBERARNH ., ZNMTEEEHNEESEYLH S RMERS (B H L 70% F130% ), H
PH—F A TRBER, B8R, mRAELE, XTIBRAUEELZR, URRE
FBNERERE. ROBEENFBTURBRRINKBHERAEGF ERTRM, WER
f12E#E 30% RIBHEVE R AESE, BUAHRL T 120 343 MR &

FEXMES T, REREARREREZE 2 HOAYEE, BEGRICIRERAFEHR,
EFNEMERRTRESSH T UKENERREIERENARI N, YEXHAYEHH
SRR, HEERFIRMBETE, ZMTENREARRREMMELR T HREYLRE, LI
RETHBUK R A BT R BRI 2. B, WRA 102 RBETEX, HRK 0% BER
FTRY, BRHEFAENRUEBRAP N HILHORT . MREAE—NF 100 MEAK YLD E
B, BAARX WRRERTHREYIHEL 10 MEER, REFBRE 90 MERNE K Y MAME AR
Fromim, XEHELES T BT HRREEH .

EABH R FMEF, H—1holdOut() k¥, EMMEMME 3 EPHRZNBIENZENFFF
LHBRM, FHTHAT hold-out LK, KRIAI— S, & hildSetting KXW R, EATREXLR,
EHMBEF, XTNRAFFRIEENASTEMETE. 4.4 WHE T LB ZREOR KB
T TEH ST B A9 hold-out MTHERIBIT . XEHEENFITTRRRFEHE . EIHREHEN
F-#3 NDTP,, T B9 ek BRI R T B X S 1647 -

> evalOutlierRanking <- function(testSet,rankOrder,Threshold,statsProds) {
+ ordTS <- testSet[rank0rder,]

N <- nrow(testSet)

nF <- if (Threshold < 1) as.integer(Threshold+*N) else Threshold

cm <- table(c(rep('fraud',nF),rep('ok',N-nF)),ordTS$Insp)

prec <~ cm['fraud','fraud']l/sum(cam['fraud',])

rec <- cm[fraud','fraud']/sum(cm[,'fraud'])

+ + o+ + o+
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+ AVGndtp <- avgNDTP(ordTS[nF,],stats=statsProds)

+ return(c(Precision=prec,Recall=rec,avgNDTP=AVGndtp))

+}

REREERN P RANRE ., HAEPANZNRENHEF . M EERNRENRE (X
WRES HEMRENEER) MSRMETR (PABRMMSAEE) .

FE4.2.3.2% %, RIMEIN-GHYAR, Lk EHERAERIBLE. Hik, &
AUER—-BATARNZGRBEEL.. XF-EREENEEIA—IER (744 ID)
AURRX G5, FHRmRANE, BEEARTUERZER. Wih, EHREXARE—E,
MAT LA XS R ZENRR, AT, B-FREKKSFE—60, FREBEMNHEELZSEK
BRETSHF. XRFE-FHIOLE, AR >RNHEERBRAN2RIAEE, BEP
BRI R S, RIVEMP AR FREE LR HATLR, NXBRTENAERE, RIEH
AR GRE—E, EXEXG , RIS ERERUERBILESE —MKE. XML
KRR FARMBRBEEA, EITHE E RS 5 AREMBRMAT T, 2RE, SR
PABRSE X P b AT A T — B AT A T o

4.4 FTHERENHF

FHHAATHRBEREHEFOARESER, X TFE8 K2R, RIIFRA 70%/30% 432
{7 B 2R AT R

4.4.1 ZWHEBFH*

4.4.1.1 #HEHFEERR

w422, BRIEXTHERN, HF6EM—RMNEESS AN EETRRHME.,
B, FPEERRMMEXET. T, BATATLUEX A 8 A ME O 7T AN A F AR
A EAE T

A E RN & RS~ R G R RE AR, ARSI — SRR B R E 3K
B, BRI HBATEN T HRAECLBEREPNFZSXEGEES L. BE, RI5B3
B IR EREES. RINFTEREEANIEEREASHIABE M RENTRME
HEF. XEWRENTHF, BRINLAEBHEWAR S HERE, —NTERATERE43.2.3%
HRBRELTIRE (PR MM (NDTP) RYBERET, X7 kAl ¥ 0 48 B N i — A28
¥, EAFESADPOENER kRE—MEMN “BHBREE". IMFE (NDTP) MILAE
TFEE—MXEHNMER, HETLEAR~SHBAEBRRAE &, NTTAH—-—MEATLE
WX EREN 2 RHERF

> BPrule <- function(train,test) {
+ notF <- which(train$Insp != 'fraud')
ms <- tapply(train$Uprice[notF],list(Prod=train$Prod[notF]),
function(x) {
bp <- boxplot.stats(x)$stats
c(median=bp[3],iqr=bp[4]-bp[2])
»
ms <- matrix(unlist(ms),length(ms),2,byrow=T,
dimnames=1ist (names(ms),c('median','iqr')))
ms[which(ms[,'iqr']==0),'iqr'] <- ms[which(ms[,'iqr']==0),'median']
ORscore <- abs(test$Uprice-ms[test$Prod,'median']) /
ms[test$Prod,'iqr']
return(list (rankOrder=order (ORscore,decreasing=T),
rankScore=0Rscore))

R R EEEE R RS

(-
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ERBEHSBERIGEMARE. EHHEHE R8P oMM uE (IQR) &,
XA RBR ARG R AR (4-2) EHEERES K. BE, EEE—dBERES HM
R EMEEHFTARMIIR. BEGXAI7EM NDTP ERBEHEF, AW BULX S ERA
FIME T LAR S #3347 PR 43

EE, XEERMNXMASRZEAMUEFERNMEY .. KEE, XTXHEALH™ 4,
RAVATUE BB REH =0 MR &S TR ED S RMEMU. WRFEXFH>H, &
LENZZMA, BRI ERA—NBRREEA RS TR A 30M IQR SEit &, X AT Ui i Al sk 3
tapply() JRSCHL, XERMIGHEAXMUSRHMER, ENFHEEXH “similarProducts. Rdata”
B (BRA4232VHRGE). X—KRBERKEEATES.

BATAERRE LR ITIERIFN X MT R T, AT HEEM™>HHKFY NDTP H, &k
HHEE MK P AE IQR H, RERIMANATHNEERATULTE, BARME
ER DX EEBFRNMGTT, WS ERIFNEANERERFEREN. BVeRFELEAE
BABRBLEAR, FIUXEREIARAABEAHFEE (BAKBMIREHERX), IALEE
PIBR T 2 R AR ) 3B AT SR A4 T DT .

> notF <- which(sales$Insp != 'fraud')
> globalStats <~ tapply(sales$Uprice[notF],
+ list (Prod=sales$Prod[notF]),
function(x) {
bp <- boxplot.stats(x)$stats
c(median=bp[3], iqr=bp[4]-bp[2])
»
globalStats <- matrix(unlist(globalStats),
length(globalStats),2, byrow=T,
dimnames=1ist (names(globalStats),c('median','iqr')))
globalStats[which(globalStats[,'iqr']==0),'iqr'] <-
globalStats[which(globalStats[,'iqr']==0),'median']

holdOut() REHFBERA— IR, WS LR R KNE UK ARE T BPrule Jrik,
ERAJLEPHXXRIENFE R LR, RIVHMEIRERY TRLUMMA R X
SRFURE R, RENAENFEMURENERIFLEETRNE. RRBRIFTEHE
FELHES. ITLH PRE, UERHEWHEHE#ML, ROCR FMERHLTENES—
AP A LR E B TR AL, Rt R ERBPOR X s e (BMEMRSE), BE
FESHME, 4.3.2.2 A TBEE/NMITER TLHEEFENARFER. TEARBSH
A R BORZE holdOut() HIEA, BEXHEEHFMGEH BRMEURFA RRUENELERFERNRE.

> ho.BPrule <- function(form, train, test, ...) {
+ res <- BPrule(train,test)

+V 4+ +EV o+ o+

+ structure(evalOutlierRanking(test,res$rankOrder,...),

+ itInfo=1list (preds=res$rankScore,

+ trues=ifelse(test$Insp=='fraud',1,0)
+ )

+ )

+}

KREH R MRALUFRHFARE, LhE, ERE-HMBXRMMBIAT XKD, X
SN RAT— T RBIMEE (FIINEHE) . EXMHTFH, RIOGEBR T BPrule J7
ENDH, 30 MBS BAHMAEELE, R structure () FIREM — NI RIFH
BB REE, SLRUEBF—ITEFHEE T RIR, XBRIIA structure () BRE LY
B—HA itsnfo REMXR . TRIRPHE - KENR, holdout() RBRAFXLEERGEE
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HT XSGR, BERAWATEES Y itslnfo = T i) holdOut() ¥, XHMAEHRAPL
i “BPE” MEBERIIERE A4 isinfo BBHLER, ENBLEREE-FIE
H, I HiR By — A isInfo JBHERZ RIEN BRI holdOut() HIFR,

RATEZHEEIFZAT holdOut() PRAPORTE P BPrule REEE MBI RNE, RITH B
70% /30% 453 R RE e SR X A BAREHATRIST, X — D BUERE A KK PR &I 10% kit 57
REBHEMEEEE, EXRBEXT, BUE XK 10% 858 R H &4 88 ZEEEK, T
DI HABRREE . ZRENAFRREEN 2R SH PR AR ESPEHE M2 . RN
KXTLL E SRR RER =K, ETHABIAREMT

> bp.res <- holdOut(learner('ho.BPrule',

+ pars=1ist(Threshold=0.1,
statsProds=globalStats)),

dataset(Insp ~ .,sales),

hldSettings(3,0.3,1234,T),

itsInfo=TRUE

)

BE R hidSettings() KIS MAS %0 TRUE, RBIERASZHEYIE, RMUSHEMETHE
HH., REE (hold-out) NRETGHIE L, VLB T%,
ARELBERBEWT

> summary(bp.res)

+ + + + 4+

= Summary of a Hold Out Experiment ==
Stratified 3 x 70 %/ 30 % Holdout run with seed = 1234

*Dataset :: sales

*Learner :: ho.BPrule with parameters:
Threshold = 0.1
statsProds = 11.34 ...

* Summary of Experiment Results:

Precision Recall avgNDTP
avg 0.016630674 0.52293272 1.87123901
std 0.000898367 0.01909992 0.05379945
min 0.015992004 0.51181102 1.80971393
max 0.017657838 0.54498715 1.90944329
invalid 0.000000000 0.00000000 0.00000000

2% SR ) D SR RE P [ B A A B R A 460, 1Y R 52% 9 B B VE L & 7£ I BPrule
25 IR R VEHE R AT 10% BRI B b . 16 A0 [ SRS B0 B bR 10% MR B S HATER RS
B BERVER 5, (BRZEBBINRE FIRVEMN LA AR ENREEREE, XRATHE, BRI
Fy BT 0 0 B DK R T T B THER KR4 B 92 unkn 3R ok 4. % B P) NDTP f9
HIXTREAME, BATE AT LB T X S TR R4 0 B s R R R R MR R, B 5E b,
NDTP B9F3{E N 1.8, BORE R —Rb7= G IR 4 o 50 A L0 H 48 A b LI B 48 K 40 05X 46 4 4% TQR
(PIAMIBE) B9 1.8 /%, BE IQR 4035 50% M4, ©EREXLAZH AR,

HTHKEPREMBEFEWERER, RNBEAFEAES KEH (hold-out) BH LK
BREN, URESH “%” W%, ROFE N ESOE RS —KER (ho. BPrule())
HIHERP 7 2038 X S 1 M G HR B B AR . B3 holdOut() IBE—WEB M X LBIME
BUEE—A TP, HFIFRME N R holdOut() FotEXTR ) itslnfo MR El, X T HRBLE K
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BHTERMERER, BE RIS, DTRBHERNNBRER4-7 FRHL.

> par(mfrow=c(1,2))
> info <- attr(bp.res,'itsInfo')
> PTs.bp <- aperm(array(unlist(info),dim=c(length(info[[1]]),2,3)),

+ c(1,3,2)

+ )

> PRcurve(PTs.bpl,,1],PTs.bpl,,2],

+ main='PR curve',avg='vertical')

> CRchart(PTs.bpl[,,1],PTs.bpl,,2],

+ main='Cumulative Recall curve',avg='vertical')

F—ARIEEEE O S BRA, XHEALUH R R TR .. 5 KB A RE atr()
B YA ho. BPrule() 1REIf & FMEME AR BRFIR, XA REAT AR RE
EFREZREMZBRERGER . REFIIRGEHERN— 3 BHH, B—ERUAIR, B2
HRRE (hold-out) FIBRMEHERY, FZHARBEMHRE (1 RWME, 2 RELH). 6
i, {8 PTs. bp[3,2,1 |REZXRE=ZNMRERE (hold-out) HEHKF _WERKEIBIRE.
PR aperm () FTLIFIRZEHBAN AL . MABBINEEEAABME, oTLHERLMKKE
fra— I E, BEECHHREER (ARGRTENFTERBERRE RN, FHAA K Y
REHEK) .

PR curve Cumulative Recall curve
o o
o _| @«
Q o
§q_ 18
o o T
F . f .
(-3 &£ ©
<
N o
Q o
o | o 4
o o
1 1 T T T T T T 1 L] T T
0.0 0.2 04 06 08 1.0 0.0 0.2 04 0.6 08 1.0
Average recall Average rats of positive predictions

B 4-7 BPrule FE5HI PR B (ZE) MRREFEREME (HH)

P & EAR RN KR E (hold-out) TR BN ML KT E VY, REUE KR &
HHTXMTENEREERNRE, RITUEAERBORERERET X TEAR KXY 0% 8
EIWHEFEE, B2, N TATI80% KEIMIEHEE, RATERR 25% ~30% KiRtE .

4.4.1.2 AFRBHRMART

BHESRRE— ARSI LM, Breunig % (2000) Y TRABEHBMEEF (Local
Outlier Factor, LOF) R, ZWEBANREEHNBREHTFE, IIMFENEERHER
HFEAMEHAIRAOENRBSHN S BRERBIZNROEREI . XM EETURE
MREREE., AREEXSNTREAVEIE, RO THERE AR 2 6 A9 55 %K
KRE. FEHEEX T —EHSHRH THES I RNEHIBWEE, BEME D —1&p HH
OEEEBEE, EICMKA B F RS SAMER; 2) MRp, MANRp, ZEKTTRAERE, &%
BEE p B CERBNRINNRZEESHERME; 3) —ARREHTEKERS, ZESRKK
F kAT EAER AP E, — MR LOF BRI BIAER AR

39
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ABHBEMEPEETET (Aunaetal, 2009) 4 HEK LOF FHEM—1LH, MR,
BAVRMT B lofactor() , EMSERE—MEHBERTTEAR LOF B A THE TS THEHI & H
LOF Fy S AU R FHIR E N SRR, ShR XU RREEAE R E RS . RERIE
FIREREE, RITMBEEGQRET 28 LER, XERERNAREREINEHEE LNHZ
H¥ . AZMITET LRI A E M, 5k %L LOF M RAHs, FeENARAeEK
MEER ., A TEERETUHEEARLREERAMRMNREANER, Xh—10TEF
B4 cluster 1) daisy () ¥, H—NIrExE EBRERHAG, EHANMENZERSEHNZE
SRR, EAH  MTREBENS XERTUEFRGS -1 H250 (0/1) FR. ERA]
HIRE R XA T A R . HnAE B ID 7 6016 AT RE(E, A5 R Prod A 4546 ANAIREMH, X
MBREMRBIIRA T XK, RLABEREHF 10 566 MR, MLTIRBER, X2IF
EREMME. FUXMFESEERREIXENEE, S=MkantsE#Eg =mn, i

15 A BPrule J7BHRRE . BXBE—3, AUBER T AAEX AR THEYIER, Wak# 2N Prod

202

wR, TH, SREMMEZFOAR (14.2.3.2%), SFLE>5EE—MENTFNY
X, Hit, RIEERTELLBHEEAREE (DEE D)., MREERERE, RITAN—
ERERERBTFENHEARN, XMERARRIEARARNG, FEERERLHEA
REBATHKERY, SRS RUAEMIR S QAR L JRERT, RAMBRHZ
(A5t ID AV Prod) I40BISHEF B — =5 07 Bk WO 7 B B R 0 7 B B R B A T,
B2, RIS SRR SR B4R 4 $OHR S PR LOF S0 .

> ho.LOF <- function(form, trainm, test, k, ...) {
+ ntr <- nrow(train)

+ all <- rbind(train,test)

+ N <- nrow(all)

+ ups <~ split(all$Uprice,all$Prod)

+ r <- list(length=ups)

+ for(u in seq(along=ups))

+ r[[ul] <- if (NROW(ups[[u]]) > 3)

+ lofactor(ups[[ul],min(k,NROW(ups[[ul]) W/% 2))
+ else if (NROW(ups[[ull)) rep(0,NROW(ups([[ull))

+ else NULL

+ all$lof <- vector(length=N)

+ split(all$lof,all$Prod) <- r

+ all$lof[which(!(is.infinite(all$lof) | is.nan(all$lof)))] <-
+ SoftMax(all$lof [which(! (is.infinite(all$lof) | is.nan(all$lof)))])
+  structure(evalOutlierRanking(test,order(all[(ntr+1):N,'lof'],
+ decreasing=T),...),
+ itInfo=list(preds=all[(ntr+1):N,'lof'],

+ trues=ifelse (test$Insp=='fraud',1,0))

+ )

+ }

EREEAEE TV GREMNIKE LA LOF FEitEHMIEESEIT R, BN FERE
WA HYIGRREMMNIALE, F LOF Jrgkxt-&3F 5 RBTA R EHTHF. WBRIRHFH, &
R THRETRAOFEF 8 ROTATURNMAEATHF, BREIFEREA A LIS
BEHFEE. H— T RMIIGREEHFHITEURBEARNE, BAXREWENIIE, HER
BB R U AR BEA T TR

PRYK split() ILABYYR LI FORXT A MR AT 0 8. P HIMBERE IR, FIRM
TCE IR G B AL . HEP Y for TEERXT XL B AR G- B HEATIRET, LA LOF B Hkki8
BN —NERERE T SERTHREE—MER>TGHFINAER (o) P, RAEEZE
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SHEANRER, RIIA B LOF Jiik, TUEIAREFIFCHERE (48N 0), EEEHRZ
&, BWH split() RPHRBINEIHERT “HmBl” BEEIE ol FRMENZ ST, T—&iE
ARERNETHERERTRER O~ 1, FEFME PRI SoftMax() BV B/, X
NRBIE—FHE “HFE” B O0~1 W, X TFRERS, BE¥llofactor() SHBl—& Inf M1 NaN (£
FREREN) H, BETXANHFEL, BRITELK SofiMax () REHMA. &5, BAHFOIFE
S, MEBBEMELE—R, ARG RER,

T2 REMBZATX BPrule J7iEAHE, A—NRE (hold-out) FRIEKBIEHIEIFHE
i, RIELATMZI—RKRE, FIRM T R/ BEYIEE R A 7 7 k5 50 MR
MR &, RATEE lofactor() REPSHk WEN 7. TRUPITH B HLBRAREXNS
Bo YPATUTHESZA, —FEER.: BURTIHEIENS, RERUSHIHTE, BRRTEKN
RS AT RE B AR K B ]

> lof.res <- holdOut(learner ('ho.LOF,
+ pars=list (k=7,Threshold=0.1,

+ statsProds=globalStats)),
+ dataset(Insp ~ .,sales),

+ hldSettings(3,0.3,1234,T),

+ itsInfo=TRUE

+ )

LOF J5 B &5 RANF -

> summary(lof.res)
== Summary of a Hold Out Experiment ==

Stratified 3 x 70 %/ 30 % Holdout run with seed = 1234

* Dataset :: sales
* Learner :: ho.LOF with parameters:
k = 7

Threshold = 0.1
statsProds = 11.34

* Summary of Experiment Results:

Precision Recall avgNDTP
avg 0.022127825 0.69595344 2.4631856
std 0.000913681 0.02019331 0.9750265
min 0.021405964 0.67454068 1.4420851
max 0.023155089 0.71465296 3.3844572
invalid 0.000000000 0.00000000 0.0000000

YRETIATRZES], XEF 10% SR B RR &1, 2o g o BE A [ 9K 18 B 293 T BPrule 1B B
R, EREHE, BIYEHEMNEC M 52% MINB 69% , Hih, XRILEEE NDTP EX
B (1.8 3B 2.4),

AT LA 3 PR AR AR E Wt R 8 B N EMARMMA ., BT EIF# S BPrule I H
8, RIMBALHXMTEN ERFEMLSE, FHASHK add=T, HBLLMEHAER - EE
., 0P 4-8 Fim,

> par(mfrow=c(1,2))
> info <- attr(lof.res,'itsInfo')
> PTs.lof <- aperm(array(unlist(info),dim=c(length(info[[1]]),2,3)),
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203

204

c(1,3,2)
)
PRcurve(PTs.bpl,,1],PTs.bp[,,2],
main='PR curve',1lty=1,x1lim=c(0,1),ylim=c(0,1),
avg='vertical')
PRcurve (PTs.lof[,,1],PTs.1lof[,,2],
add=T, 1ty=2,
avg='vertical')
legend('topright',c('BPrule','LOF'),1ty=c(1,2))
CRchart (PTs.bpl,,1],PTs.bp[,,2],
main='Cumulative Recall curve',lty=1,xlim=c(0,1),ylim=c(0,1),
avg='vertical')
CRchart (PTs.lof[,,1],PTs.lof[,,2],
add=T,1ty=2,
avg='vertical')
legend('bottomright', c('BPrule','LOF') ,1ty=c(1,2))

V++V ++VVE+VEEV o+

PR curve Cumulative Recall curve

1.0
1.0

06
08

Average recall

0.4

Average precision
04

02
0.2

— BPrule
4 --- LOF

T T T T T T T T T T T T
0.0 0.2 04 0.6 08 1.0 0.0 0.2 04 0.8 08 1.0

0.0
0.0

Average recall Average rate of positive predictions

A 4-8 LOF J7¥if BPrule J7¥5H) PR B (£B) MAREWERERL (&)

%t PR iR BT (B 4-8 £E) 3, SFR/MIEIYREHEME, BPrle FEE HiAFIAME
LBERREERE., M THET 0% 0HSEREE, BRARAERAHENER, HBEZMER,
RRBREMAINRFERENS (H4-8 WAR), T, WMETF25% ~30% (R ER
i, W% LOF FEEMT BPrule ik, W TFEHMNREMRE, HENZENRAERAHET, B
TIMGERHZERRKK ., ETRAFAMNMBAETUBREKNERS  (BREMERIRE) FREER
A (BZFEET—TEFHEERE), RIS LOF FEEAMB, BLL, HTFRA15% ~
20% IR ERRR(E, KRAREMM 70% ~80% MITERAIT N . Hoh, BRI IZITEREBXF 10% M
FR{&, LOF Jy¥:f9 NDTP {5BH & & T BPrule 773k,

4.4.1.3 ATRESEFMEHL

BINEZEBOT T EREHRZ2TERETRREAEENER, ATRAGEHMESHL (OR,)
JiE (Torgo, 2007) RANBREBRB-NTAETHRBWENREN, BEAMEXLREBEELS
HABRARARR . M XEMERREEACHTUE RS B EENARREE, ERMEK
¥, BRAREEESIZETVNRNEMNMER. EREXEREEARTENER. REZEE
EHELSRIBINERILEH I IR, X—EGH I BEBICERUNLEGHE—RHNE
W, BEEMHENKEGIHEAI—HAARNEERMAER, EREBREL, BRMERTENS
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FHARR ., ERE stats YRR helust() EETXFRBRRMILNZE, XA RYCR [ 3T
SAFE-NMEEEH (merge), REMBFEBNEHLRYROMLEIRKNFER. OR, TEUX
MEEEWKE B A EMBT T EOERESRF . TENBERE, BRENZASTEH, B
HHENRABE I, BENGHRRKA/DMMENSEHTEENRO KDL ZEERK,
LB T EEEMHAAMREEEAHRAN, BREEMNEIESEEL “E¥E” WREK
K Bl B RERS RAMMREIYE, DBEHE, BRESHARRIERSIHFLZEEMBHE, |
XHRTRUMEHE, U, ENRLSERRIBNEREH. EXHHERERES —MERHE
B¥o KR OR, FEITRAKSABE, XFMFEATETERTES M ROBHES .

M} FHE-TEHEIE (s..Hs,,) WP, TEUTE:

of,(x) = max(o,_l 8y : : ng.i I ) (4-3)
gy.i gx,i

Hep, g, R FIRAL, W lg., | REANKAD, HEE, HIRMNBMBOEB/NOA, B
US55 MMM EPBRAN R A B EIBEEE N 0, EFEREXRENENEZALE
F, SMUEERAUSS52MEHTR, ANRRRANERA, ANEBR/NMKEA ., BEEK

BN ROBABBHESI BTG
OF,(x) = max of,(x) (4-4)

F 38 pR R outliers. ranking() FIRSLI EHEMIBIL, T A R OR, Jr kR
WS P A RA B BHE S MR B RPN S &

> ho.ORh <- function(form, train, test, ...) {
+ ntr <- nrow(train)
all <- rbind(train,test)
N <- nrow(all)
ups <- split(all$Uprice,all$Prod)
r <- list(length=ups)
for(u in seq(along=ups))
r[[u]] <~ if (NROW(ups[[ull) > 3)
outliers.ranking(ups[[u]])$prob.outliers
else if (NROW(ups[[u]l)) rep(0,NROW(ups[[u]]))
else NULL
all$orh <- vector(length=N)
split(all$orh,all$Prod) <- r
all$orh[which(!(is.infinite(all$orh) | is.nan(all$orh)))] <-
SoftMax(all$orh[which(!(is.infinite(all$orh) | is.nan(all$orh)))])
structure(evalOutlierRanking(test,order(all[(ntr+1):N,'orh'], ’
decreasing=T),...),
itInfo=list(preds=all[(ntr+1):N,'orh'],
trues=ifelse(test$Insp=='fraud',1,0))

B S T T T S S S S R o Y

)

+
L

206

ZRBS ZBTH LOF ik RAEMl. RIMFRERAXAN XN > BB HITAE, FTBER
HF52ZR07E LOF ik iR MR o AT, B3 outliers. ranking() HIZSH A LI WEHF
HRERBERIAERE, MARBIESE ., XMEWR, BROTATLUGEAEM AT LA B -A X BEE iR
HRECRBRIERER (Fln, HMA cluster Y daisy () HR¥) . BE, WRIFREERX—
R, BTREIFANBRERZRABHAFNRENLES, FUFERTERRNITER
R, WEHRSE, BEERAXMT BN S0 amAE, EEEMESKHTEILLET TES
HARE (hold-out) LWHABEEERFE —BBKINHE,

5 LOF %M, BITBARARR OR, FEKILNSHE, REMABEZIHRARE.:
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> orh.res <- holdOut(learner ("ho.ORh',

+ pars=list (Threshold=0.1,

+ statsProds=globalStats)),
+ dataset(Insp ~ .,sales),

+ hldSettings(3,0.3,1234,T),

+ itsInfo=TRUE

+ )

Xt OR, HEMERLBEWT -

> summary(orh.res)
== Summary of a Hold Out Experiment ==
Stratified 3 x 70 %/ 30 % Holdout run with seed = 1234

* Dataset :: sales

* Learner :: ho.ORh with parameters:
Threshold = 0.1
statsProds = 11.34

* Summary of Experiment Results:

Precision Recall avgNDTP
avg 0.0220445333 0.69345072 0.5444893
std 0.0005545834 0.01187721 0.3712311
min 0.0216725471 0.67979003 0.2893128
max 0.0226553390 0.70133333 0.9703665
invalid 0.0000000000 0.00000000 0.0000000

207 OR, R YtHY P HNE 371 B 3K 8 £ 5 BPrule J7 351 LOF J7 ik k¥ M flo X FF 3y NDTP
EHE, RERKKETHMPMN T,
HITER PR AR EIWIER s, DRURBRBA AT EE rEame, mE 4-9 7
o FEKRBEREAREMRIEERE

> par(mfrow=c(1,2))
> info <- attr(orh.res,'itsInfo')
> PTs.orh <- aperm(array(unlist(info),dim=c(length(info[[1]]),2,3)),

+ c(1,3,2)

+ )

> PRcurve(PTs.bpl,,1],PTs.bpl,,2],

+ main='PR curve',lty=1,xlim=c(0,1),ylim=c(0,1),
+ avg='vertical')

> PRcurve(PTs.lof[,,1],PTs.1lof[,,2],

+ add=T, 1ty=2,

+ avg='vertical')

> PRcurve(PTs.orh(,,1],PTs.orh[,,2],

+ add=T, 1ty=1,col='grey',

+ avg='vertical')

> legend('topright',c('BPrule','LOF','ORL'),

+ 1ty=c(1,2,1),col=c('black’,'black','grey'))

> CRchart (PTs.bp[,,1],PTs.bpl,,2],

+ main='Cumulative Recall curve',lty=1,x1im=c(0,1),ylim=c(0,1),
+ avg='vertical')

> CRchart(PTs.lof[,,1],PTs.lof[,,2],

+ add=T, 1ty=2,

+ avg='vertical')



HAM AMKELS - 14

> CRchart(PTs.orh[,,1],PTs.orh[,,2],

+ add=T,1ty=1,col='grey',

+ avg='vertical')

> legend("bottomright',c('BPrule','LOF','ORR'),

+ 1ty=c(1,2,1),col=c('black','black','grey'))

EWARTLIES, SARREWERETS, OR, FEMERAS LOF JykMth, R, xt
F PR £k, OR, FE:BA BLT LOF 7, DABUNEEE T BPrule J7ik,

PR curve Cumulative Recall curve

1.0

04

Average precision
0.6
1

0.2

0.0

T
0.0 0.2 04 06 08 1.0 0.0 0.2 0.4 0.6 0.8 10

Average recall Average rate of positive predictions

B 4-9 OR,. LOF DI} BPrule 7 3:f PR B (ZR) MRPEFHEREHL (HE)

4.4.2 FHEAHE

AT PRI —ERRAEROANEG WE X E. TRIARMNVBIFREEE —HX
SENHF, RITHAEARMEFEL, RITHRERAEE>ERRSRNOEY, ¥TFE0
AR, XEEREHHERTE T THRHORR, XEEBHERNEBSREMLERG
RT “B#H” X (BRKERE) SOBREXEMNHTHF.

EHMRRMNABZABN—ERES KB EZH, BITRHEBEETFRANRE: XirE0H
R,

4.4.2.1 X E#HPM

RATEIRE N IEF & K VER & W LBARATE. FERUERLH, KARLARBRE
(A BEHINR) 698 1% XFRE K FE A S BBNE R # SR F &R EE, 5k,
ENTESERTNER, BEARFRANPENERE (SEERXNIE, HRE) EXEH
RUBRBH, BXLE, ARMDONASD, MRFTHHFEREIEFREFSMRE KB
0% EAKRKHERE. B TEELSKRIH, FUBKARNBBERTHORFERE K, %
RERBWA—NRER, BERRNMEREIRRANEE, Bkl TORRRZSIHT ZRmAR
Efile MRDEERIBIRBAXALE, RERINHRHII—H, BAREIHHFABLHE,

HEMABTEIBERREAEFERNEAR . EN—BIAFAE: 1) REFXILROIT
%, EMARERX DEEERREIENERR; 2) RRT R BREVIGREEE, NmsERe
A, BRAVZRAMERINA BB RINERTHE LIk,

A TERATUREERPRORE, —MHErERREE, EASHLPEE—
INEAAR, FBENMPEEANR—EMR— M EIPEHOESFORER. 5—FRT R
T, ERRASIMITEER, FRAKEHEBREHOEENR, AFE LRTHRE RN

5

208
!

209
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210

tho —MERZh 9B TR SMOTE J5i% (Chawla et al. , 2002) o XF77 5 A9 B BER D HERARIER
FEABBRATE=EDBRMAR. S, RN ROBRAMETE AR T -1
FENRENEIEE, ARRMAHHER SMOTE() E2EBT XM, BTRENR
A, HEHAE RN ENTER S AR EES . TERABSH T ERN— R

> data(iris)

> data <- iris[, c(1, 2, 5)]

> data$Species <- factor(ifelse(data$Species == "setosa", "rare",
+ "common"))

> newData <- SMOTE(Species
> table(newData$Species)

., data, perc.over = 600)

common  rare
600 350

XA/MIIF R s BARGIBR—NEHATNZE (CvBTrIHML) M-I HEERERK

ATEHEE, EEREHEDT . BABASE perc. over K{H 600 I ei% SMOTE( ), XE Bk
FHAHRBARELBENENNRTE 6 MHRA, XEFHEARR XM RAMERESE
(BINELL TR S) MEMERREIEED "4, RITWSIRARGE MR R, B
LATT LAZE SMOTE() BR¥CHH A RN &A BT B A L AR NEIEE.

AT RLE A R AR A2 0 SMOTE FiE B RIS, WM TH %, T HABKERM

A& 4-10 Fims .

> par(mfrow = c(1, 2))

> plot(datal, 1], datal, 2], pch = 19 + as.integer(datal, 31),

+ main = "Original Data")

> plot(newDatal, 1}, mewDatal, 2], pch = 19 + as.integer(newDatal,
+ 3]), main = "SMOTE'd Data")

TEA B SRR, RATHALA SMOTE J7 4y Hi R P E I SRR A R R AR A

Original Data . SMOTE'd Data
°
(<]
°
«
> o
A [
° °
0 oo
o oo
a 000 © -
b 0 0 000 o0 C\l.
0o
w ooo o Y ‘g
= < 00 . Q
T 2400 ooo e soe .os . H . e
Q LI T TY T ] = L]
......... L]
o s e .
~ *
Q * L]
o | a
o o
T T T T T T T T 4 T ¥ T T T T T
45 50 655 60 65 70 75 80 45 50 55 60 65 70 75 80
dataf, 1] newDatal, 1]

B 4-10 Jii SMOTE J5 k= D Hkmy MR

P KBRS % SOk
EEIHR-AASHAAAHRE, EIAX—HEZ LG TR XN RAARAGH T, o

% B AAAI2000 #= ICML2003 ¢ k #rddd2 F£ AFit 4, R SIGKDD ¥ A KB EF I X P Hisn
P (Chawla et al. , 2004) ., Chawla (2005) #3887 —AMRIFHIH THEGME, 2 HEBHT
MR S AL 2, T aERMAER 6GRM (# 40, Provost #= Fawcett (1997, 2001);
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Provost et al. (1998)), HAAHAEF T (#l4=, Domingos (1999); Drummond F= Holte (2006) ;
Elkan (2001)), % F£ %86 K4 5%k, A E5H LK 63 Kubat #o Matwin (1997), Japkowicz
(2000) ¥AB Weiss # Provost (2003), #¥#%]12 SMOTE k8 £ & 4% X4k 2 Chawla et al. (2002)
#2 Chawla et al. (2003),

4.4.2.2 MERNTHFE

A DL (Naive Bayes) FiERET N MHTEHEMN—MLIT 4K %, REEB NS B
B M X — R AB IR A G, XERIBELRRAERRBERLK, FURITELR
“TAIEBAT, R, HEFEERBRIIHN AT RERELRREE,

mot e P(4 | B) = PCELAIPC | i g v gy o S 9 4
RN HAHER
P()P(X,, X, | o)
P(c |X1’.-.,XP) = P(Xl’...’XP) (4-5)
R RAK, X, -, X, RARMREGTE RO, 2

W P(c) UMK c ERB, WP (X, -, X, |¢) WRELESE c HEHF TR
AREVRER, B, SERVNDIMIEREOER, B TOENIAERBREH, FRUREKN
WBRFHBIHSFo MAKGERNETTE XABREREM MEFERE (FRK), #
FHAKXPED TN

mom&fn&|o=Puujm&la (4-6)

o 2 DLt 34 2 VI SRR AR AR B A X SRR SR MG THIX S R . BT R e, TR
K (4-5) R F—NIANROEBR,

RAZANFAN T e L. BAVE L AT e1071 F ) bR 3L naiveBayes() . #RANE
klaR (Weihs et al. , 2005) a8 T A5, FetBREE T AR LRI

THE SRS R LR R RN RERENEREHF . EHNASERIGRRE
ZA h I o B IR RS B A B D MR A AR . B A TR T2 fraud BESORB B B BHETE

> nb <- function(train, test) {
+ require(e1071, quietly = T)

+ sup <~ which(train$Insp != "unkn")

+ data <- train[sup, c("ID", "Prod", "Uprice", "Insp")]

+ data$Insp <- factor(data$Insp, levels = c("ok", "fraud"))

+ model <- naiveBayes(Insp ~ ., data)

+ preds <- predict(model, test[, c("ID", "Prod", "Uprice",

+ "IDSP")J, type = "raw")

+ return(list (rankOrder = order(preds[, "fraud"], decreasing = T),
+ rankScore = preds[, "fraud"]))

+ }

THEARBEBAE (hold-out) FIFRFA, 183 H I H TN %S WAL ITHF TR
> ho.nb <- function(form, traim, test, ...) {

+ res <--nb(train,test)

+  structure(evalOutlierRanking(test,res$rankOrder,...),

+ itInfo=list (preds=res$rankScore,

+ trues=ifelse(test$Insp=='fraud',1,0)

+ )

+ )

+ }

BJ5, VERIRE holdOut() , SRR TG M B B A Rl i i B R XX MR R BEAT L8 -
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> nb.res <- holdOut(learner(‘ho.nb',

+ pars=list (Threshold=0.1,

+ statsProds=globalStats)),
+ dataset (Insp ~ .,sales),

+ hldSettings(3,0.3,1234,T),

+ itsInfo=TRUE

+ )

X F 10% K335 Fr, R DR BRI R S5 R A0 T

> summary(nb.res)

== Summary of a Hold Out Experiment ==
Stratified 3 x 70 %/ 30 % Holdout run with seed = 1234

* Dataset :: sales

* Learner :: ho.nb with parameters:
"Threshold = 0.1
statsProds = 11.34

* Summary of Experiment Results:

Precision Recall avgNDTP
avg 0.013715365 0.43112103 0.8519657
std 0.001083859 0.02613164 0.2406771
min 0.012660336 0.40533333 0.5908980
max 0.014825920 0.45758355 1.0650114
invalid 0.000000000 0.00000000 0.0000000

5B B9 2 BOR KA T 5 T8 G BB 07 B8 B B0 B 40 o
TEERMSHAETE AR L, BRI BT E . BT M 8 0 o vk
MESFH YT, OR,, HITHE:

> par(mfrow=c(1,2))

> info <- attr(ab.res,'itsInfo')
PTs.nb <~ aperm(array(unlist(info),dim=c(length(info[[1]]),2,3)),
c(1,3,2)
)

PRcurve(PTs.nb[,,1],PTs.nb[,,2],
main='PR curve',lty=1,xlim=c(0,1),ylim=c(0,1),
avg='vertical')
PRcurve(PTs.orh[,,1],PTs.orh[,,2],
add=T,1ty=1,col='grey',
avg='vertical')
legend ("topright', c('"NaiveBayes','ORhL'),
1lty=1,col=c('black','grey'))
CRchart (PTs.nb[,,1]1,PTs.nb[,,2],
main='Cumulative Recall curve',lty=1,xlim=c(0,1),ylim=c(0,1),
avg='vertical')
CRchart (PTs.orh[,,1],PTs.orh[,,2],
add=T,1ty=1, col='grey',
avg='vertical')
legend('bottomright', c('NaiveBayes','ORh'),
1ty=1,col=c('black’,'grey'))

B 4-11 s B R R 7 5 8 A 0 OR, ikly. MANEIBH UG E A
ML T AL TR

+V++VEEVHV+EH+V V4V
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FEMA AN T EERRE N — N RRE R RN KRR, 4.4.2.1 THE T JLAMRRE
SR BRI e, R SMOTE Bk, Tt SMOTE SRR —MIGRE, RSN M

DRI, 212
F T B BRSO 2 BT B E E AR R 2 AL 7E T T T &9 s B0 R #X naiveBayes () B9V, B |

AT — M B ZREE 214

> nb.s <- function(train, test) {

+ require(e1071, quietly = T)
+ sup <~ which(train$Insp != "unkn")
+ data <- train[sup, c("ID", "Prod", "Uprice", "Imsp")]
+ data$Insp <- factor(data$Insp, levels = c("ok", "fraud”))
+ newData <- SMOTE(Insp ~ ., data, perc.over = 700)
+ model <- naiveBayes(Insp ~ ., newData)
+ preds <- predict(model, test[, c("ID", "Prod", "Uprice",
+ "Insp")], type = "raw")
+ return(list (rankOrder = order(preds[, "fraud"], decreasing = T),
+ rankScore = preds[, "fraud"]))
+}
PR curve Cumuiative Recall curve
T e
84 3

06

02
1
0.2

L

0.0
0.0
1

T T T T T T T T T — T T
0.0 02 0.4 06 08 1.0 0.0 0.2 04 08 0.8 1.0
Average recall Average rate of positive pradictions

F4-11 fEI MM OR, HEM PRE (£H) MRBEIHGEERR (F8)
T AR R4S X 6 B DU 387 SOMTE JRAEERYAGLREE (hold-out) fEit.

> ho.nbs <- function(form, train, test, ...) {
+ res <- nb.s(train,test)

+ structure(evalOutlierRanking(test,res$rankOrder,...),

+ itInfo=list(preds=res$rankScore,

+ trues=ifelse(test$Insp=='fraud',1,0)
+ )

+ )

+}

> nbs.res <- holdOut(learner (‘ho.nbs',
pars=list (Threshold=0.1,
statsProds=globalStats)),
dataset(Insp ~ .,sales),
hldSettings(3,0.3,1234,T),
itsInfo=TRUE
)

+ 4+ + + + +
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215

216

X F 10% BRI SR F7, B0 RS B 8 A UL SR R A 2 SR A T

> summary(nbs.res)

== Summary of a Hold Out Experiment ==
Stratified 3 x 70 %/ 30 % Holdout run with seed = 1234

* Dataset :: sales

* Learner :: ho.nbs with parameters:
Threshold = 0.1
statsProds = 11.34

* Summary of Experiment Results:

Precision Recall avgNDTP
avg 0.014215115 0.44686610 0.8913330
std 0.001109167 0.02710388 0.8482740
min 0.013493253 0.43044619 0.1934613
max 0.0156492254 0.47814910 1.8354999
invalid 0.000000000 0.00000000 0.0000000

LR “IER” WAL EILFHEER R, B UURMEF—&, BAMEK
BRANBRITERMEMT, EERRRE M SMOTE J ik DBEHIT T o RAE, ERHRN M
7 RN SR E R B E4R 5 RAKER . FATE 4, TELSHX M FEAFAMRE
RBEZTELEREENERRAMA,

par (mfrow=c(1,2))
info <- attr(mbs.res,'itsInfo')
PTs.nbs <- aperm(array(unlist(info),dim=c(length(info[[1]]),2,3)),
c(1,3,2)
)
PRcurve(PTs.nb[,,1],PTs.nb(,,2],
main='PR curve',lty=1,x1lim=c(0,1),ylim=c(0,1),
avg='vertical')
PRcurve(PTs.nbs[,,1],PTs.nbs[,,2],
add=T, 1ty=2,
avg='vertical')
PRcurve(PTs.ork[,,1],PTs.orhl[,,2],
add=T, 1ty=1,col='grey’,
avg='vertical')
legend('topright', c('NaiveBayes','smoteNaiveBayes','ORh'),
1ty=c(1,2,1),col=c('black','black','grey'))
CRchart(PTs.nbl,,1],PTs.nb[,,2],
main='Cumulative Recall curve',lty=1,x1im=c(0,1),ylim=c(0,1),
avg='vertical')
CRchart(PTs.nbs[,,1],PTs.nbs(,,2],
add=T, 1ty=2,
avg~'vertical')
CRchart (PTs.orh[,,1],PTs.orh[,,2],
add=T, 1ty=1,col='grey',
avg='vertical')
legend("bottomright', c('NaiveBayes','smoteNaiveBayes','ORh'),
1ty=c(1,2,1),col=c('black','black','grey'))

P 4-12 Bk 7 X4 SMOTE A<t 1 S I - i & AR BZE R, B3 E, BB 5 OR,
FEAL, B CtAET RN A REEMER, i BEMER AR A miREA N M
BT

v

+V4+ +VEEVELVEVESIVESVELIV +4+VYV
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ETFXUWER, AWM, XBERARAMEEREYEE B —8, BER ™8k
BT, hiFXRR MR, R, ARTT LU B A B B E AT A B L MR, AR
T A R 1 PR A T E B AR A TR AU BT Y, $RBRE ORI 5, ARG LA R B DL o R
R, MBFRITEXANGET, FREBEIN—MESNEERA KPR REERE, FXLE, HE
BAEARDX—RE, RITERTUEAZNTRARLHZS . MEANETHREHZZX
—REESF, XTREEESEE.

PR curve

1.0

08

5B 5
o8 -
OTD 0.'2 0?4 0:6 078 1 TO 0.0 0.2 04 0.6 08 1.0
Average recall Average rate of positive predictions
4-12 BIMRAME AT R OR, ki PR & (X£H) MEREPHHERL (HH)
8 5 MM 75 % % STk

MERMFERFSARAABIRA LG L EE, % Mo 444 % FH €4 Domingos
#o Pazzani (1997) #3C ¥, Rish (2001) # L%, Hand # Yu (2001) & L% X & Kononenko
(1991) #9 %, ’

4.4.2.3 AdaBoost ¥ ik

AdaBoost J7i% (Freund and Shapire, 1996) REBFHES HEN—FFEIHE., FLtE, Xt
FXARBUMNEL, EMINTRERES N —HEFAERMNMNTRESTEMEXNAEmE
BiH) . AdaBoost N F—FF HiE MR T L RA B —HERER, RE WIS LERET,
AWM BRTER-MERORETEARTEERM T L, AdaBoost £ R B3 i IF 51 J7 : 3k KB
. FANB—THBARREELREFIDIN—MERARERREBN. BET M
BUER R B EBERE:. MBS — M RERSENIRZINE., XBREELAEBAHT
AESHEHIIGERE. 23U FABALRENR, GRE-AERRINGERIE LHEE
AL, XANAEATUHETREBEHBEREGIE N ROBTME, XA ZARER A BORE 347
PO B B A A TRE, RENEXFRE, BANNERAFIN T HESHINBEE
(Bt FB/MREER)

AdaBoost 7 IR X FRA MR EREIBIBERE N . BMEEVIBRAER S,
LEANREXBRZAR, ENRNERSEM, S8 “ge” 2381, Bitlk, XBEIH
B3 4H 5B R BB TR B 3 B X o R

AdaBoost. M1 & AdaBoost J7 EEHI— MFFR LR, ERARA PG S EIEMENEABR,
% hnfl adabag (Cortes et al. , 2010) ) E¥ adaboost. M1 () LB T %7k, AR, HER
RHPLH) predict FIHEARRL HBBEE, WRIIWBHMNS, XR—HHMRH, MR, R
NFREXEHMEE, HARMNEASINRER T fraud MR G DB HEHRF. Hik, &M

51

217



152 - HiREENsS RiEK

X EREER F XA AdaBoost. M1 BB, BlABEIER, LK KEERME—H AdaBoost. M1
B RSEH, AT, RATATLIER Weka OB BB . Weka B—MEIEZHANLBEI W
FRSM. SXRENRFRETREEEKFAFPRAAEN¥SIRE, SRAEL, ERH®TR
FHBAENENREE, AREASTHNANERHAPRAE. 3—J0H, RERGITER. FRHY
FTHABEFHRENSE, FEEAEATESZHRIENEET R, BT R #5NE RWeka
(Homik et al. , 2009), ATATTLAZE R R Weka B KERST DA, MR BV LREHE
Java 5k, RAERHRZBNGHEN USEZIHTEI LK Weka M, MREAH KK Java K
f#, WLAZESBSMEIHABL B OABNER., RIGRUBNZESZZRNEE, BERIEE
B9 B SCRS LA T #% RWeka ] LA FBRLE 7 32
218 I8/ RWeka 9 pR % AdaBoostM1 () iH it Weka LBl T AdaBoost. M1 432581, SR

adabag BSCHUAMEIR , KB predict ik 01 LU 280K, Bk el LA ERA BRI RE S K
B#EHF, BRAHRT, Weka MSCHARRIE N BEABR, REFEHR -RFEHRNIER, &
A — ML R . IMRMEMEARERREHNSH, NFLERITLMEY., FHH
WOW () RIFHFEE—TFENR Weke BEABLSE, THEZRHEERNL B IR bR A
B—F

> library(RWeka)

> WOW(AdaBoostM1)

-P Percentage of weight mass to base training on. (default
100, reduce to around 90 speed up)
Number of arguments: 1.

-Q Use resampling for boosting.

-S Random number seed. (default 1)
Number of arguments: 1.

-I Number of iterations. (default 10)
Number of arguments: 1.

-D If set, classifier is run in debug mode and may output
additional info to the console

-W Full name of base classifier. (default:

weka.classifiers.trees.DecisionStump)
Number of arguments: 1.

-D If set, classifier is run in debug mode and may output
additional info to the console

L9 FAAE N A R BT, BT LLE L B3 control MIR¥ Weka_control() X — S E{EHTHAE,
TN ELNBIESE irs, MR AdaBoostM1 () H— R4 :

> data(iris)

> idx <- sample(150,100)

> model <- AdaBoostM1(Species ~ .,iris[idx,],

+ control=Weka_control (I=100))
> preds <- predict(model,iris[-idx,])

> head(preds)

[1]) setosa setosa setosa setosa setosa setosa
Levels: setosa versicolor virginica

> table(preds,iris[-idx,'Species'])

© hitp: //www. cs. waikato. ac. nz/ml/weka/.
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preds setosa versicolor virginica
setosa 19 0 0
versicolor 0 13 1
virginica 0 2 15

> prob.preds <- predict(model,iris[-idx,],type='probability')
> head(prob.preds)

setosa versicolor virginica
0.9999942 5.846673e-06 2.378153e-11
0.9999942 5.846673e-06 2.378153e-11
0.9999942 5.846673e-06 2.378153e-11
0.9999942 5.846673e—06 2.3781563e-11
10 0.9999942 5.846673e-06 2.378153e-11
12 0.9999942 5.846673e-06 2.378163e-11

EA/MAF R T W0 AR B IRG 1 KR

X TEBHERF RS, BIOEEST MAXIRBNLERE ., SHAN IR —#,
BIEFARS LR AdaBoost. M1 J7ik, MARBEA =, THEKKEAEBIAENSEMRR
FRHEF R -

> ab <- function(train,test) {
+ require(RWeka,quietly=T) '

© ~N N

+ sup <- which(train$Insp != 'unkn')

+ data <- train[sup,c('ID','Prod','Uprice','Insp')]

+ data$Insp <- factor(data$Insp,levels=c('ok','fraud'))

+ model <- AdaBoostMi(Insp ~ .,data,

+ control=Weka_control (I=100))

+ preds <- predict(model,test[,c('ID','Prod','Uprice','Insp')],
+ type='probability')

+ return(list(rankOrder=order(predsl[,'fraud'],decreasing=T),
+ rankScore=preds[,'fraud'])

+ )

+ }

ZERE (hold-out) 2 AR K%L :

> ho.ab <~ function(form, train, test, ...) {

+ res <- ab(train,test)

+ structure{evalOutlierRanking(test,res$rankOrder,...),

+ itInfo=1ist(preds=res$rankScore,

+ trues=ifelse(test$Insp=='fraud',1,0)
+ )

+ )

+}

B, HHEBTTRE (hold-out) L HLHS:

> ab.res <- holdOut(learner ("ho.ab',

+ ‘pars=1ist(Threshold=0.1,

+ statsProds=globalStats)),
+ dataset(Insp ~ .,sales),

+ hldSettings(3,0.3,1234,7T),

+ itsInfo=TRUE

+ )

XtF 10% BRI SE }, AdaBoost BB L5 RINT ;

> summary(ab.res)

== Summary of a Hold Out Experiment ==

219

220
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221

222

Stratified 3 x 70 %/ 30 % Holdout run with seed = 1234

* Dataset :: sales

* Learner :: ho.ab with parameters:
Threshold = 0.1
statsProds = 11.34

* Summary of Experiment Results:
Precision Recall avgNDTP
avg 0.0220722972 0.69416565 1.5182034
std 0.0008695907 0.01576555 0.5238575
min 0.0214892554 0.68241470 0.9285285
max 0.0230717974 0.71208226 1.9298286
invalid 0.0000000000 0.00000000 0.0000000

XULERBEFEENRIFLERZ—, FLE, 5 LOF f OR, BBMRIFLRML, X
BRERPABAE, A5, RIOEZBXMER UL ASER&ORNERDS (RELHR
&) kBEEMNMdT. RENl, BRI TR = 3B E 69% M— R 1)+ NDTP
1.5,

TFEEFEER PR &M RBUE W5 dh 2 -

> par(mfrow=c(1,2))
> info <- attr(ab.res,'itsInfo')
> PTs.ab <- aperm(array(unlist(info),dim=c(length(info[[1]]),2,3)),

+ c(1,3,2)

+ )

> PRcurve(PTs.nb[,,1],PTs.nbl[,,2],

+ main='PR curve',lty=1,x1lim=c(0,1),ylim=c(0,1),
+ avg='vertical')

> PRcurve(PTs.orhl[,,1],PTs.orh(,,2],

+ add=T,1lty=1,col='grey',

+ avg='vertical')

> PRcurve(PTs.abl,,1],PTs.abl,,2],

+ add=T,1ty=2,

+ avg='vertical')

> legend('topright',c('NaiveBayes','ORh','AdaBoostM1'),

+ 1ty=c(1,1,2),col=c('black','grey','black'))

> CRchart(PTs.nb[,,1],PTs.nb[,,2],

+ main='Cumulative Recall curve',lty=1,x1im=c(0,1),ylim=c(0,1),
+ avg='vertical')

> CRchart(PTs.orh[,,1],PTs.orh[,,2],

+ add=T, 1ty=1,col='grey',

+ avg='vertical')

> CRchart(PTs.abl,,1],PTs.ab[,,2],

+ add=T,1ty=2,

+ avg='vertical')

> legend('bottomright',c('NaiveBayes','ORh','AdaBoostM1'),
+ 1ty=c(1,1,2),col=c('black','grey','black'))

A 4-13 HHIA T AdaBoost. M1 MR F R, #5IR RREWEHE, MR BRX T
KRB BRR B K, AdaBoost. M1 Jrikii4r % #1 OR, JEB BN BILE, 3L PR IR S,
RHRIH KB BT BEE, AdaBoost. M1 L EIEREARIMARTI N, KRifd, X FERK
E¥ERERE, EHBHERMNBNESANSFHRFERELLE, MH, RIIEES, XER
TR B [ B B B K A e R R AT B R T R B o

B2, MRITKMATS, AdaBoost. M1 FER—NMRARS NHKRE, REFEXRER
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B, BiEEETES N T RARIFEENGHEF.

PR curve

e — NaiveBayes 2
........... OR'I
l;- AdaBoostM1
2% g —
d ] — Mm
......... onh
g - "0 AdaBoostt
OIO 0I2 0.I4 DTS OIB 1 '0
Average rate of positive predictions
E4-13 AN, OR, /7l AdaBoost. M1 ki) PR B (Z£HE) MABEWKAENZE (HHE)

HWSR 7 RS E UK

AdaBoost. M1 Hik R £ /S B XA k9 —AHF, BE AR RAKLEI L% CLENE
RAEEF) AL RBFRFHTRIMLE, X EF 20 ARF HH R Freund # Shapire (1996) #53#
L, AT LR F ke M & L#k2 Shapire (1990) #= Freund (1990) # %, FLF £
2 T A f& Breiman (1998). Friedman (2002) #= Ritsch % (2001) &9 T4 d &K 3, TR A
Hastie ¥ (2001) #H £ 10 TR H EBE 5 9B FHE,

4.4.3 ¥WBEFZE

AVHRZ AR EARRE O MBEARE MRS RBEMERIEREN S RER, XEK
ERNFEEMERIMNLURESLRER (B3H4.3.1.3%),

ARYIZGHEE (Hlm, mwm@%(m%%Ymmh(WM)%—Aﬁﬁﬁﬂ%¥£§
HRER. ZHEEBABRCHNTRESL MBS AE . RENAXANSARBRFR
LENEEBPRIFICHNR . W48 85 A B8 B (5 5 M BT AR 5 BT 0f BE A~ R A0 A9 4R 46
—EMABARCHEIEEY . EXMFHOPEE LRMNEBR —TFH SRS, E#TXS
B, HRXBIFENRSEN EASEAELE. RERSEENNEGESES, WA EMEER
AREFEVERZ T . X54.4.3 THEANHSSXBHXERMAM, ARIGFEE =1
HXKSE: 1) BARINGHEE; 2) 2R BEFERME, CRHXBEBENIRMABFHOVIZEE
B 3) REMEZIEARINGIBHBRSELN. EEABEHREMNEP, F—ITEZHEH
(SelfTrain( ) ), EWLAAFHERSKE, ETRENARCIRIKRICHREVIGERGER,

T ERABESE ins 4 XA R —NMETRN AR RIOAZBEEPFATIRET DR
PRICHIRER, SXEERRBER AR B R T .

> library(DMwR)

> library(e1071)

> data(iris)

> idx <- sample(150, 100)

> tr <- iris[idx, ]

> ts <~ iris[-idx, ]

> nb <- naiveBayes(Species ~ ., tr)
> table(predict(nb, ts), ts$Species)

155
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224

setosa versicolor virginica

setosa 12 0 0
versicolor 0 21 1
virginica 0 0 16
> trST <- tr
> nas <~ sample(100, 90)
> trST[nas, "Species"] <- NA
> func <~ function(m, d) {
+ p <~ predict(m, d, type = "raw")
+ data.frame(cl = colnames(p)[apply(p, 1, which.max)],
+ p = apply(p, 1, max))
+ 1}
> nbSTbase <- naiveBayes(Species ~ ., trST[-nas, ])
> table(predict (nbSTbase, ts), ts$Species)

setosa versicolor virginica

setosa 12 0 0
versicolor’ 0 18 2
virginica 0 3 15

> nbST <- SelfTrain(Species ~ ., trST, learner("naiveBayes",
+ list()), "func")
> table(predict (nbST, ts), ts$Species)

setosa versicolor virginica

setosa 12 0 0
versicolor 0 20 2
virginica o] i 15

EEAARBERE T 3 MARIKE AN R, E—MER (nb) FA—4F 100 MFigME
HHEARE, KX 100 MEEENF—IEES, HPHIOMENEGZRER N NA, TR
EfEIRFEHNR. ABRE 10 MERIEHTREBBE MR IR (nbSTbase) .
B, AR RARGICTRIBEFEORELER L B SelfTrain() AR BB =R
(nbST) ., M\ EEATLAER], XMN/MITFH, ARINGHEEILEXE TS5 100 Meid R
B IR R — A PERE

297 i P B % SelfTrain( ) , AP A ZGIE— N EE (LEABPR func()), EREEK—
HESBEURAE, FRE—NTFAERFH EWUREAMRTHHBEE, ZHRENE—FIG
FENROBRIFIC, B_FIAIBA D REMEMBER , HRBTEFE RS SeliTrain() ZHPkKE X,
B ARETH B predict J7 AR IR KB RKGRME,

PR¥ SelfTrain() AJLANSEOREBHZERLE. S5 theConf (RIVMER0.9) RERIE—4
RIFETREFBAFCTRENBMRRE (RIAR0.9), SH maxts RFAF TE ARG
BRABRAKRE (BN 10), TISH percFull (BRIAN 1) ARERMRARICESRBITH
TMEEBEEN—EE o EREFLEZTE. ARINFERIBEDTARMEEEL: BA8RH
FIGEBIFTEROBMEKF, BAXHTRAERRE, BAYMARCIGREDTHAERK
BEMERLE, BEEEEMNE, B SelfTrain() ER7EHIFER A NA R FBREKFID
HANR . RATRAB R RR N AX A E RIS, TEMABLAMETHERIIGH
MR RRAITHRE (hold-out) KK, XEBEENR, AXBITELRTLTHHER
o BT itENENS, sAMTENABEERBEKKNE, RERUSMITE (E0ER
B KFR TR L ERIXFE) o
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> pred.nb <- function(m,d) {
p <- predict(m,d, type='ravw')
data.frame(cl=colnames (p) [apply(p,1,which.max)],
p=apply(p,1,max)
)
}
nb.st <- functiom(train,test) {
require(e1071,quietly=T)
train <- train[,c('ID','Prod','Uprice','Insp')]
train[which(train$Insp == 'unkn'),'Insp'] <- NA
train$Insp <- factor(train$Insp,levels=c('ok','fraud'))
model <- SelfTrain(Insp ~ .,trainm,
learner('naiveBayes',1list()),'pred.nb')
preds <- predict(model,test[,c('ID','Prod','Uprice','Insp')],
type='raw')
return(list (rankOrder=order (preds[,'fraud'] ,decreasing=T),
rankScore=preds[,'fraud'])
)
}
ho.nb.st <- function(form, train, test, ...) {
res <- nb.st(train,test)
structure(evalOutlierRanking(test,res$rankOrder,...),
. itInfo=1ist (preds=res$rankScore,
trues=ifelse(test$Insp=='fraud',1,0)
)

“

nb.st.res <- holdOut (learmer ("ho.nb.st',
pars=list (Threshold=0.1,
statsProds=globalStats)),
dataset(Insp ~ .,sales),
hldSettings(3,0.3,1234,T),
itsInfo=TRUE
)

217 EEE B BIGFRBMS RN TR,

> summary(nb.st.res)

I I R E R IE R EZ I I I I Sy G i ey

== Summary of a Hold Out Experiment ==
Stratified 3 x 70 %/ 30 % Holdout run with seed = 1234

* Dataset :: sales

* Learner :: ho.nb.st with parameters:
Threshold = 0.1
statsProds = 11.34

* Summary of Experiment Results:

Precision Recall avgNDTP
avg 0.013621017 0.42613271 1.08220611
std 0.001346477 0.03896915 1.59726790
min 0.012077296 0.38666667 0.06717087
max 0.014742629 0.46456693 2.9233437b6
invalid 0.000000000 0.00000000 0.00000000
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SRR SRS, ST REEAMR, EHRITEMEANRTIEMEERK, WHE,
XA BHFHI TR PR — B R AR

Bl 4-14 25 TMRA | B fa B D1 M HTARR R AT OR, BERUAY PR 2R 1L K 28 7% 160 09 06 e
&, AT ERABRAHZERE .

par(mfrow=c(1,2))
info <- attr(nb.st.res,'itsInfo')
PTs.nb.st <- aperm(array(unlist(info),dim=c(length(info[[1]]),2,3)),
c(1,3,2)
)
PRcurve(PTs.nb[,,1],PTs.nb[,,2],
main='PR curve',lty=1,x1im=c(0,1),ylim=c(0,1),
avg='vertical')
PRcurve(PTs.ork(,,1],PTs.orh(,,2],
add=T, 1ty=1,col='grey',
avg='vertical')
PRcurve(PTs.nb.st[,,1]1,PTs.nb.st[,,2],
add=T, 1ty=2,
avg='vertical')
legend('topright',c('NaiveBayes','ORk','NaiveBayes-ST'),
1ty=c(1,1,2),col=c('black','grey','black'))
CRchart (PTs.nb[,,1],PTs.nb[,,2],
main='Cumulative Recall curve',1lty=1,xlim=c(0,1),ylim=c(0,1),
avg='vertical')
CRchart(PTs.orh[,,1]1,PTs.orh[,,2],
add=T,1ty=1, col='grey',
avg='vertical')
CRchart (PTs.nb.st[,,1],PTs.nb.st[,,2],
add=T,1ty=2,
avg='vertical')
legend ("bottomright', c ('NaiveBayes','ORh','NaiveBayes-ST'),
1ty=c(1,1,2),col=c('black’','grey','black'))

B 4-14 Bk T B YRGB I3 o A & AR BBRYHERE . X XM B R, B
AT AR BN R BRSSO T B TR, S A KB R BRAES S,

v

+V+ +VEEVEELIVEVEESVE SV EESYV VY

PR curve Cumulative Recal! curve
2 A — NaiveBayes 24
~~~~~ ORh
ST
3 31
«§ o IR
| o S
|
B.l -
(-] ¥ < Q
3 %
kY
o ’ o
o o
o o
o o
T T ¥ T T
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A1 AdaBoost. M1 ¥ 1T T BRI, THEKABIITIXLELE

> pred.ada <- function(m,d) {
+ p <- predict(m,d,type='probability')

+ data.frame(cl=colnames(p) [apply(p,1,which.max)],

+ p=apply(p, 1,max)

+ )

+ 1}

> ab.st <- function(train,test) {

+ require(RWeka,quietly=T)

+  train <- train[,c('ID','Prod','Uprice','Insp')]

+ trainfwhich(train$Insp == 'unkn'),'Insp'] <- NA

+ train$Insp <- factor(train$Insp,levels=c('ok','fraud'))

+ model <- SelfTrain(Insp ~ .,train,

+ learner ('AdaBoostM1',

+ list (control=Weka_control (I=100))),
+ 'pred.ada')

+ preds <- predict(model,test[,c('ID','Prod','Uprice','Insp')],
+ type='probability')

+ return(list(rankOrder=order(preds[,'fraud'],decreasing=T),
+ rankScore=preds[,'fraud'])

+ )

+}

> ho.ab.st <- function(form, train, test, ...) {

+ res <- ab.st(train,test)

+ structure(evalOutlierRanking(test,res$rankOrder,...),

+ itInfo=list (preds=res$rankScore,

+ trues=ifelse(test$Insp=='fraud',1,0)
+ )

+ )

+}

> ab.st.res <- holdOut(learner(‘ho.ab.st',

+ pars=list (Threshold=0.1,

+ statsProds=globalStats)),
+ dataset(Insp ~ .,sales),

+ hldSettings(3,0.3,1234,T),

+ itsInfo=TRUE

+ )

7 10% B S AT, BRIIZAE AdaBoost JTIEHIGIRINT -

> gsummary(ab.st.res)

== Summary of a Hold (Qut Experiment ==

Stratified 3 x 70 %/ 30 7% Holdout run with seed = 1234

* Dataset :: sales

* Learner :: ho.ab.st with parameters:
Threshold = 0.1
statsProds = 11.34 .

* Summary of Experiment Results:

Precision Recall avgNDTP
avg 0.022377700 0.70366360 1.6552619
std 0.001130846 0.02256686 1.5656444
min 0.021322672 0.68266667 0.5070082
max 0.023571548 0.72750643 3.4257016
invalid 0.000000000 0.00000000 0.0000000
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RERR B AR, BiXEs$ f A R HE B2 AdaBoost. M1 A H .
RERERE A LR, 7EEBIRESREERIT2 NDTP A /DIRR . 3T 10% % H1KF, KB
A ESREREERNZRXM AR E RN, E4-15 L TX MR fRHE Adaboost. M1 5
RIF OR, BRI PR LR LI Bt RN EBIEH B2k . FT Uk H X BB .

> par(mfrow = c(1, 2))

> info <- attr(ab.st.res, "itsInfo")

> PTs.ab.st <- aperm(array(unlist(info), dim = c(length(info[[1]]),

+ 2, 3)), c¢(1, 3, 2))

> PRcurve(PTs.ab[, , 1], PTs.ab[, , 2], main = "PR curve”,

+ 1ty = 1, xlim = c(0, 1), ylim = ¢(0, 1), avg = "vertical"”)

> PRcurve(PTs.orh[, , 1], PTs.orh[, , 2], add = T, 1ty = 1,

+ col = "grey", avg = "vertical")

> PRcurve(PTs.ab.st[, , 1], PTs.ab.st[, , 2], add = T, 1ty = 2,
avg = "vertical")

legend ("topright”, c("AdaBoostM1", "ORh", "AdaBoostM1-ST"),
1ty = c¢(1, 1, 2), col = c("black”, "grey", "black"))

CRchart (PTs.ab[, , 1], PTs.ab[, , 2], main = "Cumulative Recall curve",
1ty = 1, xlim = ¢(0, 1), ylim = c(0, 1), avg = "vertical”)

CRchart (PTs.orh[, , 1], PTs.orh[, , 2], add = T, 1ty = 1,
col = "grey", avg = "vertical")

CRchart (PTs.ab.st[, , 1], PIs.ab.st[, , 2], add = T, 1ty = 2,
avg = "vertical")

legend ("bottomright", c("AdaBoostM1", "ORh", "AdaBoostM1-ST"),
1ty = c(1, 1, 2), col = c("black", "grey", "black"))

FERKVEATIU (R S B BT A AR R, RARE MR A B ph R I T B R UIZRE0 AdaBoost. M1

+ VvV + VvV +V +V +V S

S| MR BSTRB. MR, TR R T 15% ~209% Y, BLOTI 0V AR 4 0 W BT
| H, EBMETHANBERE. RREHRET S, X MUSRRRARIIA,
229 | FofiI 4B, oL BT HCAEBERG H FF (L B RATID AR S B B A NV T R —

PR curve Cumuiative Recall curve

1.0
1.0

1 —  AdeBoostM1
§ ~~ ORh
--~  AdaBoostM1-ST

08

0.6

Average precision
04 08
1 1
Average recall
0.4
1

0.2
02

—— AdaBoostMt
= 2 --- AdaBoostM1-ST
T T T T T T T T T T T
0.0 0.2 04 08 0.8 1.0 0.0 0.2 04 06 08 1.0
Average recall Rate of positive predictions

B 4-15 HllZK AdaBoost. M1 J5¥k, OR, JrikfIAnsER) AdaBoost. M1 Jr¥5#) PR I (A )
MR EEETEHE CFE)

4.5 IhNg

FEMNEIEHNEAZEN B - RFOREZERAE. BHEST. BRIERNRAT—
AR T ELEXMES MBIEE. B, RIOIREEERHTA BN, TWE sk e



FA4E AWHIERH - 161

. MFRAARHEEREI —TMHARHNRERUEX —%¥ WEE, KEHNHETUE
R TR —AL6, £ LEREER LIS R EAERS, FmERR . BEMBERAKE
%, TEIESRAUR, WA XFMRVENTH —BESMENRA,

RAFBHARERM, RIOINBT FTEAF EE:

o BIHEE TR AHER

o WAEIH:,

o NIEES,

o @i B RINGHLWETE,

o RIS A LA R AL B SR R T i o 230

o fRTEADIM-HT5r 248,

e AdaBoost 4328,

o DRFNETE A/ EIWDETEEA RE ISR,

o RE (ZXWHE) XK,

MES] R AR, BRITERT :

o MfTIRER 2~ MEEETEfn gt it B A anfa A ROCR F ek af ik &1,

o An{al1E B M REFEFR AL 1T B B 32 L BHIEAS T o

o e ] LOF F G B RMEHER T,

o Infifg OR, P BB EHMEHT.

o Hn{eFl SMOTE Jr IR B KM,

o hnfay45 B S UL o BT A R,

o {45 3] AdaBoost. M1 73254HRY

o & RWeka HRnasfmi ] Weka $UHEFEH R M o

o T B YIG T EIE— AR N B B EIEE . 231
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Data Mining with R: Learning with Case Studies

T R B A A 4 3R

FBUANRFIRR AEYFERIE, EXNRET, RITESIHR M7 3RS R4 31T 2
XK. BREFMIR, HE—MERRARRRIBLNEESIR, BIERHEXMRARNSEKE
FARENRHERRERY, XMROEY RSN FHOEIEZE T, REXRBAENOREL, &
BEEAVBRIMESRFEITIE, HBER a0 f] R 1 R 55 B X RARAE B9 8. 78 X140 BR 0 L
B, BAVABILNE ARRERE . FEPRORBERZEIEGRE L EVFE, -
R AT R R H S AL,

5.1 [Ef#RSBix

EVMER%R RNFENHAOEZ —. A—TETFRWAEYERFHXTE, ZHWEHKE
B R YR B R R B AT TR, %5 B 84 FR4 Bioconductor ©, 7% 58 ] ¥ x4
T B R4 T RRA A B IS m,
51.1 REIXRERENT

—NMEAEYERWAEEYEREAEPRINTEERNEZ —R AR KERN “H”
RiE, EXNMHRHERNBS, RITEREZEENBEYEBRFHARPH—8 “RiE”, FHHIR
FERENBRHEE “fmE PEEZHEARE,

A EREERERE DNA MEFILRPH—PMEENHZ —, EEEXMESTLLER]

REHEANERRIKERBRXEES (PME) L, E4EYERBFEE, —1HER

REBARRSZH—PRAE (REIR), MEFITRREARMEXEWIMEN ‘R £4
MlTgk. XEMFRERAKBRARENES, E—1TR (EHF), XEZTERLSAE—1
MM AREKFE, B2, —MEERH—AEER (MIMR) WE, RITNEXSEEANY KR
EE (ER) AR EKFE, MREXEHJRE -BS5HAXNERRES, BRITTUERR
Bl —ANRENRR, %R BT AR R R Rk K B BRI RE . AT LA B — AN e RT o b o R
FHBREERDUHRXNER, AR NEUBESREFH—1L6, YT ERTRERR
B, AXFEER, WRERES (HEFEH . MK, BREEERIMTAMES LR
B (BpRFKFE) WEHE, XREMNEBBEERAFRNERERESARMREFEFRXEBHREHX
By, T LI S A e M B X e B R RIS, FRATTENTT LU B s B — N MR R R R R,

ATHRB-BHEANERREIKE, EHERFEANTA, SEETREREX8H
RE—MHIF. EEBEHEFROHWEBRE—NER, 230 FLELERE, XABETTLIBE
F—HEFERIXKF . TH Bioconductor A JL R FIMEME LM X EHAEE BN, SaES
FEEETRSASHOER. RERES, UEHABLAMESBRERAKFOLESE, 53X
MR, BIIANBXERBETR, BB AYEH 7T LS % Bioconductor T H I JILAMS B %

© http; //www. bioconductor. org.
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B/, wWalSEHAHBE (Hlin, Hahne et al. , 2008),

EXFERLT, RIGEZENE T XETAHELSREIHEEREKFEREAT, ZERE
EUAEATRNERER. RIKESED, XA LEAREZHTMNTEFNE, BHEHR
U Ar & iR FIRREN 5. XRARMMEFISEENFS. XBERFRREERSTS
— MR, SREREEEMILE, EMNEERREIHEN, XEREEFMNITIRM
MR (AER), EEAFIRRAAE (BIEEER), N TFE—- 1R, RINUTEEHHEXS
X, BFEHROD, ZORE—FHREEFHXEKRK, XEUTRFERBHEERFE (4
m, fEEMEMEIERS)

5.1.2 H¥iEs ALL

FEREAOBEERAXRTSERE MM E MK — P (Chiaretti et al. , 2004; Li,
2009) , X B MN BXRBEARN 128 i ME LB BIMEESI A, FXLE, EXEFATH
PR AR AP . T 4000 ALL (3t 33 fil4E4) 71 B 408 ALL (3L 95 BijEEA)

RAITEE DS B 4 ALL AR, AXE—HERT, RITEBR I HAFRKBHELS,
B ALL1/AF4, BCR/ABL, E2A/PBX1, pl5/pl6 Fii&A AN BEFER ¥ . 725 B 4048 ALL 4
M P, BT RAE—MHEARRREREN pl5/pl6, BrLAETA O Pl HlERZRIIME. BRI
B BAR AR IR B RS R T Y MA R R RR . BB AGERER 4 MATRRRERZ
XArg, RILRAIEIENE— N EERSRES.

5.2 TWTAKEIE

B ALL RAEYE R ¥4 (Bioconductor) M—H4r. AT HAZBESE, RIIES
T Z M Bioconductor M3 4k — B RA TG, HTXMREECELRE R BEMSH—5S, B
DX BRA XM EEEESERABNRNE S,

HT BERAZNEYERFRGLMEESE ALL, BREIMNELEREED TEERN, FE
BT FHIH4S

5> source("http://bioconductor.org/biocLite.R")

> biocLite()

> biocLite("ALL")

AREAB-KEANEZT EEOAB, SEXERNEERFE, RERRIEFTTH)
AR AT LAR BB S ALL T -

> library(Biobase)
> library(ALL)
> data(ALL)

FEREIEAS S AN Biobase (Gentleman et al. , 2004) FIH {4 ALL ( Gentleman et
al. , 2010), AR5, WINBHABEE ALL, X ¥ €] — 4~ H Bioconductor & X AJ HF 7k &
(ExpressionSet) X%, XPMRNEESA MBI BREENKEBRFELE . AEZMHXH T ERLEX
FRBHIR, MRFERAH ALLXRMALE, ATUBILUTER:

> ALL
ExpressionSet (storageMode: lockedEnvironment)
assayData: 12625 features, 128 samples
element names: exprs
phenoData
sampleNames: 01006, 01010, ..., LAL4 (128 total)
varLabels and varMetadata description:
cod: Patient ID
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diagnosis: Date of diagnosis
date last seen: date patient was last seen
(21 total)
featureData
featureNames: 1000_at, 1001_at, ..., AFFX-YEL024w/RIP1_at (12625 total)
fvarLabels and fvarMetadata description: none
experimentData: use 'experimentData(object)'
pubMedIds: 14684422 16243790
Annotation: hgu9bav2

bR ALL RGBS NI, BERSAERRBKFEENNELRE, REEE
8 128 MEF 12 625 NERE , ALL WRMUFHKEHLHRFARTEHIE, X @ phenoData &
SHREERBRAILMEXN I ERNFER . EREERIE (HER) FRURAYESBHEE
HERERNERE, B, ZNRBEEERIHERER.

5 2 FOTER AT LA RIS D7 (B 0 I X 8 ExpressionSet FFEI{EE . FTEAHIL T, RITAK
BB MEAMXRNERNERAT, BT

> pD <- phenoData(ALL)
> varMetadata (pD)

labelDescription
cod Patient ID
diagnosis Date of diagnosis
sex Gender of the patient
age Age of the patient at entry
BT does the patient have B-cell or T-cell ALL
remission Complete remission(CR), refractory(REF) or NA. Derived from CR
CR Original remisson data
date.cr Date complete remission if achieved
t(4;11) did the patient have t(4;11) translocation. Derived from citog
t(9;22) did the patient have t(9;22) translocation. Derived from citog
cyto.normal Was cytogenetic test normal? Derived from citog
citog original citogenetics data, deletioms or t(4;11), t(9;22) status
mol.biol ' molecular biology
fusion protein which of p190, p210 or pi90/210 for bcr/able
mdr multi-drug resistant
kinet ploidy: either diploid or hyperd.
cer Continuous complete remission? Derived from f.u
relapse Relapse? Derived from f.u
transplant did the patient receive a bone marrow transplant? Derived from f.u
f.u follow up data available
date last seen date patient was last seen

> table (ALL$BT)

BB1B2B3B4 TT1T2T3 T4
61936 2312 5 11510 2

> table(ALL$mol.biol)

ALL1/AF4 BCR/ABL E2A/PBX1 NEG NUP-98 pi6/pi16
10 37 5 74 1 1

> table(ALL$BT, ALL$mol.bio)

ALL1/AF4 BCR/ABL E2A/PBX1 NEG NUP-98 pi5/p16
B 0 2 1 2 0 0
Bl 10 1 0 8 0 0
B2 0 19 0 16 0 1
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B3 0 8 1 14 0 0
B4 0 7 3 2 0 0
T 0 0 0 b5 0 0
T1 0 0 0o 1 0 0
T2 0 0 0 15 0 0
T3 0 0 0 9 1 0
T4 0 0 0 2 0 0

WA MESAREBEA N ERNEHRNHR, 8F, RNEIBELAEFHNFTEHTR
EAHMER. XWAMEER: TEBT, EREFAMKEHAREAMKROLXEY, &
mol. bio, #REBMEA LERAMWBMBE¥RE (NECRRBEEMRE),

BAMBAT LGB — e FEEMEARNGER:

> featureNames(ALL) [1:10]

[1] "1000_at" "1001_at" "1002_f_at" "1003_s_at" "1004_at"
[6] "1005_at" "1006_at" "1007_s_at" "1008_f_at" "1009_at"

> sampleNames (ALL) [1:5]

[1] "01005" "01010" "03002" "04006" "04007"

XBAUBS T I 10 MR ERURIFE 5 MERKZIR,
ATEEN, BRIV LHET T B 418 ALL MEEEE, IR ARERENBIMEEFE,

HRARERRMNNH B IR, RITEAT ERRIDRERITEE R FHEE T4 235
> tgt.cases <- which(ALL$BT %in% levels(ALL$BT) [1:5] & '
+ ALL$mol.bio %in) levels(ALL$mol.bio) [1:4]) 237
> ALLb <- ALL[,tgt.cases]
> ALLb

ExpressionSet (storageMode: lockedEnvironment)
assayData: 12625 features, 94 samples
element names: exprs
phenoData .
sampleNames: 01005, 01010, ..., LALS (94 total)
varLabels and varMetadata description:
cod: Patient ID
diagnosis: Date of diagnosis
date last seen: date patient was last seen
(21 total)
featureData
featureNames: 1000_at, 1001_at, ..., AFFX-YEL024w/RIP1_at (12625 total)
fvarLabels and fvarMetadata description: none
experimentData: use 'experimentData(object)'
pubMedIds: 14684422 16243790
Annotation: hgu9bav2

B-RECHATREBARMNEFZEBHNRNES, XENERER BT FIZER mol. bio BUKFE
ERRA, BIEAMN4E R4 table() , X BV ZRBOR B EH T HERER, BRI ALL
MREOTE, B394 MEAATRIOIOBOTR, XMERFERQIEE BT M2 & mol. bio
M—EaRE, Hit, RIFTEEFXFAITEFERBMTAKTE, FHEHY—HK ALLD 3t
&, BT

> ALLb$BT <~ factor (ALLb$BT)
> ALLb$mol.bio <- factor (ALLb$mol.bio)
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ALLb X5 A B SRS . BIFIEX X RRF AN S B — D0, X
FUGREBENL TR, FRAFRERIXEHRLEELR:

> save(ALLb, file = "myALL.Rdata")

RRBIEE
BREY exprs( ) WT LAV A5 B 3k K RE R -
> es <- exprs(ALLb)
> dim(es)

[1] 12625 94

238 ZPIREIEREA 12 625 17 (FEE/AHE), 945 (FE/R),

RAERNS, XEREEMNKERE, MFAUKENIR (94) AEREHNER (12 625),
SHFRXFAREELIE, KEFWBEERERERBARLNER ., EXMEET, RIIWE—
NERREEEEOHE, MARMNGITPHEBRERERER, ik, THARRREK PR
AT,

THEHRSWERERRN, KEBEERREKFRERES~T ZH:

> summary(as.vector(es))

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.986 4.122 5.469 5.624 6.829 14.040

ERFRTUEF IR ZEKFSH. RN FAB M genefilter (Gentleman et al. ,
2010) W— P ERBELHBE, ENHZRMEGZHN, HELREE. BE, X£2—1
bioconductor FiNf, BIIARMZHE R BNGFEHEPRZE, BNENZEEYFERERNE
BT B i H R E AT RER NG BEA R TR

> source("http://bioconductor.org/biocLite.R")
> biocLite("genefilter")

B—RIBOMBEENA, BE_THESCHERTEMEERMEG, HETUHT LREE
T, RETRATT R BonRAKF B3

> library(genefilter)
> hist(as.vector(es),breaks=80,prob=T,

+ xlab='Expression Levels',

+ main='Histogram of Overall Expression Levels')
> abline(v=c(median(as.vector(es)),

+ shorth(as.vector(es)),

+ quantile(as.vector(es),c(0.25,0.75))),
+ 1ty=2,col=c(2,3,4,4))

> legend(‘topright',c('Median','Shorth','1st",'3rdq'),

+ 1ty=2,col=c(2,3,4,4))

HZRME S-1 Fim. BRIABRMNVEBFEPERBHOEAREKF, NXEBET HTER
¥ hist() BIBUAXEILL, RESE breaks HI{E N 80, XHEMA A EED S AMIEANEIE. &
HiEL, RILHTILABRRE R, BE— W6, 8= 045465 SHORTH,
41t & SHORTH BEZM A i P.LBH KRNI, HFEME genefilter 16 pR¥ shorth () L
. ZEHBREE 50% MRERKH.CXE (IS WRHERMHE,
EREREFNEEARIKF MRS MEMELANSIBARR? @ RBEET X4
Fl %



ESHW NMETIRESR - 167

> sapply(levels(ALLb$mol.bio), function(x) summary(as.vector(esl,
+ which(ALLb$mol.bio == x)])))

ALL1/AF4 BCR/ABL E2A/PBX1 NEG
Min. 2.266 2.196 2.268 1.986
ist Qu. 4.141 4.124 4.152 4.111
Median 65.4564 5.468 6.497 5.470

Mean 5.621 5.627  5.630 5.622
3rd Qu. 6.805 6.833 6.819 6.832
Max. 14.030 14.040 13.810 13.950
EMRIITE BN, XMRERNFEBHAL, JFEEMNRIKEHLRIH B, 240
Histogram of Overali Expression Levels
§1 v '
e AT, & -
. ) - - 360
© !
[ HEAA
f 5 |
g_ U
) LI
Expression Levels

B 5-1 EEFRAKEHIMH

5.3 EBE (1$E) &k#HF

EABHESHAED, FEEHER—MEENESF . — B0 5] B 5 5008 12 3 7 B Y
FE (REZR) T8, INMFEESFMTHRBEAERBOMHEXE. TUBHEREIAIREZ
FRERBRRETRONE (MEEHE) X—BAREN -6, —BTE, ARHAEEY
BT 1) SWFE; 2) BNk, 783.3.2 iR, QB EMAEERMNGITHFER
BERAWIFERS; MERTEN-BRETRESIRPEQRREZEER, JRFRE
— B PRPER, MEETENFE-TMERIR, RITAEAFTRRBEE 4 NAHMH
FEEENHTR TR, RESETEHERTEEZHNIHERR, EREZREBTEAN o
W+ B IET A, BRI SER . XERE, N TRENKEEZEAE, mR
BB ERRE, MARKFERAER, A, WIFrSRIEe ETeEEE, CEATR
NARMKNERES . BATH, RITERRAN AL ET S,

5.3.1 EFAHIMEMAMRTRSE

RNGEHHB—TERIR T ERETERRAKFIERAHNGEE, XFRBMHLR
BEERATAZMREAIERENERNRE T HER/PHER, BoMFERREX SRR
AR HEAHITR . TEXFRB N EETER A 243 RS, BENTURER
Bk RGBT, MAKMEESIN Affymetric UISAV2 , XEHELUAFR “AFFX” Fik,
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RATLES FEMEER GRS BEEFTAEE LB SEIGHL, RITHFPAHA
PO4rrBE (IQR) RRFEEAX LM, T EKREHRG SN EE KX BT REIH 26
E{r]%ﬁf\im’ ﬁu@s'z Ef/i:\‘o

> rowIQRs <- function(em)
+ rowQ(em,ceiling(0.75+ncol(em))) - rowQ(em,floor(0.25%ncol(em)))
> plot(rowMedians(es),rowIQRs(es),

+ xlab='Median expression level',
+ ylab='IQR expression level',
+ main='Main Characteristics of Genes Expression Levels')

241 R %342 Biobase i) BRI %Y rowMedians () AR BIFERFELT B P XM KB+H
MBRBARN, B—FFERMARH apply (), ERAXBHHFEHR". B rowQ() £
W H4D Biobase {24 M 7 — M EEM R, ERRBIENRETEEN RS, ZREK
M _ASERE—BEE | IERFFIRZ g (1 RRR/ME, HAERRS HREKRME) .
XE, RO AHEL rowQ () K3 AN EBES 1 A WHA L, M E 2 W57 B8
(IQR) , XEEGHHRIFIN WL F 75% ~25% MBS, £ LE RIS, FATRH K floor ()
R ceiling() BEERE—THERMEM NN E, XFEECRANRK & AT &
KRB — MR R BRIy . RE T LIREX A R, B EIINARZ L, BT A R
rowQ() IR T ¥ rowlQRs( ), WTI Al LAZREUEFTHI U4 fEE (IQR) .

Bl Thpeadedokios & Uhew Eagle ol Liradd

1R et ion: les

Madian saeresshon ewal

B 5-2 B FEAK T8 Ao rg 4 B

B 5-2 M THBKER . WES-2 Palq, RAEAMEEKZEZIMER/D (IQREIEO0),
RS, WR-ABEEERFHE LOEHER/D, RIVARFEEH AN ERERT R
BIXARAEHN B 4 ALL ZERHER . X8 ERE RATAT L% 2 X s B ) MR AT 80

DREF TR, BROTEERNR, XENEEE G, FLE, XERAENERER
£, Hit ERFEEHREET, MRRIEKEEFARE EARPEAHEEMEMER
BEl—ik, AEMNATENSRESEEM, RN, NTIRGEENBIEE, FREEZH
MM EERRREER, Hik, 078 A% RBE 5 E KT B4R R E R B R

© A%, EETL XA REUNF system. time() B, WEBENESITRE LHRE,
© TEFMAREEES, 5P MBRADTES MMM EENNA, 252 BB SPTHE 1 OIS RMENY
B, —H&E
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B, Ait, AR EESEBRERZ TR AR MG THFIENEESE, Fln,
RELIEF /i (Kira and Rendel, 1992; Kononenko et al. , 1997)

BRAXE A KAIIMIEE (IQR) FRFRERSIBRIRLASEMR/MOREE, B, RIKEHSR
FFME/NTF S IQR 1/5 BT A EE . %N genefilter #7 i BR%Y nsFilter( ) A LA FXFiid #81E
%o RBWTF:

> library(genefilter)
> ALLb <- nsFilter(ALLb,

+ var.func=IQR,

+ var. cutoff=IQR(as.vector(es))/5,
+ feature.exclude=""AFFX")

> ALLD

$eset

ExpressionSet (storageMode: lockedEnvironment)
assayData: 4035 features, 94 samples
element names: exprs
phenoData
sampleNames: 01005, 01010, ..., LALS (94 total)
varLabels and varMetadata description:
cod: Patient ID
diagnosis: Date of diagnosis
mol.bio: molecular biology
(22 total)
featureData
featureNames: 41654_at, 35430_at, ..., 34371_at (4035 total)
fvarLabels and fvarMetadata description: none
experimentData: use 'experimentData(object)'
pubMedIds: 14684422 16243790
Annotation: hguS5av2

$filter.log
$filter.log$numLowVar
[1] 4764

$filter.log$numDupsRemoved
(1] 2918

$filter.log$feature.exclude
[1] 19

$filter.log$numRemoved.ENTREZID

[1] 889

MEERATTA, UR/E 802 E W FOR ) 12 625 AR AT T #4035 4>, X R X8 3E AR
HRBIRMN A 94 MUPE, BT FROTGBES KR, HiEHERMDBARRK,

PR nsFilter( ) MAERR— T EFAENMTENIIR, HPHWZI TR ERIBREENGE
B, MEGTEK eset ERBHKWEENE, ATHEMGERZE, BRATAT LU H B REEH
ALLb X% Hl es ¥ %, fABBWT:

> ALLb <- ALLb$eset
> es <- exprs(ALLD)
> dim(es)

[1] 4035 94
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5.3.2 ANOVA iZ3&

R EE BRI AR B TR FTRBE L250, MR E XN EE TR
FRAXEAFERE. RIWT M EREETXS . RITHLER—3 B 4ig ALL &AF
BARERE FEMERZRKFHEE, NER—BRERESXGTHERYE. MR%EH
FEBAELUA N EENREIKFHEERTE-RRENEFLH L ERAFBEXT, B4
X B R ] LB HEBR A — 2B T Z b

ATLLFAEFAHT (ANOVA) RHBREZETHAMMANBIE, ARMHRHAHR S, RITH4
HRG, B—HMENTF—LEM B 4 ALL BHRAE, HEIT R FINE genefilter, A[LAZER
PIRAE S BT X FP T ANOVA it 38, XFPRATEHRBOT:

> f <- Anova(ALLb$mol.bio, p = 0.01)

> ff <- filterfun(f)
> selGenes <- genefilter(exprs(ALLb), ff)

> sum(selGenes)
[1] 752

> ALLb <- ALLb[selGenes, ]
> ALLb
ExpressionSet (storageMode: lockedEnvironment)
assayData: 752 features, 94 samples
element names: exprs
phenoData
sampleNames: 01005, 01010, ..., LALS (94 total)
varLabels and varMetadata description:
cod: Patient ID
diagnosis: Date of diagnosis
mol.bio: molecular biology
(22 total)
featureData
featureNames: 266_s_at, 33047_at, ..., 40698_at (752 total)
fvarLabels and fvarMetadata description: none
experimentData: use 'experimentData(object)'
pubMedlds: 14684422 16243790
Annotation: hgu95av2

K% Anova() BIET —MHTHIRECRIIT ANOVA (F7E4H7) S8, ERE—ABETRES
HBIRERAN— G BEKFE, ZRBOSERAEETR (P, RM filtefun() #9FHE
K, ERH—TRTRBERNTIERE . BN B genefilter() FE—NEE, BT
FHEEE, ARTFTERNMEMAEHREEFFERN PR, #&E ANOVA KithE,
R ABKEN TRUE, WAGHRNERER AN, AGRTM, REIS2-FREHR, &)h,
A LA AN B X ExpressionSet X R BT 38, B 5-3 £ T ANOVA B3 Bt th R ZE K #9
frggfnmarfbE, TEKABATRHES-3.

> es <- exprs(ALLb)
> plot(rowMedians(es),rowIQRs(es),

+ xlab='Median expression level',
+ ylab='IQR expression level',
+ main='Distribution Properties of the Selected Genes')

ML S-3 BTHN, P AP 25000 0 4357 B SR 5 B £ 2R B AR AR AU AR B T IESE , RIX L EEHRIE
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HBUERATERAME, WRERICRN—AEBOFERR, FEREETHSIHA—. t
MR, MUERBTLRZAESNEETERLARE, ISR —REERZFAEE
Ao RF, Bk, RTRMREAZELA, B2 RABRKEENEREXHFAR NERABAKN
B, BT BEXANEE, —BREMNEEATREL, BRETEOMYRE, RERUERN
— AN EFHIER. TRAFEFANEEIRABLZALRBARARENZR, HERMEER
MARAEAL I R B B, B R B AT R T TR AR TR

= iz T bl et

Wharian popeasion o

B5-3  Bepy BRI 4 i P AL ORI I 4 BE A BUR B

5.3.3 AN FHFHITERE

REM ANOVA B BINR LK FEENTERMNGERZ TRUMEN M, EXELE
DEENEEZAN. Lk, RIES 4 THMAXMER#ITEE, AT, AARRER, &
BAHEFNTE, ATBIIARE “iInH” SRNEEE. FXL, RITTLZE#—2ED
R, REHREAARBEEEBINGR.

AT LA FRREAL RS B BN RS A AR EMHF, ££3.3.2 TEMEES, RIAK
PLEMER T ZEX TS EEENHERT

VRN EZHN, EEREEMNER, AEEENZRAIRITZEESATNA
RO BIRIEFT B PR HEB TR . 7T LARL A BG4 make. names() 3k “MFER” XA, BT

> featureNames (ALLb) <- make.names(featureNames(ALLb))

> es <- exprs(ALLD)

PBR¥L featureNames( ) FEFKIE ExpressionSet Xf R HHEFE M Z K.

MRATERTE, ARV KB E BHE T :

> library(randomForest)

> dt <- data.frame(t(es), Mut = ALLb$mol.bio)

> rf <- randomForest(Mut ~ ., dt, importance = T)

> imp <- importance(rf)

> imp <- imp[, ncol(imp) - 1]

> rf.genes <- names(imp) [order(imp, decreasing = T)[1:30]]

RAIVEREREFBMABRBERENE BERT, NS R IIGERREC. Ri5HEAM

O BEFXEEMTARER (BER).

71

243

246
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PLERAR RS, $ES % importance % TRUE, XAFEEAEI T AR EEMAIMITE, oK% importance()
FARBAAGMTEMEFEROMEXEE, REARKEN, EEASRKILE RS —0KE
M8 HP— AR ERYGNEREERIIRG, SRBRETFEROMGIHE, E&X

P AERNERESE, BE, SBFEHRETREREMEN 30 MEH,

RATTREARAE X 30 MEEKREKFERAARRERE LR HER. ATUATEK

AR X 30 A~ H B i H A BOKF -

> sapply(rf.genes, function(g) tapply(dt{, gl, dt$Mut, median))

X40202_at X1674_at X1467_at X16365_at X37015_at X34
ALL1/AF4 8.550639 3.745752 3.708985 7.302814 3.752649 6.
BCR/ABL  9.767293 5.833510 4.239306 8.693082 4.8571056 9.
E2A/PBX1 7.414635 3.8082568 3.411696 7.562676 6.579530 8.
NEG 7.665606 4.244791 3.516020 7.324691 3.7656741 8.
X32116_at X34699_at X40504_at X41470_at X41071_at
ALL1/AF4 7.115400 4.2536504 3.218079 9.616743 7.698420
BCR/ABL 7.966969 6.315966 4.924310 5.205797 6.017967
E2A/PBX1 7.359097 6.102031 3.456316 3.931191 6.058185
NEG 7.636213 6.092511 3.541661 4.157748 6.573731
X35162_s_at X38323_at X1134_at X32378_at X1307_at
ALL1/AF4 4.398885 4.195967 7.846189 8.703860 3.368915
BCR/ABL 4.924563 4.866452 8.475678 9.694933 4.945270
E2A/PBX1 4.380962 4.317650 8.697500 10.066073 4.678577
NEG 4.236335 4.286104 8.167493 9.743168 4.863930
X33774_at X40795_at X36275_at X34850_at X33412_at
ALL1/AF4 6.970072 3.867134 3.618819 b5.426653 10.757286
BCR/ABL  8.542248 4.544239 6.259073 6.898979 6.880112
E2A/PBX1 7.385129 4.151637 3.635956 5.928574 5.636466
NEG 7.348818 3.909532 3.749953 6.327281 5.881146
X37225_at X39837_s_at X37403_at X37967_at X2062_at
ALL1/AF4 5.220668 6.633188 6.888290 8.130686 9.409753
BCR/ABL  3.460902 7.374046 5.545761 9.274696 7.530185
E2A/PBX1 7.445655 6.708400 4.217478 8.260236 7.935259
NEG 3.3875562 6.878846 4.362276 8.986204 7.086033

MEERFATLIRME], ARKBRAENEE K FUERBKFHX G, EHRAH TiXsHE
HRATHRHXFIES . RITTLUABEETAREER 94 MEANEEERFIKFHE, &
LABRIUSE £ B 4015 -

> library(lattice)

> ordMut <- order(dt$Mut)
> levelplot(as.matrix(dt[ordMut,rf.genes]),

+

)

collapse='; '),

aspect='fill', xlab=", ylab=",

210_at
641130
204237
198781
791774
X36873_at
7.040593
3.490262
3.634471
3.824670
X1249_at
3.682763.
4.477659
3.257649
3.791764
X37579_at
7.614200
8.231081
9.494368
8.4565750
X35164_at
5.577268
6.493672
7.406714
7.492440

col .regions=colorRampPalette(c(‘white','orange','blue'))

+ scales=list(

+ x=1list(

+ labels=c('+,'-','*','|') [as. integer (dt$Mut [ordMut])],
+ cex=0.7,

+ tck=0)

+ ),

+ main=paste (paste (C (l "yt ) Yoo ) Vergemt ’l ul ul) ,
+ levels(dt$Mut)

+ ),

+

+

+
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FEARBFRBHERNES5-4 iR, B8, AILNEREARRELER ERREKFBER
Bl Bitn, EH X36275_at BiF kK FAERA ALLI/AFA F%E74 BCRZABL Z B B E AR, L
E AL E ARG, AT TR lattice ) BREY levelplot( ) o 1% BRECAT ALl — M EUERE FRY
FaEE. XERMAXA KBRS H R E LR TF IR RBERE

"4 ALL1AFS; =" BCAABL; ™" EZA/PRX1; " NEG

X
L E
Enpy o
K31 w 1
HIHET n o
WITEIE
HITTE o -Lee
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HRLE ol
FHRYE o
S _al
I va_ul O
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A7 al
BRI TR Ao
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HADE_al
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WIKE n -G
AT
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@54@%Aﬁ¢mmA§@mi¢m¥

5.3.4 AREREMESETEIER

AV ARREERBET 30 MERE, BEREIETHEEMM. HX30 MEELXREHH
BNRERE, HEHRERM m MERMR, SMRERE 30 MEERKEBN, HhEe i TR
MK 30 MR R PREYLIERER

HETER—MEITIE, EMBE—HASHER, R/5 X H R HHE R B E R
FRIE R PRI BIE RHATArH . BEERITA, HEHENERTE %R e ML,
HABBE TR MER B W EME NS A 2Bk MEEERBERL, fi,
PUE A FRMEE S, RESMREARFAIIFEEERIBARNEE, 5—FHEHH
TARAARMTAUERRBHHAGTHEMEE, AVHASTERRAE —MTE. WR
ATHERRERNELTNERESARENIIR, WAXMHHEEHREYR. RiZ ANOVA i 3845
ANERARMBEERITR . RIVESTRREXFHITTRMEHAITER, RETEETER, &
REIFRAERFFER, MR NLRERIKPE M A LD, BAXHTLEREREE
EE (FRLVEMTRAME) . BdRERE, RIVHERIMERLUNEFNA, FiNE Huisc &
— N ERBLATHERTRNERELE, HRPRE varclus() . THAHHZEECGETERE
KRB
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> library(Hmisc)
> vc <- varclus(t(es))

> clus30 <- cutree(vc$hclust, 30)

> table(clus30)

clus30

1 2 3 4 5 6
27 26 18 30 22 18 2

26 27 28 29 30
17 9 19 30 14

AN B cutree () BEI T H 30 MNMERAFRMEE, RE, RESI MM TEZIOTER
(BPEEE) , ETXAERE, BRMNTLESES MRS PRV R — 2Bk R 1T H
TRES, BHES I ERANRATEREMN, BHARMEENITR.

R T T EE S RV M AR RA (BRIA304) B8 A4 E, T HKREE
BT XA

> getVarsSet <- function(cluster,nvars=30, seed=NULL, verb=F)

+1{

+ ++

+

\ +}

if (verb)
else

{

7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
4 46 22 20 24 18 56 28 47 32 22 31 18 22 18 33 20 20 21

cls <- cutree(cluster,nvars)
tots <- table(cls)
vars <- c()
vars <- sapply(1:nvars,function(clID)

if (!is.null(seed)) set.seed(seed)

if (!length(tots[c1ID])) stop('Empty cluster! (',clID,')')
x <- sample(1:tots[c1ID],1)

names (cls[cls==c1ID]) [x]

»

> getVarsSet (vc$hclust)

(1]
[e]
[11]
[16]
[21]
[26]

"X41346_at"
"X649_s_at"
"X36083_at"
"X40496_at"
"X39135_at"
"X37024_at"

"X33047_at"
"X41672_at"
"X34964_at"
"X40419_at"
"X34798_at"
"X325685_at"

> getVarsSet (vc$hclust)

[1]
ie]
[11]
[16]
[21]
[26]

"X40589_at"
"X32842_at"
"X1462_s_at"

"X38488_s_at"

"X38631_at"
"X1788_s_at"

"X33698_r_at"

"X37951_at"

"X31761_£f_at"

"X32542_at"
"X37718_at"
"X38271_at"

"X1044_s_at"
"X36845_at"
"X35228_at"
"X1173_g_at"
"X39649_at"

"X41184_s_at"

"X41015_at"
"X35693_at"
"X34176_at"
"X32961 _at"

"X948_s_at"

"X37610_at"

structure(vars, clusMemb=cls,clusTots=tots)
vars

"X38736_at"
"X40771_at"
"X40865_at"
"X40088_at"
"X39774_at"
"X33305_at"

"X38999_s_at"

"X36874_at"
"X408565_at"
"X32321_at"
"X38223_at"
"X33936_at"

"X39814_s_at"
"X38370_at"
"X41038_at"
"X879_at"
"X39581_at"
1X41266_at"

"X37027_at"
"X41796_at"
"X1683_at"
"X879_at"
"X34256_at"
"X36899_at"

BRARXA R, BEIAFH—EH30 MR, XN R, TUESBIHARKHR
WA BRI —HEEE, REAE— NIRRT EE. 5. 47, ROTE 3R Rk
R S HER A BREK

HEAFEEENS 2

AHEFEMRT, HEABER - ANASFATHEIM, ERBRBARFTA L ZZMHOHLF
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Wik L FF A H K H 2 Lu # Motoda (1998), Chizi ## Maimon (2005) »L & Wettschereck ¥
(1997),

5.4 EEFRERNEN
AR AT RN S 0% BT R, B B 41K ALL FER MR IEE R W R,

5.4.1 EXTAETE

RATE X BRI R — B E, ik, R IAENE, ISR EFE
SH—ATNERNFEERAN -2 X EBREERENBELRE, A—4dE2mEimE
ST ST R A AMMER B B R, R, XERNENTNEREMNEMBRERENE
BB,

HEAREFIP, BAAERE B4 ALL EAMBIEFXRESR, ERMNFEMBERED, X
ANEERA 4 NATRERYEL{E . ALL1/AF4, BCR/ABL, E2A/PBX1 fil NEG, TMIA & h— 4% EN
HEEMR, BENREKFERCHN, ERELES, £T5.3 THAE, RMNAZEEEHNHAR
FAEAREREE, IBRFMEILEIRHAR, TNERMIE () %4, WRE
M 94 4~ B 401 ALL MR .

5.4.2 KB FMirE

L5 R —NaREE, LR EREY AR ERE TN I A—ERRREGE,
SR, A HAARTEY BIM 4- R BT, BIANZE ROC B4R FROEBL. FEXTA9FE4n (BIIRSE
HHEME ST E) DU RREEMETHERE (B, Brer %), R BRI ROCR A T3X
SRR HERIFRIBI T,

—NAEEMIREREEERBRTHANEN,. BTHEAATE, EH TN RERE R
—ANEMERIRE, PR ERMIBAKRE TR BIMRILKIIL RENER (BaERER).

EAREHRPAR S, BIIBEARILERROELS. B, XERESMRILNERE
EHFER, flinit—8 T2 E2A/PBX1 KA RS R NEG B 5 fiB3s ALLL/AF4 {843 Ry
BCR/ABL Wi 4%, B4, BRATAWANLL LA, Wi ROC SR BA R BlLkKE
. HB5b, WEkEZBRAH ROC LR T M E A B IME (Hand, 2009), EF EEMSH, R
TIRARHE O YET RPN ARHE, & XN '

acc =1 _%;LO/I(.‘Y;":;I') (5-1)
XEB N RREEARNIAD, T L, () BRERE, HEXMT:
L0/1(7n5'i) = {0 ¥ =7 (5-2)
1

5.4.3 LBIE

X B NBEEPURER N BIRD: A 94 AR, ZFERT, 82X R R 0]
AT BT KRR F — L RIER (LOOCV) , LOOCV BRATTRTE R A k 3738 LB iE 3¢
RITHEE— R0, BY & 9MBEER . WAMH, LOOCV AN -1 MR —MRR, —
KB/ NMER (VN HBRJ|EBKD) , SRR B IRABF T RE MW ER#HTRIE, &
BRAE ML RKH looev() LI TXFELE X KB ML B SHTEE TR AL R
HB g RN, T RIS SRR SR iris SRR X R EAIRL A «

> data(iris)
> rpart.loocv <- function(form,train,test,...) {

75

247

251

252
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require(rpart,quietly=T)
m <- rpart(form,train,...)
p <- predict(m,test,type='class')
¢ (accuracy=ifelse(p == resp(form,test),100,0))
} .
exp <- loocv(learner(‘rpart.loocv',list()),
dataset (Species”.,iris),
loocvSettings (seed=1234, verbose=F))

+ +V ++ 4+t

> summary (exp)
== Summary of a Leave One Out Cross Validation Experiment ==
LOOCV experiment with verbose = FALSE and seed = 1234

* Dataset :: iris
* Learner :: rpart.loocv with parameters:
* Summary of Experiment Results:

accuracy
avg 93.33333
std 25.02795
min 0.00000
max 100.00000

invalid 0.00000
E¥ loocv() RAIMFRNSE . EE, BEEMLRHEE, BiRE— loocvRun KX

%, AT LU R summary () RIKBGZIEXT R ML R

FAPE R R E (R rpart. looev( ) ) IBFTHERN, N AR ZREHRA ABIIE, SR [E]
78 LOOCV Fifhit it fhititrm . £ LmmsF9, ERNRRHTERENERR, XEED
£, £ LOOCV @&, HF— M ELEEAABRNMWAERE —MRA—KURNEHR, FTUXER
MAERETNERT ST HELE,

5.4.4 @EEHER

WRTE TR, WAV 3 M ARKEESE, ENMNANTNERRARK, — M 8EE
SN ANOVA ABREFEMFTAELEE, FHHFNNXLEHE P 30 4. TARNREERES
94 A~ B 4HH ALL MR, BRARERSN, A FRERLERL

HT I ERE, RINEA=MAFRKNBELER, EFRABHHEETF, RITESLM
AR M, ENREIZRMAR SRR (SVM) . BT8R AN TIN5k
—o AWHZENE=ATER-TMFNEE, ER-METUNEZ WERKTE, Bk
AT o

ETFREALRAR AR B E & T AL A R BRHER R, XS4 AE R IR T BEALBR AR OT 1% B
RLARE S, EARERFTARRERPEIEE - TREETEE (2R5.4.4.17), Mk
FREMTTE, HIWBRETXRNBE: FA—RBHRERFLFRUNER “E£7, WEM
TR X AR EE EAIEMRIBE, X MEE KA RER KRR T ATt € M S
REE, BRI, XEERNZEBREFMX S AR RERE, 7£5.4.4.2 FWAILIFEH, &
IEARIT AR TARZ BB, HNZHE EanRE. &5, XRaEIRARZRARE
ENFATREERH T RIFERIELEXR,

3.4.2.2 TR T X MEIL, BEMESEFRENER, ATUHTEBEMSKAE.
H, #ROSIARBZRHABYLHS, RITERFME 1071 ) svmn() H¥o
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5.4.4.1 MiALAEH

FEVLEFAR B H A BRI — B F (Breiman, 2001), HELRE, ERH—HRHEEEE R
B9, $EA0, BEVLERARE —AY ML, BORT o7 M RIE0R B EAM R 22, P RE
AEPNOEE. SHRNEHEED B BEMFEHTIIZGRN, BB NRREEEPRHAER
Bl BEVLE N MR, X B N BBHREF MBI B—PMXBENNGERE IR
FIRR ., (UXFRBFERFAETRNZERN -V FERREXEMPET-TER, XLMEILTF
EXNPLZRFK/NTFHEEFTRTEEN M. XEMTELER, WRER, EMNBEEEMEEY
i, ARMAREETHIE-MAAT, S2R12.6.2 %,

KR ERW N BE A FIEE X EH SN RE, TFa8mm, NRABREIH, 5t
FEIFEE, XfE—8R e T E##1T ¥ 3418 B FEHLER AR FT(E .

E R W, FEULERMRE ¥RIN4D randomForest SLH, B A4 H T 245+ K BEVLERA
R B IR AR B F o

BEHL AR AR A 82 STk

MAL A& AR R T L £F Breiman (2001) & K44 L ék, 4 =T 245 9] M 3% http ;//stat-www.
berkeley. edu/users/breiman/RandomForests/ /3 3| M ALAARZE R 8 £ 2 K H-

5.4.4.2 kiLARF ik

EEBHERTMEF T Kk, XRFELHELEEENNGEIEBE—MER, S/ 88
FEXMNGESE, BENEETHFETHRRN, 4—1MFHRNRANER, E2EFERII%GE
hFRECANREATRE, £ P BRACUKIIEZEENREARESIA AN ROTNE, #
SAERE S, MNEEIRES RG], HRERAN L ERTITE. R, —HERANRE
FEUTELSFEBRRRKARS F MESPE—WIER, X FEERE, BRAX kA4BIEA
RERERMNBAETMAREE,

XA EKB TN RZEHLUERRIE TR, XEXMHECUENRICEEHTMNERFE
SR ZE R B — N EESRE L, XANMTER—-MEBRE, R TERBTMFHEA W
HZEERM—NME, AEMEBSRE, ¥ LARKKERSER, EXNT: 255

d(x,x,) = / 3 (X - X" (5-3)
XEp ARTWERMN, x, flx, BFERRE,

XEMEES FIrEENZERRENTENHCHEMBER, EIEAmAESRIC. B
s, BERFENZR K, S BEG—-EREBHENERRINES,

ERES IR BEXRFEN—ITEESH. ¥R L EEER (1, 3,5, 7, 111,
HEXN{XRZRME, HRE, EHAEEFERANEE, SEAELEATENRIROES, B
R, IMPITFIGERIENTE., KRENEEEFETEISBX MR, IR,
“HA” MSREET LGRS LR R, ZE R, BHAIM class ( Venables and Ripley,
2002) HArAEAIRE k() BT kIR, TEHABIELE s A HBX BB — PR

> library(class)

> data(iris)

> idx <- sample(1:nrow(iris), as.integer(0.7 * nrow(iris)))
> tr <- iris[idx, ]

> ts <- iris[-idx, ]

> preds <~ kon(tr[, -5], ts[, -51, tr[, 5], k = 3)

> table(preds, ts[, 5])
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preds setosa versicolor virginica
setosa 14 0 0
versicolor 0 14 2
virginica 0 1 14

A ERABAA, B kan() MAKR—MERERNAP R, B 1T28ERT BHE
BATESILSMO I GERSE; B_ASBRNRAE, ARAAEBRERE; B=12BEII%
EREMEHRERE; RERIMILNMERATENSE, KPSk EHE®Me M. TLiel
B R E AR HE R A KTE AR R ER L B knn (), BT

> kNN <- function(form, train, test, norm = T, norm.stats = NULL,
SR
require(class, quietly = TRUE)
tgtCol <- which(colnames(train) == as.character(form[[2]]))
if (norm) {
if (is.null(norm.stats))
tmp <- scale(train[, -tgtCol], center = T, scale = T)
else tmp <- scale(train[, -tgtCol], center = norm.stats[[1]],
scale = norm.stats[[2]])
train[, -tgtColl] <- tmp
ms <- attr(tmp, "scaled:center")
ss <- attr(tmp, "scaled:scale")
test[, -tgtCol] <- scale(test[, -tgtColl, center = ms,
scale = ss)
}
knn(train[, -tgtCol], test[, -tgtCol], train[, tgtColl],
R

+ +++ o+

+

+}
> preds.norm <- kNN(Species ~ ., tr, ts, k = 3)
> table(preds.norm, ts[, 5])

preds.norm setosa versicolor virginica

setosa 14 0 0
versicolor (V] 14 3
virginica ] 3 13

> preds.notNorm <- kNN(Species ., tr, ts, norm = F, k = 3)

> table(preds.notNorm, ts[, 5])

preds.notNorm setosa versicolor virginica

setosa 14 0 0
versicolor 4] i4 2
virginica 0 1 14

ERBHAFHAPRAREERHRE kon() ZATXT TR, XiE 23 norm
. FE FEAHFR, ERNHEHNATF. B=E1RFERASH nom. stats | —NHTER
BFE, FIRMPHANTESANAH P L ANEHBESITR, REEENHZH nom. stats, If
A RBORK N ASEER P ORMETHE, FAREEEIEREENMAITE, ARIIAZBS, 8]
BB AR S IEAE A S EORA A . AR BREN RBMEREETREKNN(), B
BARAAFETEALLERE,

kiR 48 F k08 2 Sk

X K ik a AR R A E Lk A Cover v Hart (1967) $4X¥, ik 5 sk iR4F ML T AL F Aha
# (1991) #CHFUAR Aha (1997) #9&, EEAMGSHTAEE Aha (1990) &£
& Wettschereck (1994) #9X ¥, —A R FTHMHEF IR BEGFT AL EBE “BHIRMH”
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(Nadaraya, 1964; Watson, 1964), iX 7 & 54K & X #k & Atkeson ¥ (1997) # ¥, Cleveland
#o Loader (1996) # ¥,
5.4.5 HBILLE

AF5 iR R A LOOCC SE50 7 ¥55K He B A A i AR .

ES. 3, BIVFEI TILMHEERBMGF. RIOAZEARNTEREMER T8/ A ZEE
B, T—#, RINMNARXETREKIFEEGRERENERESIGTE, AFTERET
ANOVA Biiti% . B/5, M ANOVA RBMZRY, RIMNZAMABVLRRMZERERAETEX
H—FWAORENEE ., RTHE MRS EES, TARHMATEBEMEERE T BiRE
BiE, BONTEFEX S TENBREAUELR R ZT#HT, RERE A EX R
ORERDPLETR S, WREBHOERREXNFHEEADRERFH MM, BARMNMKIEX
A BEATERAMEENBEZEELRN -2, &0, ERRERINBIMMEITE
AR, EINARNREFEZREBEIEMNER., FX L, MERNMABNEIEERILE N
AR B, MAEXNEELSBRPRMA T IEEIRREN -BIES, XBFENXE
REK, T, RIMESENBRESHEAPEXHREY, XERBEERTRINELEHN
BA,

Xt F LOOCV B —KER, ZEBRMNUERZAT, SR LOOCY mEREERIIZGE
HEATHRE 2E 4 PR . WA R0 DB BB ¥ 7E LOOCY W Rl #EAT, WMBR(I7E LOOCY TR Z N
TR RGBSR, BAX—FBPHROEREARETL, XREH BB, mREHE
BN —RE, WA TFHRIFZHBBROEREIIAES TSR (X2 LOOCY XEE
— WK o

BITBHRNBTLREERML R LOOCY AP EX RS, M TE—-1TEREER, R
T LA, XET RN NERNE WL SR LR AR, WHE BT AT
HELSBBAMEE, TEMRFIRAH T EMEEERRXEFERNER.

> vars <- list()
> vars$randomForest <- list(ntree=c(500,750,100),
+ mtry=c(5,15,30),
fs.meth=list (list('all'),
list('rf',30),
list (‘varclus', 30,50)))
vars$svm <- list(cost=c(1,100,500), -
gamma=c(0.01,0.001,0.0001),
fs.meth=list(1list('all'),
list('rf',30),
list('varclus',30,50)))
vars$knn <- list(k=c(3,5,7,11),
norm=c(T,F),
fs.meth=list(list('all'),
list('rf',30),
1ist ("varclus',30,50)))

EHAFIREA 3 PR, BITRNEF-IMRELENEE. X TFEME, ZFRG
ETHERABNSHE. X TE- S, FHT -ATEE, FAXBENHSBREREHR
RIZEfk . Xt FREVLERAR, % BSH ntree (93 ME, EREHESHRNNE ¥ oy 43 ME,
HATHES NG SOREN, ZBBRETRMEINTFENKD, BE—SH fs. meth #
T RITT B R RERRHBREET . X TXRHFMEN, S8 cost MBH gamma #H IR 3
TBUYE. XF kESTE, FREBWEH4NME; FTRERTHFELTNEREENSH, %

+ 4+ 4+ +VE+EE AV

79

256

257
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B2 M,

WRTHR, WFEMIGHE, RITEES MRRMBREELEES (MBS s meth BE) . 5
— A8 (list(’all’)) BIFI ANOVA Gt B M AT A SR IE. 58 (list("ef”, 30))
B RN, A ANOVA BB 15 3 AR TPt 3 30 MR, BJa— g N AHT
TR B AE B B A SRR 30 NN, R R R RSP REHLIE#E 30 1 BRI B, 237 50
MERMHESEY, N TLHEAETAERRKPEEARNERENHGT %, RITBL
L ES €

> varsEnsembles <- function(tgt,train,test,
+ varsSets,
baselearner,blPars,
verb=F)
{
preds <- matrix(NA,ncol=length(varsSets),nrow=NROW(test))
for(v in seq(along=varsSets)) {
if (baselearmer=='knn')
preds[,v] <- knn(train[,-which(colnames(train)==tgt)],
test [,-which(colnames (train)==tgt)],
train[,tgt],blPars)
else {
m <- do.call(baseLearner,
c(list(as.formula(paste(tgt,

paste(varsSets[[v]l],
collapse='+'),
sep='"")),
train[,c(tgt,varsSets[[v]1])]),
blPars)
)
if (baseLearner == 'randomForest')

preds[,v] <- do.call('predict’',
list(m,test[,c(tgt,varsSets[[v]])],
type='response'))
else
preds[,v] <- do.call('predict’,
list(m,test[,c(tgt,varsSets[[v]])1))
}
}
ps <- apply(preds,1,function(x)
levels(factor(x)) [which.max(table(factor(x)))])
ps <- factor(ps,
levels=1:nlevels(train[,tgtl),
labels=levels(trainl,tgt])})
if (verb) structure(ps,ensemblePreds=preds) else ps

}

FERBEME RIS EREBRERE . HE, WiKE. T-2H (varsSets) B—1
HFELRY (BIMEE) BRAEWIIR, RIMIMNZENZEEESPHER— I ERENEGHE
— MBI R ., BEWNBE (baseLearner fl blPars) %3 T 44 B4 UG B B A A9
ST R LR BRURMM NS IR, EEHREHSEREHETENSEMN LN
W, XL G RR BB TR E N, HERRRZEKZSIET B8R AR
WAR, XEHMAERHESH varsSets BHE, 5.3.4 FAH TXMNERBRIEBITNERES
W7k . FIRBIE—MIIGRIT R HAT AR BARMIE, EEBRATES T — M- 2 LAEE R
¥, ERFNARIIGEITEENSHZ —, R genericModel () B TiXFpIr8E, ABBIT .

T T T TR K T T T T T I S S G S o S S S S A
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> genericModel <- function(form,train,test,
learner,
fs.meth,

..)

cat('=')
tgt <- as.character(form[[2]])
tgtCol <- which(colnames(train)==tgt)

# Anova filtering

f <- Anova(train[,tgt],p=0.01)

ff <- filterfun(f)

genes <- genefilter(t(train[,-tgtColl),ff)
genes <- names(genes) [genes]

train <- train[,c(tgt,genes)]
test <- test[,c(tgt,genes)]
tgtCol <- 1

# Specific filtering
if (fs.meth[[1]]=='varclus') {
require(Hmisc,quietly=T)
v <- varclus(as.matrix(train[,-tgtCol]))
VSs <- lapply(1:fs.meth[[3]],function(x)
getVarsSet (v§hclust,nvars=fs.meth[[2]]))
pred <- varsEnsembles(tgt,train,test,VSs,learner,list(...))

} else {

if (fs.meth[[1]]=='rf') {
require(randomForest,quietly=T)
rf <~ randomForest(form,train,importance=T)
imp <- importance(rf)
imp <- imp[,ncol(imp)-1]
rf.genes <—- names(imp) [order (imp,decreasing=T)[1:fs.meth[[2]]]]
train <- train[,c(tgt,rf.genes)]
test <- test[,c(tgt,rf.genes)]

}

if (learner == 'kmn')
pred <- kNN(form,
train,
test,
norm.stats=1ist (rowMedians (t (as.matrix(train[,-tgtColl))),
rowIQRs(t(as.matrix(train[,-tgtCol])))),
L)
else {
model <- do.call(learner,c(list(form,train),list(...)))
pred <- if (learmer != 'randomForest') predict(model,test)
else predict(model,test,type='response')

}

- c(accuracy=ifelse(pred == resp(form,test),100,0))
}

FERR % LOOCY My —EAh, KRR EmKA P & Ll EMEFISHEEZBFER

L R R I A T T S S S S S S A S T A R S S T I T S S S O N N G S )
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B AR R BEERK —BRETEC, BRAGRERBIBERRE, FUXEARURETT T 'L

B, LWL REAPOMEE L, RATURASTXELBMASHTRENSE R BITE

BWHRBIT .

> require(class,quietly=TRUE)

> require(randomForest,quietly=TRUE)

> require(e1071,quietly=TRUE)

> load("myALL.Rdata')

> es <- exprs(ALLb)

> # simple filtering

> ALLb <- nsFilter (ALLD,

+ var.func=IQR,var.cutoff=IQR(as.vector(es))/5,
+ feature.exclude=""AFFX")

> ALLb <~ ALLb$eset

> # the dataset

> featureNames(ALLb) <- make.names(featureNames(ALLD))
> dt <- data.frame(t(exprs(ALLb)),Mut=ALLb$mol.bio)

> DSs <- list(dataset(Mut ~ .,dt,'ALL'))

> # The learners to evaluate

> TODO <- c¢('knn','svm','randomForest')

> for(td in TODO) {

+ assign(td,

+ experimentalComparison(

+ DSs,

+ c(

+ do.call('variants',

+ c(1ist("genericModel',learner=td),
+ vars[[td]],

+ varsRootName=td))

+ ), '

+ loocvSettings (seed=1234,verbose=F)
+ )

+ )

+

save(list=td,file=paste(td,'Rdata',sep~'.'))
+}
bR FH e 3K experimental Comparison() SRMIANLA LOOCY JRkpIBi A K. EE
5 P R B variants( ) A BRI FTA leammer ¥R, MBTE A, XEAEMRH S vars 43 K5
RuURREY, 58— HKbH—/ LOOCV SRR, EEAHKMLERE 3 1 compExp MR, E
1143 5% 7 knn, svm Fl randomForest, iXSbL5R IR FTHM MG LEEERNER, FrAXE
BENERTHEUINSGTEL NS, B “ Rdata” RERAHF . EFBRIMEPAEX
BRI, Bk, RNREAET LENER, KT RXEHBRBABITENS, &
JE RS load() (LIABRICHMIZRNSE) REBA R KA

> load("knn.Rdata")
> load("svm.Rdata")
> load("randomForest.Rdata")

— MG ENFARGRNGRRAFERANONR P, Fln, IRTFERER I XFM
BUAEGKRESF, WTLUATHIMS:

> rankSystems(svm, max = T)

$ALL

© HRWHFERBNAEMIMILL, SAULRBAYEES X,
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$ALL$accuracy
system score
1 svm.v2 86.17021
2 svm.v3 86.17021
3 svm.vb 86.17021
4 svm.v6 86.17021
5 svm.v9 86.17021

H¥ rankSystems( ) FA—1-3§ compExp SR NBW, KB LW LB HFMEIH ST
WHBFEE, ZRAERT, ZRHRREE/MEEKRE "B, MRBEREEKE “BF”",
PMERZE, WAL EFFRR S max ©, A TRAFA LR BEER, TUATERD
BINERMBRESTE—E:

> all.trials <- join(svm, kon, randomForest, by = "variants")

B A TE—RK) compExp MR, AILIRERNILE F S BIFHRIE:

> rankSystems(all.trials, top = 10, max = T)

$ALL
$ALLSaccuracy

system score
1 knn.v2 88.29787
2 knn.v3 87.23404
3 randomForest.v4 87.23404
4 randomForest.v6 87.23404
5 svm.v2 86.17021
6 svm.v3 86.17021
7 svm.v5 86.17021
8 svm.v6 86.17021
9 svm.v9 86.17021
10 svm.v23 86.17021

KB ERDBAR kEBITEN— TR, THEEREERNRRE:

> getVariant ("knn.v2", all.trials)

Learmer:: "genericModel"

Parameter values
learner = "knn"
k = 5 ‘
norm = TRUE
fs.meth = list("rf", 30)

AR FIBEVLAR AR 3R 1 A 30 N, 5 MESE, X BERBAKEHTIREL. A8
R, ZEREN 10 MMET, RERE— ( “svm v23”) 930 ANEEEFR R FIBEVLZEM T
BN, X5 10 M BIFRBERIN I ANOVA S i A RE, &, X 10 MR FRES
HRMM ., FEXL, FEIARIA 94 MUHEKEE, BIFEMMNERRERESR 11 MEARS K
R, M 10 MBRFRERA 13 MEHE,

WFREAERR (Fn, BRFMER) LTHMHERNER, BREEMRE T IMAR
FES. ATHAINERER, FEMEREBIRNENMMELE. RITWAELREBAE RN

O WMRRMNAEZANFMHEER, FLRBEFETRER/ME, HATERAL. TURESH nax BHKERR.
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263

265

T, BRAHTREERRE, B, compExp MREAXMELR . MRRMNTEXHBEIIE
F8, EXRARNE—WERP, EHEIHERRHTER, wTRMR P E L RPUE EX&ER
HBATRHESE, W4 Ffr, XEATREIFEXEEIMEE. RERMNTENER
SFHRERIZE LOOCY SR E—YGE AP HBRE, TEMRBIERMNKBXERFR . TEKR
WMEETRFOERL, LR0T LI R S e ml DU A THARE,

> bestknn.loocv <- function(form,train,test,...) {
+ require(Biobase,quietly=T)

require (randomForest,quietly=T)

cat('=')

tgt <- as.character(form[[2]])

tgtCol <- which(colnames(train)==tgt)

# Anova filtering

f <- Anova(train[,tgt],p=0.01)

ff <- filterfun(f)

genes <- gemefilter(t(train[,-tgtColl),ff)
genes <- names(genes) [genes]

train <- train[,c(tgt,genes)]

test <- test[,c(tgt,genes)]
tgtCol <- 1
# Random Forest filtering
rf <- randomForest (form,train,importance=T)
imp <- importance(rf)
imp <- imp[,ncol(imp)-1]
rf.genes <- names(imp) [order(imp,decreasing=T) [1:30]]
train <- train[,c(tgt,rf.genes)]
test <- test[,c(tgt,rf.genes)]
# knn prediction
p8 <- kNN(form,train,test,norm=T,
norm.stats=l1ist (rowMedians(t (as.matrix(train[,-tgtCol]))),
rowIQRs(t(as.matrix(train[, -tgtColl)))),
k=5,...)
structure(c(accuracy=ifelse(ps == resp(form,test),100,0)),
itInfo=list (ps)
)
}
resTop <~ loocv(learner(‘bestknn.loocv',pars=list()),
dataset (Mut~.,dt),
loocvSettings(seed=1234, verbose=F),
itsInfo=T)

I 2R T T T T A O S S O S S S L U,

BRZY bestknn. looev () KPR b 2RI #2 K ) R EX genericModel () HIFFHI, E#E S ML,
7 FHREVLERAR T 38 5, LA P LB G A Bk ATARME AL . BR T ERR B RE LSS, KH
S EAAB N B EK genericModel () —H o XAHTRPARE BRI IERRE, HiEH—EH, M
ZAR IR, SR —FAWMEEN R R, R structure () 7T LUE 1F fiHi0— 4 & #5k
QUEXF “FEH” HMR ERMIGAFEXEET, WMRBRMTEREL looev() B —
BIMER, RITBMBLEAE—NE N itslnfo WRHEF TR, £ LEARER, RMBAXNEHER
EEREBRE, fERH loocv() PHMLBRIBRKNEG - KRERAHMX M. I TULEEK
loocv() RAFXENER, FEMAAESH itslnfo = T 38 K% loocv () o XFTLIBHRA . HE
SCRRBUE Bl B AT AT LUME R —A 4 N itsInfo (B, ZBHHKEE—IFIERD, HENE
Blooev() HIGSFRPAN itsInfo WRMEE . BE, RITTUREX—FE, IRES—KENR
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o B AR ) B
HTREGESRNHIFEGFEMNBEAS, TUMANTAB (TARERTHEHN 44
W) .
> attr(resTop, "itsInfo")[1:4]
[(11]

[1] BCR/ABL
Levels: ALL1/AF4 BCR/ABL E2A/PBX1 NEG

(211
[1] NEG
Levels: ALL1/AF4 BCR/ABL E2A/PBX1 NEG

[[3]]
(1] BCR/ABL
Levels: ALL1/AF4 BCR/ABL E2A/PBX1 NEG

[[41]
[1] ALL1/AF4
Levels: ALL1/AF4 BCR/ABL E2A/PBX1 NEG

BLA R #L atr () AT RASRE—> R XA REMEMBRME, RAIAE, JBH itsinfo 57 LOOCV
BEKERHTUE. MAXEEEMBEENESE, TURZREER, BT

> preds <- unlist(attr(resTop, "itsInfo"))
> table(preds, dt$Mut)

preds ALL1/AF4 BCR/ABL E2A/PBX1 NEG
ALL1/AF4 10 0 o o0
BCR/ABL 0 33 0 4
E2A/PBX1 0 B ¢) 3 1
NEG 0 4 2 37

ALURREERERGESIAEERORE, f, SR ERBTRN T HAHREREN
ALL1/AF4 g, [RIRE, BATMBIRRFTE MR D4R B — N BA R 5 i R I
A NEG, AR, HEWHS NEAREHHEFFHROTIAERERE 266

5.5 INE

FEMHEEHNERMNE R EX HXEMNBEZEUR: 2PFERFEPH—RIINAH, X
BHRT Bioconductor T EHM—LTH, M EHRUET XA TEYREEEPAAREN KRR F
e, fERA—NEENEF, RMNBFETAYRFEEETNES . W5 8F S kS 4051 A m iR
AR ABERHEXRERTRR, ETAMEIILTBRBIAN-ARFANREIKEFER, BT
AR, RPEELEEESTE, FARERET FHEE:

o A KB T Ar B ] B A A A B O o

o BFAERFE,

BEYLIRA
kBT
XEE B,
RAARM BN ZERESHITHS.
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* F-RXRIEE,
MFRWE, RIV¥EI TILAFHEAR:
o Ak R 5 B
o R7F ANOVA #3 H 55 JLA 34 A 39 1H
o FESFERIE T AV RAR ERE R,
o TERK,
o REAARIMBARR T MERKNAS,
o K18 kIT4PHARY,

267 o AHFE - XNRIEEMA T HERANEE.
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do.call(), 92

earth(), 129, 130

edit (), 29

equal.count (), 50, 51
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