o v #E (08)

2 R

iy
g

LEnd ) FE (9RR) )

\

~

KA

Wisconsin Breast Cancer Diagnostic Data Set (https://www.kaggle.com/uciml/breast-cancer-wisconsin-data)
FFLAAMIED 30 OFFEE. BRYE - BT hroBWihA, 53X 0. FHID Aty MickoT—X €y b
T, 569 fHDFHI2 5725, 569 FHIDNRIL 357 FHIH R, 212 FHHEETH 2, 2 TOHMIE, A
AR D 30 OFEED O Bk - BYEOBZW 2T C B TE 2P E T AEMET 2 Thh ., Al
HYFEONEMEE b, COMEE TR, TATY XLE LT EFEERZFIALZE T AEES X RERE
e T UEETT S,

EERIE
RBXIURStudio 84 v AP =1 INTWB L EHi RE T2, FTHT7ey =27 (74172 Y%K wbed
ET3) b EF, FHAZY) 7R EWTEBEL, RDa<= v FiE Source =~A4 VICFWZR 27 Y FMITAS
L T Ctrl + Enter THE{79 % 2. Console A4 VIiZ[EEEASI LT Enter TEITT 3,
OB N A FTIEANTRE 3~y FEEXFD Lucida Console 7 # ¥ b T, EfTfE R % BFED Lucida

console 74+ v FC, LUFoHlD X 5 IcRnd,

> str(iris)

'data.frame': 150 obs. of 5 variables:

$ sepal.Length: num 5.14.94.7 4.655.44.654.44.9 ...

$ sepal.width : num 3.5 3 3.23.13.63.93.43.42.93.1...

$ petal.Length: num 1.4 1.4 1.31.51.41.71.41.51.41.5 ...
$ petal.width : num 0.2 0.2 0.2 0.2 0.2 0.4 0.30.20.20.1 ...

$ Species : Factor w/ 3 levels "setosa","versicolor",..: 1111111111 ...

k T EAE B -ETILEEE

BUHTHIRR7EY, 9 <& % X7 |%, Wisconsin Breast Cancer Diagnostic Data Set % Fl|FH L T, #L23AMl
fati® 30 OFFEED O RIE - BEOBW 21T C LB TX 2WMAEET VE2EET 2L THY, HliH Y
FEOGHEMELE 7D, RETIE, T3 ) X4E LT kilrtFiE (k-nearest neighbor method) ZF|H L7275
MEREETTI o

T — 2 DX
https://www.kaggle.com/uciml/breast-cancer-wisconsin-data 2> 5 data.csvZ X7 v u— F L CIHEDEET
427 Y (AT ClEdd) BB S %, BIEDERET 4 L2 b VIt getwd() THERZE T Z 2,
> getwd ()
[1] "c:/Users/d_suz/OneDrive/ k¥ a 4> k/wbcd"
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hid v 8 ()
read.csv() % Fi\» T data.csv 7 7 4 V& FiAiATr, stringsAsFactors = FALSE 13X 747 — % % A1 (factor)
LLTTRBSXFINOETHPIAL LI ERTH 5,
> wbcd <- read.csv('"data.csv", stringsAsFactors = FALSE)

X HIEHAAATE T — 2 DT — 2 EERTERT 5,
> str(wbcd)

'data.frame': 569 obs. of 32 variables:

$ id : int 842302 842517 84300903 84348301 84358402 843786 844359 ...
$ diagnosis : chr "M" "M" "M" "M"

$ radius_mean : num 18 20.6 19.7 11.4 20.3 ...

$ texture_mean : num 10.4 17.8 21.2 20.4 14.3 ...

$ perimeter_mean : hum 122.8 132.9 130 77.6 135.1 ...

$ area_mean : num 1001 1326 1203 386 1297 ...

$ smoothness_mean : num 0.1184 0.0847 0.1096 0.1425 0.1003 ...

(thiig)

$ symmetry_worst :num 0.46 0.275 0.361 0.664 0.236 ...

$ fractal_dimension_worst: num 0.1189 0.089 0.0876 0.173 0.0768 ...

N2 DB RO 569 HBHI»rHRET —X 7L —LTH5, b L. BZOEEH X) BA>TwiE4A13 NULL
PRAT B L THIBRT %,
> wbcd$X <- NULL

T, dARIIH A 2 FHOBAINESTH D, HRAEETLVOREEL L CRAELRD THIRRT %,
> wbcd$id <- NULL
> str(wbcd)

'data.frame': 569 obs. of 31 variables:

$ diagnosis : chr "M" "M" "M" "M"

$ radius_mean : num 18 20.6 19.7 11.4 20.3 ...

$ texture_mean : num 10.4 17.8 21.2 20.4 14.3 ...
(£2H%)

Kic, diagnosis (F2WitEHR) DEF% table O BAX CHEFR S %,
> table(wbcd$diagnosis)

B M
357 212

diagnosis (ZWifEH) 13 B=Benign (R1:), M =Malignant (GE:) o —IK#ED 5705, R DM 5 Kk
X HIWERD factor (K1) FEEINTW L2 HENH % 729, diagnosis % factor ICEET 5, HbET, bbb
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e v HE (%)
LT EnzB, KiE (levels) ®F~L (labels) @ B % Benign IZ, M % Malignant IZZ N Z NEET %,

> wbcd$diagnosis <- factor(wbcd$diagnosis, levels = c("B","M"), labels = c("Benign", "Ma
Tignant™))

> str(wbcd)

'data.frame': 569 obs. of 31 variables:

$ diagnosis : Factor w/ 2 levels "Benign","Malignant": 2222222222 ...
$ radius_mean : num 18 20.6 19.7 11.4 20.3 ...

$ texture_mean : num 10.4 17.8 21.2 20.4 14.3 ...

(#2H%)

ZHIC X DD T, diagnosis 2% Factor w/ 2 levels “Benign”, “Malignant”IiC 7z > T35 Y |, diagnosis 2% 2 7KH#EH>
L7 BHFTH Y, KAED T L2 Benign & Malignant & 7> T\ 5 Z & AfERTE 5,

F—Z2OHFH AR T 270, #HlziF2%]H (raduis_mean) 25 6 %|H (smootheness_ mean) D4R ICEE
L CHAHGHE Z summary OBIE TR0 %,
> summary (wbcd[2:6])
radius_mean texture_mean perimeter_mean area_mean smoothness_mean
Min. :6.981 Min. :9.71 Min. : 43.79 Min. : 143.5 Min. :0.05263
1st Qu.:11.700 1st Qu.:16.17 1st Qu.: 75.17 1st Qu.: 420.3 1st Qu.:0.08637
Median :13.370 Median :18.84 Median : 86.24 Median : 551.1 Median :0.09587
Mean :14.127 Mean :19.29 Mean : 91.97 Mean : 654.9 Mean :0.09636
3rd Qu.:15.780 3rd Qu.:21.80 3rd Qu.:104.10 3rd Qu.: 782.7 3rd Qu.:0.10530
Max. :28.110 Max. :39.28 Max. :188.50 Max. :2501.0 Max. :0.16340

Y S 2EOHFANGFEEICL > TRKELELRBL I EDDD 5, smoothness_ mean X 0.05 225 0.16 DHifH D
EZELA DITH L, area_mean (X 143.5 225 2501.0 TH %,

K ST D 7o 8 DRI

k EfEECITRHEE 2RI B 1T 2 FEEEICE DO W ZiT 9, 2 2T, HEfoFHRICEI L <. FEE o Tt
DIFOMEOHPAN K E K B2 L EE L kv, 5054, O RICIH VT area_mean 1T K X g8 % &I
323, smoothness mean (3% DED/NZ X DD EAEEEINTNWI LICR S, ZNZfi{TzD, YO
BEICB L CH LY 55 HOHIFHAY0,1]1C 72 % X 9 ICIEM{E min-max normalization %47 9,

¥ 9", min-max normalization @ 7z % OBI% normalize Z LA T D X 5 ICTEFK T %, 72 35, Source ~* 4 ¥ Tt Enter
T, Console 24 v X Shift+Enter Ta~ ¥ F OFEH CHITHA[EETH %,

> normalize <- function(x){ N ~ o
B, EimD+it5 3T L T3 DD

+ return ( . . _
Xt n )/ Cmax ) -min ) — P L T B Z L RRT L AR T
+ x-min(x max (x) -
) »Hb, a~vv FAShic, b¥bI+id5%
+
! ANT 2083700,
+

% D17 T Ctrl+Enter TE{TT %,
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1 %11 H 1% diagnosis (ZWikkiH) TH 2720, ZnUHND 251H 25 31 5IHD 7 — X IR L T normalize % i
3%, 22 TlapplyOB3%% F\» %, lapply(somelist, somefunc) BEEXIZZE —51BUCHEE L 72 J A b somelist D
ffl 2 BRI, FH5ECTHE L 72B3%L somefunc Z B3 %, lapplay(wbcd[2:31], normalize) & L 72354, U
2+ wbed[2:31]0%EFETH % wbed[2] 25 whed[31]oFhFn(ZndlZX27 FATHB)ITH L T, normalize
BB % B3 %, lapplyORIBDOR V fEIx ) A b & 72 % 729, as.dataframeOBIEIC L YV VA b T -2 7L —
L~CZEMT 5, Teds, diagnosis 137213 &, BT v LTHIERRIES 5,

> wbcd_n <- as.data.frame(lapply(wbcd[2:31], normalize))
> summary(wbcd_n[2:6])

texture_mean perimeter_mean area_mean smoothness_mean compactness_mean
Min. :0.0000 Min. :0.0000 Min. :0.0000 Min. :0.0000 Min. :0.0000
1st Qu.:0.2185 1st Qu.:0.2168 1st Qu.:0.1174 1st Qu.:0.3046 1st Qu.:0.1397
Median :0.3088 Median :0.2933 Median :0.1729 Median :0.3904 Median :0.2247
Mean :0.3240 Mean :0.3329 Mean :0.2169 Mean :0.3948 Mean :0.2606
3rd Qu.:0.4089 3rd Qu.:0.4168 3rd Qu.:0.2711 3rd Qu.:0.4755 3rd Qu.:0.3405
Max. :1.0000 Mmax. :1.0000 mMax. :1.0000 Max. :1.0000 Mmax. :1.0000

D Ic, YOEEELE Y 5 AEHOHPHA[0,1]Ic > T B Z & BERTE 5,
T —Rty FETRAMNT =Rty D
T2y rRIET -2 ET RN T =R ICHET L, TTOT—F &y b 569 v TS EERAIC 469
VINEEALTIET—Z 2y P, BROD 100 H Y IALETA I T —&X Ly P e LW,
TFT—Rty FOMLOIHN T > X LIEEE
bL, T—ZFEy FPBILA T VELITE569 Y I ATHBEES, HMICAHE OIEEFIC, 1205 469 %I

BT —ZEy b, 4710025569 F T T AT =Xty F&TniF kv,

> wbcd_train <- wbcd_n[1:469,]
> wbcd_test <- wbcd_n[470:569, ]

Z 2T, whbed n[1:469,] 1Z1{TH? 5 469 fTHE TOITRTDS| (FE) 2=+ 35,

HIWER L 72 5 diagnosis DT — £ 1%, T — %% v + DIEME T ~ )L wbed_train_labels, 72 b7 —% % »
F DIEfFE 7 ~ L whed_test_labels IC53 1 THHAN T %, wbed @ 1511 H 23 diagnosis TH %,

> wbcd_train_labels <- wbcd[1:469,1]
> wbcd_test_labels <- wbcd[470:569,1]
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TRy FOION T v Z LTIERWES

bL, 7—Zty bOWUR T v A LTIERL, HlziX, 1fTH2S 357 fTHARMEE (Benign) @4,
358 fTH 2> & 569 17H 23 E WS (Malignant) OFHID X 5 1WA TW 254, LonE#l)iEclifEYTcH
50Oib\mﬁ?~ﬂ%yb@%ﬁﬁﬂﬁﬁﬁ®$ﬁ FALTF =2ty b ST RCEMEEE OEHIC L o T
LEd, 22T, TOX) REGEITIE. 1225 569 OEE DI D b MEAEL 1T 469 i D #5338 A TREEH %2 1F
ﬁt\:n%%ziatfﬂﬁfa_a@‘%—ﬂ«yh%ﬁ%ﬁa

AR A 7o BT A D AR IC 1 sample OBA% A F > 5, sample(569,469) & T 5 L, 1 205 569 DI DI VD5
fEVE 21T 469 H DR 2 B A THFINZER T2 LB TE %, 2B, setseed(101) IFELEOEAFEET 2 Z &
T, ERT2EEG 2R, O TE 2L 5ICLT0»5,

> set.seed(101)

> train_sample <- sample(569,469)

> str(train_sample)

int [1:469] 430 95 209 442 351 315 246 131 521 352 ...

train_sample (¥ 430 95 209 442 --- &, MEAICHAZBEIITH 2 Z EWBHERTE D, TNEHRATLEL
T wbed_n[train_sample, 1& 32 2 & CHlfiT —% & v b Z{EKT %,

> wbcd_train <- wbcd_n[train_sample,]

T X Y, wbed_train (2 430 f7H. 951TH. 209 1TH. 442 f7H. - 0HEfl2ED/-T -2y b D,
RIZ, TNOPUNDT —2%EDTT AT —Xt%y b & L7z, Tt wbed_n|[-train_sample, ]® X 9 I
WAFICRAFRAEDIFBZ L THRETH B,

A

> wbcd_test <- wbcd_n[-train_sample,]

HIWEH L 72 5 diagnosis DT — £ 1%, T — %+t v t DIEME T <L wbed_train_labels, 72 F 7 —% & v
F D IEfE T ~ v wbed_test labels 12531 CTHEAN T %,

> wbcd_train_Tabels <- wbcd[train_sample,1]

> wbcd_test_labels <- wbcd[-train_sample,1]

TR ET R T —RDOEKROHER

M —2e v b £ 7 AL F—x2y MEHHE, ZRERDT =22y MCB 5 R L BEOES, T

WICHEICRREICZR > TWb 2 EZUT O Y RS %, prop.table OBIBUTER O FHH O CTI1d 7 <, LE%E K
e ZICHW A

> prop.table(table(wbcd_train_labels))

wbcd_train_Tlabels
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Benign Malignant
0.6247335 0.3752665

> prop.table(table(wbcd_test_labels))
wbcd_test_labels
Benign Malignant
0.64 0.36

T —2 2y P T AT =242y bT, WEDPBBUORELICR>TWE I LPMHERETE -,

7L DFIlE

k iEf#i% (k nearest neighbor method) DFEE: knn(O)EZH 5729, class Xy 77—V % 4 VA b= L, ©B
— 325,
> install.packages('"class")

> Tibrary(class)

class X 77— O knn OB 4 D DB B %S, WIUTOL ) TH 2,
p <- knn(train, test, class, k)
v train AT — X 2T 2T -2 7L — 24
v otest TANT X EIENT 5T -2 7L — 4
v class JT — X DIEM T NV EENT ETFR2 b
v kWS ODEFDKETY 7 AZRIET 5 D
BHEREVEP T AN T — 2T 5 Pl VAT SRTR27 v s,

AT RIEFFETIHIIRE Vo TH JIT — X 2N T 2720 THY . TA LT 2252 NIFEDIC,
THZEITS 2 EHATE S, T2 TRAMET — % 469 FHIDVIRISE k=21 £$ 5, TA T —=ZBEDT 7
R I NG % VRIS 2B, FEEZEMEICHE T2 7 A7 —20 21 l0ilEtFRE Ro0. Z8IRE 5o
DY TACGET 5, B, BT LEIRGBRETE S X ICT 2720 kK ICIFHBEEET 5,

> wbcd_test_pred <- knn(train = wbcd_train, test = wbcd_test, cl = wbcd_train_labels, k =
21D)

Z T wbed_test_pred (X, wbced_test @ 100 FEHNZOWT, ZNZNFHED O FHIL Z22WiFE R (Benigin
7> Malignant D\ 9 2>) 100257527 bt hoTn3,

T 7L OMERETTM
T A b F— X DIEfRET ~ T whed_test_labels i, Filll 7 <11 whbed_test_pred iICgfIEh T3, 2ho %
7u 28 LT, ET AR 2T 9, »Sv 7 — gmodels %4 Y A b —n, m—FL, 7uxiHd 3,

> install.packages("gmodels")
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> library("gmodels™)

> CrossTable(x = wbcd_test_labels, y = wbcd_test_pred, prop.chisq = FALSE)

Cell Contents

N / Row Total |

N / Ccol Total |

N / Table Total

Total Observations in Table: 100

| wbcd_test_pred

wbcd_test_Tlabels | Benign | Malignant | Row Total
————————————————— il el [l
Benign | 63 | 1| 64 |
| 984 | 0.016 | 0.640 |
| 940 | 0.030 |
| 630 | 0.010 |
————————————————— R L el Bt e
Malignant | 4 | 32 | 36
| 111 | 0.889 | 0.360 |
| 060 | 0.970 | |
| 040 | 0.320 |
————————————————— R L el Bt e
column Total | 67 | 33 | 100 |
| 0.670 | 0.330 | |

Malignant CEE) & FPHIL CHEEEETH - 72061 (EEME) 253241, FEEL FHIL TRIZRMETH o 261 (ks
) 23 14, Benign (R) & FHIL CHEERMTH o701 (Ezt) 2 6341, Rtk FHIL CRIZEETH -2
Bl (ki) 234 61& 7o Tz, 100 filH 95 FIASIEL < 533 CTE TH Y, accuracy 1F 95% & 7 5,
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REARZBWZETILER

BEHTH 7Y | 7 d & X X273, Wisconsin Breast Cancer Diagnostic Data Set Z #|H L T, #L23AAM
ol 30 DD HILAD itk - TR IS 2 IR EH T 7L 2 BT 22 L TH Y. D b FHO
SEREE 25, T TIRIREREZH VT VEEZTT,

T — X D4
Sed kEfEEERFA L 728 7 AR OBRICHENE L 72 wbed WV 5,
> str(wbcd)

'data.frame': 569 obs. of 31 variables:

$ diagnosis : Factor w/ 2 levels "Benign","Malignant": 2222222222 ...
$ radius_mean : num 18 20.6 19.7 11.4 20.3 ...

$ texture_mean : num 10.4 17.8 21.2 20.4 14.3 ...

(#2H%)

T —Kty hETRAMT—ZEy b D

WERDLE., FHHEEAIEE{LT 2 0ER R, D70, L © ORI % fTh 3 ICTERE wbed 2> 5
BT —2 469 il & 7 2 b 7 — 4 100 flic3E19 %, 1 5]H 3 diagnosis GEWikEHR) TH Y HINEKTH 2005,
EfE7 e LChlEd %, FED T —2 7L — 2% ERT 213, wbed[train_sample, -1] & &35
& T 14H® diagnosis *x ZE WX HICTEHT LB TE S,

T

I

> set.seed(101)

> train_sample <- sample(569,469)

> str(train_sample)

int [1:469] 430 95 209 442 351 315 246 131 521 352 ...
> wbcd_train2 <- wbcd[train_sample,-1]

> wbcd_test2 <- wbcd[-train_sample,-1]

I 15H @ diagnosis DA 5757 L ELUTO XS ICL CHfET 5,

> wbcd_train2_labels <- wbcd[train_sample,1]

> wbcd_test2_Tabels <- wbcd[-train_sample,1]

¥/, =G ThH, BT — XLy MCBITAZRMEEEEDOHER, AR UBREICA>TW53 2 & 2
FLTEL,

> prop.table(table(wbcd_train2_Tlabels))
wbcd_train2_labels

Benign malignant
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0.6247335 0.3752665

> prop.table(table(wbcd_test2_Tlabels))

wbcd_test2_labels

Benign malignant
0.64 0.36

TFILOIE
PEREHNTZET AR C5.0 TLT) XL HZHWE720,C50 Xy r—V %4 VA=A -0—F T3,

> install.packages("c50™)
> Tibrary(c50)

C5.00DMELIZUT DL Y TH 5,

m <- C5.0(train, class, trials =1, costs = NULL)
train FIFT — X 2MEHT 2T -2 7L — L4
class FiHT — 2 DIEfE 7 7 A %AEMNT 2HFR 7 v
trials 77— 27 4 v 7ORE (A7 av. 7744 ME 1)
costs ZA L (X7 av)

SN NEE NN

C5.0 AR Y filild, FHlICH W2 Z D TZ 2lAAET L TH 2,

A € 7 V% 72 Flllld predict OBIELCIT 9 o predeit OB ORESIZUL T L B0 TH 5,

p <- predict(m, test, type = “class”)
v m C5.00B8% il s hize7 v
v o otest TAMT—REELIT—2 7L —L4
v type ROED 2 A 7 FHlE 5 7 T R class 2>, ¥R prob 2> (A 7> a3 V)

C5.00BI%t D —5 HICHIF T — % & v + wbed_train2, 55 580G 21EE 2 7 A28 5~ 2 b
ZHRE L THEUCH S,

> wbcd_model <- C5.0(wbcd_train2, wbcd_train2_1labels)

FAET VRGN oA 7Y = 7 Y22 ANT 2 LIRERICBET 2 AT — 2083501 5,

wbcd_mode]l

call:

C5.0.default(x = wbcd_train2, y = wbcd_train2_Tabels)
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Classification Tree
Number of samples: 469

Number of predictors: 30

Tree size: 12

Non-standard options: attempt to group attributes

PV TAH A X469, FHIT FFEE) 30 ZHOCTIIEL 72658, ROEI P12 o722 B3 bn b, -
EREHOCTEBICED X S L — L THEL T35 summary() THIS Z L3 TE 5,

> summary (wbcd_modeT)
call:
C5.0.default(x = wbcd_train2, y = wbcd_train2_Tabels)

C5.0 [Release 2.07 GPL Edition] Thu Mar 26 01:57:06 2020
Class specified by attribute "outcome'’
Read 469 cases (31 attributes) from undefined.data

Decision tree:

area_worst > 880.8:

:...concavity_mean > 0.06335: malignant (138)
concavity_mean <= 0.06335:
:...texture_worst <= 29.72: Benign (6/1)

texture_worst > 29.72: malignant (6)

area_worst <= 880.8:
..concave.points_worst <= 0.1318:
:...area_se <= 36.46: Benign (258/1)

area_se > 36.46:

I...symmetry_worst <= 0.206: malignant (2)
symmetry_worst > 0.206:
:...concave.points_worst <= 0.1108: Benign (12)

concave.points_worst > 0.1108: malignant (2)
concave.points_worst > 0.1318:
:...texture_mean > 20.28: malignant (19)

texture_mean <= 20.28:

:...symmetry_worst > 0.3549: malignant (4)
symmetry_worst <= 0.3549:
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..area_worst <= 809.8: Benign (17)
area_worst > 809.8:
..area_worst <= 832.7: malignant (3)

area_worst > 832.7: Benign (2)

hick s e, mHOREED 880.8 X O KE (. MERFIA 0.06335 L ) KEFwihify, B HEI NS,
CORANTIZ 138 B H TITE D, ZNOITERICEMNETH 2, HEDRED 880.8 LV K& L, MEFH 2
0.0635 LAy 727 AF ¥ DREHEDS 29.72 AT 0 e, RIELHEI NS, CoBAIZ 6 fIAHTIETEY, 5
b5 HNERME. 1HIIEENETH S (6/1) ZLdbrsd

Evaluation on training data (469 cases):

Decision Tree
Size Errors
12 20 0.4%) <<

@ M) <-classified as
293 (a): class Benign
2 174 (b): class malignant

FEOREATAD D COPRERET VL, JIFET — & 469 HIICBAL T, FRFHIZ 2], RV FE 04%TH B L
Dbhh B, BHE1T6 HlcBIL T, IEL L Btk & HE (EGTE) Lzo 174 fil, #Ho TRtk e HE (Bkath) o
23 2000 RPE293 BRI <, IEL <Rtk & HE (ERztk) Lo 293 6, 34 - Ttk & e (RistE) |
ffle 7o T3,

T 7 /LOMREHM

7 A b7 —% wbed_test2 12X L Tl AREARE TV wbed_model ZFIH L CTFHZITS ., FHIFEEIZ
wbed_pred IA&#NT %, MG T % IEME 7 L3 wbed_test_labels ICHfAE LT3, b %E 7 a REFHL T,
T NVOMWRERHMI # 1T 5o LAF T, CrossTable Bi%i< /7 m R EFHRAER T 5, F 1518 HE 2 518z h*
NIEfRE T ~v & TPl T <V ZHRES 5, prop.chisq (# 4 Z3#iatE) . prop.c (FIHE), prop.r (fTHFE) 134
HCTHNIXFALSEFEE T 5, 7 v AEFROITRERLINBFHTH L L2 AL T 5749 dnn ZH\T
TRIMLU EHIRM L ZRRL TWw 5,

> wbcd_pred <- predict(wbcd_model, wbcd_test2)
> CrossTable(wbcd_test2_Tlabels, wbcd_pred, prop.chisq = FALSE, prop.c = FALSE, prop.r =
FALSE, dnn = c('actual', "predicted'))
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Cell Contents

| N / Table Total

Total Observations in Table: 100

| predicted
actual | Benign | malignant | Row Total |
————————————— e I Bl
Benign | 61 | 3] 64 |
| 0.610 | 0.030 | |
————————————— ]
malignant | 3| 33 | 36 |
| 0.030 | 0.330 | |
————————————— e L] B
column Total | 64 | 36 | 100 |

100 o, 94 HlicOWTIEL K FHIL TH Y| accuracy (X 94% & 75 5%,

Tk, RERZEBMAGDLEL L LARETH S, 10 DIRERZMAGDLELILEAIIUTO LB TH S,
> wbcd_modeT12 <- ¢5.0(wbcd_train2, wbcd_train2_labels, trials =10)
> wbcd_pred2 <- predict(wbcd_model2, wbcd_test2)
> CrossTable(wbcd_test2_Tlabels, wbcd_pred2, prop.chisq = FALSE, prop.c = FALSE, prop.r =
FALSE, dnn = c('actual', 'predicted'))

Cell Contents

| N / Table Total

Total Observations in Table: 100

12 / 29



o v #E (08)

| predicted
actual | Benign | malignant | Row Total |
------------- il el el
Benign | 62 | 2 | 64 |
| 0.620 | 0.020 | |
————————————— e e
malignant | 2 | 34 | 36 |
| 0.020 | 0.340 | |
------------- il el el
Column Total | 64 | 36 | 100 |

100 #5796 {5l % 1E L < /9%HC &, accuracy ¥ 96% & 7 5,
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HEmod W FE (RE) EBEAA R

2Ry
1Y 7 N=T K¥T —>4 VX Machine Learning Repository TZF X 41T % Wine Quality Data Set

(https://archive.ics.uci.edu/ml/datasets/Wine+Quality) ¥, &2 b HLJtE "Vinho Verde" (V4 —=3 + ¥
TVT) TAVORT A v 1,599 fdli, B 4 v 4,898 D 2z icowT, 11 FEO R AR R X 00
Bra7 @ELICXE27 74V FDTART 4 v 7 TRHGEINE 0200 10 @ 11 BRSO FHMlifE) 23 v + i
27T =Xty b TH2, TITOHWIZ BH74 v DT — ﬂ%%wfiﬂ@ﬁ@ﬂ%m%@u%omfﬁgx
AT RMEET DM FEET A ZHMET L L CHL, MHERITR 1 O 7RALAZI LS TE S, il
BIEOW O L MBICERDO S 2MBRELERT 22 b TE 5, CNRBET 2, COXR 752D Y FEHD
Hifosz 27t bz 5, KEETIE, 7TV ) XL L LT, ZEMENRZMHALZET7TAEBES XL SVM
ZMMAL T AREEEIT S

SRR A BT TSR

BUHTHBRR7HEY, T & X X7, Wine QualityDataSet D5 bHT7 A4 V7 —Xty FZFHL T, 11
ORI ERRHEICE S W THE R a7 2 HET 2 M EET A2 LT 22 L TH Y KD Y FE ol
METH 2, AETIE, THITV XL L LTCHEBBRREEZMBEL 2T VEELTTI,

T — X2 DA
7oyt (FALZ bV &iTwine L 5%) b BT, HFHAZ ) 7 E2HGTEL
https://archive.ics.uci.edu/ml/datasets/Wine+Quality ® Download: Data Folder 2> 5 Wmequahty-white.csv %
Zyva—FLCHBEDERET 4 L7 bV ICREFET 2,

read.csv() &% F\» T winequality-white.csv 7 7 A L &2 G AR L 7272 L. 2DOT =217 —2 XUV B3 A v~ (, )
Tl tIany (;) DT, J8ICsep="" ZIEET 3,

> white <- read.csv("winequality-white.csv", sep=";")

X HICHAAATE T —RDT — 2GRS
> str(white)
'data.frame': 4898 obs. of 12 variables:

$ fixed.acidity :hum 76.38.17.27.28.16.276.38.1...

$ volatile.acidity :num 0.27 0.3 0.28 0.23 0.23 0.28 0.32 0.27 0.3 0.22 ...

$ citric.acid :num 0.36 0.34 0.4 0.320.320.40.16 0.36 0.34 0.43 ...

$ residual.sugar :hum 20.7 1.6 6.9 8.5 8.56.97 20.71.6 1.5 ...

$ chlorides : num 0.045 0.049 0.05 0.058 0.058 0.05 0.045 0.045 0.049 0.044 ...
$ free.sulfur.dioxide : num 45 14 30 47 47 30 30 45 14 28 ...

$ total.sulfur.dioxide: num 170 132 97 186 186 97 136 170 132 129 ...

$ density : hum 1.001 0.994 0.995 0.996 0.996 ...
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$ pH :num 3 3.3 3.26 3.19 3.19 3.26 3.18 3 3.3 3.22 ...

$ sulphates :num 0.45 0.49 0.44 0.4 0.4 0.44 0.47 0.45 0.49 0.45 ...
$ alcohol :num 8.8 9.5 10.19.99.9 10.1 9.6 8.8 9.5 11 ...

$ quality :int 6666666666 ...

12fHDOEE D S5 4,898 FhHl0 572 T — X2 7L —LTHD I EBHERTE S,

http://archive.ics.uci.edu/ml/machine-learning-databases/wine-quality/winequality.names 7 7 4 VICFEL »
WA D B, ANICIIEBIREIC X 2 RFANRIEED 11 30 TH Y., fhe LT 4 v#TE LR ICED

B RHIE D G- 2 ST\ %, SYERHIEE X 0 (verybad) 205 10 (veryexcellent) o 11 B2 572 %, Rl
W R R DOBIHIILL T D L B TH 5,

fixed acidity: B LR
volatile acidity: WEFEIREE

citric acid: 7 = v IR
residual sugar: FRBEHRE
chlorides: ¥iftF U v LREE
free sulfur dioxide: #EHf SO2 JRFE
total sulfur dioxide: #& SO2 R
density: &

pH: pH

sulphates: fifb 77V v LB
alcohol: 7 v — V%L

T — X DIEE - AL

T, T OFEENE - v[HLT 2720, W O DR EOSAPLEHMNEZRH & -\, 200,
B OFHEE O A LR E R O BRI, MHEIRE R I R 728U KIf T8 2 E 5 & & D T& 5 pairs.panesl() B %
v %, pairs.paneslOBE#I psych X v 7 =Y ic&EEN T L0, Thixf v Ab—rL, B—FT 35,
> install.packages("psych")
> Tibrary(psych)

pairs.panels() BABUIFIBIC T — 2 7L — L% IEET 27T T, T—X2 7L —LICEEINIZTXTCOFYED
A LATEO o DY E Z A A DB X B X CHBIRECE W~ - B XTA 2 i c L3 Cc& 5, L
L. SHY o Tnd 7 —% 7L — L4 white (ZEFHEZ &L 12 OZBH 725720, %D F FHANKLT
g L 12X12 oA/ 7 7 7 B3 A 28R T 2R c iz, R LICS v, T s
FA. ZZTCRHARCT—L2T7L -0 b4 0%IEL T, i< T 2,

> pairs.panels(white[c("volatile.acidity","pH","alcohol","quality")])
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28 30 32 34 38 38 3 4 5 6 7 & 9
volatile.acidity K
-0.03 0.07 -0.19 [
pH

0.12 0.10
alcohol E o
044 -

+*++memxﬂ+L quality

0.2 04 06 08 1.0 g 9 10 11 12 13 14

X 1 psych ¥ & — ® pairs.panels () BE CH v 72 80 X751 D4

HAFRICAEA TV 5 D BREFEE O, £ T IR 20FEEOBARK., £ LiZ=>0FEE OHBRE L &
> TWw5, BAKICH 2T 2 EMIIHEEEMCcH v . HEOBE Z a[fift L <v 5, fEHH.O 0 s FEE
ZIRLTW5, EABRE CHOTWw 213 LB E -, U RICH 20T 2 Bt loess “FELHIFR T x fil &
y BhOZEE D — ki = BfR 2R LT 5, P bR EA ISR WIS G, ZEEOBRITHRENIICE . 2 otHE
DI IIHBRBUC T 5,

1 D%é quality (74 v#0E LI X 2 WEHIE) Oz Rs e, 61— 255 Y Ml &y af
P GFHI XD I W A TH B Z L alcohol & quality DFHBEA 0.44 L &2 & | BERERE & SR 1355V B OB
THhHrIREBRZ 5,

AFEFE T DXy 7 —TH b PerformanceAnalytics % T b AR OBAKIITH i 2 23 TE 5,
> install.packages("PerformanceAnalytics")

> Tibrary("PerformanceAnalytics'™)

SREIT% /DRI {13720, T RTOEKICE T 3 8T 2 fifvCT A 5,
> chart.cCorrelation(white)
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02 02 0 30 &0 0 150 05% 1.03 02 03 3579
L1111 Lirliil L1111 L1111 L1111 0
3CidRy 444 A& ki k EEE +hE EEE EEE i ﬂ
- 0.28 = == m— [ fulerd .43 - e 4 -
— =
[:] flle 2Kk EEE EEE EEE Edk LT - * * LT EEE
o = == P = P - - 2 am
™
= n]
aeric ackd TR *h* EEE * &4 *h* TR EEE hk I~ =
[ ma [ ] oS am 2 P = :
9
JouzEl sugar —_— P A ok s - R ddk =
= == 0.2 040 | .84 s - 045 ==
L
] (o]
chilonides * 44 * 44 *d & AR AR wHEE o
om 020 [ 1 T e 03E az -
E o
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=2 i kol - o TR R o
= = 062 0.25 - 22z 05 o
]
a [l fgiitar dhok &% & H FER ka2
0.53 - v 0.45 ar @
=
densRy sk EEE R R
o o (=] _U_TB =031
o L= fre]
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=R [-] w12 (124 -
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= o o o ol *EEE oy
z o D44 F -
o = o
@ ofiRy
o
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K 2 PerformanceAnalytics »¥» % — ¥ @ chart.Correlation () BS% CH v » 7= B R 1751 D fl

psych »¥ > 77— @ pairs.panels O BEI$L & A CIEHRA & TN T2 25, 2PNV BRI DO 7+ v P4 4 X
DB DEMEDO KNz KL TH Y, —R L THBEZKZ WEGREZ RO 3w, *0o<z MR HED
BHEMBEIENTEL, REDAV Y P25 5, *OFUL. PE2A 0~0.001 D cHNiE ***, 0.001 205 0.01
DREITH AL ** | 0.01 2205 0.05 DETHNIE * | 0.0525 0.1 DR THILE . . ThLLRIFEAIE %2, C
Nx LTz, HWEETH % quality & OB 5N EEAKETHERE TH 5 & T AD% * **DHIR W 7 FHEE
2T AL L CERBIFRANTZIT) LW TEHE2EX 2 LR TE 5,

F 7oy BB S WAL Z & IV AEE L TR L 256 S ELREOMERE L2 226, »
TN —HEARRHICT LW H#%2EZ2 228 b TE 5, ZEMLHIEL T, BEREOESWHEBIO 72 © 1 b))
REBDODEARELZY ., RBOAEWRLDONIBRTHZ, ZhzHiE 2. SO5GTHNIL, density &
residual sugar @ 2 ZEUC DWWl Z DHBEAS 0.84 & @720, LEAME % [T 2 72 density ([JEHE 3
I residual sugar 72 % $£MH 3% . free.sulfur.dioxide & total.sulfure.dioxide @ 2 ZHITDWTlx, Z OIS
0.62 L E\W7= 8, free.sulfur.dioxide % £#H 8 31T total.sulfur.dioxide 72 1} 2T 2. REBEZ LN,

Lo, ZENER =274 VOERE L TIRTOLREZ MR E LTI L CRlRMr2iT> 2 &icd 2,

ET —4y bETR T =21y D
TR T — 2T AT —RICHET L, HEIOHRIEFIE: 7R =82 73kl i L%
WV, ZZTIE, 4898 D5 B 3,750 2T — &, ROV ET AT -2 LT 5,
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> set.seed(101)
> train_sample <- sample(4898,3750)
> white_train <- white[train_sample,]

> white_test <- white[-train_sample,]

ET —RET AT —RDEEROMER
T —2 2y beT R T =%ty MCREIR, TN ZhoT—4+ty Mok 3 quality DFLiREHE S
MEHEER L. DEINEIETH b 0 fiERT

> summary (white_train$quality)
Min. 1st Qu. Median Mean 3rd Qu. Max.
3.000 5.000 6.000 5.887 6.000 9.000

> summary (white_test$quality)
Min. 1st Qu. Median Mean 3rd Qu. Max.
3.000 5.000 6.000 5.847 6.000 9.000

> hist(white_train$quality)
> hist(white_test$quality)

Histogram of white_test$quality
Histogram of white_train$quality
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BiHEfE D22, AT -2y P T AT =&ty bCTRCWE 2 EBHERINT,

EFILDIE

11 OFFEE 2 AR SE0 225 10) 2 EEAK L T2 ERARET AV EREET 5, stats Xy 7 —VICEHEZE
N3 Im() Fﬁﬁ%ﬁﬁb\é (Im; linear model), stats Xy 7 —FTF 74NV P TA VA F—ALINTWBITTTH
258, bLA->TCTOARWESERUTOEEYf v A b=, B—=FF 35,

> install.packages("stats")
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> Tibrary(stats)

stats Ny 7 —VICEENDE ImOBEBOE I T LB TH B,
m <- Im(dv ~ iv, data = mydata)
v dv AR GERIL 72w HRZEED
voiv TR (FREE) . ER oM ZERIE+ TOR W TN S
v o data:dv, ivAEREEEDT -4 7L — 4

¥ - THIDOEERD predict OB O I T LB Y TH B,
p <- predict(m, test)
v m: ImOBBcHlfi e iz 7 v
vVotest TAMNT—XEIBINTET X2 T7 L — L4

T ZTld. white_train 7 — X 7 L — 4D quality Z{CELE. ZNUND TR COLE MR L 35, M
SR+ THEBOEAR 2 2 3T E 28, WRAEBLANO TR COBKEEET 251k VA () TRH
T22E0TEL, Thbb, TO DL 2)IIFRLCEKTS 5.

1) JSTZEE AN D 3T X COLER % +TDO 7\ T~ % J7iE
> white_model <- Tm(quality ~ fixed.acidity + volatile.acidity + citric.acid + residual.
sugar + chlorides + free.sulfur.dioxide + total.sulfur.dioxide + density + pH + sulphate

s + alcohol, data=white_train)

2) M EBLI O TR ToEK ez ) A () TRET 27

> white_model <- Tm(quality ~ ., data=white_train)

AT — 2 ic X 2P HOME., LD XS REFET ALK N7z 20 1d summary() BIEICTHIZ Z L3 TE B,
> summary (white_modeT)
call:
Im(formula = quality ~ ., data = white_train)
Residuals:
Min 1Q Median 3Q Max
-3.6130 -0.4941 -0.0305 0.4586 3.0854

Coefficients:
Estimate Std.Error t value Pr(>|t])

(Intercept) 1.337e+02 2.055e+01 6.506 8.77e-11 *¥*
fixed.acidity 7.103e-02 2.344e-02 3.031 0.00245 **
volatile.acidity -1.856e+00 1.305e-01 -14.222 < 2e-16 ***
citric.acid 3.057e-02 1.106e-01 0.277 0.78214
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residual.sugar 7.590e-02 8.360e-03 9.079 < 2e-16 ***
chlorides -9.178e-03 6.445e-01 -0.014 0.98864
free.sulfur.dioxide 5.388e-03 9.748e-04 5.527 3.47e-08 *%*
total.sulfur.dioxide -2.934e-04 4.328e-04 -0.678 0.49788

density -1.340e+02 2.086e+01 -6.424 1.49e-10 ***
pH 6.729e-01 1.188e-01 5.662 1.61le-08 ***
sulphates 5.716e-01 1.139e-01 5.020 5.40e-07 ***
alcohol 2.202e-01 2.665e-02 8.262 < 2e-16 *¥*

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 “ * 1

Residual standard error: 0.7527 on 3738 degrees of freedom
Multiple R-squared: 0.2831, Adjusted R-squared: 0.281
F-statistic: 134.2 on 11 and 3738 DF, p-value: < 2.2e-16

Intercept (VJF) & 11 OFFYERICO W T, fREFHRE O THIE (Estimate), fFHEGR7%E (Std. Error), tfH, P
EAMHERTE 2, 72, *O T, T OFHEOAEEZRIL T 5, PfE2 0~0.001 DfEfCHLIE ***, 0.001
25 0.01 o cHE ** | 0.01 225 0.05 DI THLIE * . 0.05 25 0.1 ol cHE . . DL ITEE
L%, BIZIE 5% e HROKMEL (R 256, ** ** OHB N2 REESHWARTH 5 quality ICEELEZ S
ATCW3 ERTE 5, ZDI3h., (R volatile.acidity 25 1 HA7HE 2 2 & quality 2% 1.86 T 235, alcohol %23
1E L2 % L quality 28022 E232 2 & &8sl 5,

3, fREERE D THEDO /N Z B L €, COREEFHNAR CTH 2 MER aTICREREE L5 2T
WEDEHEMTAILIITERY, ZNIE, TOT —ZICE W THHEOM T S 2 HoHHA Ak E L B o
Tz, ZHZHHMAARL 720 LT 2720, BICEEDO KNS TE W2 LM TH 5, 2D
X5 e LizvEEIE, SIALRKEEE L 725 2, BRI 21T LEXH 5, EELINZT —X
ICED W THEEIF T 21T o 72356, 15 5 1 2 R R R EUS BRHER R R E L MRIEL, 2 D R/MBEIFRIC X o T
HIZEBICKRE B e 52 2 FEE AT e Tti 5,

7272 L. REMRE (Multiple R-squared) CFf#E% AR EMREL (Adjusted R-squared) % R % & 0.2831 < 0.281
7o T\nb, ZORBUZ02S 1 OHIFAOEEZ & D, T VICHAANTFEEOSENIC X > THIWE KO
BASATE 2EAETL TV, 0.2831 TIRIET — 212 X 228 (fitting) DI T 28.3%F2E L 230 ©
ECWnAWnZ el b, Im()id linearmodel fHEET A TH b, A TH % il L EIEE R O IR
REREL TR0, KRB CTRVLEAEIEIFANS T2 %, SN Z EF 57201, MyZBontix &
THNEZFRI L 720 0 DZ e O TN L CIERMIOEDS T 720, R EDRILE O ZEZ 555, 22T
T bR,

T7IL OB
TAMTF=2IIH LT, JIHFEAETAZEEL CWEZ THIT S,

> white_pred <- predict(white_model, white_test)
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ETNVOURERHli D720, £ T MCHEED W TTHIL 72 SE I & 1B o & E RHliE & OB % Sk 3,
> cor(white_pred, white_test$quality)
[1] 0.5213139

HHEAIZ 0521 TH Y, 2 EEL BWfRE WR 5, F72. MHEAIC X 25l & 13N, THIE D IEME 2> &
COMEHN TV 20O BA»bETVOWRELFIT S22 b TE S, T 0O7kDIFEHHENREREK
Mean Absolute Error function % € L. #XFRAE%Z KD 5,
> MAE <- function(actual, predicted){

k. ERD+L 51387 LT3 b DD a— F Ak
FLTWAZ R RdTHALIRILTHE, a~v/F
ANHFIT, DT I+ELFE2ANTIHE TR0,

+ mean (abs(actual - predicted))

+ 3}

> MAE (white_pred, white_test$quality)
[1] 0.5853907

EFADOTVHNE & IEMRO SEFIE DMK 0.59 TH B, WEHOREN 0 556 10 THEILx5LFZ 5D
b ZDETAEETETOHRREERZ TR LTCVWE EEZ B,

SVM B\ - ETILESEE

BUHTHBRR7EY, T & X X7, Wine QualityDataSet D5 bHT7 A4 V7 —Xty FZFHL T, 11
ORI AR EICE OB CRER a T 2 HET 2B AEETAEMET 22 TH Y, HAID Y 2H oM
METH D, KAETIE, TLITY XL ELTSVM ZHHL 72T AEEEIT S,

T — 8 DX
SeoEhllGde s v EZ R LT AMEEOBRICHEE L 727 — % 7 L — L4 white ZH\» 5,

T —Xty hETRANT—4ty FDODE
EOMIHER T F AL 2 L 72 £ F AMEOIIC, F— %2y FORHET TILfTo T3 kb, Th AR
3%, 7T —% % v + white_train, 7 A+ 7 —%-+% > b white_test TH 5,

EFILDIE

11 OFEE %M ZE. SE 0 25 10) 2 /EEEE L 3 5 [HlEE 7L % SVM(Support Vector Machine) % ]
HLTHET 3, kernlab Sy 7 —2 D ksvmOBEEZH W%, £9. kernlab v 75—V %A VA —, o—
N5,
> install.packages("kernlab")

> library(kernlab)

kernlab »¥ v 77— I EE NS ksvm OB DOESCZLU T D L B Y TH 3,

m <- ksvm(dv ~ iv, data = mydata, kernel = “rbfdot”, C = 1)
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dv fEIEZe 5 (HEHI L 7= v HIZEE0
iv MO (FrE) . R OHIAR T+ To%R W TIN5
data: dv, vEEEZEL T —&2 7L — A
kernel: “rbfdot” Gaussian RBF, “vanilladot” ##fE 7 &
C:axb VTR =VVDRFAT 4, RELTDZLEw—V VRS

AR NEENEE NN

¥ 7= THIDOERD predict OB O IZU T LB Y TH B,
p <- predict(m, test, type = “response”)
v m: ksvmQOBAE Il T v
v o otest TAMT =X EIENTET 2 T7L— L4
v type RV {ED X A 7, Tl ("response”) 2> F IO KT DHEZR ("probabilities”)

Z ZCld, white_train 7 — X 7 L — 4 ® quality Z{EIBER. ZNUND T X TOLER ML R L LT, SVGM
ETNADFEE TS, 1—F 1% Gaussian H—A L, 2 A MIT1 LT3,
> white_svm_rbf <- ksvm(quality ~ ., data = white_train, kernel = "rbfdot", C = 1)

HEAETALDANT A =2 LET VOBESRIICET 2HRMITETT AR ZEELEATIT L2 LT
ST s zenTE 5,
> white_svm_rbf

Support Vector Machine object of class "ksvm"

SV type: eps-svr (regression)

parameter : epsilon = 0.1 costC=1

Gaussian Radial Basis kernel function.
Hyperparameter : sigma = 0.0813307429562604

Number of Support Vectors : 3239

Objective Function value : -1727.689
Training error : 0.520094

T 7L OMERET
TAFT =2 LT, FIFRFEAET VEEH L CREZ TRl 5,
> white_pred_svm_rbf <- predict(white_svm_rbf, white_test)
> cor(white_pred_svm_rbf, white_test$quality)
[,1]
[1,] 0.6177452
THIL 72 80E & IEfRSE & OfEBIIX 0.617 TH Y, BOERFEET ALY ENRTV S,

22 /29



Hhihid Y E (3F)
MR IO W T H IR L TH <,
> MAE(white_pred_svm_rbf, white_test$quality)

[1] 0.528741

H[AJFE T DM 0.58 L D bWFEINT W B T &R I NI,
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B LFE (RoThlR) BEHA R

RRY

Iris Species Data Set  (http://archive.ics.uci.edu/ml/datasets/iris) 1% 3 FED Iris (7 ¥ X) % 50 fll{kic>
W, Sepal (35, #3<) ORI LR, Petal ({EF) ORI LIRZFHHIL R 2 T L 07T —X &y FTH 5,
Iris Species Data Set (& R ICHEWTIIMAART — Xy P& LTHEINTE Y, strliris) TZ DT — X it %
T DB TED, 1 {7085 20FEHH»H7 Y, 1 R &IC Sepal.Length, Sepal. Width, Petal.Length,
Petal. Width, Species 28I A T\ %, f{%D Species & Iris DD Z & TH Y | Iris setosa, Iris versicolor, Iris
virginica D WIFN»TH 5,

DV FEEDO 2R DYG, FORI LES X CERFORI LRI T ¥ X OMBEZHNT 5 €7 V2 HEE
THLHRHE YD, T DFRIC Species AT — &2 & LTHWS, LA L, ZZTld Species ZHWFIC
BORILEH LT ORI LWHOT ¥ ADOFRHEZ L FICKBTE 2 X5 P BOAGRER L KD 5 2 X
I HEZ D,

TDRRAIE, KKDOFHHAZEMD 4 KT THEDICN L, 2N XY BIEWRITT, 72 & 2 ITEKLEE 2 5 TR
bILE 2RITOFEZEM%ZRD 5 2 L b, RITHIK L FEIEL 5, RITHIERIZ. Species @ & 5 RIEfigT — 2 %
HAwinizd, Hhiz LEEO—MHTH 5, REETIE, XTHIO FiEE L TERD 2D,

T — X DA
M Zuo 27 b (a2 PV &iTins £9%) 235 BT HHARAZ Y 7 M EBWTE L, Iris Species Data
Set 1. RICIFMARAAT -2ty P LTHLPLOHEINL TS
str(iris) TZ DT — X HEZ R T 2 2 LA TE 5,
> str(iris)
'data.frame': 150 obs. of 5 variables:
$ sepal.Length: num 5.1 4.94.7 4.6 55.44.654.44.9 ...
$ sepal.width : num 3.5 3 3.23.13.63.93.43.42.93.1...
$ petal.Length: num 1.4 1.41.31.51.41.71.41.51.41.5 ...
$ petal.width : num 0.2 0.2 0.2 0.2 0.2 0.4 0.30.20.20.1 ...

$ Species : Factor w/ 3 levels "setosa","versicolor",..: 1111111111 ...

500ERERO 150 KD T — 200057 —2 7L —LTh %, 1{E{AZ &I Sepal.Length, Sepal. Width,
Petal.Length, Petal. Width, Species 231 A, C\» %, Species 1% 3/KED KT 7 b LTH Y KHETZ L% 1L setosa,
virginica, versicolor TH %, 1 FEFHICD T 50 fil{k7 & 72 5 & & 21 table(iris$Species) iIC X W DD S 5,

> tabTle(iris$Species)
setosa versicolor virginica
50 50 50

272l 2ZTRBORILIES LCTERFOR X LIE & v o Z5HIMET T 2 b DB O AR % kD 5 Z Lo
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HWCcH b, ZD7z®, Sepcies (5%H) 1378l TH <,

> iris_data <- iris[,-5]
> iris_class <- iris[,5]
> str(iris_class)
Factor w/ 3 levels "setosa",'"versicolor",..: 1111111111...
> str(iris_data)
'data.frame': 150 obs. of 4 variables:
$ sepal.Length: num 5.14.94.7 4.6 55.44.654.44.9 ...
$ sepal.width : num 3.5 3 3.23.13.63.93.43.42.93.1...
$ petal.Length: num 1.4 1.4 1.31.51.41.71.41.51.41.5 ...

$ pPetal.width : num 0.2 0.2 0.2 0.2 0.2 0.4 0.30.20.20.1 ...

7 — 2 O HEET 2720, HARGEL summaryOBIE TR D 5,
> summary(iris_data)

Sepal.Length Sepal.width Petal.Length Petal.width
Min. :4.300 Min. :2.000 Min. :1.000 Mmin. :0.100
1st Qu.:5.100 1st Qu.:2.800 1st Qu.:1.600 1st Qu.:0.300
Median :5.800 Median :3.000 Median :4.350 Median :1.300
Mean :5.843 Mean :3.057 Mean :3.758 Mean :1.199
3rd Qu.:6.400 3rd Qu.:3.300 3rd Qu.:5.100 3rd Qu.:1.800
Max. :7.900 Max. :4.400 Max. :6.900 Max. :2.500

FFEBEOHMIZT TN Cem TH 5, WY B 2HEOFFHAIFHAEBICL > THEVRBRL L Bbh %, b, bl
TN 2 ERG 00T D 72 0 DEARL prcomp)iC 514K scale 235 0, 7 — X DEEHEAL S L 22545 13 % DIRFIC
scale=TRUE #{gETNIX L. &5 2 U OEHENCOUH AT 5 BEIT 70,

TFILOFIE

F G530 D FEE preomp OBEZ T3~ %, prcomp() i stas ¥y 77— ICEHENTE D | stats Ny 7 — Y H
KRAVAF—ABICTF 7L FCEHEENTVS, BY7= 5 RWEA T install.packages("stats") L T
library(stats) 3" 2LiF & W,

stats »¥ v 77— @O preompOBIEIE. FIBUCHICFERG AT ONRE 55T —2 7L —o%xf5ET T AT
B DA, scale 51#(% True ICIRET 5 &, E¥ERAELZ 1 & T 5158 E1TH 2 L 23A[RETH b, scale 5IE % f5
ELRWEA, 7740 M (False) &7 b, B fbizfrbndhoft CF9% 013 284F) Z0{Tbis,

pca <- prcomp(mydata, scale. = False)
v mydata EEDTTONRERET 271 —L4
v scale &7 3 v, True I 8E CTHOWEIICT — & %L+ 5, 57 4 b 1T False
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preomp() DFE D {1, EHASMF OWHAMM S NzA 7Y 2 7 TH B, KO & 5 IR A RS <
LATE B,

pea$sdev : TS OB (FEAM - MBS D B H D F /1)

pca$rotation : 2D A i &1 T

peaScenter : FFRUEIIC 1) 2L 7 — 2 Db, HHFHTIC 2 A HT — 280 5310 TF — 2 F A

¥7RLTws (Rt

peapscale : AL L 7 3 1 BEE(LIC FT U 7o BEHE( 22, BEE(L L C Uo7 V13 FALSE

pca$x : EEG AT, HOMft FBE L 7286 135HE{L) S 4. rotation {74 ClHER X L7z 7 — &, cov(x) X

BHATTI & 75 5.

prcomp() D —F[#KIC iris_data 5 2 CERDOWTZ1T 5. HFib CEEZFESICY 7 ) ZF2T5856
ZA 7> a v scale IFFEE L 72 T (False), V9% 0 1c, HHERAEZ 1103 258217 5 51T scale.
True Z45ET %, WY 2 HOHHPFHERIC L o TRECE AR 256, BAPEL 256 1IEEL 21T
IRETH 2, TITIHELLTH XA, FELL 25E06%RT,

> irisPCA_st <- prcomp(iris_data, scale. = T)

T 7L ORI
ETNDOMWREEHEI D 720, FRIIHTHERICO W T OEFMOBMEMN S N7z A 7Y = 7 b irisPCA_st T~ 5, i
ROMEIIR Y EICHF % summary() CHEZE TE %,
> summary (irisPCA_st)
Importance of components:
PC1l PC2 PC3 PC4
Standard deviation 1.7084 0.9560 0.38309 0.14393
Proportion of variance 0.7296 0.2285 0.03669 0.00518
CumuTlative Proportion 0.7296 0.9581 0.99482 1.00000

$ 1 EBSrPCH 2 LIHICHA TE Y, FEBDICTNT 2 EHERE, F5E, BDEFLZEIELCE S, 5
DEEH 1 FWT L TTT — X DOHED 73.0%243, 5 2 FIE TTI58%BHATE 3 2 L FmAING,

¥ 72, screeplot OB % i 212, EOHONEE 7oy P LT, YOERS T CHRATHIEET AL+ %
AN Z RO RENICHR T2 b TE S,

> screeplot(irisPCA_st, type = "Tines")
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irisPCA_st

Variances
15 20 25 30
| |

1.0

00 05
I

En B F e
F1ERS (PCl), %2 55 (PC2) ofliacbEdIns T —2% EFICHHATE 3 X5 AR OMIC
ofméﬁ\ﬂﬁl%ﬂwfﬁattwoaow RCIR b D %R CPHD Cfw R BfEKIT, 7Y
SRS FLADHETCE LT Ao TR T EBRET LW,

TR A 2 7T irisPCA_st$x i LT\ 3
> str(irisPCA_st$x)
num [1:150, 1:4] -2.26 -2.07 -2.36 -2.29 -2.38 ...
- attr(*, "dimnames")=List of 2
..$ : NULL
..$ : chr [1:4] "pC1" "PC2" "PC3" "PC4"

> head(irisPCA_st$x)
PC1l PC2 PC3 PC4

[1,] -2.257141 -0.4784238 0.12727962 0.024087508
[2,] -2.074013 0.6718827 0.23382552 0.102662845
[3,] -2.356335 0.3407664 -0.04405390 0.028282305
[4,] -2.291707 0.5953999 -0.09098530 -0.065735340
[5,] -2.381863 -0.6446757 -0.01568565 -0.035802870
[6,] -2.068701 -1.4842053 -0.02687825 0.006586116

150 fT45DF —XTH Y., TIEET —XE, WEZFDTF—Z2EOE 1 EED 2 OIEICX7-ERDy A2 T
Th b,

B XE DO 720, T—2 7L — LA L 72D %, Species ZR L Tk <,
> z <- as.data.frame(irisPCA_st$x)
> z$Species <- iris_class
> str(z)

'data.frame': 150 obs. of 5 variables:
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$ pCl : num -2.26 -2.07 -2.36 -2.29 -2.38 ...

$ pc2 : num -0.478 0.672 0.341 0.595 -0.645 ...

$ pPC3 : num 0.1273 0.2338 -0.0441 -0.091 -0.0157 ...

$ pc4 : num 0.0241 0.1027 0.0283 -0.0657 -0.0358 ...

$ Species: Factor w/ 3 Tevels "setosa","versicolor",..: 1111111111...

B2FERNETCEEEL AN E LCplot 5, 22 TlE, HEHET 4 75 ) @ plot XY b #EE plot %
LT EHBTE S ggplot2 Xy =Y %FHT 5,
> install.packages("ggplot2")
> Tibrary(ggplot2)

ggplot OB 1 518Uc T — 2 7 L — L& 85E L. 5 2 5180 aesOZ FI VT x il & y BiICELY 72\ BS7,
ZZTIEPCL L PC2ZIGET S, THICK Y IMEFEHABEINS,

iz, +geom_point)ZFEET 2 Z & CHIEFFEICHZEH T2 2 L3 TE S, Z DL, aes(colour =
Species) 5 ET 2 2 & T, TYADMHBEICIG L THOtR BT T B I LRTE 3,

> ggplot(z,aes(x=PCl,y=PC2))+geom_point(aes(colour = Species))
> ggsave(file="pca.png")

oo, Jt7—4% (iris) O 48> SALE D 2 241 (Sepal.Length, Sepal. Width) #:#A 72354 O B X
i<
> ggplot(iris, aes(x=Sepal.Length, y=Sepal.width))+geom_point(aes(colour = Species))

> ggsave(file="original.png")

4.0-

35- :
Species

setosa

®  versicolor

Sepal.Width

30- s s . virginica
25-

20-
6 7 8
Sepal.Length

3 AYVIFAT—EZhLERD 22 EATHAAN
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Species

setosa

PC2
o

®  versicolor

virginica

5 0 2
PC1

M 4 FEO9H# PCl & PC2 v 7=8H K

FYVYFNT — 2% HOCTEYBITEA T 2 55 TRV 7280 X T b setosa, versicolor, virginica (3% 412 #L[E £
STHELTWS, L2L, 24b 3 % Sepal.Length OBl ¢H T3, Sepal. Width o iifi¢ & C & ##fE 1c 47Hff
TEZ )T\,

TNITHR LT, B 217> T PC1 & PC2 CTHiW=8AT X D56, PCL HlA7Z T TR 7Z5E T setosa,
versicolor, virginica X 3BfCEX 25 ThH %, 2F 0, FH 1 D PCl A3 o0l Z 5kl 3 2L > Twb
LSR5,

nE, PCl IO A LD X HICHR L 72EE & 7 - T % 2013 irisPCA_st$rotation F iy B =Z (T4 %
Riidbd 5,
> irisPCA_st$rotation

PC1l PC2 PC3 PC4
Sepal.Length 0.5210659 -0.37741762 0.7195664 0.2612863
Sepal.width -0.2693474 -0.92329566 -0.2443818 -0.1235096
Petal.Length 0.5804131 -0.02449161 -0.1421264 -0.8014492
Petal.width 0.5648565 -0.06694199 -0.6342727 0.5235971

Ihick s e, H 1 £ PCl 13 0.52 *Sepal.Length -0.269 * Sepal.Width +0.58* Petal.Length + 0.56*
Petal Width THE I LT\ 5,
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