FRAE TR 2 5 S ORI AL > TR b i = AN B ), e 5%
B 7R ) I A B AL AT I 5 0 — AN S S8 ) S P R DA S 8 1 i e R
P A RRAE . AR PR T AR B R AE Y S B AR RO TR, FEERALER R
VL Z G R TR R s B A PO TAE T .

Rof A R AT DA fige e TR g R AIE 2o 22 17 4 R B RE A AR i L KA ]

HLES F SRR S H0H Wi R, —FloE MREA T 2 15 315 5 —Fh eIk et 1 345
B, TENRBE . T NN BE WS EFR R S8 (Hyperparameters) , Uil k-means 5
B R (H AT SRR R 1 2 U0 L BE L AR AR VE T R I R A AE  E S B  h A
T ) T2 PAHE 2 68 2 500 TR0 4 b AR e S R T 7 AR AR R R R, R S RO A R T4k
oA R0 A R S5 P 1) R S B L R

5.1 $1ETHRE

FEAE TR 9 BRI S 9 JU 6 K ds rh B 3B R I 2R 1 5 8 R AR . AR AR 1Y
S WU [ A R D AT O o AR TR AR AL A% o ) o A TP i 7 B AR T AN 5-1
BRI GRAEAAS G a4 AR TR 3 B HE 5 o A R AR R AR i A, RO I R LA A
I A e A () A R A TR R A R A Y R R 1 A e AR LS L A5 3 S
iR,
JSN N R (7 e Rl P Y U R I S I =l 1 B U I B N e R G B e
R AL S BOAH O A 5 B 2R 1Y . — ook U 75 25 50 AN R L A s, e B T 5 g AT
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(i frm )

tiECE | | sy |

™

LA il

FHIE LF

| s -l s |

oy

51 FRAE T RRAEALA 5 > b AR b i o R e
PRAL e A5 B BRA L 9K 5 33 T U R T AT S B A IR AEL L AR Ak B KR 48 2 BCH R AL .
IEAS I Jir A 32 B Ok 1 AR 0 S 2 0 RS Y 0 A G TS Bl 38 R G B 45 5ROk X
o .
TEBL & 2% 20 T o FRAE 4R U AR A AT . X T SO BRI S A A B
N AR BURRE AR5 RMER S0 . S TIESR I MRCR . AT TR Z2 0 ok SR e AT Y
FRAE, 2O AR E B i L =R 3 T BT A, DA R, A SRR AL B BRI L R
O3 A5 45U Y 1 Sl AR IBURRAE B 5 BRAS T A R R B, R A ML o 2D Y — A T G 3
TRIE 22 >) (Deep Learning) . 1F K TR B 2% 2] A9 E &, HLA% 2% 2T 19 0 FH T DA R Ry B A1,
AR T TN . A REE TN SR 8 Tl 1HE,

S.1.1 Bdis ks br

1 BVFEARUE 5 e B s 1 SR DL AT R 28 4 B . 43 T B B SR AL, —
PR AR 22 B0 HEAT AT TR 1Y D SRR PR, N A T AT A R B 0 4 L RS
BN BCHE HEAT TR GE Tt 2 B B 28 000 40 A Oy S8 AE 55

T LA SR A8 S A A A o B AR S A o A R AT R ), R R T
Pandas J ) —SE R %,

1. EFHE

Pandas [ H1 (9 head pRBUHIR S H 35 B4 57 1 T 00A9 K8l . T DL Ok & B Bolls 3=
8 ZHL SR ER o R o s (AR B e i AL ACRS 5-1 FR BT 4 47
REG 5-1  BIE 2 ARG CBIRIERR. ipynb)

1. >>> import pandas as pd
2. >>>df = pd.read csv('E:\mlDataSets\o2o\ccf offline stagel train.csv')
3. >>>df. head(10)
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L _id | Merchant_id | Coupen_id | Discount_rate | Distance | Date_reckived | Date
0| 1425408 | 2632 null nadl o null 2016017
1| 1439408 | 4553 11002 15020 1 20160528 el
2 1435208 | 2632 L] Fed | o 2saT full
3| 1435808 | 2632 oTe e i} spl2axh )] rull
| 1430008 | 832 a5 bR o 20180813 il
B 1425008 | 2632 null el o sl 2E0E
| 142508 | 2632 Bsa 201 ] 20180516 20160613
T 1EaR24 | TE0 020 L 20150429 frll
B| 2039232 | 3381 199 0020 1 2060129 nul
4. 8| 2029252 | 450 1532 s i} 20180530 rall
5. >>>df. shape
6. (1754884, 7)
7. >>> df.describe(include = 'all')
U _ia Merchans_id | Coupon_bd | Discount_rate | Cistance | Date_recerved | Date
count |1 TE4ESde05| 17548580406 | 1750854 | 1754884 1754524 | 1754884 7484
wnigue | P Han gra 5 12 168 15
top  |man tiad ml nul o sl il
treq  |maM NaN Touecz | roveaz E2RO70 | TENA0Z STTE00
mean | 353505506 | & DIEB0Ee+03 | Nak HaN Hay Pt Mt
" 2108 | 2 S350 he+00 | AN HaN Han L] L L]
min |4 000000e+00 | 10000008400 | Nati Na HaN at Bty
2% |1 Eas0E2es 05 | 1 SE30008+03 | MaN HaN Had FaM LU
B | 3 5Sua4Rae 08 | 3 32000803 | MaN NaN HaM L] mant
THR |5 528TS0e+00 | 6 3200008400 | HaN han Had rean MY
maE | 7351092e-05 | B 8560008403 | Hal Hah NN Mad L]
9. >>> df. groupby( 'Merchant id').size()
10. 1 14
11. 2 11
12. 3 18
13.

14. 8856 250
15. Length: 8415, dtype: int64

2. HIRYHE

45 5-1 HAYEE 5 47 . ] Pandas JE Y DataFrame X} 419 shape J& 4 2 & 504 48 7% .
AT DLE B B A 1 754 884 AT 84 (S L AT 7 AR B PE) . i ik e Ee,
AT DL S 0 ok A — A KR TR

3. BES&IT

ARHS 5-1 SR 7 47, 1 describe T IE M BAR 2EAT T G, %07 A T RUE Y 1) 51
25 VMR Ao /ML I OR A AR HE 22 VBU/IME R B VBRI SR e R AR . fE I Bl KU
TR FIE P ID MRS P 1D, HGE it 45 r 0 A 4 5 B SR T DL — T Hide R
(L R /IMEL o AR AR i 80 50 {1 A e e 2 1) DR /N6
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Xt X AL B D 45— A B AR S R B = A ST R AR . W Discount
rate, — 3047 46 A —HE A H B, Ho i BB 2 (192 null, — 3BT 701 602 1K

4. BEREHEENS |

A5 5-1 g5 9 47, HH groupby J5 ik A B RN s B 43 2R . AT LR B X T
Merchant_id 51, — 34 8415 ARG P, A1 P OTH F i SR AR BCER A ok T

5.1.2 BdswTife
B T AP S LA R xR i LA L B B A T RRAE
1. HERES S

AR B BBOEL 20 A3 195 B0 T LA R 23 A e AR 4R 1L B 2045 8 . F T DU 0% R B P i A 1
RN {51 R i KR 3 A P MCRE AR B AT R A 20 A B0 s 1 URS LA 5-2.
KB 52 $HEBUES 5 AT L 4L 7R B (B4R AT 4L 4L ipynb)

import pandas as pd

df = pd.read csv('E:\mlDataSets\o2o\ccf offline stagel train.csv')
dr = df[['Discount rate']]

drate = dr[dr.Discount rate != 'null']

def calc _discount rate(s):
s = str(s)
s = s.split(':")
if len(s) ==1:
return float(s[0])
else:
return 1.0 — float(s[1])/float(s[0])
. drate = drate.Discount rate.astype('str').apply(calc discount rate)

W J o0 U W N

I e S
g W NP o L

import matplotlib. pyplot as plt
. plt.hist(drate, 20)
. plt. show()

400 000 -
350 000+
300 000 -
250 000 -
200 000
150 00
100 000 -
S0 000 -

1]

18. 02 03 04 05 06 07 DB 09
19. drate. hist(bins = 40)

20. plt. show()

=
< O
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400 000
350 000
300 000
250 000

150 000
1040 00

30000

|_l if
21. 0z 03 04 05 06 07 OB 09 10

S A AT B BYTR O A ARG . PO AT B I R O 2 T 5L B 6~ 12 AT X —

A BRBCR TR R,
%5 16 17 H pyplot AY hist F 32, BTN R EETE R (0~1) 48 20 554, X & —5F
A b B BUE A %cm 15 A

55 19 17l DataFrame 9 hist J7 300 B 5 B &40 T L ik, XK &SN 40
L
A RLE BP0 R B0 T IS A6 L IFRL0.9.0.85.0.95 .
B FEAEE 5 A L 38 BT L gk S FE AR L AT A AT 462 .

2. BHEBITIEEHERENXER

FEAFFEAE 5 FEAR AR B I R RS = 2 o 0 iy Ffg . AT AR T DL E
XU 2 30 285 AL i 5 R i (L 1) A8 Ak 1 A2 Ak B 1 O

FEAE B OB 53 o B BN S 22 P 2, Rl RE AR 2t o M B HERGE S 25, 2B 5P
PR B R Y AT 5 AR 28 R iR S AU . FE O AR S AR AT o S A R
22500, ] 2R A 5 3E 50 I8 (Mosaic Plot) © ke ] R0 4k B 1 28 45 AiF {8 5 B B8 bR 25 1Y
KR,

AT A4 75 B N WP 2 2 0 H 0T b S S 1R O R R AR . SR B B IR IE S
SR A B SR Z ) 5E R A AT AL, WARRS 5-3.
K553 BRHEFLEESSHEREXRARKL TG EITERTML. ipynb)
df = pd.read_csv(r'..\tianchio2o\feature offline_ inl5days_2018_01_06.csv')
from statsmodels. graphics. mosaicplot import mosaic
wk = df.is_weekend.astype('str').apply(lambda x: 'JA&K 'if x=="1"else '"JEJHK")

label = df.coupon apply.astype('str').apply(lambda x: 'FIZ#' if x=="1"else '"~NF")
mosaic_data = pd.concat([wk, label], axis=1)

o U W N

mosaic(data = mosaic_data, index = ['is weekend', 'coupon apply'], gap=0.01, title=u

SRR G EH IR )

@ http://www. statsmodels. org/stable/generated/statsmodels. graphics. mosaicplot. mosaic. html
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3

. plt.rc('font', family = 'SimHei', size = 13)
9. plt. show()

Eﬂim.ﬁ'ﬁfﬂmﬂﬂ#ﬂlﬂiﬁ
Hiﬁ 51 I A E X FF

10. Fal S(ZEF

% 2 47 M\ statsmodels. graphics. mosaicplot 15 A Mosaic ZF T.H, K TET
WLEE, FH SOk R R R FbR 4

AL WA S R B 25 5 AR TR R U 1 I B . TT LA R R SR
75 VUAR JA A 450 B 27 A% B 1 LE B RS AR — . IR A an 2R 43 R — B R H LR, 2 75 e %%
I Z I s5ee? B AT HAT T,

3. EZARHMEEHERENXE

WL 1% 2 U AiE 55 B BRI RS 28 19 G 2 L W & 18 (Box-plot) o X T B2 40, & [l i

S YIP S N )1 S A PR w6 2 SN o I S VA4 NS R IV QN L B VA L I 2 - S T SRR

fioR . Bl G R m oRA B o RO i R EB/INHEAE 1/4 BB AN H A O HETE P TE]

IR %, B o AL BCRHETE 3/4 BIRASB, T i o fe /R, B AR B & RS T
SR BB A oL R AN ES L o5 SM Ik Al DL ke B RS R B S R (L AR AE

100

L idpeg:

F (i 2

efifiz §l
F P {3 B

a0 .

Filifs

o Wil

Bl 5-2 & E R
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W VAT F0 R ], R B BB S A R U R 9 I R 5 A, WA 54,
R 54 HHBFEESEREREXRTANL RO (BT, ipynb)

1. df = pd.read csv('E:\mlDataSets\o2o\ccf_offline stagel train.csv')
2. df = df[df.Coupon_ id!= 'null']
3. df[ 'discount rate'] = df.Discount rate.apply(calc discount rate)
4. from datetime import date
5. def get label(s):
6. s = s.split(':")
7. if s[0] == 'null':
8. return 0
9. elif (date(int(s[0][0:4]), int(s[0][4:6]), int(s[0][6:8])) — date(int(s[1][0:
41),int(s[1][4:6]),int(s[1][6:8]))).days<=15:
10. return 1
11. else:
12. return 0% 15 K PASMHZ5R1H P AT, 4z [1] 0
13.
14. df[ 'coupon apply'] = df.Date.astype('str') + ':' + df.Date received.astype('str')

15. df.coupon_apply = df.coupon apply.apply(get label)
16. df = df[['discount_rate', 'coupon apply']]
17.
18. df. boxplot(by = 'coupon apply')
19. plt. show()
Boxplot grouped by coupon_apply

drscount_rate
1.0 = =
0.8
8
1K) o -
o -]
0.4 ] o
-] o
0.2 a o
0 1
20. [coupon_apply]

730 0 B A A R R o A A AL BT R L B R e A, AT LR L AT A I
I3 0 73 A1 TN 23 H— 6, R ORAE X T WA R 2 0 AT S iR

4. BERHEBITEEEZEBRENXERE

0 PR T LR ofe WL ¢ 2 BIORL R iR 55 32 6 TR 0 45 1) 5% 2R s R B 0 SR O B A B
e R BRI AR 23 S A i R — A & SRR I A A 23 S R & R — R L

% JE 8 (Density Ploo) t Al FR AT ARAL I OC 28 . 788 8 TR o, 8 A B A0 AR AT A
i — 2% M 2k, 2 A% M SOOCE — RS HEAT LS, N IRT 5-3 JTo . 0 B HIURR AOE (L 1 T 2 1 A A
B Ay 5 09 B 265 L 5 2\ A i g o 2 s 26 L 1 %6 JE

2 J3E 11 5 T T A A 0 PR 2L A Y A R B B O3 A 1 B AT LR RS BT
P X[ TG BIR 240 2 i 1B )~ T 2k
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.40} —— label 0
0,35+ === =[abe] |
0.30] —-—label 2
. D325t
E 0.20 o
- DSt i
010k ¥ 1|
005+ ST £ ik
000} —-—-—-— gty R
-0 =30 =20 -0 0 10 20 30

P 5-3 2 IR )

5. B BBUEEERRENX R

4 B RVRFAE 5 3% SRR 28 1 OC FR & 0 A i i 1A Oy 2 BIVRE A (B e N AR S TH
[ AE 7] K FH Matplotlib #1 Pandas 5 A9 scatter O pR%T,

5.1.3 Kl pikban

Bl WUk PR ) N A AR 2 HLAR 7 SR A B BOR [ (R B B8 . T w8l
HH — 2L DL A AL B

1. ARFES THBHENRE

A o WG AN AT U 2R T B AN R Ik 5 AR 2 (EAT SQ IR OC AR L I R i A A BRI 4R
11755 5 25 AEL T 5 A RS A, DU R 322 R B 75 DU 2> F 4L A 2 ]

R g ME— B BIAEAS TD AR AL J& TR AIE , 75 2845 57 . D0 B IR A 4 T 100 H v A3 26
1D, 7352 P ID FIRG P 1D, 3K 28 1D AN J& B EACHE — 4, i LR 46 02 TCALRHE

XF TR IDL RS RT 1D N2 BRAZ 6 45 SR A 5 DR 45 7 7 i AT I A B T B —
BE o T LMEAS R R I I S DU AT S S TR R E B AR
BB AR 2250 . 08T P 1D, AR AT RLGH5 3 T - SR 2 27 5 B R RS . AT DOWLEE
PIZE TD X T 45 % A7 520, BIR 75 2 A UL

A B AT LA B B AR Y B R RE , RS 4-12 PSS 10,11 470 BEHL AR AR
LT A5 R AR A EE AR

TERFAE 8 25 AN R R b, A7 I 5 BP0 T 8 S8R B A R AR L 7R I 2Rt
RCER BT OLT 7 ZH

2. MGG

A LEREA B RRIE 2 0 AR . BRI R TE — R A BBA WF A IRASME . 1A
AP B G 5 5 o X o SR AR UL A 2 % T 3O B n S e v o3 ) R Ol 1,0,
—HE TR AR RN O 1.2.3 A5 (H R B RO D R SR AE A W L T JEUOR Y 23 2
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FAE R ARITN .. WA R A Z R EATM 25, W Sk BREAR M E L, i, Bt
GBI 1.2.3 .4 SR gu i st L SR AL 2% 2% 2] Sk 2 T T ) L R S — BER
PEZ IR BB R 1,00 —PER = BE Z M A BE B 02 2,

9T 7 1 2 R R Y B H SR T (One-Hot) 4%, RN 23 2845404 n 251,
R B DU S T 0 (SR X AT HEAT SR . 5 AN, A A PO S B, D) — 21 00 BE 43 551 2 i
0001,0010,0100,1000, FAfi% HA — 7 A %%, Wik AEE M NP2 B8 Ly BB # A
S5 UL BEBSHR A 2,1, RS HR A2 L, RS HRAZ L L BB HR Y 1,

X A BAAD (K 4 FE , sklearn 7E preprocessing £ 2 4L T OneHotEncoder 2§,

3. FFIEEEZ#H

NG FET B A I EER R AR R AT SR e B AR B T T
YO BRI 22 73328 5 45 L B
— 2
[

T e = lOga
Ve, =f(x, ) — Q)

2% — AU B RSN AR e 0 BT . SRR R B S L W R B 0 G B R
TRAR S AR R A% R 4 3 B — 28 (HOR BE AR LS WK IR 6 AW 7 — 4> I Bk it S o IR
Uh LT 7 iR I 10 1 b B & s

4. FAEESMAE

A SRR X R 8 BRUAH 40 A bl e M0RR L o B S X U Y o A AT R AR L AR TR
k-means FIER B LML BN IFNA T H—f AL 2. 1.3 ), BT H—1h
e XTRFAEAE B 0 A AT A0 B A 5 7 1 30 A o AL I A 4

FRfEAL (Z-Score) J5 vk S &t XHRRAE (A 25 43 A 808% i B30 32 1T R A7 1) o) 38 SRR AIE (A R
AT . B SEXT RN RRE AT B ERAE L e B R R W SR R T 22 L SR R X R A
REA (R 05 F (8 0 25 B0 B ARR HE 25, WREAR B9 7 DN ERAE =9 o ¥ Al 3t
meanx 7’ :iil fj) T EARH RN vare o) :i i (x §j> — meanx )L ¢ §j> R v

mi m;_y
fEHRAE R

(5-D

Gy G
= xT; meanz
Z-Score(x;’”) = (5-2)
D)
varx

o T P 15 A 11 2 BT 4 BB 0 A SRR TE O BT, Iy 22 1. SEBUARMEAL BRAE A
sklearn. preprocessing LAY scale) PREFI StandardScaler 25,

IEN AL (Normalization) J& X FEAS HEAT O #RAE . & e 1T R B D AEAR B BT A R AR (B Y p
TLB IR R IZARAS TP B A SR A B A2 30 B, HG 48 2R 2 ol > 0 AR 1) e A1 (i 2H 80 A4 1)
B p WHET 1, BN E LR 211D, EHIENILEVER A sklearn. preprocessing
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£3 /%) normalize ) B Normalizer )2, X B AT U %) 1E M) £k J2& X A A ik 47 10 004 3 452
fEEEF NS 3. 4. 3 5 il i $0& 0 16 Ak T 2 m DA DX 5]

5. BREBIEALE

AMFERERE A C AL B E . 6 A B AL BE B 2% (H A ST L BOE R A 2 Ak
PRB A AT LUR PR I7 vk - —J2 M BR 5 A7 S O RO RE AR B0 R AR, X b O vk 2 3 A R
PR AT RE S U R A& BRAG R A s IR Ah A 0 (E, X 02 W T Y O i, BV Bt S (R AR
B IAE . AR B AE Y B A8 e AR R R i R FH RO L DA v 00 B T 36 X kb A g
A AT PIRPEIE « — PP S22 K BT AT B SR AEL AR 3 O — 28 A 2 T il 2 L B ik S AR A A
N—ATFHERING; 55— Rk A 4D (Imputation) , B B AT RE RO (AR AR R Bl 2R (B, 4 4b
AR , S B b AL T, ol 10 S SR FH AL 7 >0 1Y 5 R AN R WL 27 > BT A ZE A

W RAE AN TR A . OIME AR b, X T 3% 2 BURFAE L 7] R 25 (8K 47 #b ik 2k 4L
X T B O AR AE L TSR T AREOR S AN B S Bl . O AR T L ) A R A (R
TR f5fe 2 1 R AE AL, B P A0 55 LA 2 ST 1 5 EE 58 A — A KBRS R AR AR A B I 1Y
PR B R i 2 )RR AR ) o U B R 6 TR A O I S B OO {8, ) A R AR Y G A (.
fe LA TR Bl AR, B FH BY B R P RS B H fE (1R R AR WA (L S (FF scipy. interpolate.
lagrange i HP 4R AL T RIS 9T H A (A5 R EO .

6. REHELE

S RO 2 T s A (A R RR AR . S B RR Dy B R A, A gt A A Al
DI HER . Gl prh 5 R H 3o JEMDEFE B HEA . 30 R IESHM D, 5 EB
it 3 fEARUEZEAE . 7R IE S0 A IR SR L B B 4 ME 30 2 AN {E B A AR SR BN T
0. 003, J& T A 3 i /INBE R =

MR EREAUS R B A SR ST 2 T 0 2 (E R BRI R AN A
B, A SESRAE R BUAT RE A & & AL A BOAE L R L AR R A A L, IR R AR
SEEAE AT B, v DA AT U S G SRR S A H Y S nT I BRZ A, JF 4%
i A A A B vk AT A B

5.2 ZR1EPER4

NS 5] 1) T A AR i IBCRRAE I, A T B 23 4 BBURE 30l 22 R AE L BV S 3 T v 4R
[t 2L I FEAS TR 25 (W) v o3 A S AR L, BE B S 22 S 2 19 2 vy 20 580 4 ok 1 [i)
WEFR R HEBU R ME” (Curse of Dimensionality) . AL, 875 A] G 42 B H P9 P28 4 A0 22 i) 45
fiE, B BT HRRAE AR o R 2 J2 i e R[] S0 5 32, B o 2 (0 v i) a5 e S 341K 4
Z3 (Al i, ATSE b 22 Fh oy ok Ik BIREAE 0 H Y L bE A 38 G BE BL AR BRI 1 43 A R AR 1Y)
HEF » B i HE A8 58 U5 W RRAE , X2 — FP LU BB ) k. BRAE R R L TTH T R4
MYV T LA M AR MR . R R Bk R TRV ok R e, R/ &



(144Y #1385 3 ( Python+skleam+TensorFlow 2.0 | $28R - IR 5K |

EA | N S T I
TE KO AT A It 28 380 8 A4 0 L nHs v A K e S DL AT Y 4 - T
e = S R S 8] R R

5.2.1 wrsefE s

B ) A S 47 f# (Singular Value Decomposition) 2 45 M 38 i) B 5 N 45, TE WL 8 2
SRk o BN AT 18 A DG 4t i S H AR B 2 b i L A DGR S R A 5 1
MNETT S EZF B

mXn WA B S E N

F O} T
A=U \4 (5-3)
(OJN0)

HA,U B mXom WWHEER; V& o Xn BB HEE, B v'v=1.v'v=1, {i g}%an

IR .S =diag(o, s0, s s0 ) AR A0, =0, = =0, NHFFA BHEHIEEE
SAH .

— MR, AT S BT S R BEAR R MR AT SR o i T TR AR SR R T — A B T
KA A 25 S8 BOG I ) 20 A7 45 S 1) 4 ok 0 {0 JE 4 e, D

2 0
Am><n :Um><m { } V;{‘Xn ~ Um><r2r><rvj‘><n (5_4)
O 0 mXn

R A, RIEATHEI B REAS, B o JE AR AR BCED , o J2 R AR BRI X B 5XUf I
Vo, AT B 4 i B A RE AL 1

/

A=A Vi, :UerErXrVrTx”Van =U, 2, (5-5)
AL AEARREFEBE N m Xon HEFERER] T m X,
numpy. linalg (P42 735 5 (6 70 % PR AL svd, R — A a5 5 (8 0 e 24 1) 17 20 1)
T s A WARED 55,
R 5-5 FHFRESBEERG(FREDHEEL. ipynb)

>>> import numpy as np

A 3 x 4 [0 4 f] B WL AT S B 0 ik ) AUCR

>>> A = np.mat([[1,2,3,4],[5,6,7,8],[9,10,11,12]])
>>> print(A)

[[1 2 3 4]

[5 6 7 8]

[ 91011 12]]

U N ZE A7 S [, Vg A wF S 1] i, sigma Sy A S (E X AR R
>>>U, sigma, VI = np. linalg. svd(R)

>>> print("U", U)

. U[[—0.20673589 0.88915331 0.40824829]

[ —0.51828874 0.25438183 — 0.81649658]

[ —0.82984158 —0.38038964 0.40824829]]

. >>> print("sigma", sigma)

. sigma [2.54368356e + 01 1.72261225e+ 00 1.73014261le— 15]

0 g0 U~ WD

I R R
ua s~ W N e o L
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16. >>> print("VT", VT)

17. VT [[ —0.40361757 — 0.46474413 — 0.52587069 — 0.58699725]
18. [ —0.73286619 —0.28984978 0.15316664 0.59618305]
19. [ 0.5089281 —0.82947951 0.1321747 0.1883767 ]
20. [ 0.20246527 0.10937892 —0.82615365 0.51430946]]
21. #[&N—4E, signa_c,U _c, VT _c NARFF B 56 [

22. >>> sigma ¢ = np.diag(sigma[0:1])

23.>>> print(sigma_c)

24. [[ 25.43683563]]

25. >>U c = U[:,0:1]

26. >>>print(U c)

27. [[ —0.20673589]

28. [ —0.51828874]

29. [ -0.82984158]]

30. >>>VT ¢ = VT[0:1, :]

31. >>>print(VT c)

32. [[ —0.40361757 — 0.46474413 —0.52587069 — 0.58699725]]
33. FEMEE

34. >>> print("conv A", U c * sigma_c *x VT c)

35. conv A [[2.12250651 2.44395316 2.76539981 3.08684646]
36. [5.32114289 6.12701254 6.93288219 7.73875183]
37. [8.51977928 9.81007192 11.10036456 12.3906572 ]]
38. # [

39. >>>print(A * VT c.T)

40. [[ —5.25870689]

41. [ —13.18362544]

42. [ —21.10854399]]

43. print(U c * sigma c)

44. [[ —5.25870689]

45. [ —13.18362544]

46. [ -21.10854399]]
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Z5. MG 22 AT HIEE 32 AT 45 1 T ORAF B9 T B L T LR A7 B4 B BB D T DU I R KL
o BRI R DR R 6 A 2 TR R D T DR A B

AT LLE B AEHE 15 A i A A S e L 5 3 A A S (AR /D L RO 2k e xR
SMAR N . BT LD AT B S R BN R R R IR RS R S U B Y 2201
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B R B4 r A AT S (8 B 0T LY A 2T S 1) 5k 2L i ¢ 48 4 I
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0 5.2.2 B E

F 453 B (Principal Components Analysis, PCA) & i % i FI 09 & 4k 77 8 2 —.
Joi 44 JELSC s FE A3 o3 A e 4R T A R AR ROk B . Ry e B TR R Tz L AR
NG Ty PR AR A ZS M F IR R SRS T B e dE as a) e,

TR o TR L S Br b R B SRR AR A (] Y SR SE AR BR A R — N 4k
Wi B — 2 i 7~ 49, A 1 54 FF 7R . FE 4B A x g ax, xgx, DO R AR AR R A0

SR BT R SR LB D x, =0,
i=1

x iy T B4 T 58 B 1 B (1,0)
A0, 1), wy Flw, J& VT A 5 — 4 bm o 1F 28 2
L B [ w, [, =wow! =1,ww =0, X1
B0+ 11, R Rk 2 SR

oxy ERE w, Fw, R E G R D
HORLIE 2R . 1R 35 5 o — A A L R I 1%
Jgw, b bR R AT SRR TR 4 85 x, ik
T B AR R P w, B x| B AE w, L
BOAR R EIE N = CF AR 1 R K B X R A7 x, s

ot —HEPIERERAIN g R e w, LIRS R

i Hyxl ==y BT I HE w, B <

AR T AR x, RARAT x| At (AR D) lﬁt%ﬁ?ﬂ%m% I
SEARZET LI x| Fl x| Z 2510 2- 3050 o7 ke i i B [ x, —x || 5 235 [a] )y
x A B RK R HE BT O

[RVRE T 4047 LA A 75w, L B AR IR 2 2

o SR A R B G L A 2% T /I 0 AT A 358 2 A A R B/ AL G
P2 B AL R

. 4 / 2
mmz Hxi — X, | 2
YiWei=1

s. L. Wiw;'rzlv WZW;I‘:O (5’6)
JEIFA(5-6)
1 A H
Zuxiixli HEZZHX 72 wl H2 Z(x 72 wl)(xz'*zfl)wl)l
i=1 i=1
4 4 .
= 2 xpx] = 2 =M wpT — Z‘Zfl)% )"+ D e w e Pw)T
= =1 i=1 i=1
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4

4
:Z 2 ECON (5-7)

4
Hox,w! Box, EAREIERIEw, FRRE I P, Dx, (e RE B FE L, B
i=1

£ G-DEN Eﬂ%ﬁZ W ()T~ Z<z“>> BR. HVRE R w1

X 4 A RAE wy Li‘& E’J%ﬁﬂlﬂik(ﬂiﬁdﬂmkﬂcﬁ ).
g sk W 7 K B R 1) B R AR R L 15 5

4

4 4

(D MHT, D T T T T

5 2T 5 (z; ) E Wi XX, W, :wl[E (xix,-)} W,
i=1 i=1

i=1

=w; X le (5-8)
X
X
Hrp,Xx=
X3
X,

4
e OB SR D x, =0 MIRTEE R X T X Py 2550 M L 2 S0 B B L B G A
i=1

o A 0
(EIEACIERE @ = (qy a7 X xQ = (| | WX XX AT . 4 0
2

AT — R AE it g, AT g/ X Xq, =24, .

AR B 191 H e B0k T IAE A SR & wow ] =1, w,ow] =0 F, 3R (5-8) B A9 B
KA N FERE XX A B R B w6 7 B SR AE 1) ., e KRR AE 1 A T
e FE WY AT .

KB E 5-4 4 AR (x Ay BER A AR A0 I T ) B B3 B Ak T GR a R Je 2

R, HACHS WACHS 5-6 , FEAEAEL 53 ff & H numpy. linalg W H A eig PRER .
KEB5-6 DA HRGI(ERS 5 HRB. ipynb)

1. >>> import numpy as np

2. >>>X = np.mat([[4,2],[0,2],[ -2,0],[ -2, —4]])
3. >>> print(X)

4. [[ 4 2]

5. [0 2]

6. [-2 0]

7. [ -2 —4]]

8. >>>tr,W = np.linalg.eig(X.T * X)
9. >>>pr1n (tr)

10. [40. 8.]

11. >>> print(W)

12. [[ 0.70710678 —0.70710678]

13. [ 0.70710678 0.70710678]]



(148) #1885 3 ( Python+skleam+TensorFlow 2.0 ) $2k% - MMM |

14. >>>wl = W[:,0].T
15. >>>X * wl.T
16. matrix([[ 4.24264069],

17. [ 1.41421356],
18. [ —1.41421356],
19. [ - 4.24264069]])

55 8 AT X T X A B 2 0 SRR AR R RV AE 1) L A5 14 4T BUR KR AE(E 40 X
11
I B 4R AIE 1] 4 (0. 70710678,0. 70710678) , Bl w, ,TZWL‘JEBE%%I%EC(E»E) AL E

(977 g x Ay Bl i) 45°, 28 15 172 R4 M AE wy BEGE (b, T 0 x ) £ w, |
M 4. 24264069, 5235 AT LU LA AR B9 0E .

FE A, 2 I AR R 3 — e, B A BN L B R AR T L A, R E 4
N7 AR (] Hh AR S ) A R B B AT R — AR b BT T R 2
Y ] v S AR B — AR e Y P L

T 3 22 dE 7 8] (105K A S 5 B 2L, T T 45 TR A R A 2R

WREARE N S={x, . xy.eeox, VS m DIIREREAR, BIER x, = (2,2 e,

YR A MR R RS T AL B D x, =0, BRI A REA x, W
i=1

wi
E¥ME x ERAE, S AR E e br RN W( : )9;'{':':'9%71- FARHEIEASHE .
w

n

FEA n AERE g o' 2, B0 3500 A 05 22 Th BB 40 A b s AN BB AR R W =

Wi
: ),ﬁzli
w,
SAEAT AT R B e, — (=0 e ® oo 200 ) i, e — xRk, E (4 A
REL ] EMRE.
F 2, W JERE At xR S x = D e D, —o WL E Y | x, —
i=1

x5 BT /IR A 1R 2 i SR BT R AR AR R
min Y [l x, —x) |2
Woi=1

st ww =1 ww! =0 (5-9)
R PR 22 R ) PR 1) 328 B A B, AT A
E |x, —x' 15 = E [ x, —zW %= Z:xl-x,-T —trWX'XW'T  (5-10)
i=1 i=1 i=1
HorbrotrCo ) AR, R

min — tr(W'XTXW'T)
w
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sct. owow, =1, wiw]-T:O (5-11)

TR LM B3 30 000 6 4% P W 0 26 A b TG AR PR A, PTRIE I . B 7 2240 0 X' X
B KA n AR AR AR X R B4 47 AIE ) 2 2 1 W7, R 2 (5-11) BUAS fe/INVEL

T SRR 5 1R 25 T R R A BT T A BB Oy A 54 b ey B ow IR
IR B B IN R S 15 2 3 A /N A AR i 8 P T B S Y

IR TSR AT T — PR B B KA O 25 SO U7 2R IR AR A F
T b A% 52 B rh O A D B AR B . e R 80532 O 28 Rl 3 i 25 8 A e B0 5 3 )
GO T A B s B R AT g oy . DU 5-4 F 75 7 5] R WP A% i R i A7 i BTl
KRS FEAR i E & AT 1T bl I B A O B S A fU A . X x ) RUL, B
AR 7 2202 (2177 VBRI AT R 22 02 (=107 0 AN 5L ri) 4 S {3 4% 0 1) L A, e, B
SO MR lx, 15 A2 | x, 5=+ ), Witk R 22, 8y
/MEWE 1R 2% .

BRI R A B ) SR AR R AN 5-2 IR

HiEs52 IHSOWMBEEENELRTRE
¥ B B
1 78 W 2 1 2 5
2 R REARNIE = S HEA 2, 58P

3 A REAR (P 7 22505 1 X T XL R AT R A 1 40 it
4
5

SN R EROITAEEZIADE iV € e 20 3
JHRE AR 5 A0k R 3T 45 52 AL IR A9 390 A1 248 A AR AR5 A1 4 1

sklearn ¥F decomposition fJ HP & it T 5230 32 % 43 23 i) PCA 25,

5.3 BZHIAMK

SRR T EAEE SR 1 7 vk DL RN 28 . 0k SRR A By i) LA BN, X S
BUSA R B T A TR AR L BB T 2 Y R 2 5 A DI S 0 M R B A 5 0 Y

SRR I R S T — RIVBE SR G RN G R E SRR R g, &
WHE S UL L B BOIOR i 0 8 S 80, IR 8000 1 3 43 mT SR AR e i, o mT AR
RYTAE HAE Y . S EOAIL R LI 7k E A DI R RABEPLER .

5.3.1 M E

WA 48 2R 7 15 2800 T RS SRS 9 800k L B K A% o S O B = TR oy D o b =
(] 754 — /s 18] b — (AR D AR AT e 50 . RO d 4 O IR AL {4 2 e 2 1)
ZHUA.

W 18 R Y S B LA 5y, T TG B IR A B0 49 1 ok 7 8], X sklearn H B AL AR AR
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H ¥ RandomForestClassifier fJ n_estimators A1 max_depth Pi>S 51T RIAS 8 &

n_estimators J& 595 2] 4% (19 fic K 3% AU ER, 5038 U0 5 K 1 55 2% 20 4 19 A28 BN 2
10, —M&FK i n_estimators K/N, &5 RI4E ,n_estimators KK, XN& 5 Sl &, — ik
A3 AU

ma_depth J2 YR RACHEIE ., 018 HE A B AR IF A0 22 8 o W I R 1
HAR BUE B T s B9 USRI 234 . max_depth # 1 10~100,

AN BIAHS AR 5-7.

R 5-7 BSEVFRMEE ETRH (use_rfe_gridsearch. py)

1. # 4 # 3. MARIE R, 4 A% R B AL AR ARG 1
2. print('3. FAFER")
3. print("\n\n-—————- P#g 42, file=file print to)
4.
5. time_start = time.time()
6.
7. #8485 - 3.1 %E MK, 30l JE n estimators Fll max depth F >S5
8. list n estimators = range(10, 71, 10)
9. list max depth = range(3,14,2)
10.
11, ## % - 3.2 BERESH, AT UIZ A B
12. from sklearn. ensemble import RandomForestClassifier
13. for n_estimators in list n estimators:
14. for max_depth in list_max depth:
15. print('\n n_estimators, max depth:'+ str(n estimators) + ', '+ str(max depth))
16. print('\n n estimators, max depth:'+ str(n estimators) + ', '+ str(max depth), \
17. file=file print_ to)
18. rfc = RandomForestClassifier(random state =2, n_estimators =n_estimators, \
19. max_depth = max_depth)
20. rfc. fit(X_train, y train)
21. print("fERIZ : ' + str(rfc. score(X verify, y verify)), file= file print to)
22. y_pred = rfc.predict(X verify)
23. from sklearn. metrics import confusion matrix
24. cm = confusion matrix(y verify, y pred)
25. print( " HERIE : ' + str(cal average perclass_accuracy(cm)), file=file
print to)
26. from sklearn. metrics import roc_auc_score
27. predict prob y = rfc.predict proba(X verify)
28. auc = roc_auc_score(y verify, predict prob y[:, 1])
29. print('\n & AUC: '+ str(auc), file=file print to)
30. rq = pd.DataFrame({'Coupon id':features verify[ 'Coupon id'], \
31. 'coupon_apply':y verify, 'prob y':predict prob y[:, 1]})
32. print("\n -1 AUC is: '+ str(meanhuc(rq)), file= file print to)
33.
34. print('"YIZxHE};: ' + str(time.time() — time start), file= file print to)

EEZRAPIA for PR, 7050 %8 A S B8O AT R, B 0O R )n T E S ok TH
HERR R B UERR R S AUC MY AUC PSR AR 13 B4R W3 5-1, @ ad B3 4 i
£ 5080 73531 2 D A b B9 B R AL
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£51 BSHRAMNEERERASER

max_depth
n_estimators

3 5 7 9 11 13

0. 9094 0.9094 0.9095 0.9103 0.9093 0.9014

0.5 0.5 0. 5005 0.5082 0.5199 0. 5266

10 0. 7840 0.7928 0.7775 0. 7348 0.7157 0.7133
0. 5496 0.5429 0.5699 0. 5851 0.5943 0. 5874

0. 9094 0. 9094 0. 9094 0.9107 0.9114 0.9038

0.5 0.5 0. 5006 0.5113 0.5202 0.5236

20 0.7833 0.7924 0. 7811 0.7515 0.7153 0.7058
0.5526 0. 5400 0.5775 0. 5877 0.5995 0.5975

0. 9094 0. 9094 0. 9095 0.9105 0.9113 0.9061

0.5 0.5 0. 5008 0.5097 0.5191 0.5251

50 0.7848 0.7939 0.7813 0.7508 0.7184 0. 7044
0. 5405 0.5598 0. 5837 0.5930 0. 6039 0.6010

0. 9094 0. 9094 0. 9095 0.9104 0.9112 0. 9099

0.5 0.5 0. 5008 0.5092 0.5185 0.5269

10 0. 7865 0.7959 0. 7839 0.7572 0.7267 0. 7099
0. 5384 0.5532 0.5841 0.5961 0. 6041 0. 6050

0. 9094 0. 9094 0. 9094 0.9104 0.9114 0. 9085

B 0.5 0.5 0. 5007 0. 5094 0.5197 0.5259
o0 0.7891 0.7955 0.7797 0.7524 0.7255 0.7034
0.5436 0.5515 0.5788 0.6058 0.6093 0.6030

0. 9094 0.9094 0. 9094 0.9104 0.9114 0. 9095

0.5 0.5 0. 5007 0. 5086 0.5197 0.5260

60 0.7902 0.7955 0. 7810 0.7551 0.7279 0.7084
0.5413 0.5580 0. 5817 0. 6059 0. 6097 0. 6047

0. 9094 0. 9094 0. 9094 0.9105 0.9114 0. 9096

0.5 0.5 0. 5008 0.5099 0.5198 0.5256

0 0. 7897 0.7952 0. 7837 0. 7569 0.7305 0. 7069
0.5441 0.5610 0. 5885 0.6114 0.6113 0.6061

12 5-1 AT UL o 24 2R FAS (RIS A 48 s i i 010 L 1 BRAE AS 7] R A

3 B R AR X MR IR I HOE A TNV B D SRS B 15 W SORAR AR
CNPR (i RS PO S A PN-:IE2 S (B LR RS A DN e = S (B U
@S He WA RLTI 23 SR 5 %) e e 1) A% HEAT 4000 53 s ik A — P SO BRI 500 R 7
5 R W R RSB AT — R B RIS R ARG B E B HER T S 80h
R RS LT — 4R W & BRI R A S XS0 R ITER
I [ 52 4% B8 2 25 30 J00 1 e A1 R 0 T T A% 45 2% D7 0% ) k1) 2 24k B2 D 2 56 B0 14 4 K3 ek
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B, HoERTETRES WS R R &ILE.
sklearn. model_selection. GridSearchCV pREFCERAL T MG R IhEE., &2 HHH
IR 7 22 SR AT 4328 B BRI H 1 /0 2248 SCBE T fit,predict,score 55 5% .

5.3.2 FEPLEE

i 1L 45 2% %) R AT DO A 45 R L A A AL, I S T 3 B 5 TR R B I 53 B
ﬂ%ﬂ/l\%??ﬁﬁﬂiﬁﬁﬁﬁﬁim—/\ﬁ?ﬁji?)ﬁﬁ@%?)ﬂ*‘ﬂiﬁo Eﬁi"d:—?ﬁqjs%/l\%ﬁﬂl
— A AT RN BEALEE R — M 23 bh A% 48 R B — g {H R TG B AR RS B B A
SR .

1t sklearn. model_selection. RandomizedSearchCV F 823 T BEHLIE 2% .

5.4 Z3]&R

1. FH S8 5 (143 17 00 2 05 A% B s 491 o ) JR) — 380 R BB 005 A B 1 0

2. ARH 5-5 FTR (A S AR A3 i 49 1o L 26 3 A A5 S (EAR /0N G SR L 2 4wt Xof J R B
AR /N . AT B BARAED 5-5 v i 2800, 0 S0 R I B — 20 PR i P B D s ) A
5 R A Y 25 51

3. #RR sklearn 1Y decomposition £4 H1 1 PCA ZEM N T . 0 & W 4 25 5 4 [ 4k 78
AT AL B



