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Abstract

Data has become the most frequently used word in the 21st century. No matter in which
industry, the role of data has gradually become more and more important, and its
significance lies not only in data itself, but in the value and business insights revealed
from the entire decision-making process through scientific analytics and modeling.

This article will focus on the real estate industry in New York, USA, and predict the
renters’ willingness through feature engineering and modeling. What we are going to
deal with is a multi-classification problem. For the object variable, the willingness to
rent a house is divided into three categories: low, medium, and high, while independent
variables of the model include geographical features such as latitude and longitude,
room characteristics (such as the number of rooms, etc.), price, etc. Due to the uneven
distribution of the dataset (only 7.78% of the willing ones), we finally chose the
SMOTEENN method for oversampling through the comparison of different sampling
methods. In terms of feature engineering, Random Forest in Embedding approach was
selected by comparing three types of methods: filtering method, wrapping method and
embedding method. For model selection, we constructed AdaBoost, GBDT and
XGBoost respectively based on the Boosting algorithm. In continuous attempts, we
found that the combination of Random Forest and GBDT performs best. However, in
the context of the three-classification problem, the combination of sampling method
and Boosting algorithm interferes with the results and reduces the accuracy of the
classification model. The author attributed this phenomenon to one of the
characteristics of the Boosting algorithm and modified the evaluation function to better
present the results.

Key words: Classification Models; Machine Learning; House Renting; Boosting
Algorithm; SMOTEENN Sampling
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(Intrinsic Value) (Breiman, 1984) » B[4 47 7 45 BEAE 1 Ent(ID™|/|D]) *

|D™| |D™|
IV(8) = - ﬁ=1m1082 ol

H=0(2.3.3.4) 015 E@ME 0 BYaJRERUEMK » Al V() &k - BIa] LS

IV(0) &R s T TIR A - 182 AR WAV @ M & 43 F5 154 45 %5 (Gain Ratio) :

Gain(D,0)

Gain Ratio(D,0) = )

0* = arg max Gain Ratio(D, 9)

3 L3 L3 SRR - CAS BEDE TR BER S Bl Re" - B
BRI E R A -

PERFFRAFTRN AT FH 0 2 2B R B FE AR TV E RS T & - TR
HE B E 5145 (Features Contribution Measures) HFCM#kZ57~ » T EE 0 SRR
JEEFTFCM; » BIEE 1 {ERHEAE BB AR AT A A SRR R 45 TR 70 AT 25 R 2
e o RO | (VRSN - BRSS! | e r s R e

FCM;; = AGain Ratio(D/,6?)

(R BE AR P AEAE m RS - RO Y ERRE RS FOM, PR Ry
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FCM; = iz;”:l FCM;;

B T(3.1.3. 8) IV HRNE S 0 FCM B AR B AT A R U TR 7

3.1.3.3 ¢1 TEAIHE

IEAIME Bt s 22 th R AR R FE N U704 - 184 R S BN S OO ME R
TEA SR RV EEES S (Quinlan, 1993)  TERIN LRFI4R £ sh S EFF i B pr i
JERTHEIEIIA B AR K e E BB SR - il s/ MEIE R e 8 > (e MR D
T AR BT GBS - PR TR -

sll[ SR TR (e SR 12207 Fy O OB 02 Rl (RS o5 M (i
ATREAVIRIEA = {oc, o, o, .o oMY o il oY CL FEELAT 02 FER AT oA
T

21 &gy llell; = Xm=1lel
22 FhEy lall, =yX¥_,a?

IR TS U L (@)  TERMLBRA - A (1~ 12 ERLATE
SRR

°1 TEELIE Y - £(a@)®D = ||all;
02 TEHLIEE T, - £(@)® =1jall,’

iRy MBI RE - TDOKE 01~ 02 IEAMEF IR EESEa - ASCEERE
A (Gradient Descent) ¥ 855 BRECK 2/ IME -

Sy RIS L () EOFIL(a) D3R

dL(a)(h) . _:H: . aq a as (24}
——=ysign(a), E¥sign(a) = (—,— ,—,...,—
da gn(e), isign(@) = G im0 ig )
dL(@)“® _
da

FRFET(3.1.3.13)F1(3.1.3.14) m] i €1 11 €2 TERIMEAR SR e B b HAE G AT 5%
3-6 Fror. HrplE 3HIE 4 5 €1 ERIMEiRK 8 HAARE (5 - [ 5 FlE 6
Fo 02 IERIMBIESR e B s L E i B

B 0L IERIMEAVIRIC e B > BB R Fyn - AIFRARIE N A A1

1) _ 21 dL(a)*D
anew( ) = aold( ) - U'T
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dL(a)

%a>0 » fR#EF(3.1.3.15) - Hi|

=1 AL - H=(3.1.3.15) 115 :
anew( D= aold(fl) -nl

BB N GRE KM AR - AR EEEaFEE (1 ERNE
R R/ ME - TESa i T EE] 0 - 2OFTSEE 7 s -

Ha<OBF > [FFAS 01 IEAME AT DASESNSREE P R R R o S 0 > EIE
B i se B ~ e DI AE R HYRUR -

02 IERERIER B TR IME - SR (313 15)E[FEIHVFRTSE - IRIBREE
TREEETE

(£2) — aOld({Jz) _ Tl'dﬁ(a')(fz)

a
new da

(3.1.3.14) (L AF(3.1.3.17) 1] 15 :
Unew "D = a01a"? - - 1a“? = (1- 1) a1 “?

& 0<n<lHf > Hz((2.3.3.18)A]X1 - 1£ €2 IERI{EIRR B TB%E%*%EEE’JL
B FrAfEREEEEAE S 0 - TEn>1E - RAFERNHEEEREA
A E b - I - 02 IERIEIEE o] DR R A VR - B R
SRRFTHITERREE > (e E U S RO -

FRAZEBIE 3 - HAERF RS Sy GiiE 7 RENMTER > (£ (2
TE A B AR 2 ek b 8 SE B Rk AR AR R FE Y (T - RIS qPT28E4% 01 1R
{bfE RyBm R A -

Y 0L EANE - B SRERTR AR E Ry N> BB L (x, @) > P E AR
T Fofo(x) > HEE Ry - IERIMEHE R > AL AN ERY HERRSR SR

1 . .
L(x, )V =22 (fa(x®) = y©O)24allally

(S FARBIE AR €1 IEAIERHRR B TaIME

aL(x,a)D)
ao = ao - .a—ao
- Z L1 (fa(x®) — y @) x, @
p)
0 = & ~ =T (f(x©) -y 5O - Lo

(j=1,2,3,...n)

= a;(1-73) - 1~ T (fu (x @) = y©) 5,

&rezU(3.1.3.20)f1(3.1.3.21) - ST R BHVEEa ([ Forfy -
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4 (1= n3) = 1 3L (alx®) = y®) 50,0 = G125

{ o — 1 % Iiv=1(fa(x(i)) _y(i))xo(i) & = Qg
a =

fRIET0(3.1.3.22) - B EIEEE ARy > MRS 2 & (ER B E a LUK AE B AR
R THVRHECREL -

3.2 RERBRBEREE
3.2.1 FREEZ/REE

ARZER T - PP R TR N SR8 B S 2 3R R AP RTHYER &R - AfE 8
B - AER B — IRV 5 BB R 5 - BB RS ~ o~ (REEAIREY B
7:2:1 > RIS [E] BLERAR RE R ISR B A H 2= BITRK -

N EBH TR VA 5 B2 a1y o RS R e (0 B A H e A (BB
B ERH—8) - (M B BCR - NI - P72 M KRB PR A
T s N BB TR B 2 B B TR AR

3.2.1.1 XERfE

Rkt (Undersampling) & — T8 4% B S5 AN P 50 - HLm s il s A Hy 5 202k
HIH - RIS AR A BB ST #E1 T/ BREE (Koziarski, 2020) - FERX £
feifiod o TSR D BOR R AN A AR E - TR B BOH S D
FERRARHY HAR B LR - S SR I B IR B AR SR 2 BOERAS © FEARZEB
o PefMTaEE K PR R EL R R & ~ o~ (RERSR R 1011 -

32.1.2 BIREE
A ERIE (Oversampling) R/ ER i — 8% » # BRI P 50k « BRERERIE
TR )| SR A AR B E R DAV R TR N AR B - 108 T 2 21 THESE N 20 L
FEL DR AN HY HARSEE LR (Koziarski, 2020) - # HAYVEEREERlTA 5 & -
BEEFERBERAEEEL - SMOTE JHE L - ADASYN JEEE - SMOTEENN JEE
JEF1 SMOTETOMEK JEHEDE o A EF4lETmiE 5 UEEDE » A8 iE B TE ]
GEILBHE S EHEAETIE -



3.2.2 RERIEBIRIE TR 0%

3.2.2.1 BEEERAARIEEEE
ST P ER, BRRERE SRR A (Random Over Sampling) 2 fie /b #UHHY
B P HEFTRE PRI B IR AR AN (Chawla, Hall, Bowyer & Kegelmeyer, 2002) -

B2 > BERBERIEREIE DB AR RS (1% - BB G E SR T
AR - SR ARAVIE I S e — eV d e S » fy THEE — R - JMIE
R ERIBRF LA T M E RS LI ke S -

3.2.2.2 SMOTE JEEA

SMOTE J&EEL£(Synthetic Minority Oversampling Technique) & ¥/ D#E AT
Ty AR DB R AR N L& RO BRI S &R Ry — R B PR JOA
(Chawla, Hall, Bowyer & Kegelmeyer, 2002) - % EEA4ES T KNN JEEEE/ DEL
JAREAEETT THALE - SRRAE D ¢

LABGS VBB A X = {Xs1, Xs52, X53) X505 Xsieoos Xsn } * ETHY/ VBIA D (kR
Aoy o stERZRA B DI B B AR BEUIERE - SRR AT Hy kA0 (B
¥/ DEOHBETT KNNEEL) -

2 MR AA P EE PR B — (B PR R B A E PR R. (AR BEEE Bl
B LLLD) o SR B DB A, o ek AT R BEES TE AN -

3 BERBE R ATA Foxesy > BN — (BB R AT Al x> o B R A B
VAR EETHIREA -

Xnew = Xsi + rand(o'l)'(xsi,' Xsi)

BEZR SMOTE JEEUANE—EREME i KNN SHEDRR/D THEREaRGEE
EHVIEEEG R (BRI E FUAS SR D BOFR AR A o e A A
Tk A AR ik AN B B (Overlapping) HYFEIEE - &I T8 BB AV FTRENE & 5951
2B A RE g A — S A R A t E AR -

3223 ADASYN J#&%

ADASYN JEEEY B ETGRE SR HE (Adaptive Synthetic Sampling) » HEzA
HYRT G2 ER P LA B B e BB VB AR R E A L/ D EEA - A
=% SMOTE JbiREHE(E PSR ARSI EI B ERVEEA - (EME e TR0
FH R EE &M (Chawla, Hall, Bowyer & Kegelmeyer, 2002) -
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VBB AN RN R B G220 M FE AR - BRE S BEEAX, =
{1, X2, X13, X1 X, X} BEATARIHTA PHTE RS > THECHIEREEE BT R
TR OB RE RAX - SRR A PR R TR R

565%,1] =Xs/X,
B <O » BB IR R TR
AX = (XL'XS)B

Hrp> #(3.22.3)/yp €[0,1] > FIZAGERENIFTHE & AVE A B & LUE B THEHY H AR
PREREERIS,

WIEFTELERIAX > [F] SMOTE JEEVEMIERIE —2 - S @ DEIHHIEEA
xs; FHBKECRE BT Sk, (EATAD - fERaSck, Roke, (EADSE h B 2 EUHAVEEAEH > Alk
{3540 25 RO A T RS R AT EL Bl By

ri=ki'/k;

¥ KNN JEEUE PR AV EHE B kTS 2 BIR A A RS R AR LR B
TR » DUEEER LRIV SR EE R —ERAAIREE - $HEHE TR
ZBIALABE A FIAEREE & A R BE AR -

R=r/Zi T
(3.2 2. 5) R LI B EIHYT M e iY== 1 o
ST — (DB B A FT R S R AR B R HE TR 15
Ax; = FAX

FEEHE R A DB A [ R A A o 38 438 1L il DB Aoy » AR AR
EIT AR A

Il

Xgi'' = Xsi + (Xpi — Xgi) * T

(2.1.2.7) T R lEtiEEN N - 7 €[0,1] - E1EF((3.2.2.4) B (3.2.2.7) » HREA
HE8=0,2m e AX Fy1b -

ADASYN JEEUESTE A R VEIRREA S FEERVEA - i@t 7 SMOTE JiH
B AR AR E AN - (HEZEEAD TR RS R —(E/)
BOFREAN I AE S 2 ERA - AIEESSGHEER  EnNgrHEEE
DErEZNIEZNE
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3.2.24 SMOTEENN )& &%
SMOTEENN JEEIEAZEN SMOTE JEEIANINE > #£ SMOTE JERVARVERE E -
KNN JEEUAE RS E G SMOTE HEVEN SR R AT TATEE - BN ERHY
VBT > AR AT A EE AR B 2R ANE(ER A S AN A
BTG PR - AHEFY SMOTE JEEUA » s A EFUAFIA KNN JEEUATE R
BB BRI T SRR PR R B R

3225 SMOTETOMEK )& &%

SMOTETOMEK JEHEA4EE T SMOTE JEECEF Tomek link #53%f » %/ D#E
BEAR AR Bhixg Fllxs; B IA A FIVEE > W R koAl (Blk = 185 ) A H
HABxgj » Hxg kG A H 3 B xg o AV (xg, xs;) 88 Fs—4H Tomek link
B - B4 SMOTEENN JEEDASHPL - Tomek link SUEEH(E Ry B E &% SMOTE JH
A SRR A RETTETE o WA I/ VECEEAR > R AR AL B
Tomek link #f » R A FAERA A7 R st (IR Bl I 5 i K 20) i #eaER

3.3 Boosting M AHBEREE
331 EEE

AT » BERERE (Ensemble Learning) 71 Kaggle F & KERHE L2 EE
SRR SEEREE » WS [REARZAVRNE - Eryth 0 BAE EERE R 555 280
R iR =EE LT - TH—EFE” - S EEEIS0ER—% - AlmTfE
Ry HEREE5” (Base Learner) 5 AR —#% > FIfE R 4H {225 25" (Component
Learner) - Z2EERFR T e LA MWE A s s e 8 —Eyas Ees - 55—
BEBZMEAZER ) B G{EEE SRR TTRE o BRI
HER BSR4 T MR ENY - TRERE SRV RS M RE K R T -

ARSI S > SRR BWRSE - —fEZLL Boosting Ry X3RNy > B ESBHE
WCHRIY - BRFIAERRI L > SB—FEAIE L Bagging BAREMEAM B R - FE
HEAN M EAGER (1Y > WiTARKA 5% - Bagging £% A2 HUEE » M
Boosting fRIZHEERFAHUEE » AL Boosting #Y 73 JHKE S 2B > Bagging © ASCAf
FH B BB R Y Boosting JHELL > 25 M iE R E$E AdaBoost, GBDT, £
XGBoost © LA N RFEH G — (S EAE THER 4 -
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3.3.2 Boosting BE)%

Boosting ] i@ #R4s T 552 e N EINMEEH AR E s - HEEARE R ¢
et WA SR 6 E Al SR — I EERE B8 WARIE A AE Bl SRR A 0 e T
FaEE - BIETHT A a5 MBS SR AV EE AR IR S - PR A SR B AR AU AT
G —(EAEEES e > B2 ERNEETIFHAREE T8 T @E
EERET IR S B R0 E 8 - 1ERA-J77%= (Bias-Variance) HYFAEKE
FHEETS Bagging, Boosting Ky H AV IR F I FEEMRZ - RIL Boosting RER:YZ
ALMEE S5V a8 AR S R IR 22 88

3.3.3 AdaBoost =45 35/%E

AdaBoost ( Adaptive Boosting) 8ELAE Boosting i E A R 24 m 3= > K
Freund and Schapire A 1997 4 - AdaBoost & H e i S N ERfEAYHEE T
A IR (additive model), B[178 AL S SRAV 4R 440 & AR i/ M EFE RUR
bk (exponential loss function) - AdaBoost 7 7 5 B A HE S0 i FE F i — 2348
Brat o AT Zm N E =0 B3 - HERMRS A SAMME JEEL
(Hastie, Rosset, Zhu & Zou, 2009) » £ Nk maa St - B — 1 —
FHYEH] © AdaBoosting BT RIE ERE © B WA ST EREE A AVREE
T AR SRR - BI4E T HIETSERAVEE AR E L HIREE: - E5TH a(fHAY
FEE)NF - IR oM =0 R G 51 Alog(K — 1) » EAGRAILFIRIR
& SAMME JEE X (Stagewise Additive Model using a Multi-class Exponential loss
function) fEZBd /144 :

1. FE I 1Y )7 2

BIOE » yi = O Yiz Yisr o YVik) * HOOBEERAT ¢

1, WHRx BT k 2k
Yik = 1 e 1 s
“K-1 WEREx AN BT k 2k

Bl g ES - EEAR(ay) BRE 8 BEy-=
(L-Z -5 — ) EEEEEE T R KA A NUARR - B
R E S JE 8T B o (), TV AT LU B MR T ¢
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fn() = ) B g: (@)

Hep o g;(0) BA (G 08) > HimHtemE B 7RSSR
fn COME— > T AT LSS EME—(EAFERILTR R - PREf ()BT EZHIE 0 -
B fin1 () + frma () + 4 fre () =0 o HFY fr (0) AIFRIREE MR HHES 2
o H frn (o) B SR F S #g:(x) BRI E R e & - It e H A4y
FERPE > B g1 (0) + Gz () + -+ grni(x) =0 = REKMIEETT y 20
= K{E K ENES:

((1 1 1 )T\
K-1" K-1)"
1 T
_ -1, ——
y= <( K—1’ K—1> (
( 1 1 1>T
\ k-1 K—-1 J

2, PR
S E L ER A DL F T {#4% AdaBoost [1YFSEHE A sl - B SRR LAk A
B SEHEE RS ME S AFE IR A T

1 1
L(y, f(x)) = exp (— g O 14+ nyK)> = exp <_E ny)
By T REIEEITE » (5% Ji Zhu S AS AT —(EH# B, - Fl Adaboost LAY
HEs > T B ATRIIEISE » B fn () = frnoa () + B gm(0) »
— RIS fin-r () HERUCHERE AR I -

Ly, f(x)) =exp (—%(ylfl + et nyK)>

=Zexp( 2 fm(xJ)

L

= Y exp (- 5t UnaG + P gm) )

= Zwi exp (—[%m Vi * gm(xi))

KRR - FNIEREE TN ERA IR A PIRREE SRR -
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. 1 \? K
THHITERE - Vi * gm(x) =1+ (—K—> (K-1) = 1
2

X 2 1 K
THHISERSR © yi * gm(xl-)=—K_1+(—K_1) K=2)= &2

A E&E R AR EE R A

1011 = e (=2 ) Yo + (o (o ) - e (-2 ) YowtCm # 0

NILHAPT 1R BB B VB TF I O F 4G

o= () e (£ ) o + (s e (G22) +

— exp (- ,fl)> SiwiI(fm # ¥0) =0

<ﬁ)e’“’<‘%)zwi - (ﬁ exp(«%y%ﬁ exp(——)> 2wl (fm 7
exp (—%) = (ﬁ exp ((K'[iiml)z) + exp (—%)) Terror

1— Terror — 1 exp( K B )
Terror K- (K 1)2

1= Terrory 4 Jog(k — 1))

error

bn = = (log(

H s gy = SWLUm®Y) | ppoppemmiiyaten s ;bR A [EEE] T SAMME S

Ziwi
oA
Bk

3. SAMME &t
1) §iA LEAE R E W, =1,i=12,.n.

2) HINHEE gm(x),m = 1,2,... M. ; IEFEEEwW; NS 8H28 gm (X))
() (EHMEEW,; F e gm (x)BEE FRISRETS -
(b) G E eI
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_Xiwill(fm # Yi)
rerror_ ZW
L l

(c) ST AR R

1-r
am — log( error

error

)+ log(K — 1)

(d) FERrATEEw;
w; =w; exp(am!(Gm # Y1)
i=12..,n
() FEAHEER W B —1b

3) EEITER 2 - HEBESAR/NREIE
4) i -

F) = argmax ) apx 1(gm(x) = )

m=1

334 GBDT &%

GBDT &£ (Gradient Boosting Decision Tree) F i@t SR H AR (BIEL k%Y
HMEAEE) o DURAME NIRRT AR AR 2 SR A FR R 7 25 50 B3y
—FfELE(Weng & Xiang, 2020) - GBDT &£ Gradient Boosting Modeling (GBM)
FLA AR (Decision Tree)2HEY - i GBM - {RIEFHEE NE#ERYAIE » GBM f74E
= f2& %I : BGBM (Batch Gradient Boosting Modeling) - SGBM (Stochastic
Gradient Boosting Modeling) #1 M-BGBM (Mini-Batch Boosting Modeling) - [fij
GBDT JAF VAR B 77 2525 HHYE CART fif -

T BGBM &% » WEIARATH BEIE FHEBGD)  HEEE— IS4
SR B T TR IEUE - BAAEAESS /258 g,0x) - ESRME Ay, » 55T
Sty » B € (1 n) ; IIRERYEI TR » By € (1Lm) § YIZRERATREASL
B N - BUREEOIL() » 2 FRIATIEESY G () » I BGBM 9 H FRfiide

Li(x) =+ T4 (9:(x) — ¥i)?

% F BGD ;% (Batch Gradient Descent)¥st={(3.3.4.1) F Ay i 4 ot i/ IME -

0Ly (x)

G(x); = g1(x) - 771'@
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9Li(x)

G(x); =G(x)i—1 - Uy

£:¢:(3.3.4.2)71(3.3.4.3) » Ak H: BGBM 4 R AHTHYRS Y2588

9Li(x)

— n . . -
G(x)=-Xi=1 M 39:09 +9i(x)

F(3.3.4.4)F » YT BGBM KAV TZEERG (x) ’Mﬁ?EBZG(X)E%ﬂ
E997EEs 0 N N 5557 2R ESHYANEE -
SGBM EAA[ET BGBM FUABRFEZEHEIGEF AL - SGBM HJL
ETFPENESE T A(SGD) » FFIOAE B HAHE— A - AL - SGBM ELVE
F2(3.3.4.1)AYEA_F R T i S ek o B -

Li(x) = (g:(x)) — yij)?
M| SGBM BELEAE A rysmsr2tiss

' aLy(x)
G(x) =-Xi 'W+ gi(x) Nf

+ M-BGBM EUE » ZEVELEE T BGBM #1 SGBM XL » FEM S HEAHED
IREAR o B GRETEK 4 » ?HQ&TEENJ = {Ny ,N; ,N3,..., N } = U]
M-BGBM B A tHE] -

L;(0)" = N—lzyfl(gi(xj) — ¥ij)?
M M-BGBM HAAE kAR 2EES -

L))"
2gi(x)

GX)" =-Xi n; - +9i(x)

3.3.5 XGBoost &%

XGBoost (Extreme Gradient Boosting) & iy & HE " 1Y T - & fE e S e
R FERR R B R - R - P RS LR AR
o BLEAM AR A EEDE AR ENE - ZEFE AT LER TR R ~ O
Himm &R AR E M KGO ER R ELEDRE - JIL » FEFEFEFLT
XGBoost f5 B R LE EEFA A2 DL L -

1 R
XGBoost HYEHEAHRERY - sz A =5 Z(A R 1 IERIMERRE © 55—
FE RFEAR IR BB P I IS A R S R IET TR B E A RS ES &
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DLER A EE R AT E R ¢ 5 =8 5 7R RS AMAR L > FEET T T ERERAYIE]
Ry o A LB ERAIPREL -

2. HFEmE

XGBoost £ H ARk B T EZEART > AR M Ay ESIH D I
IEAINE » A0 FEAR > FE58 t R ER S B0 1 (ERA > BMIFFEAS t-
1 R IEEATEE LIS () » WL H R/ ME

1O = 31 (7570 + i) + 90

1
where Q(f) = yT + 5/1||W||2

Nwm U(yo 337 + ) ) ByBBidk sl - B T BRIy, BETEDRIE 5, 2 I 7%
DR B IERITE > VP RIBOR ATRERERE > AT 1t > HoPwRoREE T
%ﬁtm SRFRAAREN 18 > THRREE TR -

—MAFIE T > BRI DA 2R B e B U AR R B (e T DR R (B b E AR -
c 1
L® = z [l()’i:f’(t_l)) +9ife(x) + Ehiftz(xi)] +Q(f)
i=1

where g; = 05-nl(y, 9) and h; = 05—y, 7))

FEMR B RS » 55 KIS A0 ] BRI 5
c 1
H”=Zlmﬁuo+ymf@ﬂ+nua

Bl - HAR B TS R g fh; > iERE XGBoost REH 7 T H B TR LI EHY
FH - TMeesB (b —(EIR ek Ry - EFE R E BN IR R [ml B - R
TS FERY g, Fh, E Rty A AR -

3 ETEHIEE

FERATRER R - $EAEZREN R BRIR Y 8 A] DA — 2P 2

L(t)—Z[glft(x)+ hif: (xl)]+yT+ AZW

i=1

T

=IO gow +5( bt w47

j=1 lEIj iEIj
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Horo I = {ilq(x;) = j3Ron BRI 2155 2 7GR RV B R B A - N B
LO g —(Ew, #E A E BT > FTLARAPT O DAE & RTSI4SHE q0)ERITIEN
T K B R MERTE ERw; -

. Zieljgi
Wi Yier,hi + 1

TERAGw; 2 1% > BATAT LR ALOdh > (i LR (Y

T
~ 1 Cier; 902
Ofg) — _ ~ j
PO 2 st

]:1 ]
LO(Q) o] HiA 45 B qOOBIRIEELEITIT 4y o 3% RAVETB4E SR R
%8 HEATEAHN BE SR aEEE -

4. WS E
MR A E A REEA > BIESIEE e Eme st > S EE R
ABEHY T EARB(LHIE - 7ZEIERT HAZ & Ry Bt H S LT EE U R
(Gain) »#I} -

Cain = G} Gi (G, + Gg)?
M=ol A oo+ H +H 44| Y
2 BB U ER Sy 4 AR - R E 5y o Bl R LB AR T AR U S ¢ W1 SR
b1 Bl AR TR AU R - SR E Sy o RETRREY R - AR E Sy o &
iR IERITERII SR

FHRY IEAPTREVTAAE > % e BEIEE R A ATRE— ES R E » & SR 5 18k
ATy AREIL G/ NP BB BRPIRHE 1L E 5y © [ERy - Pt ol DUREHAE R Bk
BORCHIMREE -




U B RIR KB AT

4.1 BRRIR

ARHE R B i —{E#H Two Sigma 1 RentHop :[EISR M EHE AR - % ILE
s B AP ER B SRR E R A H F R - Big BAS KB A B IS B 4L
renthop.com » =2 2L/ NEENAL AARET T o BdE FRHIME— E AR interest_level HH
AU E R B EIORE -

4.2 TS

4.2.]1 BB

% BRI 49352 fiRETsk - EFE 14 (E5 [0k 1 {ERERE - 58P - A7 EE
EFER > okl s bathroom(Gar == &% ) ~ bedrooms (EA=Z %) -~ latitude
() - longitude (4% ) - listing_id (1% id) - price ({E#&) ; &4 8 {§
AR > o3l By created (ERIEIZEHEA) - building_id ( FESHwSE) -
description ( f# #t ) -~ display_address( & 7~ fir it ) ~ feature ( %% 18 )
manager_id(4X¥E4F55% ) ~ photos (&) ) - street_address ({iEfirhl ) fdeER|AY
TR 1 H R interest_level(BERAZE ) I AIAY R - HU{EZEE Ry low,
medium, high -

4.2.2 HREILT

HATE U B EERI R price ((HIB) - FEAPR—LEHERERLIR - M DI H{EE
HYE e (A0 9) - B Al s ERHE T ER 200w -

FER R (features) o, Features SR8 EL & 15T 25 ¥ 5 2 1L I F A0 H 38 B 5 -
AP ol 2 - L PR BB A IR R - AR 10 - R SR (W8 73 i 2485
- EEEPE—2NE - FREEmENNS/ DG B E B - Nt
NG EZ I SO T D > DU R i SRR A

P WP RE - TR AL - BB = & o
i o FTPAZ R S — (6 = o SRV PRI RS - ARSIl 11 AnfiE] 12 - SR
RN = HHERATS > B (H—HHE 2 69.5% - (i EEiE S mHy—
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FRE L 7.8% o EERVILTENL - WIMEREZ BT ESREUS PR RO R EREE > i =251
SBHHBEFEME > DETEE TNEREEAHAY -

% > BRI — T P EAES B S BB EHIRE (4 - 1ElE 1315 - EFE
HE RS 8000 FTi - BFHVERZE RS KK - T &EE - (REFE
ZRRHTER -
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FHE BEHRENFERIE

5.1 BB TR

5.1.1 BRC(HEEE

AT 2 BIR AL S 0 BOR R AT RE - NIRRT & et iz g ny e Bk -
FAIE python 1 > FEH isnull().any(axis =1) > SERILBESEFILAHAE - HE
FEACEERIEE S > S T BRSO AUBEFRAVE - WM EEEE
PRERR B TRR R - T IHPRIE L AV EFTAERYTT -

52 R
5.2.1 BZPE features £ 5

5.2.1.1 #f Features 2 & 177 £ S 71 g 7
Features 8 & |72 BB IFEEMAVEEY - Y EAREERTFER -
14 FEf 47 features INEIB @~ -

38 for JEIFE) » PSR R R M B AR AR - 4 O () 39 (% -
RIRE B BR ERLORR TS - BEn @GS SR E BRI E
R » (A R BB A Gt - FTLUBR I A features S5y
i — ([EERRRIT - 15— (R T BB iy — BB - 1 FR e
B SRS > 0 BT R -

HATE ek ] features HATHIRHEREY - HEE(EHWIE /AR E » 84355 1556
(BRI T - Fef - (A for EEG HERRRIS -

5.2.1.2 L PR g 3 A

REFIPEEN RIS T %A 3 f& : street_address » building_id I
manager_id - DL street_address B3 - &l —HAFF 49352 (Bl A - 1% &8t
TPHEZ0 2 15358 fRAN[ElVhe: o Ry T IReE SHEH A4 A cH IR B P] DAPE e e
T WAHE AR - ZRAM DA I 44 3R B B Ry ith 2 89 3 4wt - building_id
1 manager_id [FEE » DUSHEM A0 HHER IR Ry A2 R 4R -
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5.2.2 BERF TR

R ZE created F1 (A0 15 Ao )+ FRAFTSEHA created & — {0 HEAR = 3%
Y FH & & S AR AIS RS © 38 A pandas 9 to_datetime »  FAFIEE H HIS BB 4F -
A ~ HEAREYE - MR ERvaTE H T 2016 17 46 H > /TR
GRS TS FRMUECRE T HA) > WRELAR T4 4 50 6 - 455840 16 A
e

5.03 B PR R

A EER > TR EI S HRERNEE REEER - HNEREF FEE
B R &RATHIE A T AR 2 R B KR ~ Ao i R0 R A
5] REEEAMHEN - G EEZEARNERT > FEEE 2 M= REEE
Bt M ERT g AT A « Rt - B TEIE ISR E R > 14
i Google E 7 #uLEFEE AP i » Wi H 2838 python {45 S5 R &8 4% 15 (O =L P s
i MR SRS R . S5 AR 17 FR -
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HNE E Boosting FARYIH B ERRTHAIREE

6.1 FrAmEE

FEBW BB IEIT R LR 218, MR RS @I 1 1500 . B TE Rk EAk
FERE, WA HEEATRA A, KR A B AR (RIS, DLk
DR S B v T AR AR D, B T B R AL B R R TR A YRR . AP Ky
o IE I EE . B BRI B E S R EAIE M AT R R B AR

6.1.1 W% (Filter)

T YR V2RE o i SR SRR A S ST e xR BlE, P DA UGIRE (OsR 45 1) dt A DL 4 S
FEIBIETR T, FRAM R S AR A B (R B B RO AT e . Wl S E
S DR B ] (RO RH R AR v, i ) B 58 B A A B [ A o R R 9855
r MREEMEROR, MR ERGER . EIRT5T 0.8 Wy, TR R w52 52 [l e 5
B, MENT 03 K, RREEZHE RS, HEEFAME. HiE,
HAEEIEBIA R 1500 a8 ET, Frf Bkl b s i (XA R B0 BHME K
0.3, FFBAEANERUE R 0.1, FFANESE R0k 18 Fros.

ERVIEIBUE T, P i B e B RS B ] A AR R R AR I AN SR . i ST
FRAR B R BOE WS 0 I 5 5 B R [ AR U B R R AR5 B, P LAZ s
AR A -

6.1.2 A& A (Wrapper)

FIEEEAE, AL FEVER R 152 SR I e B R T A . 18 AR
BV B R SRR (PR R RO BRI . A AR SCE R BRI & 2 40 FARIRE, Rk
FEFRAY | A4 T W S 43 J5 2% (Decision Tree Classifier), Wi 3 B R EUE
R EARR L, I ACEIE IR RO PR A AR IE T 50 SR E .

B LVW BB S, BAMERE LVW AOMCER Ty SO R B P8 R o i
HIGTH SRR A Z KM LR K. FIRRASh, MILERS RFE, LVW B0
PERBR, Ry, SEERMEBHEE S, DL RMEYIE ERUEEE LVW M
PEAEE 5k . IR IE ERE R B 2 WER R, JRAM 23 G W O
fifiige, —Rumih 14 855, 59—Ik%y 55, fEERET, FAM SRR CE >t
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SRR A MR R, RV REREAERE A —E R ER R T A S
& JRy A AR IR IR

%E b, FRAMAE Wrapper AR N B ERESE E 150 ST 1 RFE. LVW BLIEEURE )
B, AT RTIASERAR . @ SRR RS, FRAM R BR B R A AR S
R BT Ry R, T 3 A s B A0 G i FE Hh oy #E T 3 S IR IR ]
FEERIIZIR, MR RS B E .

6.1.3 ZF &% (Embedding)

IREVESS & T IBIEE M UIRE R, R BRI BRI b, SEE
118 R o B P ) B AT R, AR RIS TR F) 1 R R S R ) 8 AT R B M
o B IRETR T BB AR MR A K Boosting BB AR A ERE, SRAMIE
200 o s, EAREREEH 1 AT (6 HRAERORRUSEEL. B 01 IERIfE, Pk
PUE 8 T K0 =0.0005 P AL FRIIVE BE e, AEBLAGRAF T Badi H 1 50 fla 52 5.

6.2 3 SMOTEENN BVAEST R ERE

JRPRAR I ER A 52 107 0 975 B 22 BB MR R BRAR B B0 . 6 3R B PR PR AR T Bk
SMOTE %%, ADASYN %%, SMOTEENN {8 &2:M SMOTETOMEK 5 5.
2. FARE 5 AP FHAE = Boosting 7 1, %5 R 85 SMOTENN 75
SRR -7 RS 2 S A IO VE R, SBHASE AR FRIBRAM P [ 3 A 2801 C R B
R “@7 ) TEREMIIRT R K. ERERAS R AnfE 19 s

6.3 EERE

6.3.1 IRZEZERAT IO #r A

T A B R AR ) — RANE L, BEBIARREE 2 R E, Fik %
R s A PR AZ 40 Precision, recall, Fp score 1 AUC Z5af AN F A A~ %
B, EEFRAMIEH Accuracy 1E AR AL IR R TAE FRAZE

R L R ) B AR 2 THIAIE R 1 A B ) A B IE (true positive) ~ IRIEF (false
positive) ~ HJfE(true negative)s Bl (false negative) VUFEIETE, 4 TP. FP.
TN+ FN 73 53R~ H B ERABIE, Rl Accuracy T FHSCER 18 57 0587 2% -
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TP+TN
P+ N

Accuracy =

6.3.2 IRZITL B R B

FIAPT5RE 68 0 R TR () R VR A o DU R BILER AR AR APy iy =B MR RER, aRfif
5 5 MIEABE TR o 4 S D181 80 L (1 A 7R S 1) 5 A B a8 5 92

6.3.2.1 GBDT 7%

A o1 IR (BT Lasso) Rrfelfniirih . BEMEARMOITVAE HIBUE, dlsk
GBDT #&8 fy s RARRH S, £ 0 JREG IR E073 5 HL 50, 250, 450, 650, 850 e, FHIHIE
AR R R B 2 0 SRS (E B I g g n,  BUERE AR, P R =R
it 2t B8 25 70 SRS A SR BE iy 8G n o [RIE, AR AR o i) 7 SR (8 B 8 A
8500 LLMRF,  HH 5 FH Bl AR AR PR fi 328 i 19 M4 AR YR Bf o4 DL B 3 SRV R By v 18
] lasso 7545 M HBEE, RIS T GBDT #8Y,  JRAM3%E BB R AR AR R LA
A ITE, FRRE R A AR E B A 850, AR UG 20 21 Fio.

6.3.2.2 XGBoost 127/

i lasso FHEERIE T FEMERARTT AT H 08U, BIIAK XGBoost 15244 ()45 R
HEN, FEE A BN N, TR A8 e 2 DL R — B MERE SR B
. DAL, AR B 850, 17 Y FEARE fi B ISR U7 V249 H A SR A S IC,
fSTHH lasso Aiiise F 75 BCHE A VE T 2 M LR i % rh S5 1) TR ERE 2R 0 = T BERE AR
MOTVEFTAFEHE, 5 BRLRR AR AR vy ) b 28 Rk A %) 0 B2 UG AIC . E T AH
BT F A P U, TR B e A TEIA S R R 1 U, DRI BE A AR AR T
PR B R B v ) — SR MR R B s 1) R FRAM rage 52 . & R nfEl 21, 22 A
Ao

6.3.2.3 Adaboost t27E

A%k GBDT #A84EL XGBoost B AIAH A, {8 H lasso Frfelfiliidt /7%, FEMEARM T
EAFH I EEE, WIS Adaboost A5HY 75 21 Y DY A HE Rk 24 il 25 43 KR 2 I B G T
Perme (HAaE BERIEBAE 650 H R 2 850 Iy, YEMER I+ 04E18, BT,
BB BIE R TSR E. Wik, 2R EBE IR 650, A Z
850. ILIRF, BEREARMRTTIEAS B B PTA MERER 15 T lasso J7i% . DR LA e 4% 038
FEREMEARMOT AT R I . 45 R Wl 23 24 P
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6.3.2.4 PR EA 55 7y ) A

45 EFTIR, GBDT #AL. XGBoost FA AT Adaboost F57 # %8 152 & HEAR AR 5 1L AT
R AT, GBDT #2Y. XGBoost A28 7 KH 45 {5 #5hfE E s 850, Adaboost #2844y
S WO 650, TP FHIE = FEAH G, THHE test 45, 2R A I S (B 15
HAE

6.3.3 FEIAS R LB

FERARAR R i b, ARPE B SCASER, 38 R 8 2 2 K =7 boosting ##H
EERAECRIE AT TR BRAMTIR RS LN T BUR 1 Rollkde, 6k
PERRMOITVE BT DI R AT R IR I, FREAT IR ORI B . fef&, =FR7
RIS R R : GBDT MIARYEREART 0.6812, mfMERER R 0.3553; XGBoost M4
MERER S 0.5413, SRMERER S 0.1986; Adaboost HIARYEREZR I 0.6302, =)
WERER T 0.3419. (A B ERERINE 26 ) BET GBDT HAZU AR fiff 4 bl
e AR YA S 0 S — (R R v (1 e, PP #3384 GBDT 1R R s AR

6.3.4 B/ REIRIIGTRAT/E

BT test FEAYTEN > T353R fo B AH B R 1 = B — S B R OR B (R
(HHELT validation SEAVFMIHERER) - INBHAM 0BT B R BB
HyiE—H8 > BRI = BB R AV E A -

Bt B ASIRIARME AT RE G EEE —ER - EBIETHY 1500 ZEEE S
FAEE—EH 1500 {EZELHpAIMRETUER - S (EREARAVMEE LT T i# R
BRRCKRER » ATRE R BN E SR TN o (NI - IRPERHZERIEE
% AEEHSE TR EERGUER - HARIEAE - @E AL - TSI
HIZERERIRIRAA A E 20% > BT EAMBEURE P 82 B R S GE R A m] RE AR/ )N -

HAR - BRETA ATRE B MR AI R - L > FMIFERS 838 R RIS
BREUTEA T - 32 BRBEE V7 A GBDT AT EHETEM] - FTie4iR A + GBDT
AIEEAERER S 0.7501 » SRR, 0.5770 < 0.577 BRTHETERIE AR IR
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EFHAERERS 03553 « (AL FeMigHsses © TEREEE T - BREDAR RIS IS
BT S TEAPERRRAES - B2 Boosting BV F I BIERE AR B 48 4
T & ° Boosting FF—HEg5 0 s SN F2T R — (@R HEs - T RERT—X
i EHAVEE RO % — RAVRES » AT — AR VIR » IEfEE KAV
SRR —2E - FRDIAIRES B —HAVEE A 21E » boosting EHHEIEH
PRIR AT 5 Ee 7R EE o PRS0 A8 SRR R R R — AV RER R — 20 KA A
T boosting B HYFEEFELBIRIATEETL » T PR T FEORIAY A RS -
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FLE EREREE

FENASEN TR TR T H A ke > e DL M iFees

1. fES AR 7 A BRI RE T EIAY IS T B PR R A P i AR AL
RGP EENARLEIREALAFTRERAVEAY o Bt Boosting MEEUAIFH » Fefifih
DUN R - 42 Boosting 273 MHRREAS > EEA A9 5 » FEFUNIBE SR - 15
TG R THNFEERAVER AN R - DU B LA RV H Y AR EREATR -
A A > NI A DBSIE A SG H g 2 R - ML EEU D
SRR AT ENE R K > ZROHBATENAERER LT - It IRPTERERER
Boosting JHFAHYZ S HHRE T - HE S APk AR PR B EREE J5 75 > DUt
ZEF R VBRI A TRy H HY -

2. AAERHAEILATAERE o - AT RIS R TR R - ERAT i1 45
R - HE— TSI EL B R &R R A nTRE BB G E S A A e S A (B 55 -
REERATRE Ky > PR R FE AR o S A T RE S A 7 U & FR TR 280 - B4
BB D BOFR AR - RIS BOARE AR HIRE S - (e E - S
ARAEHTHEY -

3. ALY RANTZE VAR RY Renthop 4UEFTHEAEHVAIAY T A HER > HNE
(ST R A uhey H AR PR E B AL - S &REFTFE T - aREEEA
FIHAHIELSR ~ S B2 > (e iE SRy S e -

4. RSB AR > ASCERAIR R AR - A2 BEfE H AR
AT SE R RS A - HAESEEERA AT b RIBK - 1RA A Re B80S
B R IEREME - NI > SRV P e IS E - /2B &
PlzFfg s i Iy HAY -

5. HREEHENAR > SEANERETHE R BT AR - £S5 RIS
RS GRS AR | G o DU IR R sE R -
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Calculate Population
Fitness

Do Mutation

bt 5%

Start

Validation &
Initiation

on start()

Start a Generation

on_fitness()

on_parent()

Select Parents(Mating Pool)

on_crossover() Do Crossover

on_mutation()

on_generation Population

Completed
or
Return stop

on stop()

| B DAL E

I4REE
(Training Data)

Next Generation's

]
BHEHhtEE (Bootstrap)
|
A REA2 BEA3
(Sample 1) (Sample 2) (Sample 3)
R hERt2 S ]
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nedium Iow high

[Laundry in Unit, Dishwasher, Hardwood Floors, No Fee]
[Elevator, Cats Allowed, Dogs Allowed, Exclusive]
[Common Outdoor Space, Cats Allowed, Dogs Allowed, Doorman, Elevator, Fitness Center, Laundry In Building]

[Doorman,
[Pre-War,
[Doorman,
[Doorman,

Fitness Center, Dogs Allowed, Cats Allowed]

No Fee, Dogs Allowed, Cats Allowed]

Elevator, Fitness Center, Cats Allowed, Dogs Allowed]
Elevator, Laundry in Building, Dishwasher, Hardwood Floors]

[Fitness Center, Cats Allowed, Dogs Allowed]
[Elevator, Dishwasher, Hardwood Floors]
[Doorman, Pre-War, Dogs Allowed, Cats Allowed]
[Doorman, Dogs Allowed, Cats Allowed]

[Laundry in Unit, Dishwasher, Hardwood Floors, No Fee, Dogs Allowed, Cats Allowed]

[Elevator, Hardwood Floors]

[prewar, Dogs Allowed, Cats Allowed, LOWRISE, SIMPLEX, HARDWOOD]
[No Fee, Cats Allowed, Dogs Allowed]

[Elevator, Laundry in Building, Dishwasher, Hardwood Floors]
[Dishwasher, Hardwood Floors, Dogs Allowed, Cats Allowed]

[Cats Allowed, Dogs Allowed, Exclusivel

& 14
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bathrooms  bedrooms building_id  created description  display_address  festures latitude listing_id longitude
[Ding
B Spacicus 1 Raam, Pre-
Bedroom 1 145 Boringuen Wiar, 7 ]
] 10 1 SOTIGISANI0ATCATS DI gy Bl Lonen 407108 TITOR6 739530 ailb4
S0 ilkamsburgl Sulding,
[
BRANO NEY fe—
2015 "ENO'\-'-\\]:ED Elervator,
1 14 2 bAeTSlc34Babedi225045564Ba951 712 D0t ™ TRUE 2 Eastddth  Laundry in 407511 70892144 730722 055db
05:44:33 t Sulding,
BEDROOMFind i
you
“ALEX2 [Dwarman,
2015- BEOHOOM Elevator,
2 10 7 cdTHSasARLAR A324bAaR 06AdEah2bdd DA-14 WITH FLILL Fast 5fth Street  Laundry in 407576 7168377 -TADE25 <8010
151958 FRESSURIZED Sulding,
warL Lauret
A Brard Naw 3
2B Bedroom 1.5 "
3 15 3 G3a5b110baSTHA1d4c010512000585  DO-24 bath Metropolian Il 407145 729212 T30425  Sbate
07:54:24  ApanmentE -
[ Bz
2015~ Stugio w =t
4 10 a 404051405414 2aB20R00EI40 20204 05.20 abundanl  Easl 410 Stigel 407439 7228202 73OT43 2edbd
03:50:23 closets.
Avalabl .
15
U"""""n’ block month index bathrooms bedrooms building_ld created  description  display_address ... w";:;“’:;‘ .
e Spacious 1
] o erodm 6 4 10 R U o i 00
Williemsburg]...
FRANE NFW
2016 el
1 1 Wanhatian 56 0 ? beeTVcHtatcRzbaasasannI T Dt RENGIETER Eazt ddth (1]
95433 B pROOMFInG
EX 2
2016 BEDROCM
2 3 Manhattan [ £ in z ACHARARIAPEEAOIEAISREOb40  OR14  WITHFLULL  Fast S6ih Steet oo
15:19:50 PRESSURIZED
WALL™L
ABrand New 3
2016-  Bedroom 1.4 pai:
3 3 Greaklyn 8 10 15 I EIuShi10laOTEA 1440105 10e0di0S OB 34 baih “"";\'“"‘” oo
075424 AparmertEnioy e
v sieed
2010- Studia w
4 4 wWanhalian B 15 i 0 BLGICSIASHIMISNZERINSHMCIBIIA U6 26 soundenl  East 3410 Street 0o
035023 clnsets
Avalabl...
block building_id created description display_address
Brooklyn 8579a0b0d54db803821a35a4a615e97a 2016-06-16 05:55:27 Spacious 1 Bedroom 1 Bathroom in Williamsburg! 145 Borinquen Place
Manhattan  b8e75fc949a6cd82250455648a951712  2016-06-01 05:44:33 BRAND NEW GUT RENOVATED TRUE 2 BEDROOMPFind you East 44th
Manhattan  cd759a988b8f23924b522058d5ab2b49 2016-06-14 15:19:59 **FLEX 2 BEDROOM WITH FULL PRESSURIZED WALL™L. East 56th Street
Brooklyn  53a5b119ba8f7b61d4e010512e0dfc85 2016-06-24 07:54:24 A Brand New 3 Bedroom 1.5 bath ApartmentEnjoy Metropolitan Avenue
Manhattan bfb9405149bfff42a92980b594c268234  2016-06-28 03:50:23 Over-sized Studio w abundant closets. Availabl East 34th Street
Manhattan 300d27d8ba2adbcbc8ctf2bcbe1c6f9d  2016-06-28 05:59:08 This spectacular converted 3 bed apartment all East 16th Street
Manhattan  0d01cabeb5fab192cdbcabdocb85ctea  2016-06-08 06:21:36 AMAZING DEAL!I BRAND NEW RENOVATIONS IN THIS H East 13th Street
Manhattan ~ d48767c37a934daafObbb0e58c755d0c  2016-06-05 05:28:22 No Fee Large Renovated Sun Splashed Studio. Wa York Avenue
Manhattan ~ d1ca33a2853e64fad6e4009d5d5d168f 2016-06-09 04:42:03 Extra large one bedroom apartment located in P. E 19 Street
Brooklyn 5f35dc2f0191baf109221752e6ee0c48 2016-06-28 03:26:18 Listed: 06/26/16<br /><br />Available: Hicks Street
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