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Abstract

In recent years, with the continuous development of China’s economic strength, cities pay more and
more attention to their comprehensive urban competitiveness. The establishment of the evaluation
system and classification system of urban competitiveness can enable each city to grasp its own fu-
ture development direction. In order to establish an evaluation system and grade classification, this
paper extracts three main factors (Fal: comprehensive economic and informatization degree, Fa2:
urban environment and medical service level factor, and Fa3: economic growth benefit) through
factor analysis, and set up city index system. On this basis, we learn and adopt K-center clustering,
decision tree, neural network, KNN and the weighted KNN, and start from the three main factor
scores to classify each city, and the comprehensive competitiveness of the official city in 2016. The
rankings are compared, the classification accuracy of each method is judged, and the optimal me-
thod of city classification and the main factors affecting the comprehensive competitiveness of the
city are compared. Based on the analysis of R language software, we get the following research con-
clusions: in the research of city classification, it is found that the classification accuracy of decision
tree and neural network algorithm is the best, followed by weighted KNN, KNN algorithm and
k-center clustering. Besides, the main factors affecting the comprehensive competitiveness of the city
are the revenue within the budget, total retail sales of consumer goods, telephone penetration rate,
Internet users, year-end deposit balance of financial institutions and per capita green space index.
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1. 5|8
1.1. fARERE5EN

WV, BEE LTI % A i, RIE LG5S IEE AR, b B E B b e A
P, W LRE T e EAL 2T P R AL IE A HBORGB E 2E, 2N T AR SR B ST 4R &
SEFIMIR R[] RO IZTE . S0, i BIEdRbs, bl 8 W R REARCr, X
] DO R BRI T SR AR AL S R HEAT R, FEE BOS A B T ST AR AR IR R IR AR A RO
HRNAT 3 S5HEA 1B E IR ER G 58 G 1S ANHER Rl 70 — Byl B — 2l =2k, =&
S, AT IR TEUN SR ZIR TR A S R R DL, Gl S AR T I o, A A E BT
SEBR R IR S S8 T B B T s A A T B IE RN A R A, BALE B R B B S R T R,
TR RYE AR AR TREZFHREBERE, T memig, ANRKMSEREAREET.

BRI, BIRFURE I T 25 15 58 G I R 3R DAL 0E & BRI PP 2R [ A AR — A 2R

1.2. xR

I LEEREE h R 22 5 S8 D R A RS, ISR G 58 SRR h EAL 25 h AL AR 2L, RIS
W LR G 7S I AT A B IR B E L MIMTERE T 2SR a T — MR &5 H4 .
FHE PR E AR AR, X AR R T SR IR A B ORI ) R SE A R VR I R . TR
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FARENE HIE R, S 2R 6 58 4 J1A DO IR 7 oA 5 25520, 10 H A5 M S5 4 R A B VIR
PRI o S T 255 5 5 S T RE A R R IS, e A xS il i S5 0 00 R IR R O IE 98 . Pk, T ZR &
KAV PRI TR G T 22 A TR 2 ) 2R3

1.2.1. ERfARER

TR T SR T 25 B SE AT A M I TSR LU R, IR EE A R R IBURF AR T s ok bk 5 A3
W4, EA KR Z a8 R SRR NEE S fabrin: EHER, REZ2012) 2% AL
38 MAT NI AN G, WNETFRREIG . 2 SRR RGN AN T7 T IE FH E R T, 1
IR SE G IV TR AR R R, PPN R IR T SR AT SE 4 70, R LS AN T HEAT U T T U,
MG € (2018)558 N[3], 2T 51 IR 566 NI AEREE R EHATINE, JF BRI LA B 7 IR
SV R FhEE(2013) [41UREET B SRR MfE R R, B H 750N SR R WA
1L AT 5e 4 77, TR SORF B0 H08s 11 AT 4051400 3 280 7 28, WF 0 IR Lo SRR .

1.2.2. ESHHRBER

FE SME IR T 2545 5 4 70 55 7 TH ORI LI 23 e A 22, B ZE R AR A« Chun Feng Lius Bao Min Hu,
Zi Biao Li %5 A\ (2010) [5]idxt  EIR T 56 4 Jpdie iy ) il 300 ML LR &34 S, isHiHE
LTI 50 A FEIRTH0 12 ANTe g IEAT T IR, TERCT 2009 4 H E 5 B 5w 4 771 10 AN,
et 1 — b N PO 2 R B ideond T 256 56 4 73T YA ) Mathematica £5/5 ; Chun Dong. Chunhua
Wu. Xiaoli Sun 5§ A\ (2008) [6[iE X WAIZEN BB ) 04, AL T —DMEE 4 MFRE. 12 DMEZEM S
ANFEAR B SEINRE A Fabr ik &R, I8 TOPSIS J5i, X 2009 Frf [E 28 MM T AR 141 ANIRTTEAT
TS .

L3, AXFERRAR

SR EAESR T AR . SSIEWT T DL 7303 EHUAS TR R BERE, (ER LT 5 — ek b T4
PR 3 BT B LW I R R Fa bk & B0, DL 5 B AT 78 32 BRI 2k e frids . A
Tobrs BIRER BT B BRI KR A R . REETEFAE—E R, BH RS, MARE
FUEN P T LR A IS IR R, SRR R 2> REEBEAT L, TR KL h i #%
—REONRL . A IRTTE, IR R S S I R

AR EERTTEA BT

1) RIS E T4 4L 5 49 DIl AOAR ST AR (K Sebrdidls , A B3 s O 22 B 7
FFENIRTSEF TN AR, B3N 5E - TIF AR CHT Fu 4 5 A T S 5

2) FIH B 7455 B R F HAB Sy BIEK-H 0 EESE . TREER . BP MM, KNN 5% LU AL
KNN S0 0T 5 5 00 SR HERPE, 2 & 3T S8 00 R0 5%, R vHE A = 1 (R B e 1L 728
Jrike CAMARN T — I S J kR IR AE 2

3) ARIEIPREEIR, FFE G AT LA 3 (1 [ SR DAL [ B RIA B0t B & AT K R e, 20 A 8
B} ANEC P/

L4, ARG

ARSI 44 T IR SR S PER 59 MR IRSIBCR, JE 0 SURAT T IRBAEAH . FUREE T4
HESTIRAT IS AR R, ZERIER b, ST F 0SB AS 59 MRITHEF 02, JERHUIET Lokt
i
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o | |Emm | |ERE RS R
J I P Hip % SIS U (s
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2. TEIERIERF
2.1. Rk

AR EEE TR AL RO T 72 R R 3R, DL R 7 2677 % AR¥E 2016 FE3R T 3E 5 )
BHA, DURATHIZ G RT2EM L, Sai BB MBI & ZR & B ERARr, IRl g e AN
HHa[7], FHEEFARR I 1 Prs.

Table 1. Each factor indicator category
F 1. FPTEREREHR

R IR TR AR 2R [EENE R IR TR AR 2R [EENE
A1 GDP (JiTt/N) X1 NV ENAF A R) X9
GDP K %(%) X2 TR & A (F5/100 N) X10
WA BT SN (IZT) X3 B $(5) X11
FE2H B B BI(12 D) X4 N S53  B THLRR G 7K) X12
H. B=k s GDP HE (%) X5 B NAAZH X13
W2 E RN E FERRE X6 TN AR X14
S RIWAER AR R B (1LTT) X7 T3 NI R IRHL X15
S RS AETG FK B G I5 K/ N) X8 SEBRAE AR S 3£ 0) X16

ARk B AR SHE SRR

2.2. BIEFLEMRRE S

BT =23 R A S, TR ARSI R R BR R, BRATTRE =k T AT SRR, EEEDL— 2k,
B 2R DA R T N AR B

N, FATFA RAEF RS summary( TR T A MR RAME, RE TEEAREE,
WA 2.

Table 2. Descriptive statistics of each indicator

2. BNMERRER R E

ARt 4, Min Max Mean SD A4 Min Max Mean SD
X1 2016 167,411 88,860 31,963.19 X9 181.2 5423 787.3 470.11
X2 -5.6 10.7 7.877 2.18 X10 46.88 731.62 212.67 163.32
X3 115.5 6406.1 967.5 1178.48 X11 63 849 270.8 164.75
X4 653.9 11,005.1 3499.2 2287.78 X12 2.95 69.95 11.3 11.87
X5 0.68 1 0.9428 0.06 X13 1.16 86.67 10.15 12.43
X6 29,674 270,237 86,813 50,950.25 X14 16.6 83.1 38.4 15.13
X7 3125 32,792 19,000 23,554.35 X15 28.6 136.9 70.1 20.7
X8 2.56 78.14 27.48 17.7 X16 3781 44,524 28,274 31,699.53
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M 2 FATAT RN GDP (X1)s W 2 J& R A & FARREUXE) SEFR{E AN S8I(X16). ANBIA
el Sk M T R (X TR ZEAR K, 128 =72k 5 88 Pl P~ B H (XS Ak 22 SERF R/ . BRATE B 75
FRE LR, B2, SARTIR BRI ZERE, FrRRAT. B, XWEENTTE £
(AT 38 KA — N8R

Table 3. Pearson correlation coefficient matrix table

%% 3. Pearson HHX RBUIEMER

X1 X2 X3 X4 X5 X6 X7 X8 X9
X1 1 039 04 04 0.55 0.48 0.39 027 0.24
X2 039 1 0 0.06 0.71 -0.05 ~0.04 0.01 0.04
X3 04 0 1 0.87 0.27 0.54 0.94 0.17 0.54
X4 04 ~0.06 0.87 1 0.17 0.45 0.88 0.15 0.42
X5 0.55 0.71 027 0.17 1 0.32 0.25 0.22 037
X6 0.48 -0.05 0.54 0.45 0.32 1 0.6 0.6 0.46
X7 0.39 ~0.04 0.94 0.88 0.25 0.6 1 0.25 0.51
X8 027 0.01 0.17 0.15 0.22 0.6 0.25 1 032
X9 0.24 0.04 0.54 0.42 0.37 0.46 0.51 0.32 1
X10 037 0.01 0.87 0.89 0.23 0.62 0.88 027 0.52
X11 036 0.11 0.7 0.83 0.25 0.36 0.66 0.11 036
X12 0.33 0.05 -0.02 0.05 0.26 0.64 0.03 0.57 0.11
X13 0.46 0.06 0.34 0.21 0.21 0.76 036 0.52 038
X14 041 -0.04 038 0.29 028 0.83 047 0.61 0.23
X15 0.18 -0.13 0.25 027 0.12 0.65 03 047 0.05
X16 041 0 0.69 0.75 0.25 0.66 0.72 0.55 0.48
X17 041 0 0.69 0.75 0.25 0.66 0.72 0.55 0.48
X18 0.35 0.04 0.96 0.9 025 0.46 0.92 0.1 0.45
X10 X11 X12 X13 X14 X15 X16 X17 X18
X1 037 0.36 033 0.46 041 0.18s 041 041 035
X2 0.01 0.11 0.05 0.06 ~0.04 -0.13 0 0 0.04
X3 0.87 0.7 0.02 0.34 0.38 0.25 0.69 0.69 0.96
X4 0.89 0.83 -0.05 021 0.29 027 0.75 0.75 0.9
X5 0.23 0.25 0.26 0.21 0.28 0.12 0.25 0.25 0.25
X6 0.62 0.36 0.64 0.76 0.83 0.65 0.66 0.66 0.46
X7 0.88 0.66 0.03 0.36 0.47 03 0.72 0.72 0.92
X8 0.27 0.11 0.57 0.52 0.61 0.47 0.55 0.55 0.1
X9 0.52 036 0.11 038 023 0.05 048 048 045
X10 1 0.86 0.1 0.46 0.41 0.34 0.76 0.76 0.88
X11 0.86 1 ~0.04 031 0.19 0.21 0.62 0.62 0.75
X12 0.1 -0.04 1 052 0.65 0.54 034 034 -0.02
X13 0.46 031 0.52 1 0.69 0.48 0.49 0.49 0.25
X14 041 0.19 0.65 0.69 1 0.77 052 052 0.32
X15 0.34 021 0.54 0.48 0.77 1 0.44 0.44 0.16
X16 0.76 0.62 0.34 0.49 0.52 0.44 1 1 0.68
X17 0.76 0.62 0.34 0.49 0.52 0.44 1 1 0.68
X18 0.88 0.75 -0.02 0.25 0.32 0.16 0.68 0.68 1
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BRULZ Ak, AT T RSN FE0A R 3R AR bR 2 A DG, T AT F A2 & Pearson #H5¢ REUEFF K
R AR B T (14 0 2 (B 5 Bl R B AR 2 TR AR DG REUK T 0.7), B4 3 AT AR AN 3R 2 1]
ZEILEME M E, HEERAELMARRR, RS AR BFESMECH, AFHEXR
AR RIR KE-0.13 2. HAERRZ, X105 X3, X4, X7. X11. X16. X17. X18 % V)35 1EAH
Ktk X18 5 X3, X4, X7, X10. X11 VRGN, M X1, X8, X9, X12 5HAAE 2 [HE%H
SEAH T .

3. IRBIENT

N TR IR SR R SR BN ZE 7, DU FERI S AR, AT S Sext Bl AT 1 Rtk
PEALER, MF] R 18 F T scale() b BBEAT AR HELL o

3.1. BAFaHr

5770 Mt (Factor Analysis) & X #H < 2 B B A BB A5 A4 HIARIE OB T, B0 2 MR BRI A
HART IR L ZRIR, W REI H E a4 5 5 2 B R R R R
LSRR WAR

X, =afa +a,Fa, +---+a,Fa,+U,

Horp, B i AWM RG=1--k), BAKET(j=1-p), HFHZH p<kif. RLEMEINAGHEHD
(TCEA A T RE) . AT DAREE 1R RS DR 3x 2 15 ) ML 52 ) T ik o

PR RATE ] R 8 50 AL B AT 5 704, A psych €%t 18 AN HAR AT R 770, 2
F TR R TR, SRECGE A R TR PRI IR ST e AR A B AT L R 1 R 5 A
THrE EEARRER TR, BURR RNV E R, R 49 MRHIT o g idEd, IRIESER
25 AR N PP S5

3.1.1. FIRTFRIE 2 LETH

HSEA A psych A fa.parallel ORI 75 FEHRCH A IL 75, A& 4 Fos, AWARTRIED 3 AT
CZFE 1R IAEERE 76.48% 1015 2., JF HAFIEEZ R, WRERE 9. 236 DL ESRIGET =4 H 11k
NEERER, RIGHATH T e .

Table 4. The cumulative contribution rate of each factor

* 4. FERTHRMTTAE

7 R TR it TR
1 6.925 38.472 38.472
2 4.661 25.892 64.364
3 2.181 12.115 76.48

3.1.2. EFhEsE

=AEER T SR A ECHE 2 18] (A S b D7 38 R S, ER TR A% TR A S S A AN K
T, ST RERE I AR TRIBATEAT 777 ORI IE AT e A4, FI] R 155 ) fa( )B4
FEM RS e i e =N 7-, - DASRAGAZAH B (0 e A R, Rk L 5.

M5 TSR, & R AR 2 T R R R R BRI R b R 8. JRATATBLE H: 54
AT A YIGGAR 2 BT 2 M DT EIA B 38.472%, b X3 (MBEHHENIRN). X4 (&l E
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ERAD X7 (RN FEARAEFRED) X10 (BIEE %), X111 (BB A P E0 M X18 (NI B E 7%
3 H)IX 6 MR EEAR KM FAE, BT ABRATHE AT LA EX 6 NMabax K+ — B R K m, 44
SLERE DL L B BRI EE, RATKIX 6 Mats FEEHSE0. EEMN KEEGR, TR H
T—E N GFEERFMEEMNMEERT.

Table 5. The cumulative contribution rate of each factor

5. FETHRMTTEE

izt Fal Fa2 Fa3 izl Fal Fa2 Fa3
X1 0.289 0.321 0.649 X9 0.504 0.206 0.26
X2 - -0.132 0.893 X10 0916 0.252
X3 0.925 0.152 0.125 X11 0.826 - 0.176
X4 0.957 - - X12 -0.153 0.827 0.178
X5 0.133 0.152 0.89 X13 0.221 0.737 0.203
X6 0.411 0.823 0.145 X14 0.213 0.875 -
X7 0.909 0.224 X15 0.149 0.778 -0.113
X8 - 0.767 0.112 X16 0.726 0.506 0.103

BN LE X A VIR RN R EERERIA ] T 25.892%, HAPTE X6 (ML FERABMMEE
SRR X8 (ERAWAFEHKE). X12 (NII3TE % m A X14 5 NI BEAZ) U e b A
BHRKM AR, X 4 MERFEESWTHREE, R BTG EHNEIRR, TRERBRITERF
TENCH: WTHRSERTRSKER T

H=ANAILE T A VIR B R ZTTEREEIA R T 12.115%, HPE X2 (GDP #K%)5 X5
G B=r=lk5 GDP WL E)H A RS BAA BRI e, 1X 2 Meds R E S LA N R,
TREATHE T =8 L. FEKMEFETF-

3.1.3. AFEEE S URITENR
FIH fa.diagram ( )FRELIEAS Bl IS fa.varimaxSweights 753 2 AH BN T 74558, FRATT ] DA 2454 A
THIFRIE:
Fal=0.289X1+0.925X3+0.957X4+0.133X5+0.411X6+0.909X7+0.504X9
+0.916X10+0.826X11-0.153X12+0.221X13+0.213X14+0.149.X15
+0.726X16+0.726 X17 +0.945X18

Fa2=0321X1-0.132X2+0.152X3+0.152X5+0.823.X6+0.224X7+0.767X8
+0.206X9+0.252X10+0.827X12+0.737X13+0.875X14+0.778 X15
+0.506X16+0.506.X17

Fa3=0.649X1+0.893X2+0.125X3+0.89X5+0.145X6+0.112X8+0.26.X9
+0.176 X11+0.178X12+0.203X13-0.113X15+0.103.X16+0.103.X17
+0.126 X18

FESLIERE b, FRATIAE FAREAN BRI 7 (0 75 Z2 TR 5 = AN 32 DR 10 7 22 DR 1 L B E 9 B4 PR T
MR, IFHATIBORAN,  FATRT LA &1 725 & 150 i 54 208

_ 0.385Fal+0.259Fa2+0.121Fa3
0.765

BT E R T35 L TR A A5 0 R A R I 6 P

Fa
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Table 6. Factor score and comprehensive ranking of comprehensive competitiveness of each city

6. BWHEARFNNETFRIREEHR

i Fal Fa2 Fa3 gi’i% ;iz i Fal Fa2 Fa3 ?g;;?é Z2EHE4
e 332 0.48 -0.14 1.386 3 R -0.89  3.75 0.11 0.642 5
Eidgi 3.92 0 0.05 1515 1 E2 -061 023  -026  —0.207 27
Ikl 1.5 1.49 0.42 1.014 4 KR ~0.86 0.7 -0.13 —0.166 24
wINTH 1.41 2.94 1.3 1.462 2 & -0.58  —0.53 0.4 -0.312 35
o 094  -0.18  —0.19 0.292 9 T 041  -0.17 -1.12 -0.337 41
Bl 0.38 0.24 0.58 0.279 10 e -0.83  0.04 0.34 -0.268 32
FEwid 0.38 0.06 0.24 0.191 12 | -1.11 085 033 —0.247 29
R 0.8 -0.28 0.79 0.331 8 K& -05 041 02 -0.323 37
B 0.49 0.61 0.55 0.413 6 SR -02 -112 025 -0.337 40
GiN 1.95 -1.53 0.14 0.371 7 1 BH -0.54  -092 0.1 —0.458 49
[ -0.01 018  0.12 -0.036 20 I -0.6  —0.03 072 -0.152 23
Kb 028  —0.04 0.55 -0.052 22 BRifE -1.51 1.83 0.95 0.008 15
Hi 016  -039 031 -0.002 16 e 049  -0.66 —0.03 —0.363 42
JLFH 0.36 0.71 -5.69 —0.366 44 HE -037 -0.72 0.5 —0.323 36
K& -0.12 0 -1.86 -0.271 33 HH -0.69 —0.44  0.04 -0.375 46
17 -0.76 0.93 0.61 0.022 14 ARMI -0.15 -1.09 02 —0.364 43
il 0.49 0.04 0.19 0.222 11 o -049  -05  —0.05 -0.324 38
T 007  -034 048 —0.003 17 e -0.25 -1 039  —0.402 48
) -0.21 0.03 0.46 -0.017 18 FIE 024  —0.85 0.5 -0.252 31
& -0.13 077 0.5 —0.189 26 Bl -0.6 —0.87 059 -0.385 47
& 042  —0.54 0.75 -0.211 28 sk 034 -1.09 036 -0.370 45
R -0.02  —0.16 0.19 -0.026 19 WaIRIE -02  -0.56 —0.87 -0.327 39
M -0.15  —0.93 0.41 -0.249 30 LERF -038 1.09  -1.18 ~0.168 25
1l 043 0.94 0.04 0.083 13 AEE S 009 -082 048  —0.305 34

P —-0.28 0.14 0.21 -0.046 21

HIZE 6 AT, iR aHEA 2 49 MR IEE — 4, HUGEHRIIT . JOMNmSIbEm . MR 3
NHETREONES], RS SRR SRR, TRV NRAAELT T e 8w, AR ELHFAE
KR IREN 1 S B . METE, RIS S L5 A E B R TR BOK, R T 0 A
e, AT T ISR AE B = (B G KRG B )3 0 th A, (T I8 2, W S2 A S i
PERISE D)o HARIR T AE SO AIGE — 0, B, IR0 Hr JATAT DU STARSC I PRk & o 4
ok, FEUEIEAL B, FRATAIE S LA A A e, DU 2 AR L T VR SR AR AT 1T
fiti, RT3 KT USRI T 58 4 5B I R 3R

3.2. 3EFE

R T, WATCLE W TN AR, JFHAE TSR ER s 5 R, B
WRTTREAT 70 M. AEURIEAS b, R IR TS Bt v E Y 49 AT EEAT 732K
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FEHAT BRI REDE IR U Z 0, FATE Sk Bt ) vl grse 5 ikse . Ho, IgRdR b L 3/4,
TR G e 1740 EEH IR 1B B A 5O, AR AL TS, I SRR AT R
gk, FIRHRREEREAT R

3.2.1. K-Au> BR3¢

1) BEARHE

RO ARYEE W AR R R 2 A TR R, A TR R — MR, JEEAE
FAERAINT GAB AR, (HS A e o (6 /AN [8] 6

FHEE K-E 5, K-l S5 B AU, B H AR T 289 5% S FE AR O,
T3 FH SE Bkt GORARER ATTE A%, DU AR L.

TATRI AR HEAT R, @ b 36 MIHTREAT RIS, FEHMRREE ) 13 ANIRTTHE T IAIE
52016 B HEA T ICE:, THE R,

2) SEFRRA

FI R A S0 T R AR B AR AT K- 2. AT RILL R R 3% 7 fE 8.

Table 7. Clustering results

F 1. BAHER
RAELER
1 Jeaei BgT IMTT RIITE RES BN OREE M P Kb KE TN T B
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Table 8. Performance results of K-center clustering model
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Figure 1. Training decision tree based on C4.5 algorithm
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Table 9. Decision tree model performance results
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Figure 2. BP neural network
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Table 10. Performance results of BP neural network model
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Table 11. KNN model performance results
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Table 12. KKNN model performance results
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Table 13. Comparison of classification methods
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