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Abstract

This paper examines how the K-means clustering algorithm can be used to segment customers to
help marketing teams with precision marketing. The authors used a customer cluster dataset from
Baidu Feizuo, which includes customer information such as gender, marital status, age, education,
income and occupation. After preprocessing the data, the optimal K value is determined by contour
coefficient and SSE, and the customer is finally divided into high quality, medium quality and low
quality. The research provides specific customer segmentation results, which has certain reference
value for enterprises to formulate marketing strategies.
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Bt R H AR AR BIOR, Al ok 7538 o A P20 B A R U % R AR, APRAL B 4 S0 . K-means
PERZ MRy RITE, ot R, PR R AR B E] RS BRSO E %
JZ BN 1]e ASCM ] K-means 505500 % /7 Bli #EAT SR, WRGEZ 7 IR Ik A sl ks & 7 Rl o v T
REAH, HORFRIRAIREAZE R BT SRR BE S AE AU TR by, SEIE P RERIE B 2K 2775
AMXRENS H By ML A E R IBEUR T S SRR A, I REDY ML AR 55 S R HEE A SR e
SCHE. IR R AR BN BRI A SRR AOR, A&t B MR S A R, B At
RIRRCE SR 5 TIA584 /1

2. X%

FE MR « LB 1956 5T “400 7 B, 7 A RENS A RIS, B SR
REIET KR P EA B BN TR A, MR ESE, JFE FIRIEI T, TR
AR A A SRR A2 T 0 R P AT R A, DR R AR S S ) R E SR AR . AR I
Xt \FPA [F SRR DT B EEAIT T, XL 7 48 i ML ARAT (9 CRM S5 R Gee P dil oy, 381 7 k2, %
073 B R WARAT 80% AL 2 2 1 20% UL E B[ 2 P i SR, B SCHE RS HETE B SRR 2]

X, HETARZ KT K-means JRRFIEIEAT 2 P BEARI R 2y, flaneh H R 5 5
27 e AR 03 SLUHNT S YR T T it K-means 509200 HE 179 555 T A0 BT T3], 3T R DIV R 22 S
BRI R RS R A B 1 R AR SRR I T LK) K-Means 3% S AR % /7 4170 v AR
FWEFE[4]. #B 23T K-means #EAT % 7 BEAA I 47 -

3. EXEAR
3.1. K-Means B2 E ZiEiA

K-means JRFHE—ME R PTOIRB 5k, HTRERER 58 K AEHEAES K.

— R R AR B v SR B N B C R EE RS, MEONARDE . BEBGEROR, ARBLUEEER N RO
e RE K EERRSRNEE, RAEEEE SRR ORI ORI SRR ), s, B
B AL BT RN, INIE B EIERRE, BIEN Z RN, R ZER K.

K-means 570 0%

1. Wik k ANEER AT

2. THEARRAN O B AN BER B

3. BATHIE K

4. THERRME L, FFLALE AR BT EER .

5. HWTH KIS R S0 — B R R B, EARNZER 4, BIRS5 H— DSk,

IRIEAC LIRS, RIBEAN A s 3 H B P I S 1) 0 (R EE B9 - U7 R (SSE) 2 S SR

K-means EREVEIM AU KBRS R BRI, TEPOE H 5 T5L39[5].

K-means FIH LIS 2 FETLHE K E, XTI BUR(AT e SIS R i), X ik s il
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R U,
3.2. Pearson HHX A

Pearson #H 2% %%l (Pearson Correlation Coefficient) & 4t t127 H i & 1 AN S35 B 2 [A) 28 1 5 2R 5 i AT
JrE IR RR, 2PN AR R A AR R I &R, EIUETEEE-1 2 1 Z[A)[6].

r=1: FEARIELPEA IR & [F3Y [Fk) .

r=-1: FERMEIEAHR MG T —A0).

r=0: ZMEMICHEAR T RA HALIE LM ER).

X TR AR

X={x, x,, " x, JMY={y, y,, =", y,}, Pearson Hi5kRZEMIHH AKX N:

r= W\jj%()(’y) _ iz:;(xi_)_c)(yi_y)
PO IR \/i(x,« -x) *\/i(% —J_/)z

K.
XA AR X ALY HIBIE.

3.3. REBHRH

R, B SC Fabr, RnRFRIE S IFEAR M KEFRR LS R A ISR o [F—JHh AR ]
MIFE BRI, SRR AR BRI SC Q)MEERK, TRRRTLBRGT[7]. A Ml fE i N 5% 5 A e () 70 25
B

1986 4=, Rousseeuw #i 5858 & Hi(silhouette coefficient, SC)FIMES, FFH%E BT R Fa] LLIT Hdis &
EERUFIR, ] DL 8RR A [ — B R 0 e 25 0, #e B R R R R EE M 4 &
FG TR AN 5y B FE B W R R 2RI AT VR T 5

TFREFEAR 1 BB R AU A

s - —ilal)_
max{a(l),b(z)}
Horr:

a ()BERFEAR 1 B [FFE N FTE AW P, KBUZFEAR S R E A S AR .

b ()RNFEAR 1 B HAh A AP BB e ME,  RMSZFEA S AR 7 SRR

THREEBA B E 5 BT 2B A

SilhouetteScore = %i s (i )

BEARE SCOMAELE-1, XML, HFEREERR 1 g, RFEIER NS S KGR
JEE RN 43 B B A LU, BRI ) o 3R B -

3.4. SSE

SSE (Sum of Squared Errors, “FJ7iRZEM), WHRAHENFTTH, & K-means FEEHHAZO VPR
br, HTHERRERNEERE.

SSE TH&E & BT 2 5 H BT 8 7% Hh o 50 B R R BE 2 1~ 7 f, - AR .
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o — 22| | & H0HE s x B 500 PR WK PGB B
SSE &
SSE B/, Ul BH%R A RO, R .
SSE B, Ut B s B AR OB, TRRRUR B E .
SSE i 55
THE R, & T K-Means 253 -5 59 B 5B 280005,
HAM, SSE /N, FRBHALE.
T REIERCHE R ).
SSE fift sii:
WIRTRAE e KK, Joik E s e AR il
Xof S AE BB (B AU 22 9 0 SSE).
BRI R TG, SRR B AR SR A (TR ER) -
SSE 20 K 4 K1 #u i i Jsk (H i A5 1t K = NK =N i SSE =0, HIEE ).

3.5. FRHE

FIHE(EIbow Method)ZHi%E K-means RIEFFE P RALAEE(K E) % ik, gl AR K E
YR SSE (Sum of Squared Errors, V7 inZEFM) B EHKFREERIEE. ELREFEARM K E
I, SSE 2xB K MK ik, FEARSFEERE K WA, BMERRS L SZE I, SSE MEMS
WEE TR, (Ha2, BEE KAAMIZEEA, ERAXSRE KAEZHT, SSE M TRERIEIE, HIMEE K
ERIRETIG R, B3R KL G, SSE I MRS, JWl— TR, ZEBTI Al it KE.

/Tjt){_i:

I EM, Z T, RS ST 5.

(=

JIP 3 A B AN B R PRI T ) X AEBRIE AR RCR A OB 3 R

4. BEALESRE
4.1. HEER

BRI T G R B - BRI, AR RS A RE S MER, ksl SR
W e #H WAPLEE, Z BT BUE Bk 1R,

Table 1. Customer group field information

T BEPRTRER

T4 Bt B
ID % id
Sex 5] 0: male 1: female
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USURIRAS: 0: single
1: non-single (divorced / separated / married / widowed)
Age Fik
0: other / unknown
1: high school

Marital status

Education .
2: university
3: graduate school
Income [N
0: unemployed / unskilled
Occupation 1: skilled employee / official
2: management / self-employed / highly qualified employee / officer
0: small city
Settlement size 1: mid-sized city

2: big city

4.2. HETEZ EHXY
FH Pearson fHx KRBT EHEMER . FERE . F0. Bk, N EBJEIT Z B A . 7 E ST
PRV, DRGIBADERZE, FEAMNE BEE 2 frx.

Table 2. Field correlation information

=2 FREXMER

Sex Marital status Age Education Income Occupation  Settlement size
Sex 1 0.566510673 —0.182884799 0.24483756 —0.195146423 —0.202491179 —0.300803219
Dfé;gzl 0.566510673 1 —0.21317835 0.374016539 —0.073527728 —0.029489581 —0.097040603
Age  —0.182884799 —0.21317835 1 0.654604987 0.340610164  0.108388053  0.119751291
Education  0.24483756  0.374016539  0.654604987 1 0.233458647 0.064523756  0.034732304
Income  —0.195146423 —0.073527728 0.340610164 0.233458647 1 0.680357396  0.490880929
Occupation —0.202491179 —0.029489581 0.108388053 0.064523756 0.680357396 1 0.571794844
Settlement ) 350803219 —0.097040603 0.119751291 0.034732304 0.490880929  0.571794844 1

size

H1 Pearson AR HL FAMFHEEE, YEARUSIRERA REAARINE, WAL ZEAKT UL,
JEAESRTT BATRSRIIFORNE. k., BAWEYEE @R, RUCHERR 1RGSR T % P BEIESEHT

4.3. BIETALIE

PR A SRR p )RR AR, BRMEL EJEIRT, BAABRRAE.

X ER R, HEAT IR AL B .

XF TR B Lo AT BB e, B R E N 0, LWEN 1.

Y22 D AT BUE 4, BN O:other/unknown 1:high school 2:university 3: graduate school

P ERME AT A ¥, B 0:unemployed/sunskilled 1:skilled employee/official 2:management/self-em-
ployed/high qualified employee

B AR RN TEE #4, Bl 0:small city 1:mid-sized city 2:big city

PR AT XS, BRI A(D): ANT 20 25 (2): 20~25 %5 (3): 25~30 %5 (4): 30~35 % (5):
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35~40 %5 (6): 40~45 %5 (7): 45~50 % (8): 50~55 %5 (9): 55~60 %; (10): KT 60 5. EAR%E W
NEFTR. BAARBIRE 1 %R BEEGE FTR .
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Figure 1. Number of customer segments divided by year

1. BRFRERYE

4.4. VJ3—{L4bIE

B F N AN At BRI A AN 22 B OK, S U A B, AN R R AE RURE f B0 4 4 B AR 1R 1)
REEVEREIN, MRJURIE R 22 R 0 8, IR S SR i AR
Min-Max (5/)> — s RFRUEA) /& — PP 2R AR (1 7775, F SR G 50 26 vE i 23R e Y N [0-1]. B
LR A e AN S HHE B] AR R KNI A A TR, AR 4R Bk i 2] H ARG R AR5, BTbL, A& B
R KM Min-Max (/) - SR bRAEA) AT T — b B . AL T
X-X

Xnurm = min
X — X,

X R
X, ZHHIE I e /ME
X, . ZRHIE R ECRE

X £ I 008 (BRIA [0, 1]IX 1)
4.5. ik K {EffIE

X BB EAREA R K AERESL R, tHH SSE MR REEAF K (HIEH FIER, HLHr
K, TR R KA
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Figure 2. Contour coefficient line diagram
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Figure 3. SSE- in-cluster error square sum line graph

[& 3. SSE-FRPNIREF 5 k(&

115 2 Be 5 R BT IR A 3 SSE-IEN R ZEF T AT R P E , £ K = 6 I, HRJE REUA i
K, SSE NFEZBWE M 2%, Fik, FRATATCAR IR E K (HE 6.

4.6. B3I K-Means B4R

WE R K=6, XH sklearn FEFHERINE: WIZHTT % (init) N K-means++, FUOHIIEAE (n__init)
10, F KIEARE (max__iter) A 300, FEHLANIIZREHE F IR HUWI 46 57 0 (random__state) 0. 3l i Il 215 HH 2R
HAEAY, I LU S R B H T
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SREIEcH: SSE = 445.5410560361939.
5. GGRath
5.1. IBERPH
ek S AN B, AR N E S A R E 4 TR

sex Marital status Education Occupation Settlement size
management
Age ) Income skilled  self-employed .
lust : ploy ) ’
ST nale  female single non-single (F3%) other/ high university " aduate [GE2)] unemployed employee highly small - mid-sized big city
unknown school school unskilled 0 . city city
official qualified
employeeofficer
0 7% 100% 100%  34.63 7097% 23.87%  5.16% 136594.08 1.94% 79.35% 18.71% 1.61% 61.94% 36.45%
1#8 100% 100% 37.57 33.23% 59.74%  7.03% 102782.32 64.22% 34.50% 1.28% 93.93%  6.07%
27K 100% 100% 3512 17.98% 7191%  8.99% L12% 9799724 64.05% 34.83% 1.12% 92.70%  7.30%
3% 100% 100% 33.97 7588% 21.40%  2.72% 122976.72 23.35% 59.92% 16.73% 38.52% 31.13% 30.35%
4f% 100% 100% 40.01 29.26% 59.30% 11.44% 145325.6 1.94% 69.57% 28.49% 0.19%  46.32% 53.49%%
5% 100% 100% 32.15 82.16% 15.26%  2.58% 101777.62 56.81% 43.19% 99.77%  0.23%

Figure 4. Percentage of data within each cluster

E 4. EMEAKERSLL

w1 IR P R A R«

R PRI . TRAEITT . 2P BRI N B AR R I =R R

0 RN I REE BRI k. G EHORONE, KFERIR TARR K NI G B,
JEAEAE R R A P R T, A& T iR A

AR PR ERAE Y A . ORUS (K520 AR R R, RN, 2R TR

FUREE
2 FRN R B N k. 2R REED, TR R R, EEEAN I, 2R TR E R
FUREA

3FRA R REE BRI . CU8. M E, REEEPIONIR. TAEEENPRRN, 0N
JERUTRWLE, PR AR/ N, R T S R R A

4 FRNERE T ERHE N B RS, SR PN, TR LRI, 32 A KR
ARy, BABEON, BT RS R

5 RN PR BRI LM I8 PO R PINIR, TAREEOH T ZEL, 2
AJEAEAE /N, BRI, BT SRR R A

5.2. RESMHNRIEFRH

H ERBIEEE R, W, WAlSmMERRERR. PERERH. mRER RGN,
Rk, FRAE B — b4 et b, BT HEE R R R AT R 0 5.

IR A AN R KB T f5S B8 R B0 SSE (RN -F 7 i), %G58 R AR SSE (% N ~F 5 R A
#.
B 5 AN X 210 R R0 R ORI SSE FREN R ZE T 7 R 4R I, FATH LR 1 e fE K (B2 4, 78
MR, EE RS K=4, ¥IEKT7%(nit)y K-means++, FLOFIIEE (__init) N 10, KB
(max__iter)y 300, BEALAMUIZREHRE S & BUI 46 7 0o (random__state) 9 0. I I 2515 H BB AY, FE DI
RUAFER T TRME

KI5 SSE = 401.34229607585337, AHLLWILEE R, SSE /MEERD, 2k ik
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Figure 5. Square and line plots of contour coefficients and SSE cluster errors without distinction of gender

5. FXO MR T HR BRI SSE FRAIRE T 75 Mk E

BTSSRI, A R T2 L At ] 6 AN X PR A AN 3 e T O3 LT .

Marital status Education Occupation Settlement size

cluster e ther/ high duae o loyed  Skilled 1fmmligcn?icﬁ'l hl id-sized

. " S 1 other ig .. graduate 4 unemploye: self-employed highly .. mid-size L

single non-single (°F* 2)} unknown  school university school CF) unskilled et(:lf};il:i):je qualified employee small city . big city

officer

0%  100% 39.85 28.44%  60.26%  11.30% 144850.25 1.88% 69.68% 28.44% 0.56%  47.46% 51.98%
17% 100% 34.85 70.41%  24.62% 4.97% 136506.53 2.81% 76.89% 20.30% 0.65% 58.10% 41.25%
2% 100% 3676  2857%  63.24%  1.77% 0.42% 10018257  66.18% 33.40% 0.42% 96.01%  3.99%
3% 100% 32.12 82.83% 15.09% 2.08% 102082.88 55.66% 43.02% 1.32% 99.25% 0.75%

Figure 6. The percentage of data within each cluster is not differentiated by sex

B 6. RXOMERENERBIEE DL

H b P A DX e 30 A 1 P e 7 BB T e, R PRI IR O . R AR L R
R R R TR A

0 A e VR EZRHE N R LS 2 EZ DO TARA T LRI, 5 AR A R s Ao 7Y
Wi, B R KT, BT R R A

VRN PR EEUREN O 2 B R o, RO TR BRWARE, e fEAE 2
AR R, BAT DR B K, R T m R R R

2 FRNE SRR E RN RS . I EE DAL, R LA, TARER MR, FEEEE
AN, B BURKIA KT, 8 TR % 7 R .

3RS RE EERE N OAS AIEEURFONE, K¥ERNK TAEF TR, EEEEE/NY
Wi, BABARKA KT, & TR A

1 LR AT, BATASHERR I S WRAS AR IFH AT BLR 7> %5 7 B

5.3. RS FIFIRIRSRI 22 PR

TEHEBRPE B A G WRR S AR & 5, @A D AN A) K A8 N %8 B8 R 50M SSE (FEIN-F 7 A, %
58 ZEF SSE (FE T 7 AN RS E
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Figure 7. Square and line plots of contour coefficients and SSE cluster errors without distinction of gender

E 7. AR TEVZEERREFN SSE #ENIRE F A& El

B 7 XA 0] R R ER 2 0F SSE AN R 25V 7 AT 4R B, AT LI it K (2 7, 1
MRZAET, EEREK=4, ¥IHT77%(nit)y K-means++, FUOFIEE __init)ly 10, H KB
(max__iter)>N 300, BEALAMIIZREHE & BV 46 0o (random__state) v 0. B YIZR1S R, I DI
RUA A v 5 TIME

KA SSE = 169.3950010420585, #HELHIPEE R, SSE KMEELjk/>, 7 ST hnws k.

Gt S A RNEIE, SN PER E  Ee o A an 1] 8 S X 40 S R A DR S % Y B ¥ 40 B BT

7No
Education Occupation Settlement size
cluster age *F#)  other high school university graduate  Income (*-%) unemployed e\i]l;ll};ie rﬁ?;}?éeqm;;}:é::ifgﬁ?}fed small  mid-sized  big
/unknown school unskilled e city city
official officer

0 /% 31.33 12.74% 85.64% 1.62% 117571.56 97.02% 2.98% 100.00%
1 7% 56.91 14.29% 77.25% 8.46% 161786.49 2.12% 71.43% 26.46% 2.12% 61.38%  36.50%
2 1% 30.29 19.43% 80.57% 84396.25 100.00% 100.00%
3% 32.74 22.86% 74.29% 2.14% 0.71% 126680.58 5.36% 94.64% 100.00%
4 % 31.17 17.73% 82.27% 123974.69 5.23% 94.77% 100.00%
5 52.52 23.35% 68.86% 7.19% 110043.97 82.63% 17.37% 94.61% 5.39%
6 % 36.1 13.47% 74.61% 9.33% 2.59% 169940.96 100.00% 38.86% 61.14%

Figure 8. The percentage of data within each cluster does not distinguish between sex and marital status

8. TR TR ENEARIER I

A1 b B A D0 Pk S AN S AR 25 25N N s 1 2 LSt vk, R PRI RO L RS
P BT A (R =R A

0 e PREAR BRI A P s O E . TARE R SRR/ . BAT SRR, 8
TR R

1 ARE PR 1 B N2 I DORZE R UL 22 o, TARERR S SR AR R i A h Rk y . A
AR, & T A

2 R PRER BRI R R A I L AN, TAREIR)R R AR N B RN, B TR
B SRHE,
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3 FER PRHA R AR N, TR B R . B SO B, BT
1 R B PR

4 R PORHA L EAE N B O, TR R AR . B OB, BT
A0 B P A

5 % PRHA LB E AR N E, TR R RN . B SRR, BT
1 A0 R B P A

6 #7 VR LB AE A b L LA T, A TARE R R AR h B T . B R RN
KOV PR, BT S A
6. B4k

ARSI IR PR AT AT IR, INTTREL T 20 % P B E A FIPET . B8 URIRZS F 2 7 Bk
FIRFIEAEE, Fe 0 RZHE 1% PRS2, WS R DA BB 4 B 1 T EAT B PORS HEHERR, &R
Y, A T SIRSCER .

YR et

AREHERIE S H EKIZ: https://aistudio.baidu.com/datasetdetail/107018 .

TR, MRIE. =S REFAE K-means E kA AT S5 M HI]. tHENL TR SR, 2020, 56(7): 200-204.

]
[2] Xk, SRS, TR, & SEBRANZEERE Ao i]. AR % Tk, 2021, 42(32): 45-46.
[3] UfSLUG, SEIEVE. BT ool K-means HVEMHF B & S A FU[I]. IR RS, 2020, 31(4): 482-489.
[4] MR, xIME, BERR. BT EER K-Means HikLIEZ A5 h R HBERI]. HHEHL TSR, 2008,

44(35): 246-248.

[5] E5H, Hvl, REEE, % SAEH K-means e R ISEH B HE ], THENIRIA, 2014, 34(5): 1331-1335.

[6] ZERAL, XU, RE, % BT Li RAEMBIINLEE N RS BT 48 55 220K 10 2 30 % 5 5 0 (%
30) [J]. FES BT LREI(EER), 2023, 24(2): 231-245.

(7] B&, BNR, F@, & STl RE0ENm T ARZ R 128558, 2021, 30(1): 140-146.
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