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Mining mobile information service patterns based on multi-view
features fusion

ZHONG Xueyan'?, CHEN Guoging?, SUN Leilei?, ZHANG Mingyue?, LIU Lan'

(1. School of Transportation and Logistics, Southwest Jiaotong University, Chengdu 610031, China;
2. School of Economics and Management, Tsinghua University, Beijing 100084, China;
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Abstract Various mobile applications (Apps) have overlap functional features, a large number of user
reviews, and multiple labels, which may cause a difficulty for market opportunity discovery, application
integration and selection. This paper proposes a text mining and network fusion analysis framework for
finding information service patterns. First, similarity networks are built from three views of function
description, user reviews and labels. Then, different similarity networks are nonlinearly fused in an in-
tegral manner. Data of 2451 mobile travel applications were crawled, three networks got fusion to form
a comprehensive view, overcoming different measurement and noise, taking advantage of complementary
information. Fused networks were used for clustering. External evaluation result had significantly been
improved including normalized mutual information and accuracy. Mainstream travel service patterns were
found, such as map navigation, train and car tickets, taxi car, bus and so on. The research results provide

factual evidence for exploration of market opportunities and competitors.
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B IR AR BE T LR & A BRSO P 45 B A, POV AT & K& App &
MRS S, hAERR . A%, PSR, MR BTN U, g 20, Mg omEey 1 Rt
KEAFAIEHUA R AR . FnTE ARG BIRS AT T g oAt e, X S MR A
BB B A, A5 AT AR AKX S R SR SN BB, BARAE S AT RE R BB i E A ah 5 AR %S
IR P MRSy — PG I 31 500k 1O, WP App X152 [ 3hia b T0%, MR gL TREA
oL, SRR SRR 7. R A F BRI STV R & B T B 45 B A B I

SRS AL R TIR S, 2028, MR EERY, Z4ERAER R & T 2R IR IEE R T B
i (81 BUR Z PRI BB 15 AR RO AR X S AR BLBE LA BT RE, (HLFR TR R 22 4 57 SR
ENOAR I, TEREENA RTINS ©. A SORTINGCEDE, SOREUE (JIRERTE ), PR 1),
p DON | EEREIRENACERE R MY, Wit Rikmgk 10, sigmoid gL 1O FIIREEES MY HEATRAE
HER, FEMLEET P BRI i TR A i U1 (HS BBl AR PR, S BOR AR B
sigmoid BB THRHMEE M IBAEIZRR N A R, TRELA S~ TSR BRI & E R IRV Z .
A SCHET PR RS TR LS G P AR S5 RHE, P2k AR R EER TR A B AME R, RS AR PARE R R A A
— Bk, e AREE G AN SRR A [l 18],

R, BFFEARE S TG BIRGBEXI24m h 41, 2 TPl Timiis i s e g u B, E2oE™
AR AR IINATE BIRS EEA MR MR A B et Seibn thArfs BIRS R SE
(advanced traveler information system, ATIS) RESCRMRUGE K ACHE . AHAH ., #3k, K. I EGFER,
f AT TE R RS 25 B 3RE 151, KB T FAUN A (application, App), 4T BEHIE ., . 7
TR B SRR, HACN BT EEAE R LR, App XEARZ W N FIEEERRERS. B Tl
Y TS A T9UAR O App I YERE SCARE, #2 Hh 25 TARDLEE M 26 i M 36 3 5 RUIR S A AR
FHRHESE. BB T B3 HiArE R MRS, HILAIRFS X TOP K.
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BB RHESR A 5 PO et A, i 1. 520, SARHERBURI UL B IR an AR A 2. S5
2, ZFALADBETH R RIS A F AU R E R R ROE B A B B EDTIASEIEXT App BADIBERERE. =
%, ZRFEAR(LBE P45 Bl G AR — AL 28 ol R015 B, 12 FISCHR (8] ARRLEE M 2R G S T R A 8
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3.1 S4FLERE

WS C RIS A T ARG B, EE=YEEZE App FRWE: ThEEMIR4ERE | TFedE
B, REYEE.

DREA R ZE R F P RER R SO R I DI RERRIEZIE App.  DHRER AR A& B0 7= i 1 T4
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PR T T R M SRR RS I App. SIB ST PR R R R I, o
BT RBG E 19, WTE s IR AR TR Efr DIRRE. R SOFR SIS
R={r;},r; %% j & Avp BIJTOBREPEL A, j € (1,2,-,n}, n BRI App M¥C HHRAM LG
4 App URBFA T A H— S,

BRI AR T A R ST B bR App. WA TP RN P S B ORI, T B A
FROS (. B, AL} FRESREASIE AR BRIV IR L, A THRSSRIHERE 19 2 TR B R
AR T = {t;}, t; H5 J 4 App BRRESCASES, j € (1,2, n}, n HHHL App BEL

IR, —A App WARHEAIE —=CHMR o, = {dyr.ty). HAFEEIRE App BUESE U
X = {a;},j € {12, ,n}, n WFRI App K%

3.2 HETIALIE

IRERRR TR (2 LIt 2 BRI SORY, TRt SORTIALSE, 4, TMEHRIE, B U
AT, ST RERAIRET S, 4% <a, ), | ], 507, bitp” 45 SR RHOGR AR R, R
FISH A AL, REDIF P 2 S (ATILSE, T, R, SHETA%). THERRIC R s i
REMARRIE— N ERRE R, MR B MAEA1E . 3hiA . T2 s b ir R rg 0 f2, BF5 R A e
WA LRI TR SRR R AR IR (2 i 408 17 A O 4oy RS i e
95, 5 A TR B A AR TR A B RETE I, i Bkl B . TR 45,

FRASSERE, 454 App RSB m MATHRRELUR, m > 0, RREA AN RS A

4 SYHEAEUETTE

4.1 LIEEREEACUEITHE

ARABE TR RS A B N TR R A D BRI IR RRAE SCAR. R A Ty i s [l AR AUE TS0 AR R, #E4% TF-IDF
ML FRAAEAN TR, ARRUEE TSR A A T B0 2 A AR o4 (B SR BRAS AR (DU

s AR U8 AN SRR R B — A I RERIT i d. R TF-IDF S SR E, &4~ 3k
BRI (tf; log(n/dfy), thlog(n/dfy), - -, thy log(n/df,,)), Ferf, tf, AR ¢ MATHESAS FHIBR, df, &
FEER @« MATRYSCREL. 25 BAF SO AR BE, BN SO 1] i FE BT B B B ([ dip—iar|| = 1).

SRR 25 8 BMEMRFE, BRI PRI App M2 [BIAERIEE. M IR R B, RI%AH
RUEFEZHEN T ERZER, TMARER SR L. 08 TR 0, $ea s BRI, A%
SCHSmE d; B dy, @ SCRIZFLEE cos (0) = (1):

d;d;

os(0) = a1 @)

2 SO EARRIEE N 1, BA R A RHASACERE Y 0. 754 A REFABUEEREE W),
4.2 LR TR

PR AEBEAR I3 S ShRE R A By B B —3K. SO SRR B 2 AL, AN T I RERI A A
IR BRI BE A — 3, PR SCARHIAR T R R B RIS B 3 e PR TC o F B (1A fB e
i GFHL B HEAESE). DRTIEITUREI —4~ App Br& PREES A — 4 30H, AR R E GO
WM B AR AR . dlad TF-IDF R RSSO . TR HeUE LS
HHIRERRMN LB AFMRMABIE IR EHES. ML AU R W),
4.3 RBIHAEALIEITE

PREEAR LT R SR IR S AL B . — RO iR P E A1 Hownet 253153037 LI AH
AR, (HAFALIR SR S 2SI AR SR TG, ASCET Jaccard AMIEE M9 T MREHEEHIN
B BREPIA App o Ml oy BRERE 0 M ¢y, FEECEER/ NG HEERV N HE AT LAV AR {012 BE R AR U
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. Jaccard FALEE SCHR (2)
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|t uty]

Jaccard(t;t;) (2)

Eﬁ: (2) EF'7 t? = {tagila ta'giQa Tt tagzm}7tj = {ta'gj17 tanga ) ta’gjn}7m Z O7n 2 07 iil'%% ti; t] %B%I/_‘:ﬁ
AU R 0. BlinmEm EVRE SRS 1 = (FEE, Bk B0, 0L, tE, s AL}, | B RS
Kty = (AL, HIEIFAL, AT, MG R, SAL A, #is). Jaccard(ti, ta) ST 4/9. Hith AR
[z W),

5 ZURSTERUERE

ke, PHe. MEMHMEAER G T IOREDH IR B —RARFE4EEETE KT ER, 5
PR MEN RS, 55 R A RREHRR UM EAME B, REPE AU LA R BHGS TR 4
BN sess, ARESCARA FIRAIER A S o AT —3. 8 AR ARG 7 R AR AN TR ARMDLRE W 28 TR LR 2 EFHAIE
S A RIROS B RAISCE (8] ik,  SHEMUEM % HNIE G = (V, E),V = A{z;},j € {1,2,---,n},
n A App $(H, #1 E Az App ZIAABIEE. IIAE R RN no«n MARBAERERE W, W (i, 5) TIRGERUERR A
PEERAFMUEER TR, ASCEMUBER M SOy SRR OERE WO, JESMRBIEERE W@, 45
SRR WO

AL M 28 Bl (similarity network fusion, SNF) SR AWHAEGE TFRWHEESGEE. o)
AR UERE W 2 —ANEBERE, BT HRE ARSI A App FEAMER. PERRM W A
PR WO P EABIRIR—AREHEME. YA =R, SNF JTIRTEAR R4S 4T R
E45 EEXT —Maebi—MRei. Beke—MESIERE P = D'W, M D &X AR
D (i,i) = >3, W(i,5), >, P (i,5) = 1. X7, XM RER T W B9 BN 2R TR A i
P — P X REAT— P RTEAL, AT (3). XA HLTEALRETHERA xR A ARRUK TR, KIH (R
iE Y, P(i,j) = 1.

Pij) { S WaR T 5
L

ik N, f03F o 7EE G WsREEL e — N8 G, Fl K rfRERHIR%G] 1, = (4). XPHRIEFES
eI ABEI XS AL

Wi, j) R
S (i,j) = { e Wik N (4)
0, otherwise.
EEE P WSS THESS App ZIAFFERLME R, T S HEHILT K AR App (55, @ée
N P RIS, R S M WA, NS H s R B R I G AT SR
# P = PO, P& = PO, PE) — PO RFE=AFIEIRE (¢ = 0) BilE, SNF Friab Bt 2R
2 AR BT O B AR, TR (5)~(7) Fm:

PO, p® .

P =5 (P P ) s (5", )
P 4 p® .

P =5 x (F P ) (s, ©)
/P, p® .

PP =8O x <%> x (8GN (7)

K (5)~(7) BRI T ZXAH CUE MBS 0 BAE. HER B NI EF AR
MR8, EATRTTRSE TR — AN BIMIER AR — A A SR 8, (ERAE 5 — VS 1E
Mg AR, B A RE AR O A B T I538. T S B P4 K &5
B SR MR R — . ERREUE, i P, PP, PO BRI (3) HHT T AL, Xk
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TRIESE N MATEZ YGEAUR SO A CRARML, LARARIERL & 45 RAE M R i HE P A . 78
t YEAUR BHPREH AR (8):

I:)t(l) +1:)t(2) _,_Pt(3)
: . 3)

RIGH PO RRZAMOUEMAER, TTHTRER., BK, 43 AUCRERIAER. WRFEES
FHIE, m > 3, W (5)~(7) A[#EAK (9), BF ik’/)ﬁ(%ﬁlﬁ’ﬁﬁ%‘%ﬁﬁi P R (10):
Zk;él/ P
m—1

v Pk
p(@z@7 v=1,2--,m. (10)
m

ARADURE P £ Rl G D IR AR 22 (RN T AR RIE 2 () AR AR Sy A\ ] LU BCRTAR LR, BERTAN T ot
(BEHL. 3E%5E), FTLURAIARACUEE I AEMZERERFIEARREN K RLAEE, X T
AP IERN S B RS . FEEUR IR S R B U R & IR TR E M S HR A G5
P Bl AR BRI TR BEAR IR T ER B LR
6 ETZMARHEBLVER S EMRIRE
6.1 REFEER

RIS IE, BT EEEXNRES UL T8, AR —FETRHEN SR
FRL, AR FHEZ FEIEAME BT, ERSHRAACUERM PO Ja b, SRR ARG R IHE.
RRIVEZH, ARF5CRA E L FREE =4 vbr, BEERISY direct 7795, H R LARERERSE agglo, K-
medoids['8!, Z5REI&(E (density peak clustering, DPC)Y 34753, rbr, direct, agglo ZEHF A CLUTO T
H. (http://glaros.dtc.umn.edu/gkhome/views/cluto) SZ8. K-medoids, DPC ¥ MATLAB F&/#3Z#.

rbr A B A TRE, WERIrAMNENEA— KA, @ PdT— R k- 1 REE 415G b A8
2. direct 5 rbr M, FREHIHEE & ARE, H & KT 20, rbr ZEAE. agglo R H KM L
RE, MBS — D3, RSB —ER G /RS MERES, BRBE b PERE.
rbr, direct, agglo WESPMREOESRE Ho = £ T2 7, L REKABENARUE, 1 EH/MEFER
FRAAEE.

K-medoids F @t S ARG 5 H0 BB R TR Y. BB g(E DPCRY A BRI ZAHE
OB EA BRI BN E G, B BAE SN LA S AR BRI,

6.2 REFENIMBIFNERR

RRFIRINBCR MR H A LR AR BRI L. P sr EA— L EF R (normalized
mutual information, NMI) FI¥ERRZR Accuracy. HIEHARSKE 5 NICEMIME R, 1TE4 ERREHEA
EXTEERT 1 507 BAREW App #ATRAARE, €45 1100 4~ App. MAERFEFERE LRI A
RIRBALE 13 DR THEMTE, ClEE. RIS 7255, AscHigk, MPEILEE., 54, HESHM. Y.
RN, SR, BfTE. HAb

IH—EAF B — P15 BB PR R, @ T RR SR ¢ HHEIS/NS ¢ ZMAEFE NMI
KPP IR 254 R AR i —Betk 2, NMI ﬁ%ﬁ%i)i%%%%éﬁ%@ﬁ% AT (11).

c,é
M TR vEe
I(c,¢) FRTWBLHR c MEIHGRT ¢ ZIAIEFR. H(-) FaFA28)m sy 5 B,

WA Accuracy J&—TFIEE A BRI R BIEREIANTIEINHER, Accuracy By, TRIGFCRBUT. =& X

T (12):

Pl —

P(V):S(u)‘i‘ +(S(V))T) V:1725"'5m5 (9)

(11)

SN | 86, map(c;))
N .

Hofr ¢ REARX R | WEEIGIR T, o REIRER. KA 0(2,y) T HEM AR S, R o =y,
M 6(z,y) = 15 B (z,y) = 0. map(-) FERERIEERAZLHIR BN FIEIRAIRG. map(). HIEHkE]

Accuracy = (12)
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RREGERAE TR —RA A RIS, WEHt I ENMESEISGIRSHUR, FHRHE- S E IR 5 ILE
LR il o

7 EREER

7.1 EIEHAMEST

360 FHLEIFZENBEKFIN SR TG, A3CEFZ -G8 “HEREE ¢ App (http://zhushou.
360.cn/list /index/cid /102231 /). 7E 2017 4 5 HINBUZZKEPTA App DIRERIIE, PR, W78 TEREHRE E.

LR 2451 4 App, BIFIRFECH 116199, B App MR Z TR FBOY 4215, /MR 0, FH%50E 77 %

SEECR 2000 DA 15 4 App, 1000~2000 17 4, 500~1000 A 30, 100~500 A 87, 100 LI T 1358.
FHR2E App BUECA 1761 4, “THIVREECH 3.
7.2 BT R YRR SHER S EREIR R EABREITE

HBEBIE T 4R E R S FHE RS M A DU X TR TR, ST Ot AU W | SRR
B WO FREMAERE WO, SRS PO, SRR rbr RTINS TR, AR B IR
RIERR 1100 ANAE App BIGCE, W 2. KEEPREHKEKT-RECHE TR &, #- rbr BAH
FHRETHFHES, HEF)E App HRRE, BEBIRAR App ZEAHLUES. MZEA Netdraw 221, M
AT HFREA App, BEARTEMFRIZE App ARG MREITRMSE,. 300 FE TR B R A R o
SRHRE, B RET BB 10, HAHRIBEERE, HRE 0. SHERT LUE i 9 28 1B J /R & R AE AR DUEE 9 28 X
AN TR R L.

g
8-
m
2
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(al) DIREAMBIEERE W) (b1) FHEAE R W@ (c1) FREAMUERE WO (d1) B + W8 + FREE
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L, . g, R
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3 -a " &
"c J?“:’ ‘% 7;‘%015;
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(a2) IjJﬁEi‘EM%EFZF w® (b2) PEEARBIEERE W) (c2) FREABIEE W (d2) TRk + PEE + PR
EEde 24 ] B EHRE PO MR
B 2 BT84 SMER S ERIRIS B LB AR
TR W ISR, KA (] 2-a1) SR AR THEMMEN, fF7E D3 THA
TEME, SR TR B TR A RRIE AW, M4 E (B 2-a2) & FREFREMi—EHA AN App, 4
ISR RE R RE B I 220 i 7 R .
HTEE WO WIRIBOR %, HUIAE KBRS MRE TRt TIReREZE RER, KER
(B 2-b1) X AL TREIRBARREEH I L. (HRMEE (B 2-b2) HrilirFRER BT, Wl App PHRBUREL
ZHIER T AT RBAML App.
HTARE WO B, FREREMBE, KRR, BREIEFRE. KER (& 2-c1) 1Lk
EEIN ARE LR THAREM, (B TH5 App BARE, MEFEEZA. MEE (H 2-2) PEREHELFH
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Wi, A DVFTHAE 228 App, FIREIEEER PR e B RATIRE R R4 2 5.

EFREHNE PO WRARAREA, e, iE=MUAIRE, KIERE (B 2-d1) SR kR
FREARTEMW, MR (2-d2) WS FRENSaS R MZE App. P AEBURERE R SR 28R A S ik
TFHERSGTLMRTIRBEOR, WA ALAMER.

7.3 ETWEREEFNREIREEELREXLL

KT RS ARLBEAERE PO FERRIR AR R, LR = AT AR A T LDA iF
BRI DI RERE R AR WEP4, T TF-IDF (A2 MR A ShRE AR U e WO, ST oraERiA
WO FifFERE WO BRERE POTY. Horh WEPA SRR LDA TSR 2 X TCREERE, R
F1 IS (Jensen-Shannon) BEESTHAACXT App TEBEH A Al it EIATAERIE. 43 3F A rbr, direct, agglo,
K-medoids, DPC 77k, TERISEH £ K 13 F1 20 N7, KM NMI #l Accuracy B MAMNERIEAN fabrit
TTRIHCRIAG, TRBEH & oF 13 PMEERINER 1, RIUHE £ 20 PRAELE SRR 2.

M 1R 2 WRIIHEIERE, W4 MBS PR LR TH%, HMRA
LDA BIRUMRIE BRI FSOTE = L, B FOIRefid SO iH, FHG R A, BT TF-
IDF [ 23[R A I RER R M W) a KEAHMERE R, AR, FOifE. FOIRBEHMESS, EAMUE
R aa Rk, PUTY) B A RS RPN R (5 R, ITETR O B RITE ERIET, 40 agglo,
K-medoids. JEFARFEMRAI RN ZER BEERE, BT E PO SHMMEMEN BRI REFE
0.05 7KFA1 0.01 KF-4f B2, WiERl & R A SR AREECR, THTHEERARERE

& 1 kway-13 FEIEERKIFELERE
kway-13 NMI Xt H 25 5% kway-13 ACC X} HbghF

AR AR R

rbr  direct agglo K-medoids DPC  rbr direct agglo K-medoids DPC

PC (Thig + PEL + F7%) 0.86*% 0.81* (.68 0.68  0.50* 0.96* 0.94* 0.86*  0.83  0.64*

PO (T + FRE) 068 0.75 0.69*  0.74% 048 0.84 091 0.85 0.89* 0.61
W (i) 0.69 0.65 0.55 0.44 0.25 0.88 0.85 0.78 0.65 0.39
WEPA (Hifig LDA) 0.14 014 0.15 0.16 0.07 041 042 042 0.42 0.31

* 2 kway-20 FEIEERELTELERT
kway-20NMI X} b5 5 kway-20 ACC X} Hu4h 5

HEMBLBE R

rbr  direct agglo K-medoids DPC  rbr direct agglo K-medoids DPC

PC (Pt + L + FRZ) 0.80* 0.76* 0.65% 0.74% 0.46 0.96* 0.95* 0.87* 0.93%* 0.64%*

PO (g + %) 0.69 0.73 0.65 0.73 0.49* 087 092 0.85 0.92 0.61
W (Pf) 0.68 0.68 0.58 0.44 027 0.88 0.88 0.82 0.67 0.41
WEPA (ZhiE LDA) 0.17  0.17  0.17 0.17 009 043 044 043 0.45 0.36

7.4 ETRIEHEEREERMELTFMEE

360 FHLEIFH “HATIRIFIS WEKEN App, BFTEEREIFRZELHERE L App Z[HAREME, R2K
RIEFF EMRFH. IR 1 aFH, BIGECRRAE rbr MR, HIEPUZRIRGH 13 13K
R ARG, Betn 2ok A mPUFER, 81 App B, TEEILE KRN TEHMTINER 3 Brs.

M3 3 TTLAE ], MBSk AT App B FEEHRRZH, mIRERAUEHE, &
i, B, B IORSE, AAMEHATRIN AT R AT AT AR TR, J2IX2E App THEEZHIR
. KRR SR RSB e | TR, IMZIZRENSE, WO g AT, fT R LK TR B
BOR, AR AT R RIVIE, AT, MNEE BIRA%E, —SEERGRETSHHH, BRI/
NIRFEHAT. ACAWREAGE 2 EEE AN 8684 A3, LA, TRTH, MWAKELTIRSG
THEREMTH App, ASSHATEABUR R SR B 177, HARFS RAETTBURARDIL I F. PR
RAEFELRE ML RIS AT AR AR FR AL, SR IEA LS. SIOE. W5, Al YL5%F. IRESAK
55 SENAGHE, EREEXT/ N IR AL, i, AT HRIOR . FRIIRSS . IR RAME T, AL 1
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Ty NENEE. HENRE RS E T 6. EERR T ER A EIRS, SraiRos it S
ez MARTFERMERRIS. B0 GPS ELETMIE GPS BHTE MRS BT, MBIk S LELR
BRI R AT, A — MEIAR AN, R REJR R P 245l & L ol A8 H I F .
*® 3 ET rbr REAERNBEATEH TOPS RTHELIT
RAMERE  App B TEREILE N FEEEHT TOPS

HE S0t 324 1,395, 453, 693 EfEHIE, APHUE. ST, BESAT. KE S
KEFHRERE 165 236, 388, 219 EEARTZIFE, MEMGE. K 12306, BT AT, BEER
THEEE 160 149, 270, 595 JEHEIEAT. MMEE, BIRAE. —5%FE., WHHE L
NG| 250 87, 483, 511 8684 A, HE FAK., kT . WA, BKE

AN 86 64, 158, 074 MBS, CHHE, FROWZE. DiRAEL. FEEM
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