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Abstract

With the increased popularity of mobile devices, local search has become a new popular
service. Therefore, we need a powerful POI (Points of Interest) database to support local
search. In recent years, the web has become the largest data source of POIs. With the
prevalence of Internet, people will share their travel experience and information of POIs that
they had been visited on social network, their blogs, and even check-in post. Besides, many
companies and organizations publish their business on their own websites, resulting a large
number of POls.
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In this paper, we propose a POI database construction system from the immense data of the
Web. Our system consists of two parts: the query-based crawler, and the POI extraction
system. The goal of query-based crawler is to collect address-bearing pages (ABP) from the
web as address is a good indicator of POIs. The second part is POI extraction system. We use
CRF (Conditional Random Field) to train a Chinese postal address recognition model and a
Chinese organization recognition model. After the extraction of addresses and POI names
from ABP with these two CRF models, we then leant a model to pair an address and a POI
name as a POI. Finally, we extract POI associated information for each POI to construct a
complete POI data.
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<?xml version="1.0" encoding="UTF-8"?>
- <data>

<size>1</size>
<address>97068 {3 ES L ETEBEE134%E</address >
<title> kR RF</title>
<tel>03-8579655</tel>
<cateory>ZFERHrH</cateory>
<type>FJE</type>
<longitude>121.5940187 </longitude>
<latitude>23.9896082</|atitude>
<abstract> JRTEF BRI : EF—~E2#H F L 08:00 8 22 : 00 FiFE L ~ B
<http/>

</data>
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REGEE =W - 5 Z A EHAITCH(Crawler) » M & e LUtk By BE F 7 5h ok
A S HHEAY4E E (Address-bearing Pages, ABP) » {5 | A Chang % A f£ 2012 4[5]
1 Lin 25 AFE 2014 FE[10]Fri tHAVRIE BRI AE ABP FfiiE L 55 —(EfHEeH A2
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B FARUE RS - W T RIKEAENNE " ERA ) BERMKENTEHEELL ) B
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FrER Y crawling SRS N A] 53 Ry © DAMMERE 81 By F RO DARASH 7 Ry FHYT77A[2] » 7
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PRI SOt E AU T2 Chang S8 AR 2012 SERTER HHAVET[S] IR
EFFHIRESCHY CRF MR HA SR SO » Bo & &8k avRH IR T 17 fEthR
ez HE A Start/End #500% @ #EZ FHEC & MK 77T 5 7118 B A (Maximal Scoring
Subsequences) @ EERERLIIE 94%FE 99% .~ [ °

7 SRS AU A H AV A B RIS (0 Huang S A7 2015 SEEEHAVITALS] A2
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F ARG TR AR B LR A s s AR T T 18 fiE M HEEH Self-Testing LUK
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! http://openstreetmap.tw/
2 http://wikimapia.org/
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TEAHRBAE RV ER 53 > BEZR Li 28 A[7]82 Chang & A [SIHUMHSE R EN AR5 2
HAGEEW A o £F 2012 4F Su[12]88 R a0 A S B AR B 5240 $(Record) Y A A
B TR E SRR SR ERNEEAE RN - Fier st A EiEitER - HEEFE
VAR o By T i PR RTRE > Su[12]7F 2010 4 Wei Liu frig HES AR B B E R SRR
BUA91E A HEAE R SR BEE A A 2T > M EEAE Li[ 7] E B i F-measure H 79.12%
FEH 2 95.04% o
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trEysthE LU POL 4476 » P25 A IS Seith il S SHER M4 R POL S4BT B YA AT
# o F=MO R RE—(E POI FCHHHUCHARR &R - Si&RiE—HECERIBC T HIAERE
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HAPY {8 o I e o e s ] S H—’r RsiE —HIAVEHE - R EMEGT TR =

T A A SR BR R A iR D s —
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HEHERD POIAHRBH A R » FHFCHIIEE 5% POL BRI E0RE - IRILHAPI
F Chang & A$ A SPCHIAEHEEA[S] > 7€ Query-based €52 HER[EIZKAY ABP i
HY i oL -

POI #§52: A5/ POL UATEATEAH - [RULLEHEEL ABP (PATHLIL % - BT POI 45
¥ - POI ¥ T bList 5 B M 44 B3 (Named Entity Recognition)<iéfy /A4
SR FUOE TR CRF (U8B s A A T I - e AR » R
PYEHIEFE Huang % AL e S48 TR YA TR -

fie ABP tififiH POL HYEEHIIEN SFTR - E ek bidd H tPATihE » BEETEERTR B2
FHREIHELEIN (Window Size)pfikiti POI ARERAIZ HibEAH S L FCHS -

hirEE6A21HEEEEEE LA

2014 /06/18 23 :39 @ 1.030 0o 1516

ENGEE LRI E0) - B X2

] * OP=E £
B FFI0RE T FARNG - bl BRVEE A FEELRFEEEF—ENHIFEEE
HABEAETFI08BIRT - BMEZ SIEMEELAEEE - STRFERGE - BFEER K ERA
EHESUBREELSETE - =0 @BAKEVERESS -
7N~ HiHkDUR POI AFEFHHUREE - BEOE R M B ESE ~ ALOE S SR AT

fE ~ RE SR R HEEUHEY POI £47H

® POI A1 HR Sl > Hask Blfic

HR Rt v] RE R ES 2 {18 PO 4478 - [N IHLOVHFE G TR ATA ABP th 2L POI
CAERCE MR - FR S ATREAYMEEEL POT AREACYET » FUBHAY T - B IR(
FIF POI AT hE RS PR R IR R B - 5T R BC T HIAERE 7 8 - Bl
TN EICHRE I REMFAE - FEEEINE—(EHE T AR BEAARE 7 B = =6y POL fic
HIE FofpisE POL YT - BEE TR POI I HIRE 1L Ry (2258 POL BUYSHY 7y AT - AL
sTRSEMHE itk - T POI ELBanatRist ACH B e POLJZ 5 1A -

1 POI B EAHAVEN %R > TP A 21,899 {[E POI FC¥H U Fsdl | SR &R} > ¥ 72—(E POI
BC¥ A 53 BUIE R AL ~ POI 4478 > N HAH S A 505 > B8 Google B2 H [ H—
LLar RISy POI U EnsS il VR Ei(Features) » f % F(f{H LibSVMI[4]3f: H.
$EHC Chuang 5 A\ [6]0Y 5 AF A 27 (EFHE 4R —(E POI Ao ¥tEasaisisH - sFAHAvFiE
FERBHAFR — o o AT A B R EURET DAy B LA T /U - I F 45 RV E
(F1~F5) ~ rub A1 POT [AHF HH AL BEEE Google 2 FHYELBI(F6~FS) ~ R K7 B AR AH R %
BT EMHE K POI 73 7B Google 22 YAHRAIE (FO~F11) ~ Google 1= IRV ERTZAHIME
(F12~F14) ~ %5l Google =22 8YHE 7 77 ¥ (DCG)(F15~F17) ~ 4 H Y e ¥ B H EA
(F18~F20) ~ Google {2 F1[{y=E = 7] (Semantic word)(F21~F22, F26) ~ il F1 POI 5y
FEEEE(F23~F25) ~ 3% POl fiL¥ & S FAE Google Map H(F27) -
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% —  POI o lmsais s AV X
F Name Descriptions
1 logC(a) # of search results for query a in log scale
2 logC(s) # of search results for query s in log scale
3 logC(a,s) # of search results for query a+s in log scale
4 R(a+s|a) the ratio of C(a+s) to C(a)
5 R(@a+s|s) the ratio of C(a+s) to C(S)
6 P@a+s|Ty) the percentage of top 10 snippets from Qa that support POI pair (a,S)
7  P(a+s|Ts) the percentage of top 10 snippets from Qs that support POI pair (a,S)
8  P(a+s|Ta+s) the percentage of top 10 snippets from Qax+s that support POI pair (&,)
9  Corr(a, s|Ta) Correlation of a and s in Ta
10  Corr(a, S|Ts) Correlation of a and s in Ts
11 Corr(a, S|Ta+s) Correlation of a and s in Ta+s
12 cos(Ta, Ts) the cosine similarity for snippet Ta and Ts
13 cos(Ta, Ta+s) the cosine similarity for snippet Ta and Ta+s
14 cos(Ts, Ta+s) the cosine similarity for snippet Ts and Ta+s
15 NDCG(s|Ta) the rank of s in top 10 snippets from Ta
16 NDCG(S|Ts) the rank of s in top 10 snippets from Ts
17  NDCG(S|Taxs) the rank of s in top 10 snippets from Ta+s
18 Date(a, a +5s) Da- Da+s in log scale
19  Date(s,a+59) Ds - Dass in log scale
20 Date(a + ) Today - Da+s in log scale
21 W(p, Ta+s) # of true words in snippet Ta+s
22 W(n, Ta+s) # of false words in snippets Tax+s
23 Lenmin(Ta+s) the minimum word count of string between a and s in snippets Ta+s
24 Lenmax(Tax+s) the maximum word count of string between a and s in snippets Tax+s
25  Avglen(Ta+s) the average word count of string between a and s in snippets Ta+s
26 W(Dict, Tass) g;i E\;Ielirzgleec;;l;; oli csonr;g;(;‘iiso¥a\ivsords (e.g., address is, TEL is, located on) for
27  MarkMap whether the pair is marked on Google Maps or not

*a Fyhl ~ s Ky POL 447 ~ T AIIFIR Google fi§%

3.3 POI HHEH &N

25 B R (5 FH 3 B s B SR A s 58 INIE 3P AT POT HYAHEH
B2 Y AR RE S RO - AEw S Y POLARRHEERACH AT LA Ry LT A -

1. EEHHEEE

BN EAZEMIAIEE > Su 2 H HAERBEREEUT A 2] ] DA H & — 2= bk 6 AH R
HalarE - [HREHEAL A EANEEESE - hrvEHE - [FEiFA S HTML #YIE
RUBHIIRIL - IRV 2R AR R 48 F R R B TR - NSRRI E AR S e o
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AIECE > BB T S H SRR B P Ml 4 B oh it kb A A R s R i -

ARG LY POI AHEE &N HEURAAH AV A S — SRR LA BCE - Eoe g
oY H AL PR (S (Document Object Model)ZRA - SR B A5 RyfefiR & -
PR TR s P e R TR BRI B DL S SR P e R R ETRE L B (W E EFTr) »
A 1% LA AE B IRl Stk 67 Rl A A 'y 4 EL 5 2 R 7RG 2 e/ N R E S B R (A R i A AR Bf
il o R TR (R PR AR ER )R R L EC AR R AN

2. SRR

POI IVHRFHEERACIPR T4 HAS Z4h > Google Snippets tEF M EAVIHE > NRHY
H IR AR R DA EREZ A B  EREVEARE] - NS BRI E (R NS - JRES
HERCER S B ST HIARRE AR NSE B e iU » Rt M A ECH ey " + k"
fife Ry A Sy 5] (Rt bk B4 8 B D S [55%) > H[E] Google #5552 [0l {# AT+ HE HAY
Snippets {if Fsi% FCEHYRHE & &R -

l 3 \\ \‘\ 10
] |
| e 5 9 | n
i — | 3 @ Address Node
; @ 7 8 | @ POI Name Node
N __ "| B New Root

+ ~ ABP rHyAHRE RN

® HHRHEENMEE

&35 POL AMHRHEENRHAUR - I —(EECE R MTE AT 2 AURIGERE - (275 LR

S AT RE S % MO R B A SR iR &) - > DRSPS R R A G T R4

& —{&l POI 47 poi {5 s A ahlel i 45 b (e Be AH e B s P 2R Y ) - B A s U AH B 0 B
( |poi) » LAEBEEH S AHRBHEY )1 s R b ARRE RN - thgtiEsh - RHRE &R AT

Fo XA T POL A4TE AR Ry & fysa]

(poi| ) ()
(poi)

( |poi) = o« (poi] )

MR E e ARG E T ( [poi) - HE—(EERwE poi ME »  (poi)BEER » AL
T LLIEEARGET o EERE—ESAFR ()20 - Wit ( )JRa DIES -

R T BS )i AH RE o3 B T AR DA REE A AR M A B2 > AP (o R el R LR
FEAALET P(poi|s) » i#&H Latent Dirichlet allocation (LDA)[3] FEAHIZESERIA MU
P(poils) smoothing FY /5724 » FHIIAMGREGEHEFESE - AT -

188



(poil ) = A(tf * idf) + (1-M) Pgq(poi] )

HNE—EF s HFIEM LDA RS HZIHA Mo - WA ERTE 2 55
(poil , @Sy LDA FEEREES L Pua(poils)Ayfhat » AT ¢

Pga(poi| )= (poil6 , @) =%  (poi| .9 (160)

CGEARA Pue LR k PHYEE A - 1O B3 s BYEREITA0)
ML AAXE LS (poil ) > FyEF—=E POLMHREE P HIFTA & 546 T — (8 53 80l
Y BRI T B = A A T Rsi% PO AYAHB &N

g ERER

ARG SR IRATETT T =B > 73 Bl ST S0y 2 (B A AT TR RE AR ARG - 55—
(HEER T ICRAEESER - F(HEHRE POl FUBAEMERE - REE = HERE
MR EENHAG RS © ARTFeayEERd - JFIER 7L N RENEE

> HihEEE%(ABR)

ABR = G E#HEVAE / FeiaE E =
> EHIE(ROI)

ROI= RNEEHILEE / FiEEEE

4.1 Query-based g TR

FF I3 B LAHIAE pattern HYSAE ~ Heroku UHE E]kasiyi% s34/ ABP HUFEmRIE =
{E BB ACRT il Query-based TE&RTVRIAE -

® il pattern HYRLAEEE(L

fEE(EE R T RAMIELE T WA [E] AT I pattern Y35 At

1. <IEhisafE>* 9%

2. <fifE>* (3% OR fff OR E& OR % OR ) * §f

By T SR pattern e R [FI R TR AN B4 BT M £ 2555 ABR) » Tk
53 RIEEEZAT100 ~ 200 ~ 300 ~ 500 ~ 750 52 1000548 =45 AVABR - fi¢E /\thEAM 0T DA
LEf G —FE R > 55— fditbbpattern 'Y ABRES = /A 55 —f& Htikpattern > [RIFEFK
{5 1% 8e 5 FE 55— fditth bk patternff Uy B3 52 - SHAMES £ B AV SRV fEH I pattern
TE# T BIS005E 8 =45 1% HEABRED KIEFE(R - R A T A SCEH ESEABP - T4
HRTE R E By ATS005E 4 -
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Address Bearing Ratio vs. Top n Query Result
0.85
0.8 e
- ———
075 N
N
%
0.7 -
<
]
0.65
0.6
0.55
05
Top 100 Top 200 Top 300 Top 500 Top 750 Top 1000
Pattern 1 0.633 0.671 0.683 0.689 0.615 0518
-=-Pattem 2 0.772 0781 0785 0.808 0759 0.672

J\ ~ RIERHEE pattern /) ABR EL#EE

® Heroku (EE{ERR SRR

FEiEEE R > BefM s A Ea = e R A AT 72 > B Heroku{CER Ay SUEE 774
LLEXABPHYNEHRCE » W HEIEHE SRR B E R E3 A - Bl SRE LI 5 - 18
& Lo ] A 5 i Heroku f CEE (el R as HY T AR HE S RCREE R AT A E T F5F%
SEEA P AR R gy U5 725 m] DABH BV RE HE U ECR

Comparison Graph of Crawling Efficiency

500000
450000
400000 _—
350000 — e
300000 e
250000 o
200000
150000
100000 ~
50000

er of Normalized Address

The numb

h
o
[ |

Week 0 Week 1 Week 2 Week 3

Normal -®-Hercku Proxy Server

B~ AERfEIIR 85 T A E AR T AR TSR EEEL

® ABP K

FEEEE R > WMIEEE T =FEA[FEa2HYABPHZR » Baseline & —fiRHVEE B
e » o T MR 2 B TEH 5 o F A e ss 4 - sPEET 0 B 574" Query-based
g AR ARG et HICE > LEBSERME —Fr -

3 https://www.iyp.com.tw/
4 http://www.ipeen.com.tw/

190



F* - —(Eesaig s ABP fURAEILIAE R
Yellow Page  Query-based

Items Baseline

Crawler Crawler
# Visited Webpages (a) 132,628,290 105,727 652,693
# Address-Bearing Pages (b) 508,038 105,693 488,036
# Extracted Address (c) 1,034,402 944,864 6,359,283
# Distinct Address (d) 190,180 693,868 888,838
ABR (b)/(a) 0.004 0.999 0.748
ROI (d)/(a) 0.001 6.563 1.362
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# Overlapping address es containing correct POI pairs

1. Coverage Ratio =
g # Overlapping address es with yellow pages address es

# of addresses that are predicted correct

2. Accuracy =
y # Overlapping addresses containing correct POI pairs
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¥ = Baseline J77A{EARFIBHEAVIN MHTRBELLHEL

Items Window Size 50 Window Size 100 Window Size 150
# Recognized POI names 10,773,585 20,539,371 30,144,909
# Distinct POI names 702,793 844,165 934,896
# Pairs 4,406,985 7,630,332 11,062,343
# POl 694,730 743,555 764,840
# Overlapping addresses 264,342 264,342 264,342
with yellow pages
# Overlapping .address containing 107,257 121,932 129.913
correct POI pairs
# of addresses that are predicted correct 52,222 53,536 54,031

Performance Comparison on Different Window Size
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Accuracy 0.4869 0.4391 0.4159
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Performance Comparison on POl Pairs Verification Model and Baseline
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Performance Comparison on POIDB_AI and POIDB
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