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Computational Communications
and Data Analysis

Lecture 5: Data Structure for Information Acquisition

Ting Wang



* API Data Storage
 \Web Crawlers for APIs
e Data Structure of Web Crawler
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tips to the information storage using databases
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API Data Storage

How to save these information into the database?

G5 Lipsaiz sy

SHANGHA INTERNATIONAL STUDKES UNIVERSITY
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# Title

W 0O ~N o WM =

C @ 127.0.0.1:5000/NewsTouTiao

Date Category Author

2018-11-26 00:29 A4
2018-11-26 00:27 442
2018-11-26 00:07 4
2018-11-25 23:49 44z
2018-11-25 23:46 4z
2018-11-25 23:24 44z
2018-11-25 23:23 44E
2018-11-25 23:23 44E
2018-11-25 23:19 44z
2018-11-25 23:19 44z
2018-11-25 23:17 442
2018-11-25 23:17 442
2018-11-25 22:48 %
2018-11-25 22:45 %z
2018-11-25 22:41 4%z
2018-11-25 22:40 %
2018-11-25 22:27 £z
2018-11-25 22:27 £z
2018-11-25 22:27 A4z
2018-11-25 22:25 A4z
2018-11-25 22:24 A4z
2018-11-25 22:23 A4
2018-11-25 22:17 A4z
2018-11-25 22:16 A4
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API| Data Storage

Database Preparation

e Data Extraction from JSON

NewsTitle = json. dumps (response json[’ data’ ]J[i].get("title”), ensure ascii=False)
NewsDate = json. dumps (response json[’ data’ ][i]. get(“date”))

NewsCate = json. dumps (response json[’ data’ ][i]. get (“category”), ensure ascii=False)
NewsAuthor = json. dumps (response json[’ data’ ][i]. get (“author name”), ensure ascii=False)
NewsURL = json. dumps (response json[ data’ ][i].get(“url”))

——

« Database Columns
— Primary Key
— Columns
— Contents

La10)2 09
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API Data Storage

Database Document

RiEAFR  JUHE_API_ONLINE_NEWS

BRAE  BEBEArHEEHEEE

JUHE_API_ONLINE_NEWS_PK:
ER(PK) JUHE_API_NEWS_ID(Cluster Index)

FiH4E(AK)  JUHE_API_ONLINE_NEWS_AK: JUHE_API_NEWS_URL(Unique)

INDEX NAME y XA Az
s AR =XVATAL] gy 2 KE Null Default

01  JUHE_API_NEWS_ID PERS NUMBER X
02  JUHE_API_NEWS_TITLE ¥ E bR VARCHAR 300 X
03  JUHE_API_NEWS_DATE 357 15 B ] DATETIME X
04  JUHE_API_NEWS_CATE wER VARCHAR 100 X
05  JUHE_API_NEWS_AUTHOR P VARCHAR 100 X
06  JUHE_API_NEWS_URL % 15 Pk VARCHAR 500 X
07  JUHE_API_NEWS_CONTENT FEAE TEXT

08  JUHE_API_NEWS_CONTENT_SEG PN 4)iA TEXT

@ Liai-32 59
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API| Data Storage

SQL Script

1 ® (REATE TABLE JUHE_API_ONLINE_NEWS
2

3 JUHE_API_NEWS_ID INT(12) PRIMARY KEY AUTO_INCREMENT,
4 JUHE_API_NEWS TITLE VARCHAR(322) NOT NULL,

5 JUHE_API_NEWS_DATE DATETIME NOT NULL,

= JUHE_API_NEWS_CATE VARCHAR (100) NOT NULL,

7 JUHE_API_NEWS_AUTHOR VARCHAR(162) NOT NULL,

8 JUHE_API_NEWS_URL VARCHAR(502) NOT NULL UNIQUE,

9 JUHE_API_NEWS_CONTENT TEXT,

10 JUHE_API_NEWS CONTENT SEG  TEXT

1 -

@ Liai-32 59
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response = requestl (NewsType, appkey, “GET”).replace(’\””, ’” ’).replace(C\’’, "\”").replace(’\xa0’,’,”).replaceC\\’,”,")

response_json = json. loads (response)
for i in range(30) :
NewsTitle = json. dumps (response json[’ data’ J[i].get (“title”), ensure ascii=False) tO erase unrea d d b I e COd e
NewsDate = json. dumps (response json[’ data’ ]J[i]. get (“date”))
NewsCate = json. dumps (response_json[’ data’ 1[i]. get ("category”), ensure_ascii=False)
NewsAuthor = json. dumps (response_json[’ data’ ][i]. get ("author name”), ensure ascii=False)
NewsURL = json. dumps (response json[’ data’]J[i]. get ("url”))

m
# save data in database:

TRy SQLETH7 1%
. Connection Open
onn = pymysql. connect (user="root’, password="123456", database="raw_data’, charset="utf8’)
2. Cursor Creating:
rsor = conn. cursor ()
3. SQL Execution

®C WO W
QT SRS

e

X

HATSEL O Y
sqlstr = ', _APT_ONLINE_NEWS (JUHE_APT NEWS_TITLE, JUHE_API NEWS_DATE, JUHE_API NEWS_CATE, JUHE_APT NEWS_AUTHOR, JUHE_API NEWS_URL) VALUES( *+NewsTitle[1:-1]+",” “+NewsDate[1:~
"+NewsCate N 7 MewsAuthor[1:-1]+"",” "+NewsURL[1:-1]+"" )"

# 4. Cursor Moving

# (KB NibR

i e Question: Why not use INSERT INTO?
SR C i) Answer: The difference between INSERT INTO and REPLACE INTO:
ORI INSERT INTO: INSERT items unconditionally

REPLACE INTO: If not exist, then insert; if exist, then update

e1ep ayivnes

# 5. Connection Close

e When we import data via Juhe Web API frequently, we may download the same data.
T Thus we should not save the same data twice in our databases.

L conn. close()

ResultTablet="<tr><td>"+str ((i+1))+"</td><td><a href=""+NewsURL[1:-1]+"" target="_blank’ >"+NewsTitle[1:-1]+"</a></td><td>"+NewsDate[1:-1]+"</td><td>"+NewsCate[1:-1]+"</td><td>"+NewsAuthor[1:~
11+7</td></tr>”
ResultTable+="</table>”
# 1 Bl ey
return CNewsType+”#7[&: “+ResultTable

Do NOT forget: import pymysql Juhe News Data
G L)@t ry NewsTouTiaoWebFormal.py

SHANGHAL INTERNATIONAL STUDKES UNIVERSITY



Data saved In the database

JUHE_API_NEWS_ID  JUHE_API_NEWS_TITLE

178
179
180
312
313
314
358
359
360
361
362
363
364

365
ER

EBKDZRFEE! FrpuTEASENeA...
FARmHITIT 17ER ! ACK=ITHBRANE...
FrrEHE T, FREREEER...
MEFEFREMEFERT N, SneERAL
RETE | QTSRS FItT, SUERCER...
EE: 40 (hHiE, ﬁﬁé’ﬂiﬁﬂihﬁﬂﬁiﬁt..
. 2018-12-09 01:36:00

BREs RS SRS, BSERES,
ST—HEE, BERESF —NAF

APV ASFBIEARE, FEEEHRE..,
ImtaBtr: AL BMIEY, ZRAh=24N..,
BHEREE 7B, Rt TR RIERS.
FEEREIN TR R, SRRSO
FREEEE (B EEN , AlDAESE, L.
TIRENFESER? MIESF, FWME.

FESEIMEEEEGE ¢ 110y . (ARSI

G5 Lipsaiz sy
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JUHE_API_NEWS_DATE

2018-12-09 01:22:00
2018-12-09 01:21:00
2018-12-09 01:21:00
2018-12-09 00:21:00
2018-12-09 00:19:00
2018-12-09 00:14:00

2018-12-09 01:33:00
2018-12-09 01:33:00
2018-12-09 01:33:00
2018-12-09 01:32:00
2018-12-09 01:32:00
2018-12-09 01:32:00

2018-12-09 01:30:00
M 1R-12-1Q N1-26.NN

JUHE_API_NEWS_CATE

API| Data Storage

JUHE_API_NEWS_AUTHOR

®in

HIBIPH

Fed =]
ST REYE
FrEbad

Halks A RAGER
A AIRABRE i
SEEIEITT
BEIEEF

e =]

iz

HWEImiE &

it e
12 s bR

=i hEes

JUHE_API_NEWS_URL

htto: //mini.eastdav.com/mobile/181209012214377.html
htto: //mini.eastdav.com/mobile/181209012155740.htmi
htto: //mini.eastdav.com/mobile/18 1209012 143092.html
htto: //mini.eastdav.com/mobile/181209002140799.html
htto: //mini.eastdav.com/mobile/181209001956 179.html
htto: //mini.eastdav.com/mobile/18 120900 1445608 html
htto: //mini.eastdav.com/mobile/181209013600255.html
htto: //mini.eastdav.com/mobile/18 120901333766 7. himl
htto: //mini.eastdav.com/mobile /181209013321458.html
htto: //mini.eastdav.com/mobile/181209013316682.html
htto: //mini.eastdav.com/mobile/18 12090132380 13.html
htto: //mini.eastdav.com/mobile/181209013214645. html
htto: //mini.eastdav.com/mobile /1812090132136 75.html

htto: //mini.eastdav.com/mobile/181209013006573.html
httne Himini eactdaw camimahila M12120801726820141 himl



' API| Data Storage

Prepare for Web Crawler: Get rid of Flask

Head: delete flask

import json, urllib.request
from urllib. parse import urlencode
import pymysql

def request1(): no changes

JuheAPIOnlineNewsWebCrawler.py

.
%
\
- ” |
- .
\ ¥ Y
N SHANGHAT INTERNATIONAL STUDIES UNIVERSITY



def

# [ B iEHIAPPKey
appkey = 04 fiskikikikikikikikokiokiokike 17¢”

login() = main()

NewsTypes =, [’ top’, ’shehui’, ’guonei’, ’guoji’, ’yule’, ’tiyu’, ’junshi’, ’keji’, ’caijing’, ’shishang’ ]
for NewsType 1n :
if NewsType == “top”: ]
CNewsType = “3k%k” 2. select - list: NewsTypes

elif NewsType == “shehui”:
CNewsType = “4t&”
elif NewsType == “guonei”:
CNewsType = "EHRN”
elif NewsType == “guoji”:
CNewsType = “HPBR”
elif NewsType == “yule”:
CNewsType = "R
elif NewsType == “tiyu”:
CNewsType = (A E”
elif NewsType == ”junshi”:
CNewsType = "ZZH”
elif NewsType == “"keji”:
CNewsType = “FHB:”
elif NewsType == “caijing”:
CNewsType = "H£&”
elif NewsType == “shishang”:
CNewsType = "B} "
else:
CNewsType = "3k%&”

La10)2 09
NG=  SHANGHAIINTERNATIONAL STUDIES UNIVERSITY




response = requestl (NewsType, appkey, “GET”).replace(C\”", "7 ’).replaceC\’’, "\”").replace( \xa0",’,’ ). replaceC\\',’,”)
response_json = json. loads (response)
for i in range (30):

NewsTitle = json. dumps (response_json[’ data’ J[i].get(“title”), ensure ascii=False)

NewsDate = json. dumps (response json[ data’ ][i]. get (“date”))

NewsCate = json. dumps (response json[’ data’ ][i]. get (“category”), ensure ascii=False)

NewsAuthor = json. dumps (response json[’ data’ ][i]. get (“author name”), ensure ascii=False)

NewsURL = json. dumps (response json[’ data’ J[i]. get ("url”))

# save data In database:

¢ FEBEFIMySQL A

# 1. Connection Open

conn = pymysql. connect (user="root’, password=" 123456’ , database= raw data’, charset= utf8’)

# 2. Cursor Creating:

cursor = conn. cursor ()

# 3. SQL Execution

# HATSQLIEA], JEHIGA IR :

sqlstr = “REPLACE INTO JUHE_API ONLINE_NEWS (JUHE_API NEWS TITLE, JUHE_API NEWS DATE, JUHE_API NEWS CATE, JUHE_API NEWS AUTHOR, JUHE API NEWS URL)
VALUES C “+NewsTitle[1:-11+"",  “+NewsDate[1:-11+"",” “+NewsCate[1:-1]+"",” “+NewsAuthor[1:-1]+"",” “+NewsURL[1:-1]+"")”

# 4. Cursor Moving

# Wb AT, Wb 2 &

cursor. execute (sqlstr)

# RS .

it o ) 3. Delete HTML code, change “return” to “print”

# 5. Connection Close

# FKfCursor:

cursor. close ()

# FEff]Connection:

conn. close ()

print (CNewsType + “#r[E: ” + NewsTitle + ” 7 + NewsDate + 7 + NewsUR
# 1 FrlE B
int (CNewsType+”"#rBINESEER! ///////////1//7/11//1/17/1//1/11/11/71/////]")

\ /

G5 Lipsaid sy
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' API| Data Storage

How to make the program
automatically collect data
from the API?

Ask A Question

Tips:
Loop the “main()”
while(True)

La10)2 09
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build a web crawler to download contents from urls derived from APIs

Web Crawlers for APIs

o



API| Data Storage

URL List i1s Iin the database

JUHE_API_NEWS_ID  JUHE_API_NEWS_TITLE

178
179
180
312
313
314
358
359
360
361
362
363
364

365
ER

EBKDZRFEE! FrpuTEASENeA...
FARmHITIT 17ER ! ACK=ITHBRANE...
FrrEHE T, FREREEER...
MEFEFREMEFERT N, SneERAL
RETE | QTSRS FItT, SUERCER...
EE: 40 (hHiE, ﬁﬁé’ﬂiﬁﬂihﬁﬂﬁiﬁt..
. 2018-12-09 01:36:00

BREs RS SRS, BSERES,
ST—HEE, BERESF —NAF

APV ASFBIEARE, FEEEHRE..,
ImtaBtr: AL BMIEY, ZRAh=24N..,
BHEREE 7B, Rt TR RIERS.
FEEREIN TR R, SRRSO
FREEEE (B EEN , AlDAESE, L.
TIRENFESER? MIESF, FWME.

FESEIMEEEEGE ¢ 110y . (ARSI

How to get the content by these URLs?

G5 Lipsaiz sy

SHANGHAT INTERNATIONAL §7

UDHES UNIVERSITY

JUHE_API_NEWS_DATE

2018-12-09 01:22:00
2018-12-09 01:21:00
2018-12-09 01:21:00
2018-12-09 00:21:00
2018-12-09 00:19:00
2018-12-09 00:14:00

2018-12-09 01:33:00
2018-12-09 01:33:00
2018-12-09 01:33:00
2018-12-09 01:32:00
2018-12-09 01:32:00
2018-12-09 01:32:00

2018-12-09 01:30:00
M 1R-12-1Q N1-26.NN

JUHE_API_NEWS_CATE

JUHE_API_NEWS_AUTHOR

®in

HIBIPH

Fed =]
ST REYE
FrEbad

Halks A RAGER
A AIRABRE i
SEEIEITT
BEIEEF

e =]

iz

HWEImiE &

it e
12 s bR

=i hEes

UHE_API_NEWS_URL
htto: //mini.eastdav.com/mobile/181209012214377.ht
htto: //mini.eastdav.com/mobile/181209012155740.htmi
htto: //mini.eastdav.com/mobile/18 1209012 143092.html
htto: //mini.eastdav.com/mobile/181209002140799.html
htto: //mini.eastdav.com/mobile/181209001956 179.html
htto: //mini.eastdav.com/mobile/18 120900 1445608 html
htto: //mini.eastdav.com/mobile/181209013600255.html
htto: //mini.eastdav.com/mobile/18 120901333766 7. himl
htto: //mini.eastdav.com/mobile /181209013321458.html
htto: //mini.eastdav.com/mobile/181209013316682.html
htto: //mini.eastdav.com/mobile/18 12090132380 13.html
htto: //mini.eastdav.com/mobile/181209013214645. html
htto: //mini.eastdav.com/mobile /1812090132136 75.html

htto: //mini.eastdav.com/mobile/181209013006573.ht
Hre Himini eactdaw camimahils (M12109017620181 highl




' Web Crawler

Analyze the Structure of the Potential
Candidate Website

« Employ a good web explorer 6
Eg. Google Chrome

GOOS[Q chrome
« Select a webpage as a start,

and prepare a LIST for web crawler.

La10)2 09
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Web Crawler

Beautifulsoup

Beautiful Soup is a Python library designed for quick turnaround projects like screen-
scraping(https://www.crummy.com/software/BeautifulSoup/bs4/doc.zh/index.html)

Beautiful Soup 4.4.0 documentation » index

Table Of Contents Beautiful Soup Documentation

B ful Soup
umentation Beautiful Soup is a Python library for pulling data out of HTML and XML files. It works with your favorite parser to provide idiomatic

= Getting help ways of navigating, searching, and modifying the parse tree. It commonly saves programmers hours or days of work.
Quick Start
Installing Beautiful Soup These instructions illustrate all major features of Beautiful Soup 4, with examples. | show you what the library is good for, how it
=P after works, how to use it, how to make it do what you want, and what to do when it violates your expectations.

inst n
= Installing a parser The examples in this documentation should work the same way in Python 2.7 and Python 3.2.

You might be looking for the documentation for Beautiful Soup 3. If so, you should know that Beautiful Soup 3 is no longer being
developed, and that Beautiful Soup 4 is recommended for all new projects. If you want to learn about the differences between
Beautiful Soup 3 and Beautiful Soup 4, see Porting code to BS4.

This documentation has been translated into other languages by Beautiful Soup users:
attributes

® Havigablestring o XS AR A R,

" BeautifulSom ¢ COXR—CEBEAECHIBTEESGMEY )
é o O] BME ohR0f HOE JhsatLct (2% 23)

Getting help

If you have questions about Beautiful Soup, or run into problems, send mail to the discussion group. If your problem involves parsing an HTML document, be sure
- contents and to mention what the diagnose() function says about that document.

- children

deseendants Quick Start

string

-strings and

: ‘& , stripped strings Here' s an HTML document I’ |l be using as an example throughout this document. It' s part of a story from Alice in Wonderland:
G2 Libs1ads2 Y
NG=  SHANGHAIINTERNATIONAL STUDIES UNIVERSITY



Web Crawler

Web Scraping using Beautifulsoup

* Installation:
pip install beautifulsoup4

3 install beautifulsoup4

vackages d4/10f46ebcfacT73e22707237bfcdblbbffeaf0ab76b0al47ecTablbbdTace

. ll HEEEEEEEEEEEENE o2:B 209kB/s

L& 5.2



Web Crawler

find()

Look for the first one
Ref.
http://www.jb51.net/article/65287.htm

findAll()

Look for all

La10)2 09
NG==/  SHANGHAIINTERNATIONAL STUDHES UNIVERSITY



Web Crawler

A Review:
How to collect data from the Website of SHISU?

import urllib.request

response = urllib.request.urlopen(‘http://www.shisu.edu.cn/about/introducing-sisu')
HTMLText = response.read()

with open('Files/shisu.html’, 'wb') as f:
f.write(HTMLText)

La10)2 09
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Web Crawler
Revise the code for Juhe News API

import urllib.request Modular Construction: Blocks on blocks.
from bs4 import BeautifulSoup Integrate this code with the Juhe API Code.

response = urllib.request.urlopen('http://mini.eastday.com/mobile/181209002140799.html")
HTMLText = response.read()

BSobj = BeautifulSoup(HTMLText,"html.parser")#3& T-BeautifulSoup 73 T 34N Td [H]

ArticleContent = BSobj.find("div", {"class": "J-article-content article-content"})
print(ArticleContent.get_text())

Run: JuheSingleNewsContentWebCrawler -

K-

» “C:\Program Files\Python36\pythor. exe” "D:/SISU/Courses/20181HEEEF (M) /Lecture 5/JuheSingleNewsContentWebCrawler. py”

PIITAREREAHEEE T W

ASTROFRELE AR, ZREASTNNES. SENFMRes. MAZRE “NN4”  EREANS, EH4, HEh R S ENHER AR £ANH, FRAS, URE, SsERNERAR.

HPFREBE SR “HNERZMILG HEEE. FEUATTANITNE, 7 THHALARYGN, BERFERFELT. ¥ F-LAFTEHE LA, MW —SIES. WaER, BEEEER, @I HLST, HEEEMNEIRE AN TFE. FEik, 95
BEERLMERNASHENRE . ARTHNRES, FRERMLNER LS HIHEE, BEEFH ARES . TMEAND, #REFH. ASTHLAARRHEARSH. FERIME: PEARAIEO—INHETAR. TERFRELNEN, ZRFELRE
EBASN, §— TS THFRENHEEARET .

HANREMAEEEIRER, FA—ETHNMCHEETTRAEFOARNEE, ERLe0eBHARBSNIFE, MARROGEEINTES. LERETE—98E: “— T ANESERERAL ASTINESEREEAR. ¥ B THARRSNREMERN, Hiaar

X% B
= - e il

GR) Libs1adidry

NG=/  SHANGHAIINTERNATIONAL STUDIES UNIVER



& > C @ A2 | mini.eastday.com/mobile/181209002140799.html e (2]

5 [® ] | Elements Console » A2| ¢ X

P <div id="title">..</div> -
P <div id="content”™ class="J-article-content

article-content” data-pswp-uid="1">.</div> == $6
</article>
P <div class="articledown-wrap gg-item J-gg-item”
data-ggpos="articledown"” data-pgnum="1" data-

MESTEPERMIFERNND, 2UERNARES | tdidw="-3"> </diuvs =

— ... #J article div#content.J-article-content.article-content

Styles Computed  Event Listeners DOM Breakpoints >

|} e

Hk s AR

Filter thov .cls +‘ |

element.style {

}

#content { page_details v5.min.css:1
margin:» .3rem 16px 16px;
text-align: justify;

}

article, aside, blockquote, body, common.min.css:1

button, code, dd, details, div, dl, dt, fieldset,
figcaption, figure, footer, form, hl, h2, h3, h4, h5,
' h6, header, hgroup, hr, input, legend, 1i, menu, nav, ~

¢ Console What's New X X

Highlights from the Chrome 70 update

. . al
Live Expressions in the Console
Pin expressions to the top of the Console to
monitor their values in real-time. \

LibS1-a)id 54
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Web Crawler

Part 1. Import and Get_text()

import json, urllib.request

1

2 from urllib. parse import urlencode
3 import pymysql

4 from bs4 import BeautifulSoup

f def NewsArticleContent (WebURL) :

response = urllib. request. urlopen(WebURL)

8 HTMLText = response.read()

9 BSohj = BeautifulSoup (HTMLText, “html. parser”) s T Feauti ful Soup i -~ E

10

11 ArticleContent = BSobj. find("div", {“class”: "J-article-content article-content”})
12 return ArticleContent. get_text()

JuheAPIOnlineNewsWebCrawlerWithContent.py
G Lidd1aidry

TANGHA INTERNATIONAL STUDHES UNIVER



Web Crawler
Part 2: get news content in main()

44 response = requestl (NewsType, appkey, “GET").replace(’ \"", "# "J.replace’\'", "\"").replace( \xal',”, ).replace"\\',",")
45 response_json = json. loads(response)

45 for i in rang=(30):

47 NewsTitle = json. dumps(response json[ data’ ]J[i].get("title”), ensure_ascii=False)

8 NewsDate = json. dumps(response_json[’ data’ J[1i]. get(“date”))
49 NewsCate = json. dumps(response_json[’ data’ J[i].get(“category”), ensure_ascii=False)

50 NewsAuthor = json. dumps(response_json[’ data’ J[i]. get(“author_name”), ensure_ascii=False)

51 NewsUEL = json. dumps (response_jsonl’ data’ J[1i]. get(“url®))

53 @ontent = NewsArticleContent (NewsURL[1:-11).replace ("N 7, "7 ").replace("\"", 'D
04

GH] # save data in database:

57 7 EER My SOLERE
# 1. Connection Open

59 conn = pymysagl. connect (user="root’, password=" 123456, database="raw_data', charset="utf8')

@ L&s)@)q2 Y
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Web Crawler

Part 3: Iinsert into database in main()

4 _URL, JUHE_API_NEWS_CONTENT) VALUES (" “HlewsTitle[1:-1]1+"", " “+NewsDate[l:-1]+"",  “HlewsCatel[1l:-1]1+""," “+NewsAuthor[1:-1]+"", " "+HNewsURL[1:-1]+"", " “+NewsContent+"")

G2 Lib1-ai2 Y
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Results

Result Grid | HH 4% Fiker Rowrs: |Edit: é} Gn & | Export/Import: EE ﬁ |WrapCeIIContent: Ia

MNEWS_ID  JUHE_API_NEWS_TITLE

EBDRFTEE! FRiTnEEESENBA..
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Web Crawler
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' Web Crawler

Tips:

* \Web Crawler i1s very complex. If you want to
use web Crawler, you should build them
Individually for each different websites.
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Web Crawler

To sum up: Web Crawler

an Internet robot which systematically browses the World Wide Web

World Wide
Web

Web pages

Also know as:

* \Web Search Engine

* \Web Spider

* Web Crawling Robot

URLs Web page

Scheduler downloader

Text and
metadata

L4
—

URLs

Storage
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Web Crawler

How to design a web crawler?
Steps:
1. Get a Start Page
2. Get a Queue for all URLS
3. Loops: While, for ...
4. Re-visit: If ... elif...else
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' Web Crawler

Four Important Crawling Policies

 selection policy states the pages to download

 re-visit policy states when to check for changes to the pages
 politeness policy states how to avoid overloading Web sites

« parallelization policy states how to coordinate distributed
web crawlers
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Web Crawler

World Famous Web Crawler

— Google @
— Yahoo!

-Bing S0l
— Baidu

— S0S0 GO gle YAHOSL.

_ ASK Bai@hBE
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the foundation of the robot for web data collection

Data Structure of Web Crawler




Data Structure

What 1s Data Structure

Data structure is not a data type, but a particular way of organizing data in a computer
so that it can be used, stored in memory and manipulated by the program.

Data structure is crucial to web crawlers on data collection, storage, and analysis.

#H (Array)

EAF (Queue) -
—.___\ /,.—-—’—

B (Tree)

—%‘ﬂﬁ-ﬁﬁﬂ u 3% (Linked List)

HIFIF= (Hash)

Ref: https://blog.csdn.net/yeyazhishang/article/details/82353846
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Data Structure

RL1 Pagelin URL1 Page2 in URL2 :

U i Link:URL2 Link:URL3 Page3in URL3
Queue: a list about URLs and you can get Linked List: a list about URLs and pages, and you
pages according to these URLs can get another page according to the previous URL

All these structures can be regarded as a Graph! Paﬁ_elkiBRling
INK:

Link:URL3

Pagelin URL1 Page2 in URL2

Link:URL2 Link:URL3 Page3 in URL3

Page2 in URL2
Link:URL3

Mark URL1 Mark URL2 Get Content and

Page3 in URL3
as route as route mark URL of Page 3

Stack: a list about URLs and pages, and you want to
mark the route about how to get a particular content
on a page, then you can firstly look for the content
according to URLs, and mark the URL as the route

once you get the content, first get, last be marked. Graph: If there is a link from Page 2 to Page 3, then

LiaS1-92 49 the tree will be a graph.
N2/ SHANGHAIINTERNATIONAL STUDHES UNIVERSITY

Tree: you can get another page according to the
URLs on one page, if a branch is finished, then you
can start another.




Data Structure

Graph Theory: a very important branch of mathematics

Seven Bridges of Kanigsberg, 1736, Euler

the 1slands and the mainland

o e R putan ___"' oFi :
ST S P e Find a path that crosses each bridge exactly once

.aafm'-ﬂ el O "—--M .-'

m’fﬁmﬁdﬁa rers
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' Data Structure

Graph Representation of the problem

%& Eﬁgjﬂ

GRAPH/TREE
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Data Structure

* The key to solve this problem is an
Ingenious graph representation

 Euler proved that since except for the
starting and ending point of a walk, one
has to enter and leave all other nodes, thus
these nodes should have an even
number of bridges connected to them

 This property does not hold in this
problem 3

La10)2 09
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' Data Structure

Basic Knowledge about Graph 3
— Node
— Edge °
— Degree 3

3
 In modern language, Euler shows that the possibility of a walk through a graph,
traversing each edge exactly once, depends on the degrees of the nodes.
 Euler's argument shows that a necessary condition for the walk of the desired form
Is that the graph be connected and have exactly zero or two nodes of odd degree.
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' Data Structure

An Inference for Web Crawling deduced by the
problem of Seven Bridges of Kdnigsberg :

Re-visit is inevitable!

- v' -'

Question: How to set the visit patkt
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Data Structure

Deciding What to Search
— URL list for the websites you want to search

— Do nothing but search web pages via hyperlinks
one by one
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Data Structure

Depth-First-Search (DFS) Breadth-First-Search (BFS)
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Data Structure

DFS Pseudo-code (1)
Recursion

1 procedure DFS(G,vi):

2 label vi as discovered

3 for all edges from vi to vj in G.adjacentEdges(vi) do
q if vertex vj is not labeled as discovered then

5 recursively call DFS(G,vj)
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Data Structure

DFS Pseudo-code (2
S l a c 1: return An ordering on how nodes in G are visited
2: Pushvinto S;

Last In First Qut 3: visitOrder = 0;

4: while S not empty do

5: node=pop fromS;

6 if node not visited then

7: visitOrder = visitOrder +1;

8 Mark node as visited with order visitOrder;
//or print node

9: Push all neighbors/children of node into S;

10: endif

11: end while

V7 V8 V9 V 12: Return all nodes with their visit order.
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Data Structure

BFS Pseudo-code
QUEUIE & i m s

3: visitOrder = 0;
First In First Out 4: while Q not empty do
5: node =dequeue from Q;
6: if node not visited then
7: visitOrder = visitOrder +1;
8: Mark node as visited with order visitOrder;
//or print node

9: Enqueue all neighbors/children of node into Q;
10: endif
11: end while
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Data Structure

Adjacency Matrix (a.k.a. sociomatrix)
1, if there is an edge between nodes v; and v;
Ay =

0, otherwise
V1 Vo V3 Vg V5 Vg
110(0]01]0

Diagonal Entries are self-links or loops

Social media networks have
very Adjacency matrices

(o)) v
\ V3

Vs

@ @ Ve

(a) Graph (b) Adjacency Matrix

=
QIO o
Ol | === 2
o= el B en )l
—_| = | | = =
(o) el Ll e ]
jen]) el e [ en)
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' Data Structure

Adjacency List

 In an adjacency list for every node, we maintain a list of all the
nodes that it is connected to

« The list is usually sorted based on the node order or other

p refe rences Node | Connected To
U (%]
@\@ (%) U1,03,04
U3 02,04
Q Q U4 02,03,05,0¢

OO i
Ug (&
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Data Structure

Edge List

* Inthis representation, each element is an edge and is represented as (v;; v;),
denoting that node v; is connected to node v;.

» Since social media networks are sparse, both the adjacency list and edge list
representations save significant space.

U1,02)
Uz 10’3)

(
(
O )
(
(

=

OO 04,05)

U4,0¢ )
Lzt 2y



Data Structure

Save In the Data Base

« Using Edge List
o Vo |vip

V2
V3

1

2

3
Q Q 4 V4
@ Q 5 V5

6

V6
Lis$1-:2 5.4
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Data Structure

Save Web URL In the Data Base for Crawlers

« Using Edge List
o Vo |vip

WWW.Sina.com

WWwWWw.weibo.com

www.weibo.com/tv

d.weibo.com/?topnav=1&mod=logo

o B~ W N

weibo.com/u/3941468498?refer_flag=10280
35010_&is_all=1

o uu A B W N

1
2
2
3
4
4

o U A W N

6 http://weibo.com/u/1766565543?refer_flag=

1028035010 _&is_all=1
Lair@209 ..



' Data Structure

Types of Graphs
1. NULL Graph (no nodes, so no edge)
G(V,E), V=E=0.

2. Empty Graph (no edge, but maybe has nodes)
G(V,E), E=0.
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Data Structure
3. Directed/Undirected/Mixed Graphs

Web sites are directed graphs

in-degree and out-degree
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' Data Structure

4. Simple Graph / Multigraph

Many web sites are Multigraphs

Simple graph Multigraph
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' Data Structure

Connectivity In Graphs
» Adjacent nodes and Incident Edges

—Two nodes are adjacent if they are connected via an edge.

—Two edges are incident, if they share on end-point
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' Data Structure

Eulerian Tour

 All edges are traversed only once
— Konigsberg bridges

Hamiltonian Cycle
» Acycle that visits all nodes
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' Data Structure

How to avoid endless loops In
web crawling?

Ask A Question

—Reject short-time re-visit
—Accept long-time re-visit
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Data Structure
Graph Connectivity and Data Silos

Silo

°
o o

Las-@)q2 59 === |nformation barrier
NG=  SHANGHAIINTERNATIONAL STUDIES UNIVERSITY

Silo

o
° o




' Data Structure

How to jump into Data Silos?

Ask A Question

—To set more different start web
URLS in initialization.

—Multi-thread Process
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Reference

Social Media Mining
— http://[dmml.asu.edu/smm/

Social Media Mining

SScial vleGia Winng |

Home Download Book Slides/Tutorials  Table of Contents Errata How to Cite

Social Media Mining soCiaL
An Introduction MINING HERBEE

A Textbook by Cambridge University Press

Reza Zafarani Syracuse University
Mohammad Ali Abbasi Machine Zone
Huan Liu Arizona State University

PDF !
DOWNLOAD §

Lal)@).2 59 Accessed 90,000+ times
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Reference

Python AWZ5 0 #5R5E

— https://item.jd.com/11896401.html
— http://download.csdn.net/detail/u010309742/9647121?web=web

) mmesrinis s

v
E
)
5
)
e
8
L)
F
%
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https://item.jd.com/11896401.html
http://download.csdn.net/detail/u010309742/9647121?web=web

Reference

search engine information retrieval in practice

— http://www.search-engines-book.com/

— http://www.amazon.com/Search-Engines-Information-Retrieval-
Practice/dp/0136072240

Search Engines-
Information Retrieval

in Practice
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http://www.search-engines-book.com/
http://www.amazon.com/Search-Engines-Information-Retrieval-Practice/dp/0136072240
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