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• API Data Storage

• Web Crawlers for APIs

• Data Structure of Web Crawler



API Data Storage

tips to the information storage using databases



API Data Storage

How to save these information into the database?



API Data Storage

EXAMPLE 1: 

Build the News URL List



API Data Storage

Database Preparation
• Data Extraction from JSON

• Database Columns

– Primary Key

– Columns

– Contents

NewsTitle = json.dumps(response_json['data'][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"))



API Data Storage

Database Document
档案名称 JUHE_API_ONLINE_NEWS

档案用途 聚合数据API新闻原始数据

主键(PK)
JUHE_API_ONLINE_NEWS_PK: 
JUHE_API_NEWS_ID(Cluster Index)

附键(AK) JUHE_API_ONLINE_NEWS_AK: JUHE_API_NEWS_URL(Unique)

INDEX NAME 栏位 用途

序号 栏位名称 栏位说明 资料形态 长度 Null Default

01 JUHE_API_NEWS_ID 新闻编号 NUMBER X

02 JUHE_API_NEWS_TITLE 新闻标题 VARCHAR 300 X

03 JUHE_API_NEWS_DATE 新闻时间 DATETIME X

04 JUHE_API_NEWS_CATE 新闻类别 VARCHAR 100 X

05 JUHE_API_NEWS_AUTHOR 新闻作者 VARCHAR 100 X

06 JUHE_API_NEWS_URL 新闻网址 VARCHAR 500 X

07 JUHE_API_NEWS_CONTENT 新闻内容 TEXT

08 JUHE_API_NEWS_CONTENT_SEG 内容分词 TEXT



API Data Storage

SQL Script



Juhe News Data

response = request1(NewsType, appkey, "GET").replace('\"', '”').replace('\'', '\"').replace('\xa0',',').replace('\\',',')
response_json = json.loads(response)
for i in range(30):

NewsTitle = json.dumps(response_json['data'][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"))

# save data in database：

# 连接到MySQL数据库
# 1.Connection Open
conn = pymysql.connect(user='root', password='123456', database='raw_data', charset='utf8')
# 2.Cursor Creating:
cursor = conn.cursor()
# 3.SQL Execution
# 执行SQL语句，循环插入记录:
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('"+NewsTitle[1:-1]+"','"+NewsDate[1:-

1]+"','"+NewsCate[1:-1]+"','"+NewsAuthor[1:-1]+"','"+NewsURL[1:-1]+"')"
# 4.Cursor Moving
# 体验游标

# 执行, 游标移至当前位置
cursor.execute(sqlstr)

# 提交事务:
conn.commit()

# 5.Connection Close
# 关闭Cursor:
cursor.close()
# 关闭Connection:
conn.close()

ResultTable+="<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:-
1]+"</td></tr>"

ResultTable+="</table>"
# 1.新闻查询
return CNewsType+"新闻："+ResultTable

Save th
e

 d
ata

Do NOT forget:   import pymysql

NewsTouTiaoWebFormal.py

to erase unreadable code

Question: Why not use INSERT INTO?
Answer: The difference between INSERT INTO and REPLACE INTO:
INSERT INTO: INSERT items unconditionally
REPLACE INTO: If not exist, then insert; if exist, then update
When we import data via Juhe Web API frequently, we may download the same data. 
Thus we should not save the same data twice in our databases.



API Data Storage

Data saved in the database



API Data Storage

Prepare for Web Crawler: Get rid of Flask
• Head: delete flask

• def request1(): no changes

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

1
JuheAPIOnlineNewsWebCrawler.py



def main():
# 配置您申请的APPKey
appkey = “04f**************************c17c"
NewsTypes = ['top', 'shehui', 'guonei', 'guoji', 'yule', 'tiyu', 'junshi', 'keji', 'caijing', 'shishang']
for NewsType in NewsTypes:

if NewsType == "top":
CNewsType = "头条"

elif NewsType == "shehui":
CNewsType = "社会"

elif NewsType == "guonei":
CNewsType = "国内"

elif NewsType == "guoji":
CNewsType = "国际"

elif NewsType == "yule":
CNewsType = "娱乐"

elif NewsType == "tiyu":
CNewsType = "体育"

elif NewsType == "junshi":
CNewsType = "军事"

elif NewsType == "keji":
CNewsType = "科技"

elif NewsType == "caijing":
CNewsType = "财经"

elif NewsType == "shishang":
CNewsType = "时尚"

else:
CNewsType = "头条"

1. login()  main()

2. select  list: NewsTypes
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response = request1(NewsType, appkey, "GET").replace('\"', '”').replace('\'', '\"').replace('\xa0',',').replace('\\',',')
response_json = json.loads(response)
for i in range(30):

NewsTitle = json.dumps(response_json['data'][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"))

# save data in database：
# 连接到MySQL数据库
# 1.Connection Open
conn = pymysql.connect(user='root', password='123456', database='raw_data', charset='utf8')
# 2.Cursor Creating:
cursor = conn.cursor()
# 3.SQL Execution
# 执行SQL语句，循环插入记录:
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('"+NewsTitle[1:-1]+"','"+NewsDate[1:-1]+"','"+NewsCate[1:-1]+"','"+NewsAuthor[1:-1]+"','"+NewsURL[1:-1]+"')"
# 4.Cursor Moving
# 游标执行, 游标移至当前位置
cursor.execute(sqlstr)
# 提交事务:
conn.commit()
# 5.Connection Close
# 关闭Cursor:
cursor.close()
# 关闭Connection:
conn.close()

print(CNewsType + "新闻：" + NewsTitle + " " + NewsDate + "   " + NewsURL)
# 1.新闻查询
print(CNewsType+"新闻抓取完毕！////////////////////////////////////////////")

3

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



API Data Storage

How to make the program 

automatically collect data 

from the API?

Tips:

Loop the “main()”

while(True)



Web Crawlers for APIs

build a web crawler to download contents from urls derived from APIs



API Data Storage

URL List is in the database

How to get the content by these URLs?



Web Crawler

Analyze the Structure of the Potential 

Candidate Website

• Employ a good web explorer 

Eg. Google Chrome

• Select a webpage as a start, 

and prepare a LIST for web crawler.



Web Crawler

EXAMPLE 2: 

News Web Crawler



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)



Web Crawler

Web Scraping using Beautifulsoup

• Installation: 

pip install beautifulsoup4



Web Crawler

find() 
• Look for the first one

findAll()
• Look for all

Ref.
http://www.jb51.net/article/65287.htm



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)



Web Crawler

Revise the code for Juhe News API
import urllib.request
from bs4 import BeautifulSoup

response = urllib.request.urlopen('http://mini.eastday.com/mobile/181209002140799.html')
HTMLText = response.read()
BSobj = BeautifulSoup(HTMLText,"html.parser")#基于BeautifulSoup分析整个页面

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

Modular Construction: Blocks on blocks. 
Integrate this code with the Juhe API Code.





Web Crawler

Part 1: Import and Get_text()

JuheAPIOnlineNewsWebCrawlerWithContent.py



Web Crawler

Part 2: get news content in main() 



Web Crawler

Part 3: insert into database in main()



Web Crawler

Results



Web Crawler

Tips:

• Web Crawler is very complex. If you want to 

use web Crawler, you should build them 

individually for each different websites.



Web Crawler

To sum up: Web Crawler 网络爬虫
an Internet robot which systematically browses the World Wide Web

Also know as:

• Web Search Engine

• Web Spider

• Web Crawling Robot



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



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



Web Crawler

World Famous Web Crawler

– Google

– Yahoo!

– Bing

– Baidu

– Soso

– ASK



Data Structure of Web Crawler

the foundation of the robot for web data collection



Data Structure

What is 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.

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



Data Structure

URL1 URL2 URL3 Page1 in  URL1
Link:URL2

Page2 in  URL2
Link:URL3

Page3 in  URL3

Page1 in  URL1
Link:URL2

Page2 in  URL2
Link:URL3

Page3 in  URL3

Get Content and 
mark URL of Page 3

Mark URL2 
as route

Mark URL1 
as route

Queue: a list about URLs and you can get 
pages according to these URLs

Linked List: a list about URLs and pages, and you 
can get another page according to the previous URL

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.

Page1 in  URL1
Link:URL2
Link:URL3

Page2 in  URL2
Link:URL3

Page3 in  URL3

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

Graph: If there is a link from Page 2 to Page 3, then 
the tree will be a graph.

FIFO

FILO

All these structures can be regarded as a Graph!



Data Structure

Graph Theory: a very important branch of mathematics

Seven Bridges of Königsberg, 1736, Euler

•There are 2 islands and 7 bridges that connect 

the islands and the mainland

•Find a path that crosses each bridge exactly once



Data Structure

Graph Representation of the problem 



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

5

3

3

3



Data Structure

Basic Knowledge about Graph

– Node 结点

– Edge 边

– Degree 度

• 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.

5

3

3

3



Data Structure

An Inference for Web Crawling deduced by the 

problem of Seven Bridges of Königsberg : 



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



Data Structure

Depth-First-Search (DFS)

深度优先

Breadth-First-Search (BFS)

广度优先

0

1 6

5 72

4 83 9

0

1 2

4 53

7 86 9

V1

V2 V3

V5 V6V4

V8 V9V7 V10

V1

V2 V3

V5 V6V4

V8 V9V7 V10



Data Structure

DFS Pseudo-code (1)

0

1 6

5 72

4 83 9

Algorithm Depth-First Search (DFS): recursion
Require: Initial node v, graph/tree G(V; E)
1  procedure DFS(G,vi):
2      label vi as discovered
3      for all edges from vi to vj in G.adjacentEdges(vi) do
4          if vertex vj is not labeled as discovered then
5              recursively call DFS(G,vj)

V1

V2 V3

V5 V6V4

V8 V9V7 V10



Data Structure

DFS Pseudo-code (2)

0

1 6

5 72

4 83 9

Algorithm Depth-First Search (DFS): stack
Require: Initial node v, graph/tree G(V; E), stack S
1: return An ordering on how nodes in G are visited
2: Push v into S;
3: visitOrder = 0;
4: while S not empty do
5:      node = pop from S;
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:     end if
11: end while
12: Return all nodes with their visit order.

Last In First Out

LIFOV1

V2 V3

V5 V6V4

V8 V9V7 V10



Data Structure

BFS Pseudo-code

0

1 2

4 53

7 86 9

Algorithm Breadth-First Search (BFS)
Require: Initial node v, graph/tree G(V; E), queue Q
1: return An ordering on how nodes are visited
2: Enqueue v into queue Q;
3: visitOrder = 0;
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:     end if
11: end while

First In First Out

FIFOV1

V2 V3

V5 V6V4

V8 V9V7 V10



Data Structure

Adjacency Matrix (a.k.a. sociomatrix) 邻接矩阵





ijA

Diagonal Entries are self-links or loops



Data Structure

Adjacency List 邻接表
• 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 

preferences



Data Structure

Edge List 边列表
• In this representation, each element is an edge and is represented as (vi; vj), 

denoting that node vi is connected to node vj. 

• Since social media networks are sparse, both the adjacency list and edge list 

representations save significant space.



Data Structure

Save in the Data Base

• Using Edge List

V_ID V_Name

1 V1

2 V2

3 V3

4 V4

5 V5

6 V6

… …

E_ID Vi_ID Vj_ID

1 1 2

2 2 3

3 2 4

4 3 4

5 4 5

6 4 6

… … …



Data Structure

Save Web URL in the Data Base for Crawlers

• Using Edge List

URL_ID URL

1 www.sina.com

2 www.weibo.com

3 www.weibo.com/tv

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

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

6 http://weibo.com/u/1766565543?refer_flag=
1028035010_&is_all=1

… …

E_ID Vi_ID Vj_ID

1 1 2

2 2 3

3 2 4

4 3 4

5 4 5

6 4 6

… … …



Data Structure

Types of Graphs 图的类型

1. NULL Graph (no nodes, so no edge)

零图

2. Empty Graph (no edge, but maybe has nodes)

空图



Data Structure

3. Directed/Undirected/Mixed Graphs

有向图/无向图/混合图 Web sites are directed graphs 

in-degree and out-degree



Data Structure

4. Simple Graph / Multigraph

简单图 / 多重图 Many web sites are Multigraphs



Data Structure

Connectivity in Graphs 图的连通性

• Adjacent nodes and Incident Edges

相邻节点和相邻边

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

–Two edges are incident, if they share on end-point



Data Structure

Eulerian Tour 欧拉环路

• All edges are traversed only once

– Konigsberg bridges

Hamiltonian Cycle 汉密尔顿回路

• A cycle that visits all nodes



How to avoid endless loops in 

web crawling?

–Reject short-time re-visit

–Accept long-time re-visit

Data Structure



Data Structure

Graph Connectivity and Data Silos

图的连通性与数据孤岛



How to jump into Data Silos?

–To set more different start web 

URLs in initialization.

–Multi-thread Process

Data Structure



Reference



Reference

Social Media Mining

– http://dmml.asu.edu/smm/



Reference

Python网络数据采集
– https://item.jd.com/11896401.html

– http://download.csdn.net/detail/u010309742/9647121?web=web

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

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


The End of Lecture 6

Thank You

http://www.wangting.ac.cn


