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Abstract. Because of the rapid development of Internet, how to efficiently and
quickly obtain useful data has become an importance. In this paper, a distributed
crawler crawling system is designed and implemented to capture the recruitment
data of online recruitment websites. The architecture and operation workflow of
the Scrapy crawler framework is combined with Python, the composition and func-
tions of Scrapy-Redis and the concept of data visualization. Echarts is applied on
crawlers, which describes the characteristics of the web page where the employer
publishes recruitment information. In the base of Scrapy framework, the middle-
ware, proxy IP and dynamic UA are used to prevent crawlers from being blocked by
websites. Data cleaning and encoding conversion is used to make data processing.
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1 Introduction

With the widespread of modern network, especially after the application of 5G, people
are spending more time in searching useful information through piles of data. Therefore
the distributed web crawler is adopted to search and obtain Internet data, which can
greatly improve the search efficiency. The Internet has been thriving rapidly and changing
people’s life greatly for decades. According to China Internet development report 2019
issued by The sixth World Internet Conference held in Wuzhen, Zhejiang Province in
Oct.20, 2019, China has 0.89 billion netizens and Internet penetration mounted 59.6%
[1-4]. There are 5.23 million websites and 281.6 billion web pages. What’s more, with
the promotion of the commercial process of 5G, there will be a dramatic development
in Big data, cloud computing, IOT and data size. The traditional way to find the relevant
information is to use Internet search engine, but the efficiency is low if search from Big
data, and it is also not conductive to data processing and analysis. Web Crawler, also
called Web Spider, was originally developed by Matthew Grey from MIT in 1993 [5]. Itis
a contemporary to World Wide Web and it can’t survive without the Internet by nature. If
compare the Internet to a spider net, the web crawler is the crawling spider on the net. By
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Requesting URL address, the crawlers collect and analyze data by responded contents.
For example, if the responded content is html, a DOM structure will be analyzed, parse
it and adopt regular match; If the responded content is xml/json, a data objects will be
converted and make further analysis.

The distributed crawler uses many computers and many crawlers to coincide with
many urls. The distributed system can greatly improve program grabbing efficiency,
fault tolerance, and its own Message Queue ensuring the disposable web node to url
[6]. There are a great many web crawler researches up to now, and the first crawler is
Wanderers [7]. Mercator, based on Java, was developed in 1999 with good scalability.
The Apache Foundation published a Java crawler program Nutch [8]. People like Mehdi
Bahrami applied distributed crawler to cloud platform. Every crawler, capable of storing a
lot of unstructured data, stores results in Cloud Azure, even in Azure Blob. The studies of
web crawler are relatively less and late in China. Shanghai University studied distributed
crawler based on P2P in 2005. A study of Shanghai Jiaotong University called Igloo,
further optimized the performance of distributed crawler system. Therefore, a distributed
crawler with a high speed and a high level needs to be devised and applied in the actual
situation.

2 Methods

Scrapy is a framework for web scraping developed by Python for scraping web sites
and extracting structured data from pages. This framework is more efficient and does
not need to consider the problems of multi-process and multi-threading, and the module
classification is relatively detailed, which is widely used for data mining and automated
testing. Scrapy uses Twisted which is an asynchronous framework to handle network
communication. The architecture is clear and includes various middleware interfaces,
which can send multiple requests at the same time. Scrapy is a popular Python event-
driven networking framework written by Twisted.

2.1 Scrapy Framework

The overall architecture is roughly as follows in Fig. 1.

First, the program gives the initial URL in Spiders, and the engine will pass the
URL to the Scheduler; Next, the URL is taken from the scheduler and passed to the
Downloader through Requests; After downloading from the Internet, the downloader
returns the corresponding response to the Spiders; Spiders will parse and generate two
parts, one of which is data and the other is the new URL; The data part is pushed to the
project Pipeline for processing data and then the new URL is assigned to the Scheduler
and the cycle continues.
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Fig. 1. Scrapy framework

2.2 Distributed Crawler Crawling Data

Open a command line window in PyCharm with Python 3.5, and set the crawler name in
the project folder specified. Note: Generally, it is named after the website domain name
when creating the crawler file Then there is the spiders folder and its directory structure. A
projetc is designed in the crawler file. Define the crawled fields in the parse_item module,
as shown in Fig. 2, the fields are necessary for crawling Python-related companies located

in Nanjing in a website called “the future worry-free”.

yield {

"title"
"company_name" :
"area"
"exp"
"Xue_.
"ren_
"shi_:
"min_¢
"max_
"min_|
"max_|

"address"

: title,

company_name,
: area,

: exp,

1i" : xue_li,

shu” : ren_shu,

jian" : shi_jian,

exp” : min_exp,

exp"” : max_exp,

money" : min_money,

money" : max_money,

: address,

Fig. 2. Defined fields
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2.3 Data Cleansing Processing

Data cleaning is the process of re-examining and verifying data, with the goal of removing
duplicate information, correcting existing errors, and providing data consistency. The
data in each web page is not necessarily the same format. There are many spaces,
line breaks, tabs, fields may be misplaced, and the value is empty. Therefore, regular
expressions are used to uniformly format the data. Data cleaning is a prerequisite for
future data analysis. The specific methods such as using the ‘split’ method to split a piece
of information, the ‘strip’ method to remove spaces, and then using the regular expression
‘findall’ to extract the specified content. Finally, these methods replace different data
types with the same data type and unify the units. After processing the data, use the
‘parse’ method to extract the URL of the web page, use the ‘for’ loop to crawl from the
first page, call the parse_item method each time to clean the data, and then parse the
source code of the web page until it reaches the specified end. Up to one page. After all
the data has been crawled, push them to the pipeline module, and open the database in
the pipeline module to achieve the storage of the data. The format after the data cleaning
process is completed is shown in Fig. 3.

id tide company name area exp xue li ren shu shi jian min exp max exp min money  max money  address
4 1 Objectid("... = pythonFf&.. &= BRELE.. = AR EIfeizle =20 = B2A 09-238% =0 =0 =30 =45 BEAR..
5 J Objectid("... = PythonFF#... = FTEMM.. = A 34EER = AT o RBSA 09-23%%5 3 4 =150 = 200 BEGHE.
6 . Objectid("... = pythonF#... = RIREGR... = M 2y =H BIA 09-24%%5 2 2 = 80 = 120 MRS
7 . Objectid("... = Per/Pytho... = FREGIA.. == M am@l o AR = B2 09-24%%5 3 4 = 120 = 240 ISR
8 | Objectid(".. == PythonfF#.. - MRGEME.. = WR-BER ) TIfEEk £ A 09-24%%5 o 0 = 80 = 150 RO
9 I Objectid("... = PythonFF#.. = MEMIEH.. = MIR-BME = 2N =# @A 09-24%% 2 2 = 100 =150 BTG
10 Objectid(". PythonFFL... £ AIRKMR. L2 2zl £ BETA 09-258% 2 2 = 60 =120 MR,
11 Objectid(" PythonEIaf... (= MBI (. WR-MRER = 3-4E2k £ BETFA 09-25%%5 3 4 = 80 =150 HRHTE.
12 Objectid(" PythonFFL.. = MIRERSA. RRMOR =TI PHFR BETA 09-25%7%5 0 0 = 100 = 150 O3,
13 Objectid("... &= FEARKL.. &= WROIL. = WK FIfezie PHAR Wt BIA 0 0 =100 = 200 TPRER
14 Objectid("... &= RFIRIGM(.. == RRMFN.. = WRIFE = 57642k *H BIA 09-25%% 5 7 @ 150 = 250 128
15 Objectid("... & LinudEMT... &= IRMER.. = WR-BEAK = KL FHRR BETA 09-27%%5 0 0 =70 =85 LRI
16 Objectid("... == RHFAT.. o= AWRME (.. = MWW = T2k £ BIA 09-278% 0 0 = 100 = 200 REFALE.
17 Objectid(" WebISIET... & SIS, RRZRR 1 *% BIA 0927875 1 1 = 80 =120 AT
18 Objectid("... == KETRI WRIPR Rk =H BETA 0927875 [ 0 =100 =150 B2
19 Objectid("... == HUBANET... © - WRBEAK = 2 = A 2 BIA 0927575 2 2 =60 = 100 TR
20 Objectid("... = HIL FE... = HFRAE... R o RIfEER = BETA 09-268% mERE o 0 = 100 % 16.666666.. 2 RIRIFH...
213 Objectid(".. = MESTRA = FErar. = WRHOK = FIMER FHAR = BIA 09-26%%5 0 0 =40 = 100 BUETS..
221 Objectid("... = JavaBS3¥... == RIRHEBML. = WX STEEE AR = BIA 09-265%5 5 7 = 100 =150 RIBEE16...
23 Objectid("... = BFICRiT... = AFGWM.. = AR-BOR EIfrzi = FHAR 5 RIA 09-265%5 0 [ & 20.833333.. == 33333333, TTALH R

Fig. 3. Data cleansing processing

3 Results and Discussion

3.1 The Deployment and Implementation of Scrapy-Redis

The Scrapy framework does not support distribution. In order to achieve distributed
crawling, foreign software engineers have developed a distributed crawler framework
based on redis, allowing crawlers to have distributed crawling capabilities. The princi-
ple of this module is somewhat similar to big data, that is, distributed work, multiple
machines work together to complete a goal based on the same URL. The machine that
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stores the URL list and uniformly manages the URL is called the master server, and
other machines running crawlers become slaves.

Due to the queue mechanism of scrapy-redis, the links obtained by slaves node will
not conflict with each other. In this way, after each slave completes the fetching task,
the obtained results are summarized on the server. Experiments can be performed on the
cluster. Without so many machines, multiple Linux virtual machines can be deployed
on one physical machine. First, write a configuration file on the master to connect to the
redis database, and copy the previously written crawler programs to the Linux virtual
machine slaves. The crawling out of order is started and the initial URL of the website
is run to crawl in redis-cli. Note that the URLs of the crawled web pages should be
staggered. Finally, the data in redis is imported into mongodb. Figure 4 shows the process
of distributed crawling. Figure 5 shows the data stored in the database after the crawling
is completed.

BRREBNNFESE, OFF

ml> (referer: https://nj.lianjia.com/ershoufang/pgl/)
2019-11-06 04:49:02 [scrapy.core.scraper] DEBUG: Scraped from <200 https://nj.lianjia.com/ershoufang/103106081041.ht

itPriceValue': '27161', ‘communityName': '

, 'zhuang_xiu': '¥%#', 'guapai_shijian': ]1aoy1quanshu }

[scrapy.core.engine] DEBUG: Crawled (200) <GET https: //n] lianjia.com/ershou ang/pq} > (referer:

.com/ershoufang/pgl/)

[scrapy.core.engine] DEBUG: Crawled (200) <GET https://nj.lianjia.com/ershoufang/103104763559.ht

://nj.lianjia.com/ershoufang/pgl/)
2019-11-66 04:49 [scrapy.core.scraper] DEBUG: Scraped from <200 https://nj.lianjia.com/ershoufang/103104763559.ht
ml>

‘unitPriceVal '23429', ‘communityName': 'Kif E JX ', 'areaName ' \xa0#Fit\xa0', '
mian_ji': ' ‘zhuang_xiu': %', 'guapai_shijian': '20 , 'jiaoyiquanshu’

1centos_192.168.108.133  * |

BERRWNNFESE, | OFF

', ‘mian_ji': °* ', 'zhuang_xiu': ‘¥ , ‘'guapai_shijian': '2019-10-22', 'jiaoyiquanshu': ' '}
2019-11-66 04:48: crapy.core.engine] EBUG ed (200) <GET https://nj.lianjia.com/ershoufang/10310665
3169.html> https://nj.lianjia.com/ershoufang/pgl/)
2019-11-66 04:48: [scrapy.core.scraper] DEBUG: Scraped from <260 https://nj.lianjia.com/ershoufang/16310665
3169.html>
riceValue': '23631" ‘(ommunxt)/rlame ' 7', 'areaName':
‘zhuang_xiu': * ', 'guapai_shijian':

_ 01 %'}
2019-11-66 04:48: crapy.core.engine] DEBUG: Crawled (208) <GET https.//n] 1lan1la (am/ayshoufang/lkglo672
7966 .html> (r : https://nj.lianjia.com/ershoufang/pgl/)

2019-11-66 04 :59 [scrapy.core.scraper] DEBUG: Scraped from <200 https://nj.lianjia.com/ershoufang/10310672

‘communityName': * A, tar :
‘guapai_shijian': '2019-10-29', 'jiaoyiquanshu

> QCHY  viarm I 11RvIA 121 2o 8D NI

Fig. 4. Distributed crawling process

3.2 Data Visualization Analysis

Data visualization technology converts data into graphs and charts to provide a basis for
decision making. The research of data visualization technology has developed rapidly
and achieved corresponding achievements. An analysis of the salary situation of Nanjing
IT companies, and analysis of the range of the highest and lowest wages are available.
In the IT industry, the minimum wage is generally taken when starting a job, and most
can get nearly 10 k. After working for a few years, most of the maximum salary can
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Fig. 5. Data stored in redis

reach 20 k, which is in line with the current average salary status. The data visualization
analysis of salary is shown in Fig. 6.

Nanjing IT salary ® Minimum ®Maximum

120 +
100 A
80 -

60 -

20 -J_l
0 ]

0 0-10 10-20 20-100

Fig. 6. The bar chart of Salary

The data visualization analysis of education is shown in Fig. 7. Undergraduates
in the IT industry account for more than 50% of the undergraduates, with the highest
proportion, while there are almost no PhDs, indicating that the IT industry is an industry
for the youth only and attaches great importance to the application of technology.
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Fig. 7. The pie chart of Education

4 Conclusion

With the development of network technology, how to use crawler and data visualization
technology to better understand users and their intentions is a key area in the network era.
This paper studies how to collect relevant data from the Internet. Distributed technology
makes data collection more efficient. It cleans and filters the collected data, and then
displays the useful data and visual analysis to analyze and mine valuable information.
There will make full use of the potential value of big data.
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