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ARTICLE DETAILS ABSTRACT

Article History Web crawlers [1] concurrently contend with multiple problems that can even contradict each

Published Online: 20 February 2019 other. To re-visit pages together with finding new pages concurrently, fresh copies of the
web pages are held [3]. Usage of limited infrastructure such as network connectivity without

Keywords web servers being overwhelmed. They ought to have many "good pages" but they don't

web crawler, network, search engine,

' specify exactly which pages are the preferred alternatives in advance.
software architecture.

This paper explores a paradigm that directly combines crawling with all existing search

engine and, using customizable criteria, retrieves potential answers to cope with conflicting
objectives [2]. We explain how this model generalises several individual cases, and add a
crawling programming structure which really utilizes the model.

1. The problem of crawler scheduling
Using a bandwidth, W, of a network connection measured in bytes/second, we envision a search engine that must download a
set of pages where size of each page p, X,, in bytes. The purpose of the crawler is to download in the shortest period of time all the

pages. A trivial approach to this problem is to concurrently import total pages and use a portion of the space on each page
equitable to the height of each page. W, is the downloading speed for page p, then:

W, =32 (1.1)
Where N" is the optimal time to use all of the available bandwidth:
N =2 (1.2)

This scenario is depicted in Figure 1.1a.
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Figure 1.1: Two hypothetical Information retrieval scenarios for all page download : (a) parallelizing and (b) serialising . Page sizes are represented
by the regions, as size = speed*time.

Many limitations, however, prohibit this ambitious outcome. The primary limitation is to prevent overloading websites by
planning policies and maintaining a culture of politeness. Until rendering a submission, a web crawler can wait for several seconds.
It should ensure that only one page should be accessed at a time.

We should serialise all requests instead of copying several web pages at a time, i.e. downloading one page at a time with full
speed, as shown in Figure 1.1b. The bandwidth required for W}** websites, however, is normally smaller than the crawler
bandwidth W, so this example is also not possible. The findings provided imply that the real download time lines are identical to the
time lines seen in Figure 1.2. The optimum time N* is not reached in the figure because some bandwidth is lost due to constraints
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in the speed of websites (the maximum speed for page three is seen in the figure, W}%¥) and the fact that the crawler has to wait
between visiting a website.
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Figure 1.2: A more practical time line for Web crawlers for downloading. Pages one-two and four-five belong to the same place, and the
crawler waits between them for a few seconds. Owing to the weaknesses of the scheduling policy, the hatched component is unused bandwidth. It
does not reach the optimum time N*.

We should try to use the complete link to import pages via multiple websites in order to solve the problems shown in Figure
1.2. The maximum number of pages is always accessible on some small sites: the distribution of pages to sites, as seen in Figure
1.3, is very low in terms of crawler scalability. This limits robotics' high performance and optimal usage of bandwidth.
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Figure 1.3: Distribution of site sizes within the Chilean Page sample. There are several websites that are not tall, and the full size of the web page
is too little. As they have to download full pages from a limited number of websites, this is one of the web crawler's greatest obstacles. There are a
few very big websites and a large fraction of small websites, but they have to ensure at the same time that the request does not flood them,
resulting in disappointment.

There is another important technical constraint: there is latency in the HTTP request, and the latency time would be more than
25% of the overall request time [7]. This latency is basically the time it takes to create the TCP link, and if the same connection is
used to issue several requests using the HTTP/1.1 'keep-alive' function, it may be partly overcome.

2. Issues in a Searching Model

Crawling literature deals specifically with the words "crawler" and "spider" and walks through a graph of these words. Crawling
is an automated page uploading mechanism that does not follow any browsing pattern: it follows the first wide approach in a few
situations. The standard algorithm for crawling comes from the World Wide Web's early days.

Batch indexing is executed, multiple megabytes of text at a time, and it is very costly to do it one document at a time using
current algorithms, unless an exact balance can be found between the incoming document stream and the index processing speed
[8], and in this case the index construction becomes the bottleneck. Expertise from the creep approaches to the database to be
indexed. Thus, the index is not constantly but completely changed at the same time in many search engines. This is also the
pattern for several leading search engines applicable to the literature, and there is even a term coined for upgrading Google's
database (‘Google dance'), when the new index is circulated to the various data centers [9]. When the index is updated in batches,
which URLs were first transferred is meaningless.

In batches, dispersed crawlers swap URLSs. If the crawler is used in a distributed manner, the crawler must return the results to
a central server or share the results with other processes of crawling. It must send several URLs at a time for better results, as the
exchange of URLs produces an overhead that is mainly provided by context switches, not by the (relatively small) scale of the
URLSs [4]. This means that the global crawling order does not change how the URLSs are locally organised.
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Earlier in the crawl, the essential URLs are shown. If any URL ordering is achieved and if this ordering is not based on a
query's text similarity, then a page we have just seen is a very unlikely candidate to be downloaded in the near future in a steady
state: "good" results are seen soon [5]. Alternatively, in a late stage of the crawling process, if a URL is used for the first time, there
is a high chance that it is not a really interesting website. If Pagerank [2] is used, this is clearly valid because it represents the time
a random surfer spends on the page and if a random surfer spends more time on a page, then it is possible that the page will be
accessed from many connections.

We also found that two related problems appear to be distinguished by previous work and to merge two distinct problems:

«  Short-term performance, optimal bandwidth utilization and being polite with servers, and long-term efficiency, prioritise the
important page first, are the two separate issues that are typically combined. In Section 1, we address why these two
topics should be distinguished.

* The freshness of the index and the underlying accuracy of the index are the two associated topics usually known as
separate issues. We assume that in terms of a list of scores, such as freshness, it is better to think of the different features
of the documents in the collection, which should be weighted according to certain targets that vary depending on the
essence of the use of the crawler. This conception is further developed in Section 2.

3. Separating short-term from long-term scheduling

We plan to deal with long-term scheduling and short-term scheduling separately. So, we need to show that all topics can be
segregated, namely, we need to verify if the inherent output of a web page or a web server is linked to the bandwidth available to
access the page. If that is the case, so it would not be feasible to pick the most relevant pages first and later re-order pages to use
the bandwidth effectively, because we would affect the speed of network communication when choosing the important pages.

We planned and ran the following experiment to test this hypothesis. We took one thousand Chilean site names at random
from the roughly 50,000 currently present. We repeatedly visited the homepage of these websites every 6 hours over a span of 2
weeks and calculated the communication speed (bytes/second) and latency of these websites (seconds). In order to avoid
interruption arising from discrepancies in links to different servers, sites were accessed sequentially to get a measure of the
network transmission characteristics (not in parallel).

We were able to calculate 750 of them effectively from the 1000 home pages, as the others were down for a large fraction of
the observed time, or did not address our request for an individual web page. We only consider the websites that responded to the
requests in the study.

We also used the number of in-links from various websites on the Chilean Web as an indicator of the "importance"” of websites,
as this is a comparative measure of the visibility of the website by other website owners.

The correlation coefficient r was determined between the number of in-links and the velocity (r = —=0.001) and the number of in-
links and the latency (r = —0.069). The correlation is not statistically important between these parameters. These findings indicate
that for long-term scheduling, the variations between network links to "important” pages and "normal" pages are not significant. The
scatter plot of the linking speed and number of in-links as seen in Figure 1.4.
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Figure 1.4: Link speed (in Kilobytes per second) and latency (in seconds) versus popularity scatter plot (measured as the number of in-links).
We observed no relevant association between these variables in our experiments. The findings are an estimate of the measurements obtained by
sequentially linking to 750 websites every 6 hours over a 2-week period.

We have used the data obtained during this experiment to calculate the association between the connection speed and latency

(r = -0.645), which is strong, as seen in Figure 3.5., for completeness. We can see in the graph that higher-bandwidth websites
appear to have low latency times.
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Figure 1.5: Scatter plot of velocity versus latency relation. Web pages with low contact rates tend to have low latency as well.

Another important finding we observed from this test was that over the observed era, connection speeds and latency times
differed considerably. On average, we find a relative deviation of 42 percent for velocity and 96 percent for latency, but these two
quantities can not be predicted only on the basis of their mean values observed. For a more detailed forecast, the regular and
weekly periodicity in Web server response time found by Liu must be taken into consideration: Diligentiet al.[10] keeps multiple
observed values for link speed prediction, and groups the measurements by time of day to account for the periodicity in Web server
response time.

4. A software architecture

To build a new crawling architecture, the observations provided in the previous sections can be used. The aim of the design of
this crawling architecture is to split the crawling mission into multiple tasks that specialised modules can carry out effectively.

With two units, as seen in Figure 1.6, a division of tasks can be accomplished. The scheduler measures scores and assigns
pages to several downloader modules that pass pages, parse their contents, retrieve new links and preserve the configuration of
the connection across the network.

Downloader
Scheduler Short-term scheduling
Page score calculations - Metwork transfers
Long-term scheduling Parsing + Link extraction
v Link resolving

v

- F
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Figure 1.6: A two-module device architecture. The scheduler creates a "batch" of pages, and the downloader downloads and parses them.
Under this scheme, read access to the set is required by the scheduler and read and write access by the downloader.

This two-module design has several issues. One concern is that the Web graph can not adjust during the calculations for the
scheduler to run on the Web graph. The method of updating the Web graph could then be as simple as possible, but it can be
sluggish to parse the pages and this may mean that we have to "lock" the Web graph for a long time. To solve this, what can be
done is to parse all pages and accumulate links, and then add to the list all the links found.

Another challenge is that, for the tasks of uploading and saving pages and for the task of parsing pages, we should have
separate, streamlined hardware architectures. In terms of processing, parsing pages can be costly, whereas uploading pages
requires a high degree of network access and fast discs. In addition, if it is appropriate to carry out network downloads with high
parallelism, then each download activity should be very light. We split down the tasks of copying, decoding, and preserving the
relation structure, as seen in Figure 1.7, to solve these problems. In the thesis, the following module names are used:

Manager: page value calculations and long-term scheduling.

Harvester: short-term scheduling and network transfers.

Gatherer: parsing and link extraction.

Seeder: URL resolving and link structure.

Figure 1.8 introduces the main data structures that form the index of the search engine, and outlines the steps of the operation:
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1. Efficient crawling order The "manager" module, which produces the list of URLs that the harvester can download in the
next period (a "batch"), performs long-term scheduling. The goal of this module is to optimise the "profit" in each loop (i.e.:
to increase the index value).

Manager
Page score caleulations
Long—term scheduling

|

Seeder Harvester
Link resclving [~ = Collection = ™  Short-term scheduling
Robots exclusions MNerwork transfers
Gatherer
Parsing
Link extraction

Figure 1.7: A manager is presented with the planned programme architecture, which creates loads of URLs to be downloaded by the harvester.
Then the pages go to a gatherer that parses them and sends the URLs found to a seeder.
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Figure 1.8: The main data structures and the operation steps of the crawler: (1) the manager generates a batch of URLs, (2) the harvester
downloads the pages, (3) the gatherer parses the pages to extract text and links, (4) seeder checks for new URLs and maintains the link structure.

2. Effective network transfers The 'harvester' module is delegated to short-term scheduling. This module gets loads of URLs
and its goal is to download as easily as possible the pages in the batch, use different links and implement a policy of
politeness. A partial array, consisting mainly of raw HTML data, is created by the harvester.

3. Effective page parsing The "gatherer" module is allocated to retrieve the text and links. The partial collections downloaded
by the harvester(s) are obtained by this module and the text is applied to the main collection. A list of found URLs that are
passed to the seeder is also created.

4. Effective manipulation of URLs The URLs find are processed by a seeder module that looks for new URLS not seen
before. This module also scans for URLs that can not be browsed due to the exclusion protocol of robots.txt. A data
structure documenting Web connection is maintained by the module.

The pattern of data structure read and write access is intended to increase the crawler's scalability as, for example, the pages
can be accessed and parsed while the site graph is evaluated, and the analysis must stop only while the seeder is
running. In Figure 1.8, the systems and data structures.

5. Conclusions

Network crawling is not just a trivial problem in graph traversal. This includes many challenges that result from the Web's
distributed existence. First, web crawlers must share resources with other agents, often of humans, and should not monopolise the
time of websites. Indeed, a web crawler can aim to minimise its effect on websites. Second, web crawlers have to work with a pool
of knowledge that includes several items of differing quality, including very low-quality objects generated to draw the web crawler
and trick rating schemes.
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One of the key issues is that a Web crawler only operates with partial knowledge, since it must assume the properties of the
unknown sites depending on the portion of the Web already accessed. We interpret the problem of Web crawling as a method of
finding related objects. In this case, as much information as possible about web pages is needed to be obtained by the web
crawler.

Although the paradigm means that all aspects of the search engine can know all the web page properties, the architecture
presented in this chapter is an attempt to divide these properties into smaller units for improved scalability (text, link graph, etc.). In
the WIRE crawler, this architecture is introduced and the implementation of the WIRE crawler is detailed.

Benchmarking this architecture includes a mechanism that makes contrasts between various network, processor, memory and
disc configurations, and we did not have any such benchmarks during this thesis. However, the results discussed in the following
chapters regarding scheduling techniques, stop requirements and web characteristics are largely independent of the architecture
selected.

There are several methods of separating a Web crawler's activities that may utilise the same crawling paradigm as outlined in
sections 3 and 4 of this paper; the modularization described here shows that it is feasible to incorporate the model, and each task is
easy enough to programme and debug the whole framework during the course of this study, although there are definitely other
alternative architectures.

It is difficult to download all the Web pages in the form of today's Web, moreover, the number of Web pages is infinite, so the
fraction of the Web that a crawler downloads should be the most relevant pages.
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