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Abstract—Inspired by the concept of internet computing, 
DHT-based distributed Web crawling model is proposed to 
solve the bottlenecks of the traditional Web crawling 
systems. Based on this system model, we propose 
optimizations to reduce the download time of the Web 
crawling tasks in order to increase the efficiency of the 
system. The improvement on the download time is achieved 
by shortening the crawler-crawlee network distance. By 
utilizing the mapping mechanism of Content Addressable 
Network (CAN) over Network Coordinate System (NC), the 
issue can be mapped onto a problem of minimizing the 
distances between peers and resources on the DHT overlay. 
This paper focuses on reducing such distances, seeking to 
provide an improved location-aware infrastructure for 
distributed Web crawling. A new DHT-based distributed 
Web crawling model is proposed first. Then, under this 
model, a new method based on CAN’s splitting schemes is 
proposed which shows a significant decrease in crawler-
crawlee distance against existing schemes. In addition, the 
issue of load balancing is also solved by combining the new 
method with old ones. 
 
Index Terms—DHT, distributed Web crawling, Content 
Addressable Network, Network Coordinate System, 
location-aware 
 

I.  INTRODUCTION 

As the number of the Web sites continues to grow 
rapidly, the Web crawling systems based on centralized 
architecture are likely to become inefficient against such 
a growing load. Distributed Web Crawling (DWC) over 
Distributed Hash Tables (DHTs) e.g. Apoidea[1]   and the 

system presented in [2] was proposed to solve the 
scalability problems of the traditional Web crawling 
systems. Such a system maps both the crawlers and the 
Web sites into the DHT’s ID space in which crawlers (as 
DHT peers) are responsible to crawl the Web sites (as 
resources in DHT) close to them. DHT brings three main 
benefits to the system: 
1) The collection of Web sites is automatically 

partitioned through DHT. The process is fully 
distributed, and the result is globally consistent. 

2) Joining and departure of the crawlers are 
automatically handled thus enhancing the availability 
and robustness. 

3) Personal computing resources could join the system, 
thus significantly reducing the maintenance costs. 

Experience has shown that the crawlers’ performance 
is greatly affected by the network latencies between 
crawlers and Web sites. In DWC, if a crawler crawls Web 
sites with high latencies, a slow retrieving speed is 
inevitable. If the phenomenon takes place on a large 
number of crawlers, the overall efficiency of the system 
will largely decrease. Such a fact suggests that, in order 
to achieve efficiency, the system has to be “location-
aware” or “network-position-aware”. Unfortunately, to 
our knowledge, the issue of reducing network latencies 
between the crawlers and the Web sites hasn’t been 
explored yet in the DWC systems over DHTs. Moreover, 
the existing systems all adopt DHT methods very similar 
to Chord[3] . But the logical structure of Chord makes it 
complicated to establish a mapping between network 
positions and logical IDs, although Space Filling 
Curves[4, 5] was proposed to relieve the drawback. 

As a tool to estimate the network distance between 
peers located in a physical network, the Network 
Coordinate Systems (NCs)[6-10] attracted the attention of 
many researchers in recent years. The main goal of the 
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Figure 1. Mapping mechanism of the proposed DWC system. 

NCs is to estimate the network distance between arbitrary 
peers across the network, by each peer measuring RTT 
and download time to a limited set of sample peers. 
Moreover, NC also provides a simple and effective 
interface for network-sensitive applications. With its 
presence, application level implementations can ignore 
the complexity of network-related problems. The works 
of NC-CAN[11] and L-CAN[12] show different ways of 
mapping network positions to DHT’s logical IDs utilizing 
NCs. With these mechanisms, the distances in the DHT’s 
ID space are able to represent the actual network 
distances. Thus the problem of reducing the network 
latencies can be solved by reducing the logical distances 
in the DHT’s ID space. 

This paper focuses on reducing the network distances 
between the crawlers and the Web sites which the 
crawlers are responsible for (we call it Peer-Resource 
Distances) by utilizing the DHT to provide an improved 
location-aware infrastructure for DWCs. Currently, we 
chose Content Addressable Network (CAN)[13] as the 
DHT method, and GNP[6] as the underlying NC. 

Unlike resources in DHT applications such as data 
sharing, the resources in DHT based DWC systems are 
Web sites and the corresponding crawling tasks which 
consume large storage space and network bandwidth. The 
characteristics of the tasks make them very difficult to 
migrate between peers once they are started. As a result, 
the dynamic methods originally proposed for load 
balancing [14-18] which brings constant variations to the 
overlay structure are unsuitable. In our research, the goal 
of reducing the Peer-Resource Distance is achieved 
through improving CAN’s space splitting schemes, which 
is effective and brings smaller variation to the overlay 
network compared to the dynamic methods. 

In addition, the utilization of NC and CAN (we call 
CAN-on-NC) results in a non-uniform distribution of 
resources among peers, which implies that some crawlers 
(peer) may have been assigned a large number of Web 
sites (resources), while the others are relatively less 
burdened, thus the completion time is delayed when the 
system updates the entire index of Web pages. As a result, 
load balancing should also be taken into account. 

In this paper we propose a new system model for 
distributed Web crawling exploiting the location-aware 
mechanism of CAN-on-NC. Under the model we design a 
new method named Middle Point (MP) splitting scheme 
for CAN which can significantly reduce the Average 
Peer-Resource Distance of the whole system compared to 
the existing CAN based methods. In addition, the issue of 
load balancing is also properly solved by combining our 
new method with existing load balancing solutions. 

The rest of the paper is organized as follows: Section II 
introduces the basic concepts of our design. Section III 
presents the formulation of the problem. Section IV 
proposes a new splitting scheme for CAN and the 
corresponding load balancing optimizations. In Section V, 
the methods proposed are evaluated through simulations. 
Section VI outlines the related works of DWC systems. 
Finally, in Section VII we conclude the paper and outline 
the research directions in the future. 

II.  SYSTEM DESIGN 

The motivating goal of our system is to retrieve the 
Web content from large user-customized collections of 
Web sites. In our system, new Web sites can be added 
dynamically by users; meanwhile downloaded contents 
are stored and classified according to users’ 
configurations. The requirement of the system can be 
outlined as follows: (1) High-speed. General search 
engines have a relatively low update rate with specific 
Web content, because these systems are facing enormous 
amount of Web data of various kinds. Since the number 
of our target Web sites is limited, we want to achieve a 
much higher update rate for specific Web content. (2) 
Distribution. The computing resources we currently 
possess are located in several cities throughout the 
country. In order to take full advantage of these resources, 
a distributed system has to be built. Furthermore, the 
problems such as single-point-failure should be avoided, 
since the resource and the network status are uncertain. 

As shown in Figure.1, our system is based on the 
model of CAN-on-NC. The peers and the resources are 
firstly mapped by the NC from the physical network onto 
the coordinates in a 3-dimensional coordinate space. 
Then, after a simple transformation, the coordinates are 
used as IDs and keys in CAN where crawlers are joined 
as peers in the system, at the same time, Web sites are 
inserted as resources. 

At the bottom level of the system lays a NC whose 
function is to map network nodes to coordinates. The 
currently adopted coordinate generating method is GNP. 
A number of machines (not necessarily the crawling node 
in the system) distributed in different geographic 
locations are chosen as landmark nodes. The network 
coordinates of all nodes including the crawlers and the 
Web sites are calculated and calibrated by a central 
coordinator node. At the very beginning, each landmark’s 
coordinate is calculated through mutual network delay 
measurement. When calculating the coordinate of a 
crawler (peer), the system orders each landmark to send 
several simulated HTTP messages to that crawler and 
records their network distance. When calculating the 
coordinate of a Web site, the system orders each 
landmark to invoke several http-ping to that Web site to 
get approximate RTTs and download times. Although the 
insertion of a Web site involves measuring which takes 
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Figure 2. Demonstration on a crawler’s joining process. 

 
Figure 3. Demonstration on the submission of a Web site. 

some time, we consider it an acceptable delay. An 
important thing to note is that not all Web sites respond to 
ping requests. According to our experiences, 
approximately 20%~30% of the Web hosts have 
restrictions on the ping method. Since the access policies 
of Web sites are uncontrollable, the most reliable strategy 
is to use the http services. We found that the average 
latency of a Web site measured by http-ping is almost 
similar to that of ping, although http-ping subjects to 
more fluctuations. In addition, we use the same IP upon 
measuring and crawling if a Web site has multiple IPs. 

We set up a CAN overlay on top of the NC. Because 
the distribution of all Web sites cannot be forecasted, the 
idea of transformation proposed in [11] which is based on 
the characteristics of the whole data set is impractical. 
Instead, we decide to directly use network coordinates as 
IDs and keys in CAN. Thus the number of dimensions in 
the CAN space is determined by the number of 
dimensions of the network coordinates, which are 3 at 
current time. The boundary value of each dimension in 
the CAN space is decided according to the maximum and 
minimum values of that dimension once it appeared in 
our historical records. If a crawler or Web site’s 
coordinate exceeds the boundary on a certain dimension, 
its coordinate on that dimension will be set to the 
corresponding boundary value, as there is not enough 
logical space for that coordinate. In the experiments, we 
found that the coordinates that need to be modified only 
occupy a small portion of the entire data set. 

The whole coordinate space of CAN in our system is 
dynamically partitioned so that each peer is assigned a 
coordinate as its ID and a distinct space called a zone. A 
peer holds the information of other peers whose zones are 
close to its own. The information is used as routing table, 
in order to route messages between arbitrary peers in the 
coordinate space. Upon the joining of each new crawler 
(peer), firstly the new peer’s coordinate is calculated by 
the NC and assigned to the new peer as its ID. Then, an 
already-joined peer’s space, which is called a zone is split 
into two if the new peer’s coordinate falls into that peer’s 
zone. The new peer picks one of the newly partitioned 
spaces as its own zone and the joined peer continues to 
hold the remainder space as its zone. On the other hand, 
Web sites (resources) to be submitted to the system are 
also given calculated coordinates by the NC. Each Web 
site is assigned to a crawler if the Web site’s coordinate 
falls into that crawler’s space according to CAN’s routing 
mechanism. When the inserting message of a Web site 
arrives at its destination crawler, the crawler invokes the 
crawling process on itself to crawl that Web site. The 

above process on the DHT is demonstrated by Figure.2 
and Figure.3. Currently the crawlers are designed to work 
in the firewall mode[19] avoiding URL exchanging 
between crawlers. 

Through this process, each peer’s ownership of 
resources is established. Moreover, from an overall point 
of view, the whole collection of peers and resources is 
partitioned according to network locality. Thus the 
substantial steps of Web partitioning and task assignment 
required in Web crawling are automatically executed. 

The main differences between our system and the 
original concept of CAN are: 
1) The IDs of peers and keys of resources are not 

hashed according to their names or digests. Instead 
these IDs and keys are calculated by NC according to 
the peers and the resources’ network positions.  

2) Once a Web site (as a resource) is inserted to a 
certain peer, instead of just storing that resource, the 
corresponding peer immediately invokes the 
crawling process on itself to crawl that Web site. 
Thus an actual resource stored on a peer consists of 
two parts: the information about a Web site and the 
corresponding crawling task. 

The above terms indicate that in order to take the full 
advantage of CAN, some modifications have to be made 
to the original protocol. 

III.  PROBLEM FORMULATION 

Based on the proposed system model, we formulate the 
problems we meet as follows. 

Web Partition: Assuming that the set of the crawlers in 
the DWC system is },...,,{ 21 npppP   and the set of the 
Web hosts is R , the system partitions R  into a set of 
subsets },...,,{ 21 nbbbB   so that ji bb   and  

Wbbb n  ...21 , jinjni  ;,...2,1;,...,2,1 ,  is a small 
enough integer. The size of B  equals to the size of P  so 
that each ib  can be assigned to a unique jp . The above 
process is called the Host level Web Partition. It is 
symbolized as F(P, R). ib  is called a partition set. 

Network Distance: the total download time of a Web 
page is determined by 2 factors: (1) the round trip time 
(RTT) cost by initializing a (or several in pipeline) HTTP 
request; (2) the actual download time (DLT) which is the 
time gap between the arrival of the first byte of the Web 
page and the arrival of the last byte of the Web page. The 
network distance between a crawler and a Web host 
equals to the combination of the median RTT ( RTTA ) and 
the Average DLT ( DLTA ) (see Formula 1). To calculate 

DLTA , we assume that during the probing, K pages are 
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Figure 4. Demonstration on the DL scheme. 

 
Figure 5. Demonstration on the DL scheme. 

downloaded in pipeline; the size of each downloaded 
page is KiSi 0, ; the Average size of each page on the 
Web host is S ; the DLT equals to T; then the DLTA  can be 
calculated through Formula 2. 

 DLTRTT AAL  . (1) 
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  is the actual number of pages downloaded in 
pipeline during the real crawl. The formula means that 
the DLTA  equals to the time cost for downloading   Web 
pages in pipeline. 

Peer-Resource Distance: Assuming that the i th 
( Pi 1 ) crawler named ip  is responsible for a set of 
Web hosts },...,,{ 21 m

pppp iiii
rrrb  ; we define the peer-

resource distance (PRD) as the network distance between 
ip  and t
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r  ( mt 1 ). The PRD can be symbolized as 

),( t
pi i

rpL . The system’s Average PRD can be calculated 
through Formula 3. 
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Load Variation: Assuming that the number of Web 
pages on the Web host t

pi
r  ( mt 1 ) is t

iprPN , crawler 
ip ’s capacity is ipC  ( Pi 1 ); we define the relative 

load of a crawler as Formula 4 and  the mean of each 
crawler’s relative load as Formula 5. 
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The load variation of the system equals to the 
Dispersion Coefficient of each crawler’s load. It can be 
calculated through Formula 6.  

 
RL

P

RLRL

LV

P

i

i

)1(

)(
1

2









. (6) 

Based on the above statement, we outline the problem 
we are facing: Given a set of crawlers P and a set of Web 
hosts R, we want to establish a certain Web partition 
through F(P, R) so that the PRDs , the communication 
overhead, and the load variation are kept low. The 
problem should be solved in a distributed manner since P 
and R are huge and subject to constant change. 

IV.  MODIFICATIONS ON CAN 

A.  Existing Splitting Schemes for CAN 
Content Addressable Networks (CAN)[13] is a DHT 

method based on a virtual d-dimensional Cartesian 
coordinate space. Upon the joining of each new peer, first 
an ID which is presented as a d-dimensional coordinate is 
hashed and assigned to the new peer. Then, an existing 
chosen peer’s space (named zone) is split into two if the 
new peer’s ID falls into that peer’s space. The new peer 
picks one of the newly split zones and the resources 
within that zone as its own, and the existing peer 
continues to hold the remainder zone and the resources 
within it. The above process is called the splitting scheme 
of CAN through which peer-resource relationship is 
established. 

Initially, the zone is chosen and split if the new peer’s 
coordinate falls into that zone. In the works of [13], a 
certain ordering of dimensions is assumed in deciding 
along which dimension a zone is to be split. The method 
which was widely used in various CAN implementations 
by now will be called Dimension Loop (DL) scheme. The 
works of [20-22] allow the peers split their zones at the 
median coordinate of the stored resources in order to 
achieve load balancing. The method will be called Middle 
Point of Payloads (MPP) scheme. 

Seeking a more global load balancing, the consecutive 
schemes put their sights on more zones. The works of [23]  
proposed a method in which the chosen peer compares its 
load with all of its neighboring peers and split the most 
loaded peer’s zone. The method will be called 
Neighboring High-load (NH) scheme. The works of [24] 
proposed three splitting schemes aimed to find and split 
the most loaded zone in the whole overlay network. As 
the concepts of the three methods are similar, they will be 
called Global High-load (GH) splitting schemes. 

B.  The Proposed Splitting Scheme 
The splitting schemes mentioned in 4.1 all introduce a 

situation in which many peers’ coordinates do not fall 
into the zones that belongs to them. Figure.4 and Figure 5 
show two examples each with 3 joining peers on a 2d 
coordinate space. In Figure.4, the third Peer C’s ID 
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Figure 6. Relationship between Average PRD and In-Zone-
Probability. 

Figure 7. Demonstration on Middle Point (MP) splitting scheme. 

(coordinate) falls into the zone owned by Peer B; 
According to the DL scheme, Peer B splits its zone in half 
and assigns one half to Peer C. In the case of (c), Peer C 
is assigned a zone in which its ID (coordinate) is not 
located. In Figure.5 (a) and (b), 12 resources (green 
points) are partitioned by peer A and peer B in a way that 
each peer takes 6 resources; The third Peer C’s ID 
(coordinate) falls into the zone owned by Peer B. 
According to MPP scheme, Peer B’s zone is split at the 
median coordinate of the stored resources as is shown in 
(c). In this case, peer C once again fails to be inside of its 
own zone. Here we don’t demonstrate the cases of the NH 
and GH schemes since they are easy to imagine. Under 
these circumstances, in the coordinate space, a peer is 
very likely to be far away from the resources that belong 
to it. In our research, we find that there are about 70% of 
peers under the DL scheme that are not located in their 
own zones. The percentages for the MPP, NH and GH 
schemes are about 65%, 93% and 97%. 

Assuming that the total number of peers in the system 
is N ; and there are numerically inZoneN  peers that are 
located within their own zones. Then, we define In-Zone-
Probability as:  

 
%100*N

NP inZone
inZone 

. (3) 

Figure.6 shows the relationship between Average PRD 
and In-Zone-Probability on two data sets adopted in our 
simulations (see Section.V). The two values are almost 
inversely proportional among all schemes, which means 
when one is rising, the other is falling. As a result, a 
smaller Average PRD may be achieved by increasing the 
In-Zone-Probability. 

Following this general rule, we address the proposed 
splitting scheme for CAN. Assuming the coordinate of an 
incoming peer newC  falls into the zone owned by an 
existing peer existC , then the splitting scheme we propose 
works as follows : existC  firstly calculates the coordinate 
of the middle point between newC  and itself, and find out 
the dimension in which the two points’ coordinate differs 
most. Then, using the middle point as demarcation, the 
zone of existC  is split into two subzones along that 
dimension.  newC  takes over the subzone in which it is 
located. We call this scheme the Middle Point (MP) 
splitting scheme. Figure.7 shows an example with 4 
joining peers on a 2d coordinate space. 

According to the steps outlined above, the new peer is 
always assigned the subzone in which it is located, which 
means 100% of peers under the scheme would fall into 
their own zones. As a result, the In-Zone-Probability is 

100%. Simulation results outlined in Section V show a 
significant decrease in Average PRD under MP scheme 
compared with other schemes. 

C.  A Load Balancing Solution 
The utilization of NC result in a non-uniform 

distribution of resources among peers, to DWC, the 
phenomenon implies that some crawlers (peer) may have 
been assigned a large number of Web sites (resources), 
while the others are relatively less burdened. Since the 
completion time when the system updates its entire index 
of Web pages is determined by the completion time of the 
crawler (peer) with the longest downloading time, the 
crawlers owning the largest number of Web sites would 
become the bottleneck of the whole system. 

In the new scheme, as the zone being split is limited to 
the one in which peer newC ’s coordinate lies, the 
contribution the splitting can make to the global load 
dispersion is relatively small. 

For the problem encountered, we propose a set of 
improved splitting methods, in which the PRD is also 
taken into account. The methods can be described as 
follows: At the initial stage, peers are joined to the DHT 
using the MP or DL scheme which shows low Average 
PRDs in our experiments; then, when the number of 
joined peers exceeds a threshold (e.g. a certain percentage 
of the peers), the new incoming peers all adopt the NH 
scheme instead. We call this scheme the SWITCH 
splitting scheme. On the one hand, the method takes the 
advantage of the DL and MP scheme reducing the PRDs 
of early joined peers. On the other hand, the NH scheme 
improves the load balancing among peers within the area 
split by early joined peers. 

The SWITCH scheme can be achieved in the online 
system through a globally unified bootstrap peer which is 
responsible to all peers’ join requests. The bootstrap peer 
adds a field (we call it splitting scheme field) to each join 
request. Different values in that field represent different 
schemes (MP, DL or NH schemes). Upon the delivery of 
each join request, the receiving peer will perform a zone 
splitting operation according to the splitting scheme field. 

V.  EXPERIMENTS 

In this section we evaluate the splitting schemes 
represented in Section V through simulated experiments. 
We adopted two data sets: one is generated by BRITE 
based on the Trans-Stub topology model (TS data set), 
the other is MIT’s King data set (KING data set) which 
records the latencies between a set of DNS servers 
(http://pdos.csail.mit.edu/p2psim/kingdata/). In the 
simulation, all hosts in the data sets are mapped onto the 
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Figure 8. Visualization of the Adopted Datasets. 
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Figure 10. PRD distributions of the MP scheme and existing schemes.

coordinates by the NC in order to provide input data to 
the DHT level simulator. 

A.  Simulation Setups 
We adopt the algorithm of GNP to map the network 

hosts onto the coordinates of a 3d coordinate space. 
Although this method appeared early, the high estimation 
accuracy made it still the criteria for new NCs. As it is 
shown in Table.1, we first pick a portion of the nodes in 
the dataset as crawlers (the nodes running crawler 
programs), and the rest of the nodes are recognized as 
Web sites. Then, we pick a number of crawlers as 
landmarks of GNP. Then, the network coordinates of all 
nodes are calculated based on the network latencies 
between the landmarks and all nodes using the GNP. 

We discovered that in the 3d coordinate space created 
by GNP a small portion (we decide it is 5%) of hosts are 
located very far from the other hosts making the density 
of hosts very low. In order to make the largest use of the 
space, as is described in Section 3, we transformed the 
coordinate of these hosts by setting their coordinate on 
the corresponding dimension to the boundary value of the 
space occupied by the rest (95%) of the hosts in order to 
reduce the scale of the whole coordinate space. In the 
evaluation, the original coordinates of the transformed 
hosts are used in order to reveal the true effect of our 
methods. Fig.8 shows the distribution of hosts in the 3d 
coordinate space before and after the transformation. 

The DHT level simulations are done as follows: first, a 
set of Web sites (initially inserted in Table.1) are inserted 
into DHT when only one peer has joined; second, upon 
each peer’s join, a fixed number of Web sites (per-join 
inserted in Table.1) are inserted into the DHT through 
randomly selected bootstrap peers that have already 

joined; third, after all peers have joined the DHT the rest 
of the Web sites (finally inserted in Table.1) are inserted 
also through randomly selected bootstrap peers. 

For the SWITCH splitting scheme, we choose the 
switching threshold 30%. The corresponding results are 
labeled as: 
“<scheme before switching>_<threshold>_<scheme after switching>” 

An example is “MP_30_NH”. In the evaluation, we do 
not take the precision of the NC into account, and focus 
only on DHT level performance. All distances involved 
in the evaluation are Euclidean distances in the 3d 
coordinate space, not network distances. 

B.  MP Scheme Against Existing Schemes 
In the simulation, the MP scheme exhibits the smallest 

Average PRD compared to all the other schemes. As is 
shown in Fig.9, in the TS data set, the MP scheme 
reduced 45% of Average PRD against the DL scheme 
which perform the best in all existing schemes; at the 
same time, in the KING data set, the MP scheme reduced 
about 26% of Average PRD against the DL scheme. 

Fig.10 also supports the above conclusions and shows 
the superiority of MP scheme against other schemes in all 
percentages of peers. The GH scheme performs the worst 
in the simulation as the selection of zones to be split does 
not involve any locality considerations. 

C.  Load Balancing Solution 
As we discussed in Section 4, the zone to be split is 

limited to the one in which the new peer’s coordinate lies, 
as a result, MP scheme shows larger Load Diversity than 
other schemes on both data sets in Fig.11. DL scheme’s 
Load Diversity is the largest in all schemes. 

As is shown in Fig.12, we discovered that under the 
NH scheme, the earlier the peer joins, the greater its PRD 
is. The phenomenon indicates that if the PRDs of early 
joined peers can be reduced then the Average PRD of the 
overall system can be reduced accordingly. That’s how 
the idea of the Switch scheme emerges in our minds. In 
Fig.12, the Switch schemes of MP_30_NH and 
DL_30_NH shows obvious decrease of PRDs compared 
to the NH scheme. Although the schemes adopted before 
switching (MP and DL) are only applied to 30% of peers, 
the resulting curves become very similar to that of these 
schemes. Although the Average PRDs of the SWITCH 

TABLE I.   
PARAMETERS FOR THE SIMULATIONS 

Dataset 
name 

Total 
number 
of nodes 

Number of Web sites Number of DHT 
peers (crawlers) 

Initially 
inserted 

Per-join 
inserted 

Finally 
Inserted Crawlers Landmarks 

TS 3000 200 10x200 600 200 20 

King 1740 60 9x140 280 140 20 
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Figure 11. Load Diversity of all schemes 
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Figure 12. Distribution of Peer-Resource Distance (PRD). 

The set of peers is sorted in accordance with the peers’ joining time 
and is divided into 10 subsets each containing 10% of peers. Each 
coordinate on the chart indicates the Average PRD of each subset. 
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Figure 13. Average PRDs of Switch schemes against all other schemes

schemes become larger than that of the MP and DL 
schemes, they still remain to be the smallest against other 
schemes in Fig.13. 

Back to Fig.11, MP_30_NH reduced 10% and 4% of 
Load Diversity compared with that of the MP scheme in 
the two data sets. At the same time, DL_30_NH reduced 
30% and 28% compared with that of the DL scheme. The 
Load Diversity of the SWITCH schemes are less than or 
similar to that of the MPP scheme which is proposed for 
load balancing. We consider this result acceptable. 

At the end of this section, we conclude that the 
problem we bring forward in this paper is solved. The 
proposed solutions are proved to be effective in the field 
of reducing Average PRD and restrict the Load Diversity 
in an acceptable level. 

VI.  RELATED WORKS 

The existing DWC systems can be classified into two 
types: the LAN-based systems and the WAN-based 
systems. The LAN-based systems such as Mercator[25], 
the early form of Google[26] have their machines located 
in the same location both in the network and the physical 
world. There’s no way to reduce network distance 
between the crawlers and the Web sites since all crawlers 
subject to the same network distance to any Web site. 

The WAN-based systems have their machines located 
all over the WAN (mostly the Internet), so that they are 
able to make optimizations in reducing the crawler-
crawlee distance. The research on the WAN-based 
crawling generally started from the beginning of the 21st 
century, as the LAN-based systems are facing bottlenecks 
in network bandwidth, update rate and scalability. Cho, 
J.[19] first proposed a series of basic concepts on parallel 
crawling and distributed crawling, including 
classification methods, evaluation metrics and so on. 
After 2003, several systems were proposed: 
UbiCrawler[27] was the first crawling system announced 
which was able to be deployed on WAN. The consistent 
hashing[28] method it adopted prevent the system from 
optimizations on network distance reducing. In 
IPMicra[29], crawler was selected to crawl a certain Web 

site if they were located in the same AS or ISP network 
according to the information provided by Regional 
Internet Registries (RIRs); SE4SEE[30] reduced the 
network distance by assigning crawler Web sites that 
were located within the crawler’s country.  

Many WAN-based systems are also built by 
commercial companies and open source community, but 
few information was exposed about these systems. So far, 
as we know, Yacy* 1  is a distributed search engine 
providing user-customized search services; Majestic* 2 
implemented a crawling system using the architecture of 
SETI@Home; Faroo* 3  implements a fully distributed 
P2P search engine. However, the utilization of location-
aware mechanism is not declared by them.  

Also, the WAN-based systems and DHT-based DWC 
systems such as [1] and [2] didn’t make optimizations in 
reducing the crawler-crawlee distance, though the topic 
was discussed in the corresponding papers. 

VII.  CONCLUSIONS AND FUTURE WORKS 

Distributed Web crawling (DWC) over DHTs are 
proposed to solve the bottlenecks in the traditional Web 
crawling. However, the existing DHT implementations 
do not take the Peer-Resource Distance (PRD) which 
greatly affects the performance of DWC into account. 
Content Addressable Network over Network Coordinate 
System (CAN-on-NC) provides a way to map network 
distances onto logical distances on DHT overlay. Based 
on this concept, we proposed a new location-aware 
system model for distributed Web crawling over DHTs. 
Under this model, a CAN splitting scheme called the 
Middle Point scheme is implemented. The method shows 
significant reduction in the Average PRD of the system 
compared with existing methods in our simulations. An 
optimization for load balancing is also proposed and 
proved to be effective.  

For the modifications on CAN, we realize that by 
combining the schemes the value of PRD and Load 
Diversity will fall into a circle that when one is rising, the 
other is falling. Moreover, the optimization on splitting 
cannot be achieved without the joining of new peers, 
which may not constantly happen in an enterprise 
computing environment. As a result, it is difficult to 
further optimize these methods. In the future, we decide 
to introduce an appropriate amount of dynamic load 
balancing factors into the system in a way that the 
variation the upper level application sustains remains as 
little as possible.  

                                                           
1  http://yacy.net/ 
2  http://www.majestic12.co.uk/ 
3  http://www.faroo.com/ 
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