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Abstract: 

This report describes the using of OMA (a kind of learning automata) in the web accessing can 

perform better than the uniform web accessing algorithm (round robin). The web crawlers are all 

simulated in the local machine with the same number of states and objects, so it can only shows 

the ideal situation. However the results that we have got have a strong evidence for proving that 

the OMA algorithm works really efficient in the web accessing.
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Executive Summary

In this report we present a method for accessing web sites shown to be more optimal than the 

much used uniform distribution. Using this  method, we can easily optimize the paths for 

accessing for many computers ideally.

In order to do this we tried to simulate the web crawlers as arms for computers to access 

different websites. Arms means web crawlers that can be used for client computers to connect 

to the destination source object. Of course, here we can easily change the number of arms and 

the number of states in different arms.

In our program, in order to make it easier to implement and debug, we made all web crawlers 

have the same states and objects connection. That means we must force the program to choose 

one perfect arm for us to make the OMA algorithm work. The perfect arm means by this way 

we can access the wanted objects by the shortest time. Later in our progress, we also made the 

perfect arm change as time changes in order to simulate the really situation in which the 

working situation is not stable at all according to many factors.

In the program, we divide the situation into three different conditions. One in old way of 

objects accessing, we called it uniform, one in the OMA static way and the last is in the OMA 

dynamic way. We have done the tests for getting the results and the expected result.

However, because we put all the crawlers with same number of states and objects and all the 

objects are locally simulated which is not the realistic condition, these test results can only 

show the ideal situation of different conditions. That means all the crawlers can get contact 

with all the websites in the world and have the same situation no matter where you access the 

crawler.

Now, this method and the results show that the OMA algorithm works quite well in the remote 

objects  accessing.  That indicates that the OMA algorithm has a prosperous future in web 

crawler use.
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2 Introduction

In today’s modern society a lot of time is spent searching information on the web. Web can be 

viewed as a huge distributed system consisting of billions of web pages located at various 

sites. The main part of any mechanism used for large scale web assessment tool, e.g. as a web 

accessibility measurement tool or a search engine (as Google), will be a web crawler, possibly 

distributed. A web crawler (also known as a  web spider or  web robot) is a program which 

browses the Web in a methodical, automated manner. It is highly desirable that the crawler 

can download as many updated web pages as possible compared to the locally stored copies. 

This is a solution to the resource allocation problem where the resources have an unknown 

value by using a competitive game of learning automata. It seems like a viable approach if the 

distributed crawler can access the web pages needed as soon as possible.  If the web pages to 

download are partitioned on the same group then the web crawler can access them as soon as 

possible. This is a starting point to improve the throughput of the web crawler. We have in this 

project  solved  this  problem  by  using  an  object  partitioning  algorithm,  namely  by  using 

Object Migration Automaton (OMA). We have further extended the OMA to Time Weighted 

Object  Migration  Automaton  (TWOMA)  to  work  as  a  distributed  resource  allocation 

algorithm.

2.1 Project Outline

2.1.1 Goal of the project 

The  goal  of  the  project  is  to  give  a  solution  to  the  distributed  resource  allocation  and 

scheduling by using Object Migration Automaton (OMA). In fact we extended the  OMA 

algorithm to a new algorithm TWOMA.   

2.1.2 What was done and how 

In order to solve the problem, first we simulated some distributed crawlers ant define several 

different states with different return time to simulate the situation from the optimal to the 

worst. Second, we simulated some objects lied in the different crawlers. These objects were 

the access point for the crawlers. According to the states and the location of the objects, we 
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simulated the ideographic migration of every pair of the objects. Finally we took a lot of test 

for the algorithm to show its functionality. 

2.2 The projects contribution to the web accessibility 

In [5], the contribution of this project to the web accessibility is mentioned. A mechanisms 

used  for  large  scale  accessibility  measuring  may  involve  a  distributed  web  crawler. 

Furthermore, it makes sense to spread the web sites involved to different access points of the 

distributed crawler. The algorithm we developed in this project, namely TWOMA, utilizes the 

available resources to a much greater extent than the traditional uniform distribution of web 

sites.  The heart  of the algorithm involves continuously accessing web sites in pairs while 

measuring the duration of each access.  The algorithm is repeated as long as the crawling / 

measurement is ongoing. This ensures that the schema works in a dynamic environment (as 

the real web).

2.3 Report Outline 

This report has 8 chapters, including the summary, introduction and conclusion.

First, some related knowledge and background for this project will be introduced, including a 

briefly description of web crawler, learning process of automata and the algorithm OMA, in 

chapter 3. Then a problem description is provided in chapter 4. Chapter 5 is the solution for 

this project. This is the main part of the report including the requirement of this project, the 

implementation of this project and the test/validation of this project. Some discussion of the 

finding for this project is given in chapter 6. Chapter 7 discusses the possibility for the further 

work on the project. The conclusion for this project follows in chapter 8. In the appendix, a 

glossary and references list can be found.
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3 Background (Review of literature)

In this section we will look at the relevant ideas behind this project. First, we will give a brief 

introduction of web crawler since two web crawling algorithms are simulated. Second, we 

will  introduce some fundamental knowledge of learning automata. Last,  Object Migration 

Automaton (OMA), which is one theoretical stochastic learning Automaton solutions for the 

Object  Partitioning  Problem  (OPP),  will  be  discussed.  It  demonstrated  an  excellent 

partitioning capability,  and experimentally,  this  solution converges an order  of  magnitude 

faster than the best known algorithm in the literature [2]. In this project we tried to partition 

the accessed objects in an optimal way and OMA is a viable approach to solve the problem. 

3.1 Web Crawler

Due to web pages’ explosion in size, web search engines are becoming increasingly important 

as the primary means of locating relevant information. Such search engines rely on massive 

collections of web pages that are acquired with the help of web crawlers, which traverse the 

web by following hyperlinks and storing downloaded pages in a large database that is later

indexed for efficient execution of user queries [9].  Thus, highly efficient crawling systems 

are needed in order to download the hundreds of millions of web pages indexed by the major 

search engines. 

Two issues are addressed for a good crawler for a large search engine in [9]. First, it has to 

have a good crawling strategy, i.e., a good strategy for deciding which pages to download 

next. Second, it needs to have a highly optimized system architecture that can download a 

large  number  of  pages  per  second  while  being  robust  against  crashes,  manageable,  and 

considerate of resources and web servers.
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3.2 Learning process of an automaton

In  [1]  B.J.  Oommen  and  D.C.Y Ma  gave  us  some  idea  about  learning  process  of  an 

automaton. The learning process of an automaton can be described as follows. The automaton 

is offered a  set of action by the environment with which it interacts, and it is constrained to 

choose one of these actions. When an action is chosen, the automaton is either rewarded or 

penalized by the environment with a certain probability. A learning automaton is one which 

learns the optimal action.  This means that the automaton learns the action which has the 

minimum penalty probability, and eventually chooses this action more frequently than other 

actions. In short learning process is defined as the ability to improve ones ability based on 

experience from previous behaviour. 

In the literature the automaton is defined by a quintuple (α, Ф, β, F, G) where

a) α = { α1, …, αR } denote the set of actions that can be produced by the automaton. This is 

the output set of the automaton, hence also being the input set to the environment.

b) Ф = { ф1  , …, фN } is the set of internal states of the automaton. The states determine the 

action to be produced by the automaton.

c) β = {0,1} is the input set to the automation and is the set of response from the envionment. 

The input “1” represents a penalty.

d) F is a map from Ф x β to Ф. It is a function that maps the current state and the response 

from the environment  into next  state. It  defines  the transition of  the internal  state of  the 

automaton on receiving an input. F may be stochastic. 

e) G is a map from Ф to α, and determines the action taken by the automaton if it is in a given 

state. 

The automaton is showed in Figure
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             Figure 3.2-1 Learning Process of an Automaton            

       

3.3 Object Migration Automaton (OMA)

In this project OMA is used to grouping the accessed objects and allocated them into an 

optimal way. By this way the web crawler can download the web pages as much as possible. 

In  [1],  B.J.Oommen  gave  us  a  detailed  description  about  OMA.  We  define  the  object 

migrating automaton (OMA) as a quintuple in which there are only R actions, each action 

representing a certain class. Furthermore, for each action, there are a fixed number of states N. 

If the abstract object Oi is in action αk (we say the action is one arm of the automaton) , this is 

to signify that this abstract object will be in the class numbered k. Thus, if Oi  and Oj are in the 

same class and the query requests (Ai,  Aj ), the OMA is rewarded. Otherwise, it is penalized. It 

means that if all the objects are in the same class, the OMA will obviously never be penalized, 

and so the automaton will tend to converge to such an arrangement. Clearly this is undesirable 

and so this scenario will have to be explicitly prohibited. We shall show below how this is 

done.
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For each action αk , there is a set of states {фk1 , …, фkN}, where N is the depth of memory and 

1 ≤ k ≤ R, the number of classed (partitions) desired. With no loss of generality, we assume 

фk1 to be the most internal state of that action and фkN  to be the boundary state.  When a pair 

of physical objects (Ai,  Aj) are accessed, if the abstract objects Oi  and Oj  are in the same class 

αk,  (they are in the same arm)both of them are rewarded and are moved toward the most 

internal state,  фk1, of that action, one step at a time. See Figure 3.3-1 (a). If , however, the 

abstract objects lie in different classes (different arms), say αk and αm , respectively, (i.e., Oi  is 

in state ξ i,  where ξ I  Є{фk1 , …, фkN}, and O j  is in state ξ j,  where ξ j Є{фm1 , …, фmN}) , they 

are moved away from фk1  and фm1 as follows.

a) If  ξ i ≠  фkN  and ξ j ≠  фmN   ,  then move Oi  and  Oj   one state toward  фkN  and  фmN  

respectively. See Figure 3.3-1. (b).

b) If exactly one is in the boundary state, (i.e., either ξ i = фkN  or ξ j = фmN  but not both), then 

move the object which is not in the boundary state towards its boundary state. See Figure 3.3-

1. (c)

c) If both are in the boundary state, (i.e., ξ i = фkN  and ξ j = фmN  ), then one of them, say Oi will 

be moved to the boundary state of αm .  In this case, since this will result in an excess of

objects in αm , one of the objects in αm  which is not accessed is moved to the boundary state of 

αk . We choose to move the one closest to ξ j . See Figure 3.3-1. (d)

8
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           Figure 3.3-1 from [1]   The object moving automaton: 

            On reward move the abstract objects to the most internal state for that action as in (a). 

            On penalty, move the abstract objects either toward the boundary state as in (b) or (c), 

            or toward the boundary state of  another action (d).

           

4 Problem description

A solution to the resource allocation problem where the resources have an unknown value can 

be  solved  using  a  competitive  game  of  learning  automata.  Many  distributed  crawlers 

uniformly distribute the web sites between its access points. This means that each access poit 

(or crawler arm) get an equal amount of web sites. Some arms may get only web sites which 

take a long time to download, while others may get web sites which only take a short time to 

download. From discussion in [4], the resource with an unknown value can be seen as that it 

is no way of knowing which web sites are quick, which arms has a lot of room and how the 

web sites behave from different access points before they actually started to download there 

sites. This problem can be seen as a web crawler attempting to detect and download as many 

updated web pages as possible compared to the locally stored copies. This project aims on 

solving the same problem when the resources are distributed, and the resources may have 

different value depending on its position.

This problem can be seen as a distributed crawler working towards a solution on how to 

partition  web sites  to  download.  Using  the  Object  Migration  Automaton (OMA) towards 

partitioning the web sites to receive the most viable solution seems like a viable approach. 

This  project  focuses  on not  only  implementing  TWOMA in  a  test  environment,  but  also 

providing experimental test to show that TWOMA algorithm utilizes the available resources 

to a much greater extent than the traditional uniform distribution of web sites.
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5 Solution

5.1 Requirements for the algorithm

In  order  to  implement  the  algorithm,  we  must  predefine  a  few  requirements  for  its 

functionality.

• Web sites:  We need to simulate a lot of web sites. This is the objects to be accessed in 

the  algorithm.  They  map  to  abstract  objects  in  the  OMA algorithm.  They  play  a 

‘passive object’ role  in  the  algorithm. These simulated web sites  must  initially  be 

randomly distributed  on  the  different  location.  And  the  numbers  of  the  web  sites 

should be flexible in order to be more close the real World Wide Web.

• Web Crawler: Web crawler is needed to simulate too.  Web crawler plays a ‘user’ role 

in the algorithm. It takes charge of accessing the web sites and it will get the download 

time.  The download time is  the most  important  factor  to show if  the algorithm is 

valuable. The implementation of the simulated web crawler should be responsible for 

giving feedback to the implemented algorithm, which includes the download time.

• Implementation of OMA: After simulating the web crawler and web sites, we should 

implement the algorithm OMA. The OMA is a fundamental algorithm to TWOMA. 

The  OMA plays  a  ‘control  mechanism’ role  in  the  algorithm.  By  using  OMA 

algorithm, the web sites (i.e.  objects)  can be moved to the more optimal location. 

Hence the download time of these web sites can decrease dramatically.

• Flexibility of arms: As we has discussed before, arms are the visual name for the web 

crawler’s accessing points. Here we assume that there are several accessing points in 

the real World Wide Web depending on location, for example, USA and Europe are 

two accessing points. All of web sites lie on one accessing point (i.e. one arm). Where 

is the web site lying is one of conditions for the OMA to take its action moving the 

object. In order to simulate a dynamic environment, the arms of the crawler must be 

flexible.

12



Leiming Chen
Dongmei Wang                                                          Distributed resource allocation algorithm

5.2 Implementation 

In order to simulate the OMA resource allocation in java programs, we did as follows:

First, we simulated the crawlers (means the arms in the OMA algorithm).

 Build a class to simulate the total crawler which we can access and get return time.

 Define several states to simulate the states in the real crawler.

 Set the states with different return time that can differ from the optimal to the worst.

Second, we simulated the objects allocated in the crawlers.

 Build a class to simulate the objects lied in the different crawlers.

 Define the objects first lie in the worst states of the crawlers.

 Define the showing state of the objects’ current states.

 Define which crawler the objects belong to.

Third, we simulated the ideographic migration of every pair of the objects.

 Define several crawlers with a certain number of states; here we can change the number 

of states and the number of crawlers.

 Define the number of the objects and the crawlers they belong to.

 Define the situation which the two objects belong to the same crawler, and move the 

objects to the most optimal states.

 Define the situation which the two objects belong to different crawlers, and move the 

objects  according  to  the  OMA algorithm until  they  both  move  to  the  optimal  state. 

Generally speaking, they lie in the same crawler.

Finally, we simulate the real situation that many objects lie in the different crawlers and all in 

the worst states.

 Every time, access the objects and get the return time.

 Eventually, get to the optimal states of the objects and quit.

13
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Figure 5.2-1 shows how the algorithm works:

Figure 5.2-1  The diagram to show how the algorithm works
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5.3 Testing and validation

We did a  lot  of  experiments  to  test  how the algorithm works  and if  it  could satisfy our 

requirement.  Most  of  these  experiments  showed  that  the  algorithm  worked  very  well 

comparing with the uniform algorithm. Further testing also showed that the algorithm worked 

well in the dynamic environment. But one of the experiments had a little trouble. When we 

increased the number of the arms to 30 with 100000 objects per arms, our personal laptop 

seemed having no ability to execute the algorithm with this large amount of objects, which we 

believe is due to processing limitation of our laptop. 

The method we took for the experiments were to define a set of variable numbers of arms and 

objects. With the same condition of the arms and objects, we execute the algorithm in two 

different  ways respectively,  namely with or  without  the  algorithm. We got  total  different 

download time by these two ways.

After the testing in a static environment,  we tried to do some test  for the algorithm in a 

dynamic  environment.  The  results  showed  the  algorithm  worked  well  in  the  dynamic 

environment also.

The following figures show some test result: 
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Figure 5.3-1 Test Result with 3 Arms and 300 Objects per Arm

Test result with 3 arms and 300 objects per arm
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We begin our test from setting 3 arms with 300 objects per arm to the algorithm. Figure 5.3-1 

shows that in order to access these 300*3 = 900 objects, the uniform algorithm used about 

40000 time units.  The time the uniform algorithm used does not change very much. For the 

algorithm TWOMA, it used almost same time units as the uniform algorithm at the beginning. 

But with more and more the objects migration, the time used decreased and the TWOMA 

reached  the  optimal  situation.  After  migrating  about  25  times  the  algorithm TWOMA is 

convergent at  22000 time units.  It  means that the efficiency of the algorithm TWOMA is 

about two times of the uniform algorithm. 

The algorithm TWOMA takes 74 crawler duration migration to reach the optimal situation in 

this situation. A crawler duration includes accessing and downloading each website within 

each arm.
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Figure 5.3-2 Test Result with 3 Arms and 1000 Objects per Arm

Test result with 3 arms and 1000 objects per arm
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The second experiment was taken in the situation with 3 arms and 1000 objects per arm to the 

algorithm. In this situation we increased the numbers of the objects while the numbers of the 

arms was same as the Figure 5.3-1. The total objects increased to 1000*3 = 3000. Figure 5.3-2 

shows that  in  order  to  access  these  3000 objects,  the  uniform algorithm used  more  than 

130000 time units and converge at this point.  

As same as Figure 5.3-1, the algorithm TWOMA used almost same time units as the uniform 

algorithm at the beginning. But with increasing the objects migration to about 40 times, the 

TWOMA converged at about 75000 time units. 

Comparing with the test  result  from Figure 5.3-1, Figure 5.3-2 shows that with the same 

numbers of the arms, the download time is proportional to the numbers of the objects. 

The algorithm TWOMA takes 90 crawler duration migration to reach the optimal situation in 

this situation, 3 arms with 1000 objects per arm.
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Figure 5.3-3 Test Result with 5 Arms and 300 Objects per Arm

Test result with 5 arms and 300 objects per arm
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This  experiment  was taken  in  the  situation  with  5  arms and 300 objects  per  arm to  the 

algorithm. In this situation we increased the numbers of the arms to 5 while the numbers of 

the objects  was  decreased to  300.  The total  objects  increased to  300*5 = 1500.  We will 

compare the result of this experiment with the other two previous results.

 Figure  5.3-3  shows  that  for  the  uniform  algorithm  the  increasing  download  time  is 

proportional to the increasing of numbers of the total objects.

For the algorithm TWOMA the increasing download time is proportional to the increasing of 

numbers of the total  objects  also.  There is  another factor is of interest  to us,  namely the 

crawler duration to the optimal situation. In this situation the algorithm TWOMA takes 116 

times migration to reach the optimal situation. In the result of Figure 5.3-2 (3 arms with 1000 

objects per arm, total objects is 3000) showed, the crawler duration migration is 90. In the 

result Figure 5.3-3 shows the crawler duration migration is 116 although the numbers of total 

objects  is  less  than those  in  Figure  5.3-2.   The main  reason for  this  phenomenon is  the 

increasing numbers of the arms.  
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Figure 5.3-4 Test Result with 5 Arms and 1000 Objects per Arm

Test result with 5 arms and 1000 objects per arm

0

50000

100000

150000

200000

250000

1 15 29 43 57 71 85 99 113 127 141

the TWOMA algorithm

the uniform algorithm

This experiment was taken in the situation with 5 arms and 1000 objects  per arm to the 

algorithm. In this situation we increased the numbers of the objects to 1000 while the numbers 

of the arms keeps same with the test in Figure 5.3-3. The total objects here is 1000*5 = 5000. 

 As all the previous experiment, Figure 5.3-4 shows that the algorithm TWOMA has higher 

efficiency than the uniform algorithm. For both algorithms, the increasing download time is 

proportional to the increasing of numbers of the total objects.

In this situation the algorithm TWOMA takes crawler duration migration to reach the optimal 

situation. 
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 Figure 5.3-5 Test Result with 8 Arms and 625 Objects per Arm

Test result with 8 arms and 625 objects per arm
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This  experiment  was taken  in  the  situation  with  8  arms and 625 objects  per  arm to  the 

algorithm. The total objects here is 625*8 = 5000, which was same as those in test Figure 5.3-

4 showed.  However, the numbers of the arms increased from 5 to 8. We did this experiment 

in such situation in order to see which role the numbers of arms played in the algorithm.

In this situation the algorithm TWOMA takes 263 crawler duration migration to reach the 

optimal situation.

 Figure  5.3-5  shows that  the  algorithm TWOMA has  higher  efficiency  than  the  uniform 

algorithm. The download time is same as those in the test which has the same total objects 

5000. But the crawler duration migration to the optimal situation increases dramatically, from 

145 to 263, mapping the increasing arms from 5 to 8. This test shows again that the numbers 

of arms play a very important role in the algorithm.

. 
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Figure 5.3-6 Test Result with 8 Arms and 10000 Objects per Arm

Test result with 8 arms and 10000 objects per arm
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This experiment was taken in the situation with 8 arms and 10000 objects per arm to the 

algorithm.  The  total  objects  here  is  10000*8  =  80000.  We  did  this  experiment  in  such 

situation in order to how the algorithm worked with many objects.

In this situation the algorithm TWOMA takes 299 crawler duration migration to reach the 

optimal situation.

 Figure 5.3-5 shows that the algorithm TWOMA also has higher efficiency than the uniform 

algorithm in the situation with a lot of objects. This test has the practical meaning because the 

real  World Wide Web contains billions of web pages. It  means that the algorithm can be 

practiced in the real world.

We have done a test with 15 arms and 10000 objects per arm. The result was well also.
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Figure 5.3-7   Duration to Reach the Optimal Situation

Duration to reach the optimal situation
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After doing a lot of experiments we selected some test results to see how about the duration to 

reach the optimal situation was. Figure 5.3-7 shows the different duration to reach the optimal 

situation in some test situation. The figure shows that the numbers of the arms plays a more 

important role than the numbers of the objects if it is concerning to the duration to reach the 

optimal situation in the test. From the third bar (5 arms-1000 objects/arm) and the forth bar (8 

arms-625 objects/arm) in Figure 5.3-7, we can find that the duration to reach the optimal 

situation increase dramatically if the numbers of the arms increase. We have noticed that in 

these two cases the numbers of total objects are same. Comparing the two bars (8 arms-10000 

objects/arm, 15 arms-10000 objects/arm) on the right side of Figure 5.3-7, we can find the 

same conclusion.    
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Figure 5.3-8 Test Result in Dynamic Environment 

Test result in dynamic environment with 5 arms 
and 1000 objects per arm

0

50000

100000

150000

200000

250000

1 11 21 31 41 51 61 71 81 91 101 111 121 131 141

Test result in dynamic environment with 8 arms 
and 1000 objects per arm

0
50000

100000
150000
200000

250000
300000
350000
400000
450000

1 17 33 49 65 81 97 113 129 145 161 177 193 209 225 241

In  order  to  increase  the  practical  meaning  of  the  algorithm  TWOMA,  we  did  some 

experiments for the algorithm in the dynamic environment. The test result in Figure 5.3-8 

shows  also  that  the  algorithm  can  work  well  in  the  dynamic  environment.  Dynamic 

environment means that when the objects are trying to reaching to their optimal situation, the 

perfect arm state can be changed. In other words, the optimal location for two accessed web 

sites can be dynamic in the real world. The above figures show the optimal state changing at 

each 30th and 50th crawler duration. Note that the implementation is still able to reach close to 

optimal states within the limited time period.

23



Leiming Chen
Dongmei Wang                                                          Distributed resource allocation algorithm

6 Discussion

In this section we will discuss some findings for this project. 

6.1 The project outcome

The goal of this project is to find an algorithm for the distributed resource allocation. The 

outcome of the project satisfies this initial purpose as the test result in chapter 5 has showed. 

The outcome of this project also shows that the algorithm OMA is a viable approach to solve 

such problem. The algorithm TWOMA differs from OMA that it contains the download time 

to access the pair’s objects. And we have showed that TWOMA can work both static and 

dynamic well. 

As we have mentioned in the chapter 2, the algorithm TWOMA has a practical meaning for 

the web accessibility. The contribution to the web accessibility gives the algorithm TWOMA 

more interest to be researched in the future.

6.2 Evaluation of the test result
Chapter 5 has showed some test result. The overall result shows that the algorithm works very 

well in relation to the uniform algorithm in both static and dynamic environment. 

The trouble we have met during testing was when we set the numbers of arms to 30 with 

100000 objects per arm.  Our laptop seemed to have no ability to execute the algorithm. As 

we had  taken  the  experiments  successfully  many times,  we  assumed the  failure  with  30 

arms/100000 objects per arm was because of the computing ability of our laptop.

The interesting factor in the test result was the numbers of the arms. As we have showed in 

Figure 5.3-4 and Figure 5.3-5, although the numbers of the total objects are same in these two 

tests, the duration to the optimal situation increased dramatically when the numbers of the 

arms increased 3. A question could arise here: is there any relation between the numbers of 

arms and the duration to the optimal situation? Unfortunately, the test result of this project 

was too limited to get a conclusion.
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7 Future works for this project
Here some possibilities and necessities are discussed if someone will continue further work 

for this project.

Web Crawler: One of the important further works is concerning improving the web crawlers. 

In this project, we simulated the web crawlers in a very simple way. Of course it was practical 

because  of  the  limited work time.  If  we could  use  more powerful  and  robust  crawler  to 

execute the objects migration we could find more meaningful result from the test. And we can 

be more closely with the real word instead of simple simulation.

Web Pages: With the same reason as web crawler mentioned above, we have not accessed the 

real web pages. The uncertainty of the web crawlers and the web pages could have some 

influence on the algorithm.

Dynamic environment:  The dynamic property in the real world is more complex than we 

assumed in the algorithm. How to make the simulation of the dynamic environment better is 

also a critical problem.
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8 Conclusion

In this report we have presented an algorithm, namely TWOMA, to solve the problem of the 

distributed resource allocation. In order to implement the algorithm, the web crawlers and the 

web pages were simulated. The test result has demonstrated that the algorithm can work very 

well  compared to the uniform algorithm. And it  works well  in the dynamic environment. 

Comparing the uniform algorithm, the access time for the web pages by using the algorithm 

TWOMA can  be  decreased  dramatically  by  means  of  migration.  This  contribution  can 

strengthen the interest of further research to this project. 

From this project we find that the OMA is very suitable for solving the partition problem. In 

fact there are some reference have discussed it. But we actually understood and practiced it in 

this  project.  As  an  extension  of  the  algorithm OMA,  the  algorithm  TWOMA keeps  the 

properties of the OMA along with containing the download time.

Concerning this project and its further work, it is important to make the crawlers and the web 

pages (objects) more powerful and more realistic. This can make the algorithm more robust 

and practical.
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Appendix

A1 Glossary & abbreviations

A1.1  OMA

Object Migration Automaton

A1.2  OPP

Object Partitioning Problem

A1.3 TMOMA

Time Weighted Object Migration Automaton
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