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Abstract 

The user-based collaborative filtering algorithm has been widely used in various 

kinds of personalized recommendation systems. But it has a serious shortcoming: with the 

increasing number of the users and commodities, its calculation work grows rapidly. To 

address the problem of vast time consumption by big dataset, we utilize MapReduce 

programming idea to do parallelized transformation of the algorithm; finally deploy it to 

be run in Hadoop cloud computing platform. Experiments have revealed that if computing 

data is reasonably distributed and the data volume is big, then the algorithm performance 

of the algorithm can realize favorable linearly speeding effect.  
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1. Introduction 

High-speed development of Internet provides abundant information to the public [1-3], 

meanwhile, more and more people are drowned in the network like snowballing. Hence to 

the masses, information explosion occurs, making them at a loose end before flooding 

information [4-7]. Network or business users grow exponentially. Thus, traditional data 

processing and service way can hardly handle that which leads to the cloud computing 

coming up. Cloud computing, an emerging business computing model, utilizes rapid 

transmission capacity of Internet to transfer data processing procedure from personal 

computers or servers to computer clusters over the Internet [8].  

The rise of Web2.0 makes the network reach a new development peak. Many web sites 

visit the Web2.0 Era [9], far more than the traditional portal, the number of users as well 

as the degree of participation is high, it is unprecedented.  How to provide convenient and 

efficient services for such a group of users becomes the urgent problem to solve by these 

websites [10-24]. And at the same time the Google has been very successful, who has 

built up the Google machine cluster with its file system and provides a fast search speed 

as along with the powerful processing capacity. How to effectively utilize these 

technologies to provide more powerful computing power and services for more 

enterprises or individuals has become  a serious problem for Google such a huge resource 

and a large business enterprise to think deeply [25-35].It is precise because of the strong 

demand for massive data processing and massive computing power. On the other side it 

can provide this ability, so cloud computing comes into being. Of course, the Internet as 

the main feature of the information explosion era of cloud computing is adapt to the field 

is not just limited to the traditional sense of the narrow Internet. In accordance with the 

use of cloud computing to solve the problem of the occasion, it can use the cloud. Only 

did the Internet give birth to the emergence of cloud computing, improve it attention, and 

accelerate its promotion and development [36-40]. 

The emergence of cloud computing’s concept allows people to see the information 

explosion era to solve many problems such as massive data processing. For example, IBM, 

Google,Yahoo,Amazon,Sum  and Microsoft  and so on. IT vendors based on their 
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respective strengths, positioning, core strategy and technology have launched their own 

cloud calculation plan. But most of them have their own cloud computing plans as private 

secrets,  which makes cloud computing to a large extent appear to be just a big IT vendors 

patent, then ordinary users can only be served. Fortunately, open source for everyone to 

open a detailed solution of cloud computing window, provides a source of free download 

cloud computing platform [41-42]. This is still in the Apache open source organization 

developed by the Hadoop framework of the most classic, the most widely used. 

The Internet will encounter the problem of massive data processing and computing, 

and the field of data mining will often encounter the same problem. This makes many 

existing data mining algorithms face a lot of limitations, unable to process the input data 

or the amount of computation. Cloud computing is good at dealing with this kind of 

problem, which is introduced into the cloud computing concept in many data mining 

algorithms. Cloud computing platform is to solve practical problems.  In the field of data 

mining, it introduces cloud computing thinking [43-44]. The key is to realize the parallel 

data mining algorithm, so that it can be processed by the cloud computing platform to 

process massive data and the massive computation. 

This paper is based on collaborative filtering algorithm, which is based on the detailed 

study of the process of collaborative filtering algorithm and its parallel process in the 

Hadoop cloud computing platform on the actual effect, convenient cloud platform 

services to help. 

Only cloud computing platform is not enough. There must have suitable applications 

running in cloud platform so that the cloud computing can exert into full play [45]. But 

how to compile parallel program which can run in cloud platform is very particular. 

Different from previous single computer programming model, it has to be subject to the 

limit of cloud computing framework. More importantly, the algorithm needs reasonable 

parallelization. Whether the algorithm can be effectively parallelized is the key to it to run 

efficiently in cloud platform. Previous algorithm parallelization concerns only multiple 

threads and constrains to single computer. However the parallelization in cloud 

computing framework is unlike other patterns, which features’ parallelization are among 

multiple computers or even computer cluster. So how to parallelize the algorithm in cloud 

computing platform is a question deserving studying. In the field of data mining, massive 

data is often a big headache. Cloud computing can handle this issue better. With Hadoop 

frame as benchmark, here we study and investigate the parallelization of four data mining 

algorithms, not only proving MapReduce parallelization of them but also obtaining good 

cluster speed-up ratio performance, solving the problems of large-scale input data and 

long computing time by the four methods.  

 

2. Collaborative Filtering Algorithm 

Collaborative filtering algorithm is a classical personalized recommendation algorithm 

[46]. It’s extensively applied in lots of business recommendation systems. When dataset is 

too big, collaborative filtering algorithm has huge calculation amount. To address that, we 

deploy it after MapReduce parallelization to Hadoop platform to do computing. Since 

MapReduce frame in Hadoop platform allows users to decompose big problems to 

numerous small ones, which are then processed in a concurrent manner in the computer 

cluster. The operational speed is accordingly enhanced greatly.  

The author [47] proposed new collaborative filtering algorithm, which is based on the 

combination of memory and model algorithm. The method is of small computational 

amount. However the author discussed algorithm process only from the perspective of 

traditional thinking, not considering the implementation of traditional collaborative 

filtering in cloud computing platform, let alone what rules to be satisfied by the speed-up 

ratio between running speed and computer quantity in Hadoop platform. In [48], it 

experimented that in a system whose internal memory is share, much better performance 
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of some algorithms can be achieved through simple parallel codes. In [49], it described 

how genetic algorithm was implemented in Hadoop platform. [50]introduced an effective 

and scalable MapReduce frame. The performance of CGL-MapReduce and Hadoop was 

compared in [51] proposed MRBench is an evaluation criteria for MapReduce system. 

Based on the above work, we have studied from the two points:  

1 Calculate the recommendation process for each user and substitute that of traditional 

collaborative filtering algorithm; deploy it to run in Hadoop platform after MapReduce 

parallelization;  

2 Performance difference of collaborative filtering algorithm implemented with cluster in 

Hadoop MapReduce frame and single computer; and the relationship between 

improvement of operation performance and DataNode number in clusters in Hadoop 

platform.  

 

3. Description of Collaborative Filtering System  
 

3.1. Hypothesis and Objective 

The classical personalized recommendation algorithm, collaborative filtering 

algorithm, has following hypotheses:  

1、 Similarities in preference and interest exist between people; people who are similar 

having great reference;  

2、People’s preference for things is constant, not changing randomly or frequently;  

3、People’s future is inheritable from the past; one’s choice in the future can be predicted 

through its past preference.  

Based on the above hypotheses, through comparing the user’s behavior and others, the 

collaborative filtering algorithm firstly finds out its most similar neighbors; then predict 

the user’s interest and fondness according to those neighbors so as to help it make 

decision.  

 

3.2. Specific Process of Collaborative Filtering Algorithm 

Collaborative filtering algorithm process includes three steps: relation representation of 

users and items, find similar users and predict rating. Hereunder we introduce the process 

in details:  

 

3.2.1 Representation of relation between user and item.  The first step of collaborative 

filtering algorithm is to construct relation matrix between users and items, i.e. 

representing the relation between users and items in the form of a rating matrix; use row 

line for users and column for items, then matrix element ijM  means rating of users i for 

items j; if the matrix is extremely sparse, other way like storage of linking list can be 

utilized.  

 

3.2.2 Search similar user. The second step is to calculate similarities between users as to 

find out the most similar neighboring user; similarity is generally calculated by cosine 

similarity computing algorithm.  
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Where, ,x sr  represents the user's x score on the project s. ,y sr represents the user's y 

score on the project s. xyS A represents  projects collection of users x and user review. 

3.2.3 Forecast rating value. The final step of collaborative filtering 

algorithm is to calculate the user's evaluation of the project's value. It is shown in formu2. 
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    When the score is calculated, it only needs to sort the forecast value, and it can be 

recommended to the users according to the predictive value. 

 

3.3. Problems Facing the Traditional Collaborative Filtering Algorithm and 

Solutions 

Looking back at the above analyses of the algorithm process, it’s not hard to find the 

computing amount of the algorithm is huge and it’s too complicated, especially when 

users and items are of big quantity, single computer consuming time will be a few or more 

days. That is hardly sufferable. If the quantity is bigger, single computer even can’t 

complete computation. For the reasons mentioned above, we decide to parallelize 

traditional collaborative filtering algorithm; then with the use of Hadoop cloud computing 

platform, problems like big calculation amount and longer time can be solved.  

 

4. MapReduce Parallelization of Traditional Collaborative Filtering 

Algorithm  

In this part we introduce the specific process of MapReduce parallelization of the 

algorithm. Through analyses we have noted that collaborative filtering algorithm is not 

only of big calculated quantity but also the calculation process is too complicated. If we 

parallelize MapReduce fully by following traditional procedure, it’s quite difficult to 

realize. Even so, the algorithm performance degrades as a result of frequent 

communications among various clustering nodes. Hence, we suggest user-based 

segmentation algorithm. This implementation algorithm encapsulates in Map procedure 

the process of calculation, predicated rating and recommendation of similarity between 

one user and the others. So Map input is a file including user ID. The implementation of 

our proposed algorithm has the following three stages.  

 

4.1 Data division  

At this stage, users’ ID are reasonably segmented into different files as input of Map 

process. Generally data division must comply with the two principles:  

1.Effective computation time maximization principle: most of running time of the 

platform should be maximized to spend on the calculation process instead of 

communication for initializing mapper frequently; in the experiment in Figure1, 1000 

groups of data are partitioned into 1000 portions to make mapper initialize frequently; 

then new generated data is divided into 40 portions and 50 portions; compare the three 

groups; as it is seen obviously from the picture, data division is greatly influential to 

computation time;  

2.Task deadline consistency principle: each mapper terminates task at a generally 

consistent time; for instance, when there are 10 mappers, if first 9 mappers run over, the 

last one mapper needs another 100 seconds, we distribute evenly calculation amount done 

in 100s to all 10 mappers, then it requires only 10s to complete, 90s saved in this case.  
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4.2. Map Stage  

At this stage, according to consumption of resources like internal memory of the 

algorithm, system assigns to each DataNode enough number of mapper for initialization. 

Corresponding to each file divided at the first step, system will judge whether one mapper 

can be initialized; if yes, initialize a new mapper, then perform operations as described in 

part II for each user in the file; use the result as medium value which is regarded as input 

of Reduce process. If there’s no available resource in the cluster for initializing a new 

mapper, await till one mapper task completes to release resources; next initialize one 

mapper for the operation till all Map tasks finish. 

 

 Figure 1. Performance Time Contrast of Collaborative Filtering Algorithm after 
MapReduce 

 

 

Figure 2. Collaborative Filtering of the MapReduce Process 
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4.3. Reduce Stage  

In Reduce, system produces Reducer based on given Reduce number or self-judging 

the generated Reduce number. Collect users and relevant recommended items lists 

generated at Map stage, which are output in order as per user ID. It is shown in Figure2. 

 

5. Experimental Analysis and Results 

In the experiment, a collaborative filtering algorithm based on user and cosine 

similarity is used. The experimental data comes from Netflix 

(http://www.netflixprize.com/), and the experimental data are shown as follows: 

 
1:  

1488844,3,2015-08-06  

822109,5,205-09-13  

885013,4,2015-10-19  

……  

124105,4,2015-08-05  

……  

……  

n:  

1329923,2,2015-10-20  

2472537,2,2015-10-23  

403531,5,2015-11-19  

……  

1520914,3,2015-03-27 

 

Arabia digital n is the film number, and the rest contains two comma lines. The first 

number represents the user number, and the second number represents the user's score on 

the front of the nearest movie, at last the third part of the date form represents the time of 

users’ mark. 

From Netflix dataset, we simultaneously choose 4 experimental dataset, consisting of 

100 users, 200 users, 500 users and 1000 users, and the dataset includes more than 

263,000 movies; each user evaluates differently from a few to tens of thousands of 

movies. Since in the paper, we discuss different running time between single computer 

and the cluster, so we don’t mention user rating and accuracy. DataNode number is in the 

cluster includes 2 units, 4 units, 6 units and 8 units. During experimentation, to compare 

how cluster superior over single computer, with fixed DataNode number and testing 

dataset, we separate each type of dataset in different ways which can satisfy the data 

division principle. Then take the average value of consumed time in different division 

ways as the running time of cluster on the condition of current node number and 

experimental dataset. Next, compare it with running time of single computer spending on 

the dataset to assess advantages of cluster.  

The calculation of collaborative filtering algorithm is divided by users; so when cluster 

is doing the test, it means different users are distributed to run in different computers. 

Based on theoretical analysis, speed-up ration should be 1.0; therefore, operation time is 

in inverse proportion to the number of cluster; speed-up rate is linearly bounding up with 

DataNode number in clusters. It is shown in Figure3.  
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Figure 3. Performance Speedup of Collaborative Filtering Algorithm 
after MapReduce 

As indicated from Figure3, with increasing number of DataNode in clusters, 

acceleration grows accordingly in times. During the testing, what’s best is when 

DataNode in clusters has 8 computers, and cluster’s acceleration being 7.72 times of 

single computer is a desirable value, which suggests that our algorithm can well solve the 

problem of longer computing time for huge data volume.  

 

6. Conclusion 

The paper has introduced the implementation of collaborative filtering algorithm in 

cloud computing platform. Through plenty of experiments, we prove the proposed 

algorithm work very effectively by reducing computation time for enormous data. Also 

through lots of experiments, data division principle is derived by the collaborative 

filtering algorithm running in Hadoop. Despite our method can better shorten running 

time for calculation by abundant users, if recommendation is made only to single user, its 

running time remains a constant at a certain scale, not improving its running speed. In the 

future, we will work on how to improve system’s reaction speed with recommendation 

only to single user. 
In this paper, the principle and implementation process of collaborative filtering 

algorithm based on users and the main defects of the algorithm are described. A method 

of MapReduce based on this algorithm is proposed, and the MapReduce of the algorithm 

is proved by the cluster experiment. 
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