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Abstract
Extensive contents generation in web becoming a challenging 
task to the recent researchers. This explosive content increased 
the demand of recommendation technique usage to reach the users 
service. We use different kind of recommendation in web every 
day including music, movies, images, books, tag recommendation 
etc. irrespective of data model used in recommendation it can be 
modeled in the form of various types of graph. In this paper, we 
first propose a diffusion method which propagates similarities 
between different nodes and generates recommendations; and 
then we illustrate how to generalize different recommendation 
problems into our graph diffusion. This proposed framework can 
be utilized in any recommendation tasks on the Web. 
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I. Introduction
With the diverse and explosive growth of Web information, how 
to organize and utilize the information effectively and efficiently 
has become more and more critical. This is especially important for 
We b 2.0 related applications since user generated information is 
more free-style and less structured, which increases the difficulties 
in mining useful information from these data sources. In order to 
satisfy the information needs of We b users and improve the user 
experience in many Web applications, Recommender Systems,  
have been well studied in academia and widely deployed in 
industry.
Recommendation on the Web is a general term representing a 
specific type of information filtering technique that attempts to 
present information items (queries, movies, images, books, Web 
pages, etc.) that are likely of interest to the users. In this section, 
we review several work related to recommendation, including 
collaborative filtering, query suggestion techniques, image 
recommendation methods, and click through data analysis.

A. Collaborative Filtering
Two types of collaborative filtering approaches are widely studied: 
neighborhood-based and model-based. The neighborhood-based 
approaches are the most popular prediction methods and are widely 
adopted in commercial collaborative filtering systems. The most 
analyzed examples of neighborhood-based collaborative filtering 
include user-based approaches [1] and item-based approaches [2]. 
User-based approaches predict the ratings of active users based on 
the ratings of their similar users, and item-based approaches predict 
the ratings of active users based on the computed information of 
items similar to those chosen by the active user. User-based and 
item based approaches often use the PCC (Pearson Correlation 
Coefficient) algorithm and the VSS (Vector Space Similarity) 
algorithm [3] as the similarity computation methods. PCC-based 
collaborative filtering generally can achieve higher performance 
than the other popular algorithm VSS, since it considers the 
differences of user rating style.
In the model-based approaches, training datasets are used to train 
a predefined model. Examples of model-based approaches include 
the clustering model [4], the aspect models and the latent factor 

model [5]. Presented an algorithm for collaborative filtering based 
on hierarchical clustering, which tried to balance robustness and 
accuracy of predictions, especially when few data were available. 
Proposed an algorithm based on a generalization of probabilistic 
latent semantic analysis to continuous-valued response variables. 
Recently, several matrix factorization methods have been proposed 
for collaborative filtering. These methods all focus on fitting the 
user-item rating matrix using low-rank approximations, and 
use it to make further predictions. The premise behind a low 
dimensional factor model is that there is only a small number of 
factors influencing preferences, and that a user’s preference vector 
is determined by how each factor applies to that user.
Although collaborative filtering methods have been extensively 
studied recently, most of these methods require the user item rating 
matrix. However, on the Web, in most of the cases, rating data are 
always unavailable since information on the Web is less structured 
and more diverse. Hence, collaborative filtering algorithms cannot 
be directly applied to most of the recommendation tasks on the 
Web, like query suggestion and image recommendation.

B. Query Suggestion
In order to recommend relevant queries to Web users, a valuable 
technique, query suggestion, has been employed by some prominent 
commercial search engines, such as Yahoo!3, Live Search4, Ask5 
and Google. However, due to commercial reasons, few public 
papers have been released to reveal the methods they adopt.
The goal of query suggestion is similar to that of query expansion 
[6-7] query substitution and query refinement which all focus on 
understanding users’ search intentions and improving the queries 
submitted by users. Query suggestion is closely related to query 
expansion or query substitution, which extends the original query 
with new search terms to narrow down the scope of the search. 
But different from query expansion, query suggestion aims 
to suggest full queries that have been formulated by previous 
users so that query integrity and coherence are preserved in the 
suggested queries [8]. Query refinement is another closely related 
notion, since the objective of query refinement is interactively 
recommending new queries related to a particular query.
Actually, a s reported in , several different ranking methods using 
random walks can also be employed into the query suggestion 
tasks on a query-URL bipartite graph, including Page Rank 
[8], HITS, etc. Page Rank is basically computing the stationary 
distribution of a smoothed Markov chain. Personalized Page Rank 
generalizes Page Rank by smoothing the Markov chain with a 
query-specific jumping probability vector instead of a uniform 
vector, thus is often used for query dependent ranking [9-10]. 
HITS is an alternative query-dependent ranking algorithm which 
computes hub and authority scores in an iterative way. In [11], 
the query suggestion and the document retrieval problem are 
interpreted using the Markov random walks, in which the queries 
or documents with the largest probabilities after t-step random 
walks are recommended to the users. 

C. Click through Data Analysis
In the field of click through data analysis, the most common usage 
is for optimizing We b search results or rankings [1]. In  We b 
search logs are utilized to effectively organize the clusters of search 
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results by (1) learning “interesting aspects” of a topic and (2) 
generating more meaningful cluster labels. In a ranking function 
is learned from the implicit feedback extracted from search engine 
click through data to provide personalized search results for users. 
Besides ranking, click through data is also well studied in the 
query clustering problem [5]. Query clustering is a process used 
to discover frequently asked questions or most popular topics on 
a search engine. This process is crucial for search engines based 
on question-answering. Recently, Click through data has been 
analyzed and applied to several interesting research topics, such as 
We b query hierarchy building  and extraction of class attributes . In  
the proposed method consists of two stages: generating candidate 
queries and determining “generalization/specialization” relations 
between these queries in a hierarchy. A typical relationship can 
be learning from click through data is that “bmw” is a child of 
“car”. The method proposed in [12, 17-20] can extract attributes 
such as “capital city” and “President” for the class “Country”, or 
“cost”, “manufacturer” and “side effects” for the class “Drug”. The 
method initially relies on a small set of linguistically motivated 
extraction patterns applied to each entry from the query logs, then 
employs a series of Web-based precision-enhancement filters to 
refine and  rank the candidate attributes.

D. Image Recommendation
Besides query suggestion, another interesting recommendation 
application on the Web is image recommendation. Image 
recommendation systems, like Photoree8, focus on recommending 
interesting images to Web users based on users’ preference. 
Normally, these systems first ask users to rate some images as 
they like o r dislike, and then recommend images to the users 
based on the tastes of the users. In the academia, few tasks are 
proposed to solve the image recommendation problems since this 
is a relatively new field and analyzing the image contents is a 
challenge job. Recently, in, by employing the Flickr dataset, Yang 
et al. proposed a context-based image search and recommendation 
method to improve the image search quality and recommend related 
images and tags. However, since it is a context-based method, 
the computational complexity is very high and it cannot scale to 
large datasets. While in our framework proposed in this paper, by 
diffusing on the image tag bipartite graph with one or more images, 
we can accurately and efficiently suggest semantically relevant 
non-personalized or personalized images to the users. In general, 
comparing with previous work, our work is a general framework 
which can be effectively, efficiently and naturally applied to most 
of the recommendation tasks on the Web .

II. Diffusion on Graphs
In this section, we first introduce a novel graph diffusion model 
based on heat diffusion. This model can be applied to both 
undirected graphs and directed graphs. We then present how 
to infer the parameter based on the graph structure. Lastly, w e 
analyze the computational complexity of our model.

A. Heat Diffusion
Heat diffusion is a physical phenomenon. In a medium,heat always 
flows from a position with high temperature to a position with low 
temperature. Recently, heat diffusion based approaches have been 
successfully applied in various domains such as classification and 
dimensionality reduction problems [6, 15-16, 18] approximated 
the heat kernel for a multinomial family in a closed form, from 
which great improvements were obtained over the use of Gaussian 
or linear kernels. 

In this paper, we use heat diffusion to model the similarity 
information propagation on Web graphs. In Physics, the heat 
diffusion is always performed on a geometric manifold with initial 
conditions. However, it is very difficult to represent the Web as 
a regular geometry with a known dimension. This motivates us 
to investigate the heat flow on a graph. The graph is considered 
as an approximation to the underlying manifold, and so the heat 
flow o n the graph is considered as an approximation to the heat 
flow on the manifold.

III. Empirical Analysis
In Section III, we introduced our graph diffusion models for 
recommendations. In this section, (1) we show h ow to convert 
different We b data sources into correct graphs in our models; 
and (2) we conduct several experiments on query suggestions, 
and image recommendations

    
Fig. 1: Graph Construction for Query Suggestion

A. Query Suggestion
Query Suggestion is a technique widely employed by commercial 
search engines to provide related queries to users’ information 
need. In this section, we demonstrate how our method can benefit 
the query suggestion, and how t o mine latent semantically similar 
queries based on the users’ information need. 
We display the suggestion results of our algorithm and those from 
Google , Yahoo!, Live Search and AO L in Table 2. We call our 
algorithm DRec which means Recommendations by Diffusion. 
In our algorithms, the parameter a is set to 1, and the size of the 
sub graph is set to 5000. From the suggestions, we can see that 
the query suggestions generated by our method are generally as 
good as those from commercial search engines. For some queries, 
our suggestions are even better.
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In order to compare our method with other approaches, we create 
a set of 200 queries as the testing queries, covering a wide range 
of topics, such as Computers, Arts, Business, and others. Some of 
the results generated by our DRec. From the results, we observe 
that our recommendation algorithm not only suggests queries 
which are literally similar to the test queries, but also provides 
latent semantically relevant recommendations. For instance, if the 
test query is a technique, such as “java”, we recommend “virtual 
machine” and “sun micro systems”. The latter suggestion is the 
company who owns the Java Platform, and the former suggestion 
is a key feature of the Java programming language. 

B. Image Recommendation
Finding effective and efficient methods to search and retrieve 
images on the We b has been a prevalent line of research for a long 
time [13]. The situation is even tougher in the research of Image 
Recommendation . I n this section, we present how to recommend 
related images to the give n images using Flickr dataset.
Data Collection We use Flickr, a popular image hosting We b site 
and online community for users to share personal photographs, tag 
photographs, and communicate with other users. As of November 
2007, it claims to host more than 2 billion images [2]. Hence, Flickr 
is an ideal source for the investigation of image-related research. 
With this Flickr dataset, we can apply our recommendation 
framework into several application areas, including Imageto-
Image Recommendation, Image-to-Tag Suggestion, Tag-toImage 
Retrieval, Tag-to-Tag Suggestion. In this section, we will only 
show the performance of our model on the imageto-image 
recommendation application.

Fig. 2: 

If we use the tags instead of the images as the diffusion sources, 
then this problem turns to be the problem of tag recommendations. 

Since the recommendation processes are the same, we do not discuss 
the results in this paper.Personalized Image Recommendation 
Personalization is becoming more and more important in many 
applications since it is the best wa y t o understand different 
information needs from different users.
Actually, our method can be easily extended to the personalized 
image recommendations. In the query suggestions conducted and 
image suggestions performed in this section, we only employ 
one node (either a query or an image) as the heat source. In the 
personalized image recommendations, we can set all the images 
submitted by a specified user as the heat sources, and then start 
the diffusion process. This ensures that the suggested images 
are of interests of this user.In order to evaluate the quality of 
our personalized image recommendation method, we create 10 
groups: Given1, Given2, ..., and Given10, where Given1 means 
in this group, all the users only submitted 1 images. We then 
randomly select 50 users from the user list for each group, hence 
totally we have 500 users. Fo r each of these users, we start the 
diffusion processes once with the submitted images as the heat 
sources. After generating the results, we ask 3 experts to rate these 
recommendations. We again define a 6-point scale (0, 0.2, 0.4, 0.6, 
0.8, and 1) to measure the relevance between the testing images and 
the suggested images, in which 0 means “totally irrelevant” while 
1 indicates “entirely relevant”. The average values of evaluation 
results for each group are reported in Fig. 9. We can observe that 
our method generally produces high quality results, and as the 
number of images increases, the recommendation quality also 
increases.

IV. Conclusion
In this paper, w e present a novel framework for recommendations 
on large scale Web graphs using heat diffusion. This is a general 
framework which can basically be adapted to most of the We b 
graphs for the recommendation tasks, such as query suggestions, 
image recommendations, personalized recommendations, etc. The 
generated suggestions are semantically related to the inputs. The 
experimental analysis on several large scale Web data sources 
shows the promising future of this approach.
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