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Abstract: 

Location recommendation plays an essential 

role in helping people find attractive places. 

Though recent research has studied how to 

recommend locations with social and 

geographical information, few of them 

addressed the cold-start problem of new 

users. Because mobility records are often 

shared on social networks, semantic 

information can be leveraged to tackle this 

challenge. A typical method is to feed them 

into explicit-feedback-based content-aware 

collaborative filtering, but they require 

drawing negative samples for better learning 

performance, as users‟ negative preference 

is not observable in human mobility. 

However, prior studies have empirically 

shown sampling-based methods do not 

perform well. To this end, we propose a 

scalable Implicit-feedback-based Content-

aware Collaborative Filtering (ICCF) 

framework to incorporate semantic content 

and to steer clear of negative sampling. We 

then develop an efficient optimization 

algorithm, scaling linearly with data size and 

feature size, and quadratically with the 

dimension of latent space. We further 

establish its relationship with graph 

Laplacian regularized matrix factorization. 

Finally, we evaluate ICCF with a large-scale 

LBSN dataset in which users have profiles 

and textual content. The results show that 

ICCF outperforms several competing 

baselines, and that user information is not 

only effective for improving 

recommendations but also coping with cold-

start scenarios. 

Keywords :  Collaboration, Semantics, 

Social network services, Sparse matrices, 

Optimization, Electronic mail, Filtering. 
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1.INTRODUCTION 

1.1 Introduction 

AS cities develop, the growing 

number of locations of interest, such as 

hotels, attractions, and restaurants, offer 

people more opportunities for amusement 

than ever before. At the same time, since 

novelty seeking is regarded as a basic 

requirement for human activity [2], people 

really enjoy exploring neighborhoods and 

visiting locations tailored to their interests. 

As a result, location recommendation has 

been exploited to help people discover 

interesting places [3], [4] and speed up 

users‟ familiarization with their 

surroundings. The advent of location-based 

social networks (LBSNs), such as 

Foursquare, Jiepang, and Yelp, makes it 

possible to analyze large-scale human 

mobility data, creating business 

opportunities for mobile advertising [5]. 

With the support of massive data, location 

recommendation has recently become a 

popular research topic. Prior research has 

mainly investigated how to leverage spatial 

patterns [4], [6], temporal effects [7], [8], 

spatio-temporal influence [9], social 

influence [10], text-based analysis [11], 

[12], and implicit characteristics of human 

mobility [13], [14], [15] to recommend 

locations. However, some of these methods 

require each user to have sufficient training 

data while others assume locations have 

accumulated ample textual information (e.g., 

tips), making it challenging to use them to 

tackle the cold-start problem, specifically, 

recommending locations for new users. 

Fortunately, users are often linked to social 

networks, such as Twitter and Weibo, which 

probably collect rich semantic content from 

users. This semantic content is likely to 

imply user interest, an essential element for 

capturing users‟ visiting behavior [16]. 

Therefore, they can be exploited to address 

the cold-start challenge and even improve 

location recommendation. A typical method 

is to feed them into traditional explicit-

feedback content-aware recommendation 

frameworks, such as LibFM [17], 

SVDFeature [18], regression-based latent 

factor model [19] or MatchBox [20]. These 

frameworks require drawing negative 

samples from unvisited locations for better 

learning performance, since a user‟s 

negative preference for locations is not 

observable in human mobility data. 

However, it has been empirically shown that 

sampling-based frameworks do not perform 

as well as an algorithm that treats all 

unvisited locations as negative yet assigns 

them a lower preference confidence [13], 
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[15], since the latter one deals with the 

sparsity issues better. 

 With this in mind, we propose a 

novel scalable Implicit-feedback based 

Content-aware Collaborative Filtering 

(ICCF) framework. It steers clear of 

sampling negative locations, by treating all 

unvisited locations as negative and 

proposing a sparse and rank-one weighting 

configuration for modeling preference 

confidence. This sparse and rankone 

weighting configuration not only assigns 

vastly varying confidence to visited and 

unvisited locations, but also subsumes three 

previously developed different weighting 

schemes for unvisited locations and 

naturally introduces a novel mixed 

weighting scheme. ICCF takes a user-

location preference matrix, a user-feature 

matrix (e.g., gender, age and tweets) and a 

location-feature matrix (e.g., categories, 

descriptions and neighborhood) as input, and 

maps each user, each location and their 

features onto a joint latent space, such that 

the dot product between two objects defines 

a preference score. For example, the dot 

product between a user‟s latent factor and a 

category‟s (e.g., restaurant) latent factor 

indicates a preference score of the user for 

the category. Thanks to the availability of 

user/location features, ICCF not only 

improves location recommendation, but also 

addresses the cold-start problems of both 

new users and new locations. To achieve the 

mapping procedure, we develop a novel 

variable substitution technique to split the 

learning of ICCF into two weighted least 

square problems with respect to 

user/location latent factors, and two (sparse) 

multiple dependent-variable regression 

problems with respect to feature latent factor 

matrices. To learn user/location latent 

factors in weighted least square problems, 

we propose coordinate descent for 

optimization, which scales linearly with data 

size and feature size, and quadratically with 

the dimension of latent space. Without any 

adjustment to the algorithm, we can easily 

determine whether to include user/location 

bias or not by augmenting user/location 

latent matrix with either an all-one vector or 

an all-zero vector. The incorporation of 

user/location bias can further help to deal 

with the sparsity issues, according to 

empirical studies. To learn feature latent 

matrices in multiple dependentvariable 

regression problems, we extend conjugate 

gradient descent to matrix variable cases, 

which scales linearly with feature size, i.e., 

the number of non-zero entries in the 

user/location feature matrices. Through 

analysis of ICCF, we establish its close 
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relationship with graph Laplacian 

regularized matrix factorization [21], and 

offer a good explanation of the proposed 

algorithm, such that user (location) features 

refine the similarity between users 

(locations) on implicit feedback. Therefore, 

ICCF not only becomes an alternative 

solution for similarity constrained matrix 

factorization algorithms, but also can be 

incorporated with domain-specific 

knowledge, such as document similarity 

between user tweets (e.g., vector space 

model), and age proximity between users. 

We then apply ICCF for location 

recommendation based on human mobility 

data of over 18M visit records of 265K users 

obtained from a location-based social 

network. In this dataset, locations have two 

levels of categories and geographical 

information, while users have profile 

information (e.g., gender and age) and rich 

semantic content (e.g., tweets and tags) 

crawled from a social network. Based on the 

evaluation results of 5-fold cross validation 

on mobility data, corresponding to the 

warm-start case, we observe that ICCF is 

superior to five competing baselines. This 

implies the effectiveness of information 

incorporation and parameter learning as well 

as sparse and rank-one weighting 

configurations. In addition, based on this 

evaluation, we find that user profiles and 

semantic content can make significant 

improvements over the counterpart without 

taking them into account. In addition to the 

warm-start evaluation, we also perform a 

cold-start evaluation with a user-based 5-

fold cross validation by splitting users into 

five non-overlapping groups. The results 

indicate that both user profiles and semantic 

content are useful for tackling the cold-start 

problem in location recommendation based 

on human mobility data, and that user 

profiles are more effective than semantic 

content 

1.2 Purpose: 

An efficient coordinate descent optimization 

algorithm to learn parameters in the sparse 

and rank-one weighting schemes, which 

scales linearly with data size and feature 

size, and quadratically with the dimension of 

latent space. In addition to theoretical 

analysis of time complexity, we empirically 

study convergence and efficiency   issues in 

the proposed optimization algorithm. 

1.3  Scope: 

                AS cities develop, the growing 

number of locations of interest, such as 

hotels, attractions, and restaurants, offer 

people more opportunities for amusement 

than ever before. At the same time, since 

novelty seeking is regarded as a basic 
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requirement for human activity, people 

really enjoy exploring neighborhoods and 

visiting locations tailored to their interests. 

As a result, location recommendation has 

been exploited to help people discover 

interesting places and speed up users‟ 

familiarization with their surroundings.  

1.4 Motivation: 

We investigate how to incorporate biases 

into content aware matrix factorization 

without any adjustment to the optimization 

algorithm, achieved by how to augment 

latent factors of users and locations. We also 

empirically study the effects of biases, and 

observe their significant benefit to 

recommendation from sparse datasets.  

1.5  Overview: 

 Implicit feedback based 

collaborative filtering through a sparse and 

rank-one weighting scheme, thus it 

subsumes three existing weighting schemes 

for modeling negative preference and 

naturally introduces a novel mixed 

weighting method. The effectiveness of the 

proposed sparse and rank-one weighting 

schemes has been extensively evaluated, 

showing its significant benefit for improving 

recommendation, in particular for locations 

at long tails. 

 

 

2. LITERATURE SURVEY 

1. Distributed QoS Evaluation for Real-

World Web Services 

AUTHORS:  Z. Zheng, Y. Zhang, and M. 

R. Lyu  

 

Quality-of-Service (QoS) is widely 

employed for describing non-functional 

characteristics of Web services. Although 

QoS of Web services has been investigated 

in a lot of previous works, there is a lack of 

real-world Web service QoS datasets for 

validating new QoS based techniques and 

models of Web services. To study the 

performance of real-world Web services as 

well as provide reusable research datasets 

for promoting the research of QoS-driven 

Web services, we conduct several large-

scale evaluations on real-world Web 

services. Firstly, addresses of 21,358 Web 

services are obtained from the Internet. 

Then, invocation failure probability 

performance of 150 Web services is 

assessed by 100 distributed service users. 

After that, response time and throughput 

performance of 5,825 Web services are 

evaluated by 339 distributed service users. 

Detailed experimental results are presented 

in this paper and comprehensive Web 

service QoS datasets are publicly released 

for future research. 
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2. Topologically-aware overlay 

construction and server selection 

AUTHORS:  S. Ratnasamy, M. Handley, R. 

Karp, and S. Shenker 

A number of large-scale distributed Internet 

applications could potentially benefit from 

some level of knowledge about the relative 

proximity between its participating host 

nodes. For example, the performance of 

large overlay networks could be improved if 

the application-level connectivity between 

the nodes in these networks is congruent 

with the underlying IP-level topology. 

Similarly, in the case of replicated web 

content, client nodes could use topological 

information in selecting one of multiple 

available servers. For such applications, one 

need not find the optimal solution in order to 

achieve significant practical benefits. Thus, 

these applications, and presumably others 

like them, do not require exact topological 

information and can instead use sufficiently 

informative hints about the relative positions 

of Internet hosts. In this paper, we present a 

binning scheme whereby nodes partition 

themselves into bins such that nodes that fall 

within a given bin are relatively close to one 

another in terms of network latency. Our 

binning strategy is simple (requiring 

minimal support from any measurement 

infrastructure), scalable (requiring no form 

of global knowledge, each node only needs 

knowledge of a small number of well-known 

landmark nodes) and completely distributed 

(requiring no communication or cooperation 

between the nodes being binned). We apply 

this binning strategy to the two applications 

mentioned above: overlay network 

construction and server selection. We test 

our binning strategy and its application 

using simulation and Internet measurement 

traces. Our results indicate that the 

performance of these applications can be 

significantly improved by even the rather 

coarse-grained knowledge of topology 

offered by our binning scheme. 

3. Collaborative Web Service QoS 

Prediction via Neighborhood Integrated 

Matrix Factorization 

AUTHORS:Z. Zheng, H. Ma, M. R. Lyu, I. 

King  

With the increasing presence and adoption 

of web services on the World Wide Web, 

the demand of efficient web service quality 

evaluation approaches is becoming 

unprecedentedly strong. To avoid the 

expensive and time-consuming web service 

invocations, this paper proposes a 

collaborative quality-of-service (QoS) 

prediction approach for web services by 

taking advantages of the past web service 

usage experiences of service users. We first 
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apply the concept of user-collaboration for 

the web service QoS information sharing. 

Then, based on the collected QoS data, a 

neighborhood-integrated approach is 

designed for personalized web service QoS 

value prediction. To validate our approach, 

large-scale real-world experiments are 

conducted, which include 1,974,675 web 

service invocations from 339 service users 

on 5,825 real-world web services. The 

comprehensive experimental studies show 

that our proposed approach achieves higher 

prediction accuracy than other approaches. 

The public release of our web service QoS 

data set provides valuable real-world data 

for future research. 

4. Predict-ing QoS for Service Selection 

by Neighborhood-based Collaborative 

Fil-tering 

AUTHORS: J. Wu, L. Chen, Y. Feng, Z. 

Zheng, M. Zhou, and Z. Wu 

Quality-of-service-based (QoS) service 

selection is an important issue of service-

oriented computing. A common premise of 

previous research is that the QoS values of 

services to target users are supposed to be all 

known. However, many of QoS values are 

unknown in reality. This paper presents a 

neighborhood-based collaborative filtering 

approach to predict such unknown values for 

QoS-based selection. Compared with 

existing methods, the proposed method has 

three new features: 1) the adjusted-cosine-

based similarity calculation to remove the 

impact of different QoS scale; 2) a data 

smoothing process to improve prediction 

accuracy; and 3) a similarity fusion 

approach to handle the data sparsity 

problem. In addition, a two-phase neighbor 

selection strategy is proposed to improve its 

scalability. An extensive performance study 

based on a public data set demonstrates its 

effectiveness. 

5. Semantic content-based recom-

mendation of software services using 

context 

AUTHORS: L. Liu, F. Lecue, and N. 

Mehandjiev 

The current proliferation of software 

services means users should be supported 

when selecting one service out of the many 

which meet their needs. Recommender 

Systems provide such support for selecting 

products and conventional services, yet their 

direct application to software services is not 

straightforward, because of the current 

scarcity of available user feedback, and the 

need to fine-tune software services to the 

context of intended use. In this article, we 

address these issues by proposing a semantic 

content-based recommendation approach 

that analyzes the context of intended service 
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use to provide effective recommendations in 

conditions of scarce user feedback. The 

article ends with two experiments based on a 

realistic set of semantic services. The first 

experiment demonstrates how the proposed 

semantic content-based approach can 

produce effective recommendations using 

semantic reasoning over service 

specifications by comparing it with three 

other approaches. The second experiment 

demonstrates the effectiveness of the 

proposed context analysis mechanism by 

comparing the performance of both context-

aware and plain versions of our semantic 

content-based approach, benchmarked 

against user-performed selection informed 

by context. 

3. PROBLEM STATEMENT 

Through analysis of ICCF, we establish its 

close relationship with graph Laplacian 

regularized matrix factorization, and offer a 

good explanation of the proposed algorithm, 

such that user (location) features refine the 

similarity between users (locations) on 

implicit feedback. Therefore, ICCF not only 

becomes an alternative solution for 

similarity constrained matrix factorization 

algorithms, but also can be incorporated 

with domain-specific knowledge, such as 

document similarity between user tweets 

(e.g., vector space model), and age 

proximity between users. 

3.1 Drawbacks  

It is impractical for a user to acquire QoS 

information by invoking all of the service 

candidates. And some QoS properties (e.g., 

reputation and reliability) are difficult to be 

evaluated, since they require both long 

observation duration and a large number of 

invocations. These challenges call for more 

effective approaches to acquire service QoS 

information.  Previous CF-based Web 

service recommendation methods have 

rarely taken into account the peculiar 

characteristics of Web service QoS when 

making QoS predictions.  QoS attributes of 

Web services such as response time and 

throughput highly depend on the underlying 

network conditions, which, however, are 

usually ignored by the previous work. 

4. PROPOSED SYSTEM 

We extend implicit feedback based 

collaborative filtering through a sparse and 

rank-one weighting scheme, thus it 

subsumes three existing weighting schemes 

for modeling negative preference and 

naturally introduces a novel mixed 

weighting method. The effectiveness of the 

proposed sparse and rank-one weighting 
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schemes has been extensively evaluated, 

showing its significant benefit for improving 

recommendation, in particular for locations 

at long tails. We propose an efficient 

coordinate descent optimization algorithm to 

learn parameters in the sparse and rank-one 

weighting schemes, which scales linearly 

with data size and feature size, and 

quadratically with the dimension of latent 

space. In addition to theoretical analysis of 

time complexity, we empirically study 

convergence and efficiency issues in the 

proposed optimization algorithm. We 

investigate how to incorporate biases into 

contentaware matrix factorization without 

any adjustment to the optimization 

algorithm, achieved by how to augment 

latent factors of users and locations. We also 

empirically study the effects of biases, and 

observe their significant benefit to 

recommendation from sparse datasets. We 

elaborate on the procedure for establishing 

close relationship of the proposed model 

with a graph Laplacian regularized matrix 

factorization. 

4.1 Advantages  

Our location-aware QoS prediction method 

has a solid basis, because of the strong 

relation between the locations of users (or 

Web services) and the Web services‟ QoS 

perceived by the users. We conducted an 

experiment to evaluate the impact of data 

sparseness on the prediction coverage, in 

which, our proposed methods (including 

ULACF, ILACF and HLACF) were 

compared with the traditional CF methods 

such as UPCC and IPCC. We find that, our 

methods can always achieve nearly 100% 

prediction coverage, when the matrix 

density varies from 5% to 30%. By contrast, 

the traditional CF methods have 

significantly lower prediction coverage, 

especially when K is small. Achieves aiming 

at improving the QoS prediction 

performance, we take into account the 

personal QoS characteristics of both Web 

services and users to compute similarity 

between them. 

5. IMPLEMENTATION  

5.1 User Region Creation 

In this phase, users will be clustered into 

different regions according to their locations 

and historical QoS records. At the 

beginning, we retrieve users‟ approximate 

locations by their IP addresses. The location 

information reveals a user‟s country, city, 

latitude/longitude, ISP and domain name. 

Then users from the same city will be 

grouped together to form initial regions. 

These small regions will be aggregated into 
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large ones with a bottom-up hierarchical 

clustering method. The clustering method 

has two parts: initialization and aggregation. 

In the initialization part, we select non-

sensitive user regions for aggregation, and 

compute the similarity between each region 

pair.  

5.2 Service Region Creation 

Normally, each user only uses a limited 

amount of Web services. Compared with the 

large number of services on the Internet, the 

number of services with user submitted QoS 

records is relatively small. Thus, it is 

difficult to find similar users, and predicting 

missing QoS values only from user‟s 

perspective is not enough. Clustering Web 

services can help LoRec find potential 

similar services. Different from retrieving 

user location from an IP address, LoRec 

directly clusters Web services based on their 

QoS similarity. This is because some 

companies regard the physical location of 

data center as a secret and use IP address to 

hide the real locations. In LoRec, Web 

services are aggregated with a bottom-up 

hierarchical clustering algorithm. We use 

median vector rather than mean vector as the 

cluster center to minimize the impact of 

outliers. The similarity between two clusters 

is defined as the similarity of their centers. 

Each Web service is regarded as a cluster at 

the outset. The algorithm aggregates the 

pairs of the most similar clusters until none 

of the pairs‟ similarities exceeds threshold 

µw. 

5.3 Personalized QoS Prediction 

The first two phase aggregate users and Web 

services into a certain number of clusters 

based on their respective similarities. QoS 

predictions can be generated from both 

service regions and user regions. With the 

compressed QoS data, searching neighbors 

and making Web service QoS predictions 

for an active user can be computed faster 

than conventional methods. 

A. Prediction from User Perspective 

B. Prediction from Service Perspective 

C. Prediction Generation 

5.4 Web Service Recommendation 

Web service QoS prediction is used in 

different ways in LoRec to facilitate Web 

service recommendation. First, when a user 

searches Web services using LoRec, 

predicted QoS values will be shown next to 

each candidate service, and the one with the 

best predicted value will be highlighted in 

the search result for the active user. It will 

be easier for the active user to decide which 

one to have a try. Moreover, LoRec selects 
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the best performing services (services with 

the best submitted QoS) and services with 

the best predicted QoS from the whole 

service repository for the active user so that 

he/she can quickly find potential valuable 

ones instead of checking the service one by 

one. 

6. OUTPUT RESULTS  

 

Home Page 

 

 

Registration Page 

 

Admin Login Page 

 

Admin Home Page 

 

Users List Page 
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Add Web-services Page 

 

Web Service List Page 

 

User Login Page 

 

User Home Page 

 

Location Based Recommendation Page 

 

Services Page 

7. CONCLUSION 

In this paper, we propose an ICCF 

framework for content-aware collaborative 

filtering from implicit feedback datasets, and 

develop coordinate descent for efficient and 

effective parameter learning. We establish 

ICCF‟s close relationship with graph 

Laplacian regularized matrix factorization 

and show that user features actually refine 

mobility similarity between users. We then 

apply ICCF for location recommendation on 

a large-scale LBSN dataset. Our experiment 

results indicate that ICCF is superior to five 

competing baselines, including two state-of-

the-art location recommendation algorithms 
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and ranking-based factorization machine. By 

comparing different weighting schemes for 

negative preference of unvisited locations, 

we observe that. 

the user-oriented scheme is superior to the 

item-oriented scheme, and that the sparse 

and rank-one configuration significantly 

improves recommendation performance. 

The evaluation of biases reveals that they 

play an important role in recommendation 

from sparse datasets. By studying the effects 

of user profiles and semantic content, we 

find that they improve recommendation in 

warm-start cases and help address the cold-

start problems. Finally, we empirically study 

the issues of efficiency and convergence of 

the proposed algorithm, and observe that 

coordinate descent is more slowly 

convergent than alternating least square, but 

the differences of their recommendation 

performances and the differences of their 

objective values are subtle after dozens of 

iterations, implying coordinate descent is a 

better choice for learning parameters 

8. FUTURE ENHANCEMENT 

Future work could include extending the 

algorithm to work with multiple vertex 

attributes, multiple edges and edge 

attributes, and wildcard queries. Because 

dual simulation is often the bottleneck of the 

algorithm, ways to parallelize or speed up 

the dual simulation algorithm would bring 

further improvements. Adapting the 

algorithm to work on graphs stored on disk 

or in a distributed environment would allow 

it to handle even larger graphs. 
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