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1 Introduction	
  
	
  

The ‘Trust-Based Recommendation System’ is a web application that 
facilitates scientific collaboration and is based on the ongoing research on 
collaborative systems done in conjunction with NASA. The primary goal of this 
project is to create an end-to-end solution to NASA Researchers about 
recommending contributors to research studies that best relate to people’s 
academic references and publications. The end-to-end solution will contain a 
web-based interface for the users that will create dynamic graphics, which 
reveal the relevance and trustworthiness of researchers on each other. This 
visualization will generate reliable inferences between people to suggest the 
best potential contributors into a projected study. The relation between 
different authors and the authors’ list of publications can be visualized. 
Meanwhile, the existing trust calculator is in place, it will be enhanced to 
include some relevant parameters that relate to researchers’ online social 
metadata to increase the reliability of the solution. The trust score is 
calculated based on the number of papers published by the author and 
coauthor ship. It is the novelty of our web application as on the basis of that, 
new researchers in the any field can get recommendations on whose papers 
to read and with whom they can collaborate with for researching in a particular 
field.  

 
	
  

2 Motivation	
  
	
  

Studies show that, per year $1.6 trillion is being spent on Research and 
development worldwide out of which U.S. alone spends $465 billion. There 
has been a continuous contraction in budget through the past 50 years. This 
necessitates efficient utilization of these funds so that it will benefit humanity to 
the maximum possible extent. 
 
NASA, which is the one of the most important government agencies that fund 
research and development in the US face the same constraints. This is 
coupled with scientists working on disparate domains but overlapping problem 
sets. A lot of redundant research working is happening which can only be 
avoided if there is a proper platform which helps people find what are the 
publications in a particular field and who are the experts in that field. There is a 
need to accelerate research through collaboration. Accelerating collaboration 
by making it easy to identify collaborators working on the same problems is 
important. NASA’s Earth Exchange (NEX) platform aims to provide a 
cloud-based platform as a service to accelerate big data analytics and 
scientific collaboration in Earth science. There is a possibility of extending to or 
integrating with subject domains too in future. 
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Collaboration between NASA and CMU-SV started 2 years back in order to 
come up with a trust based recommendation engine that would facilitate 
scientific collaboration. There was a need to develop a system, which 
recommends experts and collaborators based on domain and trust. The 
previous teams who worked on the trust-based system developed an 
algorithm to calculate trust based on knowledge reputation and other social 
factors. Our focus was to develop a prototype, which productized the large 
amount of research work that had been done in this field. Our aim was to 
develop a product that would help find existing research in a particular field, 
find the experts in that field, figure out of these experts who can act as 
collaborators and perform all of these tasks leveraging the user’s trust. From 
the very beginning of development, our prime focus was accessibility and 
usability of the product 
 
 

3 Related	
  work	
  
	
  

There are many products available that enable scientific collaboration. This 
section discusses the main features of a few products currently available.  

 
• ResearcherId 

 
ResearcherId is one of the most popular tool used for scientific 
collaboration. The best feature of ResearcherId is its integration with the 
Open Researcher and Contributor Id(ORCID). This enables data exchange 
between the ResearcherId system and ORCID. ResearcherId has got four 
main interfaces, which facilitates different types of search. There is a map 
view, which shows the locations conducting research in a particular topic. 
The biggest disadvantage of ResearcherId is that it is proprietary.  

 
• Researchgate 

 
Researchgate is a social network of researchers. It allows users to create 
profile, upload papers and discuss issues. Users get detailed statistics 
about their papers such as number of hits, citations etc. The search feature 
in Researchgate is not very intuitive.  

 
• PubMed 

 
PubMed is one of the richest databases of scientific papers. It was first 
released on 1996 and since then has been a popular search engine. 
PubMed for handheld devices is one of its best features. The main 
disadvantage with PubMed is its interface and lack of usability. To use the 
comprehensive search in PubMed, we need a thorough understanding of 



Technical	
  Report	
   	
   	
   	
   	
   Trust	
  Based	
  Recommendation	
  System-­‐NASA	
  

	
  

5	
  

its components. Moreover, they do not have any information that could be 
used for collaboration and they do not track citations 

 
Apart from the ones discussed here, most of the university research 
databases are good sources of information. We had the opportunity to review 
a handful of them and adopt the best features into our product.  

 
	
  

4 System	
  design	
  
	
  

As every other system requires, our practicum project also needs a system 
level design for a robust, reliable and maintainable use. This section discusses 
about the design decisions that are made throughout the whole semester that 
we have led after previous work done before us. 

 
Quality Attributes 

 
The key points in system design rely upon the attributes that the system 
must present at all times. We address these attributes according to the 
overall requirements of the client. Some set of requirements lead to a 
quality attribute that best identifies the required system attribute. We have 
listed the following quality attributes according to user requirements. 

 
i) Accessibility 

 
Since the project has been ongoing for the last couple of years, it revealed 
that the outcome prototype or product was not reachable by the intended 
audience who are the users of the system. Therefore, the main concern for 
the client was to make the system accessible via modern browsers at all 
times. This way, there would not be any installation guideline that the users 
would struggle about. 

 
ii) Usability 

 
When we achieve the accessibility, the next biggest concern will be how 
usable the system is. The users will have to perform the functions that the 
system provides in a browser, which in some cases may create some 
unusable features considering that the project deals with a substantial 
amount of data behind. Therefore, optimizing the usability of the system 
taking possible use cases into consideration will be another aspect of the 
system design quality attributes. 

 
iii) Extensibility 

 
The	
  system	
  will	
  offer	
  a	
   trust-­‐based	
  publication	
  network	
  out	
  of	
  which	
  users	
  
will	
   infer	
   sensible	
   information	
   to	
   learn	
   about	
   specific	
   topics	
   or	
   authors	
   in	
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computer	
   science	
   field.	
   As	
   one	
   of	
   the	
   previous	
   teams	
   have	
   focused,	
  
trust-­‐based	
   calculation	
   is	
   formed	
  with	
   knowledge	
   and	
   social	
   based	
   factors.	
  
Each	
   of	
   these	
   may	
   contain	
   different	
   kinds	
   of	
   data	
   sources	
   such	
   as	
  
co-­‐authorship	
   for	
   knowledge	
   and	
   Twitter/LinkedIn	
   data	
   for	
   social	
   based	
  
factors	
  in	
  order	
  to	
  utilize	
  the	
  trustworthiness	
  in	
  a	
  more	
  reliable	
  way.	
  Hence,	
  
being	
   able	
   to	
   add	
   more	
   and	
   different	
   types	
   of	
   data	
   sources	
   holds	
   in	
   our	
  
system	
  quality	
  attributes. 

 
System Architecture 

 
i) Dynamic View 

 
Since the system focuses on consuming big data and constructing 
meaningful representations out of it, dynamic flow of the data becomes 
an important aspect of the architecture. That's why the following 
schema has been created to show this flow as well as with the 
underlying physical devices that are required for deployment. 

 

  
Figure 1: Dynamic View of System Architecture 

 

As seen in Figure 1, the overall system relies on two-tiered system for 
better maintainability. The back-end tier consists of the processed data 
to be consumed and the trust modeling application based on that data. 
The front-end tier consists of the web application to be served to the 
users. As shown in the figure, the number of servers as per in the tiers 
can be extended for performance issues. This will require some load 
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balancer servers to actually distribute the request load to the servers in 
a reasonable and equal way. 

 
As mentioned above, the two-tier architecture let us enhance 
modularity of the whole system. The data is served through JSON and 
the front-tier applications consume them via service calls. Therefore, in 
case another application need emerges for trust-based publication 
network, the underlying application and data tiers already exist which 
help us focus on the third party application design and implementation 
separately. 

 
The framework choices include Play Framework for all types of application 
servers either back-end or front-end. The reason behind this preference is 
that the static structures of both tiers (in terms of packages and classes) 
help us construct the system faster and more efficiently. Also, the models 
that we have used for data representations are shared within the tiers. 
Hence, we thought keeping the same framework for inter-cross 
applications would be more accurate and appropriate. 

 
 

ii) Static View 
 

Static view refers to models and objects defined for the system. Since the 
publication network includes different kinds of publications, we have come 
up with a hierarchical modeling base in order to represent the data in an 
efficient and easily maintainable way.  The figure below shows the schema 
of the data representation. 
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Figure 2: Database Models Schema 
  
How Attributes are met 
 
The previous work on this project had produced desktop-based offline 
applications that were not accessible enough for the client. Therefore, the solution 
of a web-based application will fulfill the accessibility requirement as suggested in 
previous sections. The web-based application will also require a usable 
interaction for a better utilization of the system and hence the required study for 
usability optimization has led us to web-based visualization tools that are 
lightweight and easy to use for possibly projected interactions. This helped us 
overcome the usability attribute. For extensibility, multi-tiered architecture as well 
as with normalized data modeling will make the system easily extensible in case 
of new data source must be integrated or any new business logic must be 
provided. Thus, the design will provide extensibility to the client for enhancement 
in the system. 
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5 System	
  implementation	
  
	
  

a) ETL (Extract & Transform & Load) 
 

Extract & Transform & Load (ETL) process is for preparing the data 
consumable by the applications developed for this project. To ensure that the 
data is loaded correctly and efficiently, we have defined the ETL process from 
scratch. The following sections reveal the details about what our approach is 
and how we have applied it. 

 
i) Data Source 

 
Raw data source consists of XML files, which include the details about 
publications in computer science field and the citations associated with 
them. According to our estimates, there are around 4.2M publications and 
nearly twice as many authors within the dataset. Although the total size of 
the files do not even exceed 2GB, considering that they include just 
metadata about the publications, it becomes massive enough in data size. 
The format, that these raw files use are not efficient enough to use directly, 
especially when considering the data size. Therefore, we have defined an 
ETL process to prepare the data for the application. 

 
ii) Data Transformation 

 
As mentioned above, the data format is not consumable directly. 
Therefore, we need to transform the data for our modeling. In order to do 
this, we first came up with the models.  Since data source had a 
hierarchical data representation for publications (such as Book, Web page, 
Conference etc.), we have adopted the same approach. Because, we 
thought it would be more to the purpose for our extensibility in case we will 
expand the data set with different types of other data sources especially 
from social media. 

 
The way that we have transmitted the data from files to our destination 
database management system consists of two parts. The first part is 
actually the transformation part in which we are changing the data structure 
of the raw data source into the same representational form as our data 
modeling. This way, we can directly load the data and apply performance 
optimization depending on our need. In detail, we have written a custom 
XML streaming parser to consume the data source. We have 
experimented several approaches such as loading all sources content into 
memory and streaming from the source. We found out that streaming is 
way more efficient and reliable than memory processing. On the other 
hand, the implementation became more sophisticated. After streaming the 
content, the parser exports each individual records that it detects to a CSV 
format file for corresponding models. So, the data becomes ready for 
loading phase. 
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 However, one problem we have faced was the fact that the data source 
was not consistent and for some records not all the attributes were 
existent. Therefore, we needed to find out these edge cases and exclude 
them so as to refine the data set. 

 
iii) Data Load 

 
After all above processes, data is ready to bulk load into database 
management system and apply optimization on it for better performance. 
We have automated all the scripts and put them under a separate main 
folder in the project. The transformed data can be loaded by running these 
script files directly. 

 
 

b) Data Fetch 
 

MySQL database is being used in the backend. To fetch the data from the 
database, prepared statements have been used. Using prepared statements 
makes it easy to insert parameters into the SQL. Prepared statements 
pre-compile SQL queries and hence it is more efficient than calling SQL 
statements. It skips the plan generation step on subsequent calls thereby 
increasing the efficiency and reusability. Each of the SQL queries have been 
put into different methods to ensure maximum modularity.  

 

c) Trust calculation 
 

Trust score includes two components: a knowledge factor and a social factor. 
The knowledge factor depends on publications and knowledge reputation. The 
reputation is decided by the publication channel and citation power. Each 
component is given different weightage depending on the time of the 
publication. The weights also vary according to the type of the publication. 
Each of these weights was modeled using the dblp dataset.  
 
The social factor of the trust takes into account coauthorship. Coauthorship is 
also given a time scaled weightage such that the papers co-authored in the 
recent past gets higher weightage compared to the ones published in distant 
past. The recent papers include the ones published in the past six years with 
respect to the date of query and the intermediate papers include the ones 
published in the last 6-12 years. 
The final trust score is a combination of the knowledge factor and social factor. 
Final trust score = 
(CoauthorshipCount*TimeScaledCoauthorship)+KnowledgeFactor 

 
d) Data Provision layer Implementation 
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Controller class function is called to render the graph directly to the view 
JavaScript. This also calls the transform encoding helper as the topic 
parameter uses JavaScript’s encode Uri component which outputs a different 
format when compared to Java's URL Encoding/Decoding, which the frontend 
- backend applications use to transfer parameters. API call of util is used to 
make the API call to the backend and return the JSON data to the frontend to 
render it. 

 

e) UI Implementation 
Json data which comes from the backend through ajax call is fed as input to 
the vis.js and the nodes and links objects create the directed graph. Figure 
below shows a sample node and link json object. 
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There is significance behind the size of each node and the thickness of the 
links connecting the nodes. Radius of the node is directly proportional to 
the citation count of the author’s publications. The more the citation count, 
the bigger the radius of the circle of the author node. Thickness of the link 
between two nodes is proportional to the number of publications that the 
two authors have coauthored. 
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6 Experiments	
  and	
  analysis	
  
This section describes how the results of the final web application were tested. 
 
a) DBLP dataset is huge, so there is a need to verify the accuracy of data that 

the application produces on querying. This verification was done using 
CMU professor names as input to the tool and checking if the publications 
and coauthors listed are reliable and trustworthy. For example, when we 
queried for Professor Jia Zhang, it gave her publications and coauthor 
network. This is shown in the figure below. This was a very important step 
after the development work was over. 
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b) Dataset is not complete- After some analysis, it was found that DBLP 
dataset that is used as the source of information for our tool is not 
complete, as some attributes in it are missing for some webpage elements 
(author attribute is missing) as shown in the figure below. 
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c) Since the whole ETL framework is in place, we can import any useful 

scientific dataset in future and leverage our framework without spending 
any additional effort for building the data load process. 

	
  

7 Conclusions	
  and	
  future	
  work	
  
 
The trust based recommendation system is a fully functional prototype that has 
many features useful to the research community. We could learn and experiment 
with many new and exciting technologies. The system supports topic based and 
author based searches and calculates a reliable trust score.  
 
The project has the potential to be developed into a full fledged website and we 
suggest the following steps to be taken next: 
 

a) Improve the back end: 
The data is currently stored in a MySQL database. With over four million 
publications and eight million authors, a MySQL database is not the perfect 



Technical	
  Report	
   	
   	
   	
   	
   Trust	
  Based	
  Recommendation	
  System-­‐NASA	
  

	
  

16	
  

choice for the system. As the application scales, the back-end has to be 
improved. We suggest a high performance database such as HANA, a 
NoSQL database such as mongo dB or an inverted index. While inserting 
new records into a database would be easier than an index re-creation, we 
believe that creating an inverted index would be the ideal choice for the 
backend. 

 

b) Provision to track the citations: 
Citation count plays an import role in deciding the relevance of the paper 
and in trust calculation. A provision to track citations and update them 
accordingly would be essential to show accurate information 

 
c) Creating user profile 

The system currently does not have a provision to create a user profile. 
This brings in additional validations, as we need to ensure that the 
information entered by the user is correct. 

 
d) Improve trust score calculation 

The trust score takes into consideration the number of publications, 
citations and coauthorship information. Different weights have been 
modeled according to the different times when the papers were published. 
While considering co-Authorship, we could consider different factors as the 
possibility of a mentorship and assign weights accordingly. For e.g., a PhD 
student working under a reputed professor many have published 10 papers 
with him/her. But that should not make him a more trusted co-author 
compared to another professor who might have co-authored just 6-7 
papers with him. Another interesting factor to be considered would be to 
integrate LinkedIn profile information. Since LinkedIn is one of the largest 
professional networks, it could give a fair amount of information about a 
person’s social acceptance. 

 
e) Pagination 

Currently we have options to limit the results by a number, which the user 
can select from a drop down. It would be nice to have a feature to show the 
next n relevant publications/authors 
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Appendix:	
  
The	
  following	
  documents	
  have	
  been	
  submitted	
  along	
  with	
  this	
  technical	
  report	
  
1) Readme	
  file:	
  that	
  briefly	
  describes	
  the	
  purpose	
  of	
  the	
  project	
  
2) Code	
  
3) Access	
  information:	
  URL,	
  user	
  name/password	
  
4) Download	
  and	
  installation	
  documents	
  with	
  step-­‐wise	
  descriptions	
  
5) Executive	
  summary	
  
6) Background	
  and	
  motivation	
  
7) Assumptions	
  and	
  considerations	
  
8) Design	
  documents	
  (architectural	
  design	
  documents	
  and	
  various	
  diagrams	
  e.g.,	
  

UML	
  files)	
  
9) Discussions	
  
10) Presentations	
  (ppt	
  file)	
  
11) Tutorial:	
  step-­‐by-­‐step	
  usage	
  file	
  with	
  screen	
  shots	
  included	
  
12) Future	
  work:	
  to-­‐do	
  list	
  and	
  descriptions	
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Motivation 
●  R&D spending 

worldwide - $1.6 trillion, 
U.S. - $465 billion. 

 
●  Continuous contraction 

in budget through the 
past 50 years 

 
●  Necessitates efficient 

utilization of these 
funds. 

2 



Motivation 
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●  NASA faces the same 
constraints. Coupled with 
scientists working on 
disparate domains but 
overlapping problem sets. 

 
●  Need to accelerate research 

through collaboration. 
Accelerate collaboration by 
making it easy to identifying 
collaborators working on the 
same problems. 
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Project Background 

5 

●  NASA’s Earth Exchange 
(NEX) platform aims to 
provide a cloud-based 
platform as a service to 
accelerate big data analytics 
and scientific collaboration in 
Earth science. 

 
●  Possibility of extending to or 

integrating with subject 
domains 



Project Background 

6 

●  Collaboration between NASA and CMU-SV 
started 2 years back. 

 
●  Need of a system which recommends experts 

and collaborators based on domain and trust. 
 
●  Previous teams have worked on machine 

learning the trust score and trying to predict 
future collaborators. 

 
●  Need to make a working product prototype. 
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Existing products 
●  Many platforms exist for scientific collaboration 
 
●  Global resources and university databases 
 
●  Top ones are: 

o  ResearcherID 
o  ResearchGate 
o  PubMed   
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Existing products   
ResearcherID(Thomson Reuters) 
●  One of the best tool available 
●  Users are identified with ORCID( 

Open Researcher and Contributor ID)  
●  Four different search interfaces 
●  Option to map the geographical location 
●  Interactive map 

 
Commercial and Proprietary 
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Existing products   
ResearchGate: 
●  Helps researchers collaborate 
●  Can search for researchers, publications and publish papers 
●  Researchers need to  

create a profile and  
upload their works 

●  Stats about your paper  
 
Search is not intuitive 
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Existing products 

PubMed  
 
●  Simple search and comprehensive search 
●  PubMed for handheld devices 
●  Relatively older database 

 
 

No information for collaboration 
PubMed does not track citations 
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The GAP 
●  No good visualization 
●  No method to calculate  

trustworthiness 
●  Most of the products are  

discussion forums or  
networking sites 
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System Design - Quality Attributes 

14 

●  Accessibility 
○  Available via browser 
 

●  Usability 
○  Easy and intuitive to use 
 

●  Extensibility 
○  Flexible enough to integrate new modules 



System Design - Architecture 

15 

●  2-tiered architecture 
 
●  Ready for service-

based API 
 
●  Horizontally Scalable 
 
●  Maintainable 



System Design - Modeling 

16 

●  Relational dataset 
 
●  Data normalization to 

increase efficiency 
 
●  Convenient for new data 

source association such 
as online social data 
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ETL - I 

18 

●  Big Data 
○  Data size ~2GB, about 4.5M publications and nearly 

twice as many authors 
●  Load and insert into database 
○  Load all data into memory 
○  Iteratively send to database for insertion 
○  Straightforward and intuitive 

●  But, 
○  Very inefficient due to JVM and system memory size 
○  So, this inherited approach was abandoned 

 



ETL - II 

18 

●  Load DBLP and citations dataset 
○  Stream data source (XML) due to huge size 
○  Use of a custom parser due to file complexity 
○  More complex but robust and efficient approach 
 

●  Export to files instead of directly loading 
○  Iterative insertion is inefficient due to big data set 
○  Using csv files to bulk load is a lot faster 

 



Data Fetch 
 
●  MySQL database is used in the back end 
 
●  Prepared statement object is used for sending objects 

to the database 
○  prepared statements pre-compile SQLs 
 

●  Each SQL is put into different re-usable methods  
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Trust Score Calculation 
●  Trust score consists of two components: a knowledge 

factor and a social factor 
●  Knowledge factor is built upon publication records and 

knowledge reputation 
●  Three important deciding factors of the Knowledge 

factor:Publication Channel (C), Publication Time(T) and 
citation power 
Contribution of each these factors depend on the 
weights(         ) assigned  

20 



Trust Score Calculation cont. 
●  Social factor takes into coauthorship 
●  Coauthorship count and time scaled coauthorship and 

calculated 
●  Time scaled coauthorship weights depend on the time 

of coauthorship 
 
Final trust score = (CoauthorshipCount*TimeScaledCoauthorship)
+KnowledgeFactor 
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Web Application - Backend 
●  Play framework(Java) used to serve up the data to the frontend. 

 
●  Connects to the database of choice. MySQL is in use now but 

multiple databases can be used if needed. 
 
●  Wraps the data in business logic required to serve up the correct 

Nodes and Links(edges) of the graph being queried. 
 
●  Serves up data in json format in RESTful manner, making it 

feasible to run this as a stand alone web service. 
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Web Application - Frontend 
●  Play framework(Java) used to request and receive data from the 

backend. 
 
●  Uses a combination of Java and Scala to render the web pages. 

 
●  Extensive use of jQuery and Ajax to handle client side events and 

callbacks for more data. 
 
●  Uses D3.js to render the graphs and related animations. 
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Outline 
•  Motivation 
•  Introduction 
•  Related work 
•  System design 
•  System implementation 
•  Demo 
•  Experiments/analysis 
•  Conclusions and future work 
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Demo 
Below is the youtube link to a demo video 
We demonstrate a few main use cases of our application in 
the video  
 
https://www.youtube.com/watch?
v=qPMCTP_8eo8&feature=youtu.be 
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Outline 
•  Motivation 
•  Introduction 
•  Related work 
•  System design 
•  System implementation 
•  Demo 
•  Experiments/analysis 
•  Conclusions and future work 
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Experiment and Analysis 
●  Large Dataset- need to verify the accuracy of 

data(Verified the search result by querying for CMU 
professors and checking if all their publication is listed 
for a topic) 

 
●  Data is not complete- some attributes were missing 
 
●  Since framework is in place, we can import any useful 

dataset in future and leverage the framework. 
 27 



Challenges Faced and Steps Taken 
●  Loading DBLP dataset-exporting dblp into csv and then 

loading it 
●  Inefficient Trust calculation mechanism- improvised how 

the trust algorithm consumes data 
●  Good Visualization technique-experimented different 

methods 
●  Understanding the code base(no proper 

documentation)-spent more time 
●  Performance bottleneck-not our focus, but still we tried 

to add indexes, partitions in tables. 28 



Outline 
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•  Related work 
•  System design 
•  System implementation 
•  Demo 
•  Experiments/analysis 
•  Conclusions and future work 
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Conclusion and Future Work 
●  Final product has a reliable trust calculation technique. 
●  It has a robust ETL process in place for future data load 
●  Architecture of the project is strong enough for building 

new features on top of it and adding new scientific 
exploration dataset 

 
●  Use inverted index in the back end 
●  Provision to track citations  
●  Option to create user profile 
 30 
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Executive Summary 

 

The ‘Trust-Based Recommendation System’ is a web application that facilitates 

scientific collaboration. The project is based on the ongoing research on collaborative 

systems done in conjunction with NASA and led by Prof.Jia Zhang.  

 

The application allows users to search for publications and authors. The relation 

between different authors and the authors’ list of publications can be visualized. There 

is an option to view the trust score of each author in a particular field. The trust score is 

calculated based on the number of papers published by the author and coauthorship. 

The product has got a map-view which shows the geographic regions where most of the 

research happens in a particular field. 

 

The dataset used for the project is the dblp1  dataset. The data has been stored 

in a MySQL database and is fetched through prepared statements. The dataload is part 

of the ETL module which includes a custom made parser to parse the dblp xml and load 

the data into the tables. The application has been developed using the Play2 framework 

which consumes data in json format. The server sends the data in RESTful manner 

which makes it possible to separate the front end and back end and run it as a stand 

alone application. Play uses a combination of java and scala to render the web pages. 

D3.js has been used for the visualizations. Google earth API has been used for 

integrating map into the application. The trust score consists of two components: the 

knowledge factor and the social factor. The knowledge factor depends on publication 

channel, publication time and number of citations. The social factor depends on the 

coauthorship. The final trust score is a weighted sum of these factors. 

 

The project goal was to develop an open source product for scientific exploration. 

We had the opportunity to learn many new technologies during the course of the 

development. We see the potential to develop this product into a full fledged website 

that would benefit the research community. 

 

 

http://www.informatik.uni-trier.de/~ley/db/


1. http://www.informatik.uni-trier.de/~ley/db/ 

2. https://www.playframework.com/ 

 

 

Project Summary 

 

The ‘Trust-Based Recommendation System’ is a web application that facilitates 

scientific collaboration. The project is based on the ongoing research on collaborative 

systems done in conjunction with NASA and led by Prof.Jia Zhang.  

 

The application allows users to search for publications and authors. The relation 

between different authors and the authors’ list of publications can be visualized. There 

is an option to view the trust score of each author in a particular field. The trust score is 

calculated based on the number of papers published by the author and coauthorship. 

The product has got a map-view, which shows the geographic regions where most of 

the research happens in a particular field. We have used the dblp1 dataset for the 

project MySQL database to store the data. The application has been developed using 

Play2 framework. Play uses a combination of java and scala to render the web pages. 

D3.js has been used for the visualizations. Google earth API has been used for 

integrating map into the application. The trust score consists of two components: the 

knowledge factor and the social factor. The knowledge factor depends on publication 

channel, publication time and number of citations. The social factor depends on the 

coauthorship. The final trust score is a weighted sum of these factors. 

 

 The team members are, Mustafa Tasdemir, Jisha Vadake Muthiyil, Krutika 

Kamilla and Abhishek Mukhopadhyay. All four team members have software 

development background with more than two years’ of work experience and are 

pursuing masters in Information Technology. Mustafa, Jisha and Abhishek belong to the 

software management track and Krutika belong to the security track. Mustafa interned 

as a software engineer with Quixey last summer. Jisha worked with Adobe systems as 

a data operations intern. Krutika interned as a security analyst with Visa and Abhishek 

interned with Polaris Wireless.  

 

http://www.informatik.uni-trier.de/~ley/db/


Access Information & Credentials for Source and Applications 
 
The document describes how to access the source files of NASA Trust-Based 
Publication Network project and use it. It includes the credentials which are valid as of 
now. 
 

1. Source Code - GitHub 
 

The source code can be found here: 
https://github.com/cmusv-sc/Practicum2014-NASA.git 

 
Kindly contact Professor Jia Zhang( jia.zhang@sv.cmu.edu)  or  Chris Lee( 
chris.lee@west.cmu.edu)   in order to get access to the repository. 

 
 

2. Application 
 

The project consists of separate back-end and front-end applications running 
simultaneously on the Play framework. The only distinction between the two in 
term of accessibility is the port number defined when running each application. 
After you deploy any of the backend or frontend application, you can it access via 
the link: 

 
http://localhost:[port number]/ 

 
Neither the front-end nor back-end applications are password protected. To 
access the database, the password of the db server is required. Backend 
application has application.conf file under conf folder in which you can find the 
database user and password. Current settings are as in the following: 
user: root 
password: nasa 

 
3. ETL 

 
For ETL, dblp.xml file is needed since it contains all data source required. You 
can find it here: 

 http://dblp.uni-trier.de/xml/ 
You can run project named ‘etl’ to import data. Details are described in technical 
document. 
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Assumptions and Considerations 

 

While a conscious effort is made to make the solution as complete as 

possible, there are certain assumptions and considerations that have been 

made. The reasons for making such assumptions stem from various constraints 

such as time, resource availability and current technology. The following are the 

assumptions and considerations made and the future scope in which these can 

be removed. 

 

  

The primary source of data for the system is the DBLP dataset. It has 

been assumed that the data contained within it is valid and verified. However, 

while all the publications can thought of as valid publications, there exists 

ambiguity about authors with similar names and initials. The xml schema is such 

that there are optional attributes which are otherwise extremely important. This 

some entries to miss out on information which would be extremely useful to 

certain use cases. Unique Ids assigned to authors, institutions and publication 

channels would also have removed ambiguity and made the end result more 

complete. 

 

 

As pointed out in the previous case, with regards to missing attributes, 

there is a lack of overall data as well. The dataset worked with is assumed to be 

a complete list of all publications in computer science. While it is very significant 

but misses out on many publication channels due to unavailability of data from a 

few important publication channels like ACM. This normally would be a minor 

problem, however, as the trust score is being calculated, missing data could 

affect this final output. 

 

 



Background and Motivation 

 

Studies show that, per year $1.6 trillion is being spent on Research and 

development worldwide out of which U.S. alone spends $465 billion. There has been a 

continuous contraction in budget through the past 50 years. This necessitates efficient 

utilization of these funds so that it will benefit humanity to the maximum possible extent.  

 

NASA, which is the one of the most important government agencies that fund 

research and development in the US face the same constraints. This is coupled with 

scientists working on disparate domains but overlapping problem sets. A lot of 

redundant research working is happening which can only be avoided if there is a proper 

platform which helps people find what are the publications in a particular field and who 

are the experts in that field. There is a need to accelerate research through 

collaboration. Accelerating collaboration by making it easy to identify collaborators 

working on the same problems is important. NASA’s Earth Exchange (NEX) platform 

aims to provide a cloud-based platform as a service to accelerate big data analytics and 

scientific collaboration in Earth science. There is a possibility of extending to or 

integrating with subject domains too in future. 

 

Collaboration between NASA and CMU-SV started 2 years back in order to come 

up with a trust based recommendation engine that would facilitate scientific 

collaboration. There was a need to develop a system, which recommends experts and 

collaborators based on domain and trust. The previous teams who worked on the trust  

based system developed an algorithm to calculate trust based on knowledge reputation 

and other social factors. Our focus was to develop a prototype which productized the 

large amount of research work that had been done in this field. Our aim was to develop 

a product that would help find existing research in a particular field, find the experts in 

that field, figure out of these experts who can act as collaborators  and perform all of 

these tasks leveraging the user’s trust. From the very beginning of development, our 

prime focus was  accessibility and usability of the product 

 

 



Design Document 

 

This document explains the design decisions that were made throughout 

the development process. We touch on a few algorithms and decisions that were 

made by the previous research teams that affect our product directly.  

 

Quality Attributes 

 

Most of the design decisions are influenced by the quality attributes that 

the system should possess at any time during the development. We address 

these attributes according to the overall requirements of the client. We have 

listed the quality attributes that were given prime focus according to our 

sponsor’s requirements. 

 

1. Accessibility 

The previous teams working on the trust based recommendation system 

had a research focus. The prototypes they built were not accessible to the 

intended audience which in turn resulted in lack of proper feedback. Therefore, 

one of our main focuses was to make the system accessible via modern 

browsers at all times. This way, the product could be accessed by any user and 

we could integrate continuous feedback into our system  

 

2. Usability 
When we achieve the accessibility, the next biggest concern will be how 

usable the system is. Usability has got two main aspects; the ease of usage and 

the performance of the system. Our focus was to improve user experience by it 

was a natural choice to use a graphical user interface. 

 

3. Extensibility  

The systems provides users with information about publications and 

researchers in a particular field. It also calculates a trust score based on 



knowledge and social factors. To calculate the most accurate trust score and to 

porvide users with the most accurate information about the research happening 

in any field, it is important to be able to extend the system to add varied data 

sources. The whole product has been developed in such a way that multiple data 

sources can be integrated into the system at any point of time.  

 

System Architecture 

 

Dynamic View 

 

 Since the system focuses on consuming big data and constructing 

meaningful representations out of it, dynamic flow of the data becomes an 

important aspect of the architecture. The following schema diagram shows this 

flow as well as the underlying physical devices that are required for deployment. 

 

 



Figure 1: Dynamic View of the System 

 

 

As seen in Figure 1, the overall system follows a  two-tiered architecture 

for better maintainability.  The back-end tier consists of the processed data to be 

consumed and the trust modeling application based on that data. The front-end 

tier consists of the web application to be served to the users. As shown in the 

figure, the number of servers can be extended according to performance 

requirements and scale. This will require some load balancer servers to distribute 

the request load to the servers in a reasonable way.  

 

As mentioned above, the two-tier architecture let us enhance modularity of 

the whole system. The data is served as JSON and the front-end tier applications 

consume them via service calls. Therefore, the back end system is completely 

independant of the front-end system and can be used to serve another 

application in need of a similar back-end engine 

Play framework has been used for both the back-end and front-end 

applications. Play is built on top of the asynchronous framework, Netty. Play is an 

open source framework developed in Java and Scala. The static nature of the 

back-end and front-end tiers improves the efficiency of the overall system. 

Another motivation to use the same framework for back-end and front end was 

the ability to share the models that we have used for data representations  

 

Static View 

 

 Static view refers to models and objects defined for the system. Since the 

publication network includes different types of publications, we have come up 

with a hierarchical structure to represent the data in an efficient and easily 

maintainable way.  The schema diagram below shows the hierarchical structure 

and relation between all the tables. 

 



  

Figure 2: Database Models Schema 

 

 

How Attributes are Met 

 

 The previous team who worked on this project had developed a desktop-

based offline application that was not accessible to the client. Therefore, the 

solution of a web-based application will fulfill the accessibility requirement as 

suggested in previous sections. The web-based application that provides 



graphical helps achieve the goal of better usability. Multi-tiered architecture as 

well as normalized data modeling makes the system easily extensible.  



Discussions & Hints 

 

This document provides overall discussions made within the team in order to 

make design decisions and choose technologies to be used in the project. The project 

involves big data operations, web application development and data visualization 

techniques. Also, the requirements include accessibility and usability. Therefore, all the 

decisions are to be made carefully in order to provide a maintainable system.  

 

The first major discussion was about the choice of database.We had done 

extensive research on using any indexing services such as lucene to serve the back-

end. Since the data was highly structured, we decided to use a SQL database. We 

chose MySQL as the database. Though MySQL database do not have any restrictions 

on the amount of data it can handle, we ran into some serious performance issues 

during the development period. Several optimizations techniques were employed. Since 

scalability was not the primary focus of this project, we did not invest a lot of time in 

performance improvement. We suggest the next team to focus on improving the back 

end which would significantly improve the overall quality of the system 

 

The second major focus was to chose the technology for visualizations. We 

started development using JUNG framework. JUNG was already being used in the 

project and could be integrated easily with java. However, we realized that applets were 

needed to support JUNG for an accessible system. Because, applets are not a good 

choice for a usable system especially when it is about massive visualization. After 

consulting and confirming with our advisor, we came up with D3 javascript library to 

render our diagrams on the UI.  

 

The last but not least major discussion was about the framework that we need for 

the application. We had chosen JSF initially in order to utilize applets in the system. 

However, after additional research and help from our advisor (also thanks to Hao, her 

PhD student), we decided to use the Play framework. Data can be served in a RESTful 

manner to the application. This let us isolate the frontend application from the backend.  



Download and Installation Steps 

 

1. Download Play framework- https://www.playframework.com/download  and activator 

unix executable file and activator-launch-1.2.10.jar 

2. Paste activator unix executable file and activator-launch-1.2.10.jar in /usr/local/bin folder 

3. Clone the project from git and run “activator eclipse”. 

4. Run the existing project from its directory by going to command prompt: 

“activator run 9009” where 9009 is the port number the application is running at. 

 

https://www.playframework.com/download


Tutorial: step-by-step 

 

A. ETL(Data Load steps): 

1. Navigate to “etl” project under the main folder of the source files 

2. Make sure that you have ‘a folder named “csv” under project “etl” and have 

“citations.txt” file in it. 

3. Specify your path to dblp.xml in Main class of the project 

4. Run the project (or Main class) 

5. You will have csv files generated under csv folder 

6. Use “init_db_final.sql” under dbscripts folder under the main folder and run it in 

MySql. This script will initialize the database and tables. 

7. Use “load_all_data_and_index.sql” script to load the csv files into MySql. Beware 

that you need to change the paths specified in this script as they are in your 

system. 

8. The ETL process should finish in under 10 minutes in total. 

 

 

B. Running Nasa/backend: 

1. Open the command prompt and enter the following commands: 

  > activator eclipse 

  > activator “run 9010” where 9010 is the port number 

 

 

C. Running Nasa/frontend: 

1. Open the command prompt and enter the following commands: 

  > activator eclipse 

  > activator “run 9009” where 9009 is the port number 

 

 

D. Using the Web application: 

1. Open the web application at http://einstein.sv.cmu.edu:9005  

  You should see the screen as shown below. Click on “Collaboration Network” 

button which will navigate to the next page. 

http://einstein.sv.cmu.edu:9005/


 
2. Clicking on “Collaboration Network” will navigate to page below. 

 
 

3. Clicking on “Search Panel” tab will show all the search options available as shown 

below. User can search either based on topic or author. If topic is selected, then the   

user has options  to enter either single topic/multiple topics separated by comma. User can also 

sort by either publication count/ citation count for a topic. To see only the top 10/30/50/100 



authors in that particular topic, the user has a Limit to option too.

 
4. After selecting all these options graphs are generated- for “author-author” network and 

“author-publication” network.(Both the graphs are generated and rendered as and when 

the user clicks on author-author/author-publication network).  

 



5. Even after the author network is generated still loading image is visible as author-

publication network is being generated in the background but the user can interact with 

generated network.  

 
 

6. User can interact with the graph using mouse as follows- 

a. Hovering on the nodes, will display all the coauthors of that particular author 

towards the right in a tabular format as shown below.

 



b. On clicking on the node itself, author’s own publications are displayed below the 

graph as shown below.

 
c. User can see where the graph is dense as it is zoomed out and then he can 

zoom-in to particular sections of the graph by mouse wheeling. The user can 

even drag and drop the graph to move the graph and look at other sections of the 

graph when zoomed-in 

 



d. User can search for a particular author name in the graph too by entering the 

name of the author or just initials in the graph node textbox and the nodes in the 

graph containing those letters in the name of the author node will be highlighted 

as shown below(all nodes with “ai” in the name are highlighted as orange in the 

graph). 

 
e. The other kind of network is displayed by clicking on “Author and Publication 

network” on top  and the author nodes are dark blue in color while the publication 

network is light blue in color. User can interact with the graph in the similar way 

as author-author graph. Similarly the table on the right side displays details about 

the authors who have coauthored that particular publication on hovering on a 

publication node.(first figure below shows the author node and the second figure 

below shows a publication node) 

 



  

 
 

 



 
 

7. User can search for multiple topics too as shown below(eg. mobile,big data below).

 



8. User can see the trust scores of different authors on a particular topic search by clicking 

on the checkbox which says “Add trust score”. This score depends on the author’s 

publications and his coauthors. 

 
9. User can search for a particular author to see his network of coauthors by selecting 

author search option. This also gives the similar kind of sort and limit options.

 



10. Below graph shows Jamie Callan’s publications and his coauthors.

 



11. User can also check author-publication graph of a given author by clicking on “Author 

and Publication Network” button on top of the graph. 

 
 

12. Clicking on the “Map View” button takes you to the following page.  

 



This search is for schools that produce most number of PhD thesis in the world on a particular 

topic. on searching for “machine learning” the following schools are highlighted. 
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