Introduction
What is BOSS?
BOSS is SMU’s Bidding Online SyStem for the registration of courses. BOSS is intended to
empower students with the choice of selecting the courses they wish to enroll for in any one term.
The choice, however, is not necessary an easy one. Students are given 100 e-dollars (e$) at the start
of each term. Based on the limited e$, students will have to make their choice carefully, considering
the demand and supply of the courses as well as their overall academic student plan. Except for
freshmen, who would have some courses pre-assigned to them, majority of the SMU students are
required to plan and bid for their courses before the commencement of each semester.

Problem
Bidding for modules has always been a bane and a hassle for students from the time they step into
university as freshmen till their last years as seniors. When bidding open every semester, students
are usually caught in a frenzy trying to analyze the tremendous amount of data presented to them in
table form in the Boss Bidding System. They struggle to make sense (if any) out of bidding patterns
buried deep in layers and layers of historical data.

Motivation
As students, deciding how much e$ to bid for a particular module depend largely on the professor
teaching the modules, its timetable, the previous bidding numbers, its vacancy as well as a variety of
other factors. This process of making sense out of all the historical records is often an intimidating
and stressful experience for students.
We want to help students to visualize the large and often confusing data into simple and easy to
understand components. We hope to build an interactive tool that allows users to interact with the
data and explore the intermingling relationship between majors, modules, professors and sections.
In this way, students could discover critical insights or trends and make informed decision when
placing a bid.

Installation Method #1: 2-Click Setup
Important Note: This method would require you to shutdown all currently opened
and running Tomcat Servers on your local machine, in order to use the Tomcat
Server that we had packaged in our .zip file.
Step #1: Unzip TeamBOSS - BOSS Visualizer.zip and launch “@Step1 – Click to
start Server.bat” bat file.

Your tomcat server should be started.

Note: If double clicking doesn’t start the Tomcat Server, navigate to “TeamBOSS BOSS Visualizer\apache-tomcat-7.0.47\bin”,and launch “startup.bat”.
Step #2: Click on “@Step2 – Click to Open BossVisualizer.html” file.

BOSSVisualizer should be loaded on your default Web Browser.

Installation Method #2: Importing Into your Own Tomcat Server
Important Note: This method assumes you are using your own Tomcat Server and
would require you to import our .war file into your Tomcat Server.
Step #1: Unzip TeamBOSS - BOSS Visualizer.zip and copy BossVisualizer.war file.

Step #2: Navigate to your	
   Tomcat’s “webapps” folder (e.g. apache-tomcat-

7.0.47\webapps) and paste the BossVisualizer.war file in it.

Step #3: Start the Tomcat server by navigating to your Tomcat’s “bin” folder (e.g.
C:\apache-tomcat-7.0.47\bin), and click on “startup.bat”.

Your tomcat server should be started.

Step #4: Launch your web browser with the following URL:
http://localhost:8080/BossVisualizer/.
Note: Your tomcat port number may differ from the above mentioned.

Design Framework
Interface
BossVisualizer is built with the intention to provide the viewer with a view of data that is easily
understandable and easily comparable. We chose to use d3’s stock circle packing layout as a base
template on which to construct our visualization. It is designed with the principle of: overview, zoom
and filter, details on demand1, as described by Shneiderman.
Apart from the top navigation bar, the visualization fills up the rest of the screen space. The legend
box to the left of the visualization shows the two comparison variables that describes the circle
packing. With mouse over the circular elements, a tooltip appears informing the viewer of key
information related to the contents within.
There are four modes of navigation within the visualization. The user can click on the actual circular
element to zoom into its content. This brings the user one level deeper into the data hierarchy and
exposes the contents within. The user can also zoom out by clicking on any area in the parent node
to bring the user out to that level in the hierarchy. The user can click across circular nodes within his
view to shift the view to that element. Lastly, once the reaches the lowest level of the hierarchy, the
user can click into the node to immediately zoom out the first level.
In addition, users are presented with a module to simply upload the current term’s BOSS bidding
result, simulate a confidence level by entering a bid amount and to automatically optimize bid
amounts and placement.

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1
B. Shneiderman. The eyes have it: A task by data
type taxonomy for information visualizations. IEEE
Conference on Visual Languages (VL’96), pages
336–343, 1996.	
  

Circle Packing Layout

Despite not as space efficient as a treemap, we decided to use circle packing as it can better
represent the complex hierarchy of the data. The base template of the layout consisted of a simple
circle packing that displayed all the data in the pack. However, displaying all the data in a single view
makes it too cluttered and too detailed for the user. Firstly, the long names of the nodes would
overlap each other making it unreadable. Secondly, the colour scale spread across that many
elements would not be useful for the user as the shades would be difficult to compare, especially if
nodes skewed the scale by being unusually high.
BossVisualizer declutters the information by segmenting the hierarchy levels of the data and allows
the user to view only the data that is relevant at that level. The application aggregates the information
from the contents deeper within the hierarchy and determines the circle size and colour intensity
based on its average. Once the user clicks on a node of interest, the view zooms into the node and
exposes all of the data within in a similar circle pack layout. Also, doing so would cause the
application to recalculate the colour scale to that particular view level to allow for easier colour
comparisons. The decision to recalculate the colour scale according to the hierarchy level rather
than from the data as a whole meant that it would be more difficult for users to compare the colours
of different modules across different schools. However, we deemed that students are unlikely to
make such comparisons of modules from different schools and the improvement in usability vastly
outweighed this little inconvenience.

	
  

Top Navigation Bar

The top navigation provides easy access to the applications main features including a dedicated
search feature used to zoom in immediately to specific elements as well as enables access to
different BOSS bidding periods and the cart feature. Selecting the term selector opens up a
dropdown that guides the user into selecting the round and corresponding bidding window.

	
  
Information Card
Clicking on the deepest level of the hierarchy opens a details information tab
on the right side of the screen. This feature shows you immediately the
maximum, median and minimum bid of the module. On top of that, users
will be able to key in a number of choice to simulate how confident the bid
may be if that particular bid was placed. We decided to display the
information using a bullet graph to allow the user to quickly see where his
bid stands in the historical records.

Bid Optimizer

Our bid optimizer automatically optimizes bidding amounts for the user. Users can go to each
individual module and click the ‘Add to Cart’ button. After selecting the modules they desire, they
simply click on the ‘View Car’ button on the top navigation bar to bring them to the bid optimizer
page.
In here, users can drag and drop to arrange the modules in order of importance based on personal
preference. He may also check the checkbox of the module to indicate that a module may be
expendable in the case of the budget being exceeded. Lastly, the user can specify a bidding budget
constraint to the optimizer in the textbox. Each time any changes are made and the user enters the
bidding budget, a pie chart showing the various breakdowns of the bidding amount changes
dynamically to represent the bidding amounts.

	
  
Step-By-Step User Guide
Getting Started
BossVisualizer comprises of 3 main functional modules namely: Bidding Visualisation Module,
Statistical Module and Bid Optimizer Module.

1. Bidding Visualisation Module
User can load different historical
data based on bidding rounds
and windows

User can view the modules that
have been added to shopping
cart

Allow user to search for a module or
professor directly and zoom into that
particular node

Hover over the nodes to find out more
information on a particular node

Explain what color and size
represents in the visualization

Click onto each node to find out
more details of the children nodes

The Bidding Visualisation Module has 5 levels altogether – SMU, Major, Module, Professor, Section.
The user can click on a particular node and the view will zooms into the node and exposes all of the
data within it. At the Section level, the Information Card will be displayed on the right to show more
information about the section

2. Statistical Module
The Statistical Module is only made available in the ‘Current Term’ visualisation as it is used for
calculating the likelihood of securing a module. The user will first need to load the appropriate
dataset for the current term visualisation
Step 1: Click on “Select Term” on the top navigational bar and then, click on “Current Term”
Step 2: For the “Past Term’s Bid Results” section, upload “2013-14-Term1.xls” provided in the

root folder that you had unzipped earlier during the installation process
Step 3: For the “Current Term’s Modules” section, upload “2013-14-Term2.xls” provided in the

root folder that you had unzipped earlier during the installation process
Step 4: Once you have loaded both excel files, click on “Upload File”, and give it approximately 10
seconds for BOSSVisualizer to dynamically compare & calculate the bid results
Step 5: Once the new visualization had been loaded, navigate into a specific class/section to
display more bid details. For example, click on “SIS > IS102 > Michelle Cheong > G22”
Step 6: Enter your ideal bid amount on the new dialog box on the right, and click on “Find
Confidence!” to visually display the confidence level of your bid amount on the Bullet Chart
Step 7: Click on “Add to Cart” to add the current module into your Shopping Cart for our Bid
Optimization Module

Information on the module such as Module
Description, Maximum Bid, Median Bid,
Minimum Bid

Add the current module to user’s
Shopping Cart
Click on ‘Find Confidence’ to calculate the
confidence level of a particular bid
Bullet Chart to visual confidence level at
different bid amount

3. Bid Optimizer Module
Similarly, the Bid Optimizer Module is made available in the ‘Current Term’ visualisation as it is used
for optimizing individual bid amount given a maximum bidding budget.
Step 1: Select a module and click ‘Add to Cart’ button (Repeat for a few more modules)
Step 2: Click ‘View Cart’ to launch the Bid Optimizer Module
Step 3: Rearrange the ranking of the modules based on your preference
Step 4: Check the checkbox if the module is a backup module
Step 5: Enter a bid amount in the ‘Your Bid Budget’ text field
Step 6: Click ‘Enter’ to run the Bid Optimizer Module

Display the breakdown of the
optimized bidding by the Bid
Optimizer Module
Rearrange the module based on
your ranking preferences
Display information such as the
professor, projected bid amount
etc.
Enter your maximum bidding
budget for the semester

Demonstration
Test Case 1: Find out historical bidding prices
Suppose a user wants to find out the bidding prices of different professor teaching IS103, Computer
as an Analysis Tool. He will need to click on the node with the text labelled SIS > IS103

The user can click on the individual professor to find out the bidding prices for each section. An
Information Card will appear at the side to show more details on the section selected. These details
include maximum bid, median bid, minimum bid and some information about the professor. The
Information Cards are sticky and this allows the user to compare the prices of different sections.
User can click on ‘Close All’ to close all the Information Cards in the visualisation.

Test Case 2: Bid for modules
Suppose a user wants to plan and bid some modules for the upcoming semester, he will first need
to upload the .zip file containing the module information of the upcoming semester.

Given that Professor Michelle Cheong is offering 3 IS103 classes in the previous semester and 4
IS103 classes in the upcoming semester, the average median bid will decrease given demand
remains constant.

Suppose the user wants to do 4 modules this upcoming semester:
•

IS103 – Computer as Analysis Tool

•

IS303 – Architectural Analysis

•

IDIS001- Analytical Skills

•

STAT101 – Introductory Statistics

He will need to click on the ‘Add to Cart’ button on each of the individual modal box. After which, he
can check out his cart by clicking ‘View Cart’ button on the navigation bar.

The user can drag and drop to rearrange the modules based on his preference and check on the
corresponding checkbox if he plans to keep a particular module as a backup. After which, he can
set a maximum bidding budget and press ‘Enter’ to optimize the bid. A pie chart will be display to
show on the bidding budget is allocated.

Challenges
Data Preparation
One of the main challenges for us was in sourcing the data and translating it into a way that can be
easily processed by the application. Initially when we first started out with the project, the BOSS
Bidding system disabled the download function that allows users to download an excel copy of the
data. To improvise, we had to manually code a script that would automatically scrape the data off
the html in the pages. Once we had obtained the entire HTML lines of code containing the data, we
had to remove the coding tags and arrange the data into a structured format. Once this was done, a
csv with clean data would be generated.
However, this csv would not contain the hierarchical data structure. We had to write a new script to
programmatically convert this csv into a json format that can represent this hierarchical structure.
Programmatically converting the csv into our custom json format proved to be the most challenging
for us in terms of data translation.

Optimization Algorithm
As we dwelved deeper into creating the visualization, we wanted to give the user more than just a
visual representation of the data. We wanted users to be able to manage their bidding constraints
and their bidding modules. We had to devise our own algorithm to optimizer the bidding amounts
and bidding placement using the Analytical Hierarchical Process (AHP) as a baseline. This involved a
lot of research and computational thinking and it did take us a fair bit of time before we were able to
come up with a working prototype.

Technical Challenge
Despite using a stock template provided by D3 itself, our visualization involved heavy customization
to transform it into our final product. As our team had no initial experience with d3.js, it took us some
time to get understand how d3 worked. What was even more challenging for us was to not only
understand how it worked, but to make d3 work for us. There were many trials and errors involved
on various codes that are not seen in the final product.

Evaluation and Discussion
Feedbacks
On 15 November, our group demonstrated BossVisualizer at the Townhall presentation along SMU
concourse. The project is very well received and garnered the attention of many who attended the
presentation showcase. We have received numerous positive feedbacks from the public and also
interesting suggestions that can further enhance our visualisation.
Here are some feedbacks given by our guests at the booth:
“The visualisation is very professionally done. The team did an excellent job in presenting the data
and the SMU students would definitely benefit from the visualisation. Although at a commercial
level, the backend can improved with time, the current implementation shows a very promising
prototype.” – Lee Changjin, Product Director of iApps
“This is definitely one of the most interesting projects. The project is visually engaging and the idea is
interesting. Though there are still areas for improvements, the team has done an excellent job and
went beyond just doing visualisation“ – Kevin Steppe, Professor
“This entire project is amazing! It helps me to optimize bids based on my preference and analyzes
my chances of securing a module based on a bid price. I no longer need to torture myself and stare
at the raw table in the current BOSS System. IITS should definitely deploy this project. In fact, I am
willing to pay to use this service! “ – Deborah Chiu, Student

Pros
•
•
•
•

Visualisation helps to represents important hierarchical information
Clear bird eye of view of the entire bidding pattern
Friendly interface which is relatively easy to use
Search engine is particularly useful in finding a specific module or professor

Cons
•
•
•
•

Line graph that is used to represent confidence level in the statistical module is misleading
Unable to find out how the timing of a module affects the bidding prices
Legend did not explain what an empty white circle represents in the visualisation
Some users experienced difficulties in navigating the visualisation when they are zoomed into a
particular level.

Improvement – Bullet Chart
Since the line graph in the statistical module is misleading, our group have decided to consult Prof

Kam on how to better represent the information in our visualisation. After much discussion, we
realized that a bullet chart would be more appropriate in the representation of information. The bullet
chart is elegant and able to feature a context of qualitative range of bid amount, such as the
minimum bid, median bid and maximum bid. The bar in the middle will represent the user bid
amount and a scale will be placed at the median bid for comparative measures. If the bar exceeds
the scale, it explains that the user have a higher likelihood to secure the module at the given bid
price.

Future Work
Real-Time Data
The application currently uses historical bids that are generated by the BOSS Bidding system each
time a bidding window closes. In the future, the application can be integrated directly with the Boss
Bidding Database to provide updated real time representation of the boss bidding data. This would
also allow users to skip the step of manually uploading BOSS Bidding spreadsheets to our system.
Course administrators could use this to give faster insights into the bidding behaviour of students
and perhaps be able to take quicker responses toward them.

Individual Analytical Hierarchical Process
The application currently takes an average AHP score of 15 survey participants. In the future the
application could be further extended to allow the users themselves to take the AHP survey before
performing the bid optimization calculation. This would allow for more accurate bid optimization
algorithms that would normally defer on a person-by-person basis.

Time Element
Currently the application does not take into consideration the time factor of the bidding. As time is
an interesting component to explore that give additional insights into the bidding pattern of students,
the application could incorporate the time element and possibly the represent them in a time series.

Conclusion
Given time, the features in our application can be polished and extended to make our visualization
more accurate and accessible to users. The team managed to assemble a working prototype in the
short amount of time presented to us and with the valuable feedback provided by the potential users
and through the townhall presentation.
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