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Version 
CalMap 

Design and Planning Document 

02/21/07, Version 1.2 

Document Revision History 
¶ Rev. 1.2 2007-03-14 ς Updated revision 

¶ Rev. 1.0 2007-02-21 - First final revision  

¶ Rev. 0.5 2007-02-20 - Final structure complete, needs filling in  

¶ Rev. 0.1 2007-02-10 - Outline is present, nothing is done  

System Architecture 

Overview 
The CalMap project is an attempt to build a web application that can generate optimal routes between 

campus buildings at the University of California, taking in user preferences into consideration and 

providing accurate as well as insightful results. The application will interface with the Google Maps API 

to produce a satellite image as well as a marked route on that map. We will include many extra features 

along with the basic functionality, including the ability to choose preferences such as 'bicycle only' or 'no 

stairs' for the routes generated.  

All internal logic will be handled on the server side while the user will access the CalMap interface using 

a web browser in an asynchronous fashion. User actions will be delivered to an Apache web server 

hosted by the OCF, where the functional components (modules, objects) reside. Because all CalMap 

functionality occurs on one webpage and because stored user settings and authentication are 

nonexistent, there is no need for a database or any other kind of data retention system. 

About The Google Maps API 
In our application, we will be utilizing the Google Maps API to handle the drawing of the map, providing 

satellite imagery of the campus, as well as plotting the routes we generate.  

The Google Maps API lets developŜǊǎ ƳŀǇ ŀƴȅ ƭƻŎŀǘƛƻƴ ƻƴ 9ŀǊǘƘΣ ǳǎƛƴƎ ΨDŜƻŎƻŘŜǎΩΦ ²Ŝ ǿƛƭƭ ōŜ ǎŀǾƛƴƎ ǘƘŜ 

Geocodes for many locations on campus (and referencing through 'Node' objects) and using them with 

the Google Maps API in order to draw lines between these points. The Google Maps API can be found 

here:  

http://www.google.com/apis/maps 

About The Google Web Toolkit 
We have decided to use the Google Web Toolkit to aid us in building our application. The Google Web 

Toolkit is a framework developed by Google that allows web application developers to write their 



4  

 

ƛƴǘŜǊŦŀŎŜ ŜƭŜƳŜƴǘǎ ƛƴ WŀǾŀ ŎƻŘŜ ŀǎ ƛŦ ŀ ǳǎŜǊΩǎ ǿŜō ōǊƻǿǎŜǊ ǿŀǎ ŀ WŀǾŀ {ǿƛƴƎ ǇŀƭŜǘǘŜΦ ¢ƘŜ ¢ƻƻƭƪƛǘ ƛƴŎƭǳŘŜǎ 

a Java-to-JavaScript compiler which turns Swing-like elements into pure HTML and JavaScript objects on 

a web page, and generates all the extra JavaScript needed to run the application defined in the Java 

code.  

We chose the Google Web Toolkit due to its ability to shield us from the actual JavaScript code needed 

to make an AJAX-enabled application. We feel that due to the complexity of our planned project, we 

needed to think on a higher level and not be bogged down with the nuances of JavaScript and the 

tedium and difficulty involved in debugging it. Few of our group members are particularly experienced 

with web design or JavaScript, so we felt it would be easier to develop this project on a common ground 

that we were all familiar with already. In addition, the Google Web Toolkit integrates with JUnit for 

testing purposes (described later) as well as lets us debug our application while the code is still in Java.  

The Google Web Toolkit can be found here:  

http://code.google.com/webtoolkit/  

Knowing that we will be writing the vast majority of the code for this project in Java, we have laid out 

our design with typical Java object-oriented features in mind.  

A Note on External Resources 
There was an initial belief that there was no existing map application that could generate optimal paths 

between campus buildings. However, since the writing of the Specifications and Requirements 

document, we have found a developer named Jerjou who is working on bringing a Google Maps mash 

up to his course scheduler application. The application can be found here:  

http://www.ocf.berkeley.edu/~jerjou/schedule2/  

The mapping functionality that he has implemented satisfies one of the basic requirements detailed in 

the Specifications document of this project; namely, it can plot the optimal path between two campus 

buildings on a satellite image based on the Google Maps API. There are currently no options to add 

stopovers or customize the preferences of each route segment, but the routes suggested are optimized 

by a basic algorithm.  

We have communicated to Jerjou and Professor Bodik that we would be interested in reusing 

components of his application, with the pƻǎǎƛōƛƭƛǘȅ ƻŦ ōŀŎƪ ǇƻǊǘƛƴƎ ƛǘ ǘƻ WŜǊƧƻǳΩǎ {ŎƘŜŘǳƭŜǊ ǘƻ ŜƴƘŀƴŎŜ 

the functionality of his project. Ideally, the application we build will be modular enough that it can be 

included in any third-party application.  

Jerjou has released the code for the mapping component of his Scheduler to us, and we have studied it 

to see which portions we may be interested in incorporating into our application. We are most 

interested in the graph (nodes and edges) data that he has recorded based on the Berkeley campus; we 

have been told that it is quite tedious to build a graph with so many nodes and possible edges, and we 

feel that extending his existing data set to include attributes such as slope will help us jump-start the 

prototyping process. Besides simply extending his data set, we will also need to do field work on our 
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own and add many more nodes to his graph in order to provide more accurate routes, suggest shortcuts, 

and accommodate features such as marking cafés. The additional data may require that we change the 

format of how it is stored; currently, it is simply stored as two newline delimited text files (GNODES and 

GEDGES). As for the algorithm, we feel that our application will need to incorporate so many more 

factors into each route optimization that we should write our own standalone module instead of 

ŜȄǘŜƴŘƛƴƎ WŜǊƧƻǳΩǎ ŜȄƛǎǘƛƴƎ WŀǾŀ{ŎǊƛǇǘΦ ²Ŝ ǿƛƭƭΣ ƘƻǿŜǾŜǊΣ ōŜ ǎǘǳŘȅƛƴƎ Ƙƛǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀǎ ŀ ōŀǎƛǎ ŦƻǊ 

our algorithm, as well as using it as a guide to plotting the routes with the Google Maps API. 

Data Files 
Besides the text data files GNODES and GEDGES, we will store some of our own data files that will 

record information specific to our implementation. As mentioned, additional data such as slope 

information will require a new type of data file with new information. We plan to access such 

information through the following resource:  

http://www.usatf.org/routes/map/  

As of the current revision of this specification, we plan to simply measure the elevation level of each 

Node and incorporate that data into GNODES. We will also incorporate the xy-coordinate data into 

GNODES and the slope, distance, Booleans, and ratings data for each edge into GEDGES. 

In addition to this data, we wish to store information relating to our Location objects (see Class Diagram 

and details later). Locations are collections of Nodes, and we would like to store the records of which 

Nodes belong to which Locations via a new data file, named LOCATIONS. This data file would also be 

useful when populating autocompleting fields (see the InputPanel class).  

Finally, we will parse our GNODES and GEDGES files to make files that list the nodes (surrNodes) and 

edges (surrEdges) that surround each node. This will be done using separate C++ scripts that we write. 

We will then parse the surrNodes and surrEdges files, using them to populate each of the Node objects. 
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System Architecture Overview 

 

In the above diagram, the User Interface, Google Web Toolkit, and Google Maps API layers are clearly 

marked. Ovals represent classes in our object-oriented design. Arrows represent data transfer, 

dependencies, and inheritances between classes. The following is a brief description of each of the 

classes:  
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¶ InputPanel: ŀ ǎǳōŎƭŀǎǎ ƻŦ WŀǾŀ {ǿƛƴƎΩǎ WtŀƴŜƭ Ŏƭŀǎǎ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǘŜȄǘōƻȄ ŦƻǊ ǳǎŜǊ ƛƴǇǳǘ ƻŦ 

locations  

¶ OptionsPanel: a JPanel subclass representing the Advanced Options pop-up box  

¶ poiPanel: a JPanel subclass representing the Points of Interest box on the lower-right corner of the 

map  

¶ LocationPanel: a JPanel subclass representing the Locations list displayed beneath the textbox  

¶ Location: an array of nodes representing a building/destination (i.e., Soda Hall or the Campanile) on 

campus  

¶ MapPanel: a JPanel subclass that contains the map of campus  

¶ CalMapFrame: a JFrame subclass that dictates the location of all panels on the CalMap webpage  

¶ CalMap: the Google Web Toolkit EntryPoint subclass containing the CalMapFrame object  

¶ GMap: the actual Google Maps class  

¶ Map: the markers, nodes, edges, and routes specific to CalMap and not to the regular Google Map  

¶ Graph: an object containing all nodes and edges  

¶ Node: a representation of a coordinate point on campus and its attributes  

¶ Edge: a representation of the path between two nodes and the attributes of that path  

¶ RouteList: a list of all CalMap-generated routes between user-specified locations  

¶ Route: the Algorithm-generated route between 2 user-specified locations  

¶ Algorithm: the A* search algorithm by which the optimal (fastest by default, but subject to 

Advanced Options) route is generated 
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Class Diagram 
The class structure/diagram we have envisioned is as in the picture below: 

 

We will describe each of these classes in detail later. 

Functionality 
When a user visits the CalMap webpage, the map is rebuilt with a graph object with all nodes and edges. 

The interface objects and panels are initialized and reset, displaying a clean UI to the user. In the 

ŘƛŀƎǊŀƳ ōŜƭƻǿΣ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ŀƭƭ ǳǎŜǊ ŀŎǘƛƻƴǎ ǿƛǘƘƛƴ ǘƘŜ /ŀƭaŀǇ ǇŀƎŜ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ƛƴ άǎǘŀǘŜέ ƻǊ 

άƳǳƭǘƛ-ǎǘŀǘŜέ ōǳōōƭŜǎΦ ¢ƘŜ ŎǊƛǘƛŎŀƭ ƳŜǘƘƻŘǎ ŀƴŘ ŦƛŜƭŘǎ ǘƘŀǘ ŀǊŜ ƛƴǾƻƪŜŘ ōȅ ŀ ǳǎŜǊ ŀŎǘƛƻƴ ŀǊŜ displayed 

along with the classes they belong to. Single-ōƻǊŘŜǊŜŘ ŎƛǊŎƭŜǎ ŀǊŜ άǎƛƴƎƭŜ-ǎǘŀǘŜέ ƛƴ ǘƘŀǘ ƻƴƭȅ ƻƴŜ ŎƭŀǎǎΩǎ 

functions are invoked, while double-ōƻǊŘŜǊŜŘ ŎƛǊŎƭŜǎ ŀǊŜ άƳǳƭǘƛ-ǎǘŀǘŜέ ŀƴŘ ǎƛƎƴƛŦȅ ǘƘŀǘ ƳƻǊŜ ǘƘŀƴ ƻƴŜ 

class is involved. Only the classes shown in the System Architecture diagram are shown here, so some of 

the predefined Java classes and Google Maps objects such as JPanel and Point2D. The yellow circle 

represents the user decision fork from which the user has any of the CalMap functionalities available to 

access. 

State Diagram 
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The following is a brief description of the key internal objects and functions invoked to bring about each 

of the CalMap functionalities: 

Inputting a location 

²ƘŜƴ ǘƘŜ ǳǎŜǊ ŎƭƛŎƪǎ ǘƘŜ άҌέ ōǳǘǘƻƴ ōŜǎƛŘŜ ǘƘŜ ǘŜȄǘōƻȄΣ ǘƘŜ ǳǎŜǊ ƛƴǇǳǘ όŦƻǊ ŜȄŀƳǇƭŜΣ ά{ƻŘŀέύ ƛǎ ǇŀǎǎŜŘ ŀǎ 

an String type argument to the InputPanel function: Location add(s:String). This method returns the 

location to which the user input s corresponds. ThŜ ƭƻŎŀǘƛƻƴ ƴŀƳŜ όά{ƻŘŀ Iŀƭƭέύ ƛǎ ǘƘŜƴ ǇŀǎǎŜŘ ƻƴ ǘƻ ǘƘŜ 

[ƻŎŀǘƛƻƴtŀƴŜƭ ƳŜǘƘƻŘΣ ŀŘŘ[ƻŎŀǘƛƻƴόǎbŀƳŜΥ{ǘǊƛƴƎύΣ ǿƘƛŎƘ ŀŘŘǎ ά{ƻŘŀ Iŀƭƭέ ǘƻ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ƭƛǎǘ ƻŦ 

locations displayed below the textbox.  

Next, if there is more than one location is the list of locations, a route is generated from the next-to-last 

location (Wheeler Hall) to the last location (Soda Hall). This is performed by the RouteList method, 

addRoute(l1, l2, position). The position refers to the list of locations so if there are only 2 locations in the 

list, Wheeler Hall has position 0, and Soda Hall has position 1. RouteList.addRoute(l1, l2, position) 

returns a route that has been optimized for speed using the Route.optimize(options). This optimize 

method calls on Algorithm.find_path(l1, l2) to generate the fastest route between locations l1 (Wheeler 

Hall) and l2 (Soda Hall). The actual drawing of the route on the map is performed by Map.draw().  

Advanced Options for one route  

¢ƘŜ ǳǎŜǊ Ŏŀƴ ŎƘŀƴƎŜ ŀ ǎƛƴƎƭŜ ǊƻǳǘŜΩǎ ŀŘǾŀƴŎŜŘ ƻǇǘƛƻƴǎ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜ άŎƻƎέ ƛŎƻƴ ƛƴ ǘƘŜ ƭƛǎǘ ƻŦ 

locations and toggling the checkboxes in the newly opened Advanced Options box. The options are 

stored in a Hashtable and passed on to Route.optimize(options) when generating the optimal route. The 

opening and closing of the Advanced Options box is controlled by the OptionsPanel object.  

 

Advanced Options for all routes  

LŦ ǘƘŜ ǳǎŜǊ ǿŀƴǘǎ ǘƻ ŀǇǇƭȅ ŀŘǾŀƴŎŜŘ ƻǇǘƛƻƴǎ ǘƻ ŀƭƭ ǊƻǳǘŜǎ ŀǘ ƻƴŎŜΣ ǘƘŜƴ ƘŜκǎƘŜ ŎƭƛŎƪǎ ƻƴ ǘƘŜ ά!ŘǾŀƴŎŜŘ 

hǇǘƛƻƴǎ ŦƻǊ ŀƭƭ ǊƻǳǘŜǎέ ōǳǘǘƻƴ ōŜƴŜŀǘƘ ǘƘŜ ǘŜȄǘōƻȄΦ !ƎŀƛƴΣ the showing and hiding of the options box is 

controlled by OptionsPanel, as is the decision to apply these changes to all routes (bApplytoAll: bool). If 

bApplytoAll is set to true, then an OptionsPanel method called apply() will apply these options to all 

routes and call Route.optimize(options) for all routes.  

Showing Points of Interest  

The user can expand the Points of Interest (POI) box in the lower-right corner of the map and control 

whether to mark and label all buildings, construction zones, cafes, computer labs, and/or libraries on 

campus. The expanding and hiding of the POI box is controlled by the poiPanel object, while the 

(de)marking of the map is done using the poiPanel method, show(type). The type specifies which of the 

5 POI flavors is to be shown or hidden.  

Changing the order of locations  
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The user can drag-and-drop locations in the location list to different locations in the list. For example, 

the user can drag the Soda Hall location from the end to the start (position 0) of the locations list. This 

functionality is performed by a LocationPanel method, switch(l1, position). Additionally, a number of 

routes must be added or deleted to reflect the change in the location ordering. RouteList.switchRoute(l1, 

position) handles this functionality. Invariably, new route(s) will have to be built, so the route 

optimization and calculation functions will also be invoked.  

Removing a location  

¢ƻ ǊŜƳƻǾŜ ŀ ƭƻŎŀǘƛƻƴ ό{ƻŘŀ Iŀƭƭύ ŦǊƻƳ ǘƘŜ ƭƻŎŀǘƛƻƴǎ ƭƛǎǘΣ ǘƘŜ ǳǎŜǊ ŎƭƛŎƪǎ ƻƴ ǘƘŜ ά·έ ōǳǘǘƻƴ ǘƻ ǘƘŜ ǊƛƎƘǘ ƻŦ 

the location that is no longer wanted. A pair of methods, LocationPanel.removeLocation(loc) and 

RouteList.removeLocation(loc), handle the removal of Soda Hall from the locations list as well as the 

removal of routes (if they exist) to and from Soda Hall, respectively. If the removed location was neither 

at the start or end of the locations list, then a route must be built connecting the two locations around it. 

In this case, Route.optimize(options) and Algorithm.find_path(l1, l2) will be invoked.  

Removing all locations  

¢ƘŜ ǳǎŜǊ Ŏŀƴ ά/ƭŜŀǊ !ƭƭ [ƻŎŀǘƛƻƴǎέ ōȅ ŎƭƛŎƪƛƴƎ ǘƘŜ ōǳǘǘƻƴ ōŜƴŜŀǘƘ ǘƘŜ ǘŜȄǘōƻȄΦ ¢Ƙƛǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƛǎ 

performed by the clearAllClick() function of the InputPanel object. This function calls 

LocationPanel.removeAllLocations() and RouteList.removeAllRoutes() to clear the location and route 

lists, respectively.  

Other Google Maps functionalities  

Other map specific features such as zooming in or out, dragging the map around, and printing or 

emailing are handled by interfacing with the Google Maps API using the GMap object. 

Design Details 
We will describe each of the classes shown on the Class Diagram above, as well as explain their purpose 

and provide some pseudo-code for their methods. 

Class Details and Pseudo-code 
We will describe each of the classes shown on the Class Diagram above, as well as explain their purpose 

and provide some pseudo-code for their methods. Using this, we can directly implement the entirety of 

CalMap.  

Components of the User Interface 

CalMap 

This is the main class that will kick off our program. Because our application is based off of the Google 

Web Tookit, this class implements Google.gwt.EntryPoint, which represents the starting point of the 

web application it will compile into.  

class CalMap  
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{  
vars:  
 CalMapFrame frame;  
methods:  
        void initialize()  
             Map.buildGraph(); // This does the parsing of our data sources, and makes the Graph available  
             set up frame, with all the panels; by setting up some panels, more data is parsed and things 
are show n on screen  
             make the inputPanel available and place cursor to it  
};  
 

vars:  

¶ frame: This is an instance of a CalMapFrame, which holds all our panels. Essentially the entire 

interface resides here.  

methods:  

¶ initialize(): The panels include one MapPanel, one inputPanel, one poiPanel, one LocationPanel, and 

one global OptionsPanel. Running this method results in the interface being completely set up, along 

with the Graph and all its Nodes/Edges. The RouteList and LocationPanel start off empty, and no 

Routes, Locations, or Algorithm objects are created yet.  

CalMapFrame 

The Google Web Toolkit lets us build the user interface of a web application much like a Java Swing 

application. Thus, the concepts of Frames and Panels exist here, and they are how we will build the 

browser experience. The CalMapFrame object represents the overall frame that holds everything else 

within it - the user never leaves the CalMapFrame unless he exits the application completely.  

class CalMapFrame  
{  
vars:  
 JPanel logoPanel ;  
 InputPanel inPanel;  
 LocationPanel locPanel;  
 MapPanel mPanel;  
 poiPanel poiPanel;  
methods:  
 void resetAll()  
              reset all panels to defaults  
              remove all Locations from LocationPanel's list  
              remove all Routes from RouteList  
              mPanel.Map.draw()  
};  
 

vars:  

¶ logoPanel: The JPanel holding our CalMap logo (upper left in specifications screenshots)  

¶ inPanel: The InputPanel holding the main input text box and the clear all button  

¶ locPanel: The Panel for the left sidebar holding the current list of Locations that are being routed  

¶ mPanel: The MapPanel that holds the Google Map as well as our internal Map/Graph  

¶ poiPanel: The Points of Interest panel seen on the lower right of the specifications screenshots  

methods:  
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¶ resetAll(): The method that wipes the slate clean, resets all panels, and removes all route 

information  

MapPanel 

The MapPanel is simply the container for the Map object. This panel is responsible for displaying and 

updating the Google Maps API content, based on the changes that happen to the list of Locations and 

the RouteList. Also, when the Points of Interest feature is invoked, the MapPanel will be responsible for 

updating the map to draw all the necessary points.  

class MapPanel  
{  
vars:  
 Map theMap;  
methods:  
 reset();  
};  
 

vars:  

¶ theMap: Holds the global Map object as well as the global Graph; controls RouteList  

methods:  

¶ reset: Clears the RouteList of routes as well as clears the Google Maps API of route drawings  

InputPanel  

This is the panel where the user will be typing in the names of Locations to be added to the list of 

Locations on the Route. It will be created with a record of all the possible Location names, so that an 

autocomplete feature will activate when a user begins typing.  

class InputPanel  
{  
vars:  
 String[] autoCompleteChoices;  
 OptionsPanel oPanel;  
methods:  
        clearAllClick()  
            LocationPanel.r emoveAllLocations();  
            MapPanel.reset();  
        add(s)  
            Given the string (which comes from user input in the input text box), look up Location  
            Add the location to LocationPanel.theLocations at the end of the LinkedList  
            MapPanel.theMap.draw()  
};  
 

vars:  

¶ autoCompleteChoices: A string array we populate from a known list (data file) of Location names. 

These names are used alongside Javascript to allow for autocompletion within the input text field.  

methods:  
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¶ clearAllClick(): What happens when the user clicks the button to clear all Locations and Routes from 

the map. Resetting the MapPanel will cause everything visually to disappear, and calling 

LocationPanel.removeAllLocations will cause the list of Locations to be cleared  

¶ add(s): Does the work to take the user input, translate it to match a Location object, and add that 

object to the LocationPanel's theLocations linked list. This action will trigger a new Route for the 

RouteList, and we simply tell the Map to redraw itself to see the change  

poiPanel 

This is the panel that holds the options to show or hide various Points of Interest, such as cafes, labs, or 

ƭƛōǊŀǊƛŜǎΦ !ǎ ƻŦ ǘƘƛǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴΣ ƛǘ ƛǎ ŀƭǎƻ ǳǎŜŘ ǘƻ ƛƴǾƻƪŜ ŀ ǾƛŜǿ ǿƘŜǊŜ ŜŀŎƘ ōǳƛƭŘƛƴƎΩǎ ƴŀƳŜ ƛǎ ǎƘƻǿƴ ƻƴ 

the map for easy reference. The object is a JPanel, but we are also making it responsible for holding the 

actual data on where these Points of Interest are. These are contained in the instance variables, which 

are arrays of building Locations, construction zone Locations, café Nodes, lab Nodes, and library Nodes. 

These data structures are built on this Panel's creation, and will read this data from data files.  

class poiPanel  
{  
vars:  
        Location[] allBuildings;  
        Location[] constructon_zones;  
        Node[] cafes;  
        Node[] labs;  
        Node[] libraries;  
methods:  
 void show (type: Node.type)  
              The category of POI that the user clicked will be determined  
              Iterate through that type's corresponding instance variable array  
              draw them via the Google Maps API (i.e. use the Map object)  
              // Each type will be drawn via the Map object differently, determined here  
        void hide (type: Node.type)  
              The category of POI that the user cli cked will be determined  
              Clear all visual indicators of that type from the Map object  
};  
 

vars:  

¶ allBuildings: Array of all the building Location objects. See note on Locations to see how we will 

display their names on the Map.  

¶ construction_zones: Similarly, we have an array of construction Locations. They will be plotted in a 

different manner than Buildings.  

¶ cafes: An array of Nodes, useful when we want to force a stopover at one  

¶ labs: An array of Nodes, useful when we want to force a stopover at one  

¶ libraries: An array of Nodes, useful when we want to force a stopover at one  

methods:  

¶ show(type): The 'type' is from the Node class. It is an enumeration, one of either 'buildingEntrance', 

'constructionZone', 'cafe', 'lab', or 'library'. We display all five types of objects differently, but can 

have just this one method to call when a user selects a POI category to show.  
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OptionsPanel 

¢Ƙƛǎ WtŀƴŜƭ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ άŎƻƎέ ƳŜƴǳ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ wŜǉǳƛǊŜƳŜƴǘǎ ŘƻŎǳƳŜƴǘΦ ¢Ƙƛǎ ƳŜƴǳ ƛǎ ǿƘŀǘ 

allows users to customize the preferences for routes that the application will generate. There is one 

άŎƻƎέ ƳŜƴǳ ǿƘƻǎŜ ǎŜǘǘƛƴƎǎ ŀŦŦŜŎǘ ŀƭƭ ǘƘŜ ǊƻǳǘŜǎ ƎƭƻōŀƭƭȅΣ ŀƴŘ ƻƴŜ άŎƻƎέ ƳŜƴǳ ǇŜǊ ǊƻǳǘŜ ŦƻǊ ǘƘŜ ǳǎŜǊ ǘƻ 

finetune each segment of his journey. The two types of menu look and act the same; the only difference 

is what Routes they apply their settings to.  

class OptionsPanel  
{  
vars:  
 Route myRoute = NULL; // Default is to apply to nothing  
 bool bApplytoAll = false;  
methods:  
        void apply()  
             Check the status of each of the checkboxes and radio buttons on this Panel  
             Hashtable options = Build Hashtable of options based on the above  
             if (bApplytoAll) {  
                  iterate through all Routes in RouteList  
                        Route.optimize(options);  
             } else {  
                  myRoute.optimize(options);  
             }  
 
             MapPanel.theMap.draw();  
};  
 

vars:  

¶ myRoute: If this OptionsPanel was an instance made for a specific Route that was created, this 

marks which Route it belongs to  

¶ bApplytoAll: A boolean revealing whether this OptionsPanel is the global one or one belonging to a 

particular Route  

methods:  

¶ apply(): Takes the current set of options marked in this OptionsPanel and applies it to whichever 

Routes this OptionsPanel has access to. After the routes are re-optimized, we redraw the map so 

that the user sees the results of their new preferences.  

LocationPanel 

The LocationPanel object represents the side panel on the left of our application. It is responsible for 

updating when the user adds a new Location via the InputPanel, and is responsible for holding the actual 

LinkedList of Locations used in Route generation. As such, it is heavily tied to the RouteList object, found 

in Map. When certain actions are made by the user in the LocationPanel, the effects are felt by way of 

remote calls to the MapPanel's Map, and thus RouteList.  

class LocationPanel  
{  
vars:  
 Link edList<Location> theLocations;  
methods:  
 void addLocation (String sName)  
  check if the location sName exists in the data file  
                Location nLoc = new Location (Grab the Location that is named by this string, via a data 
file)  
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  theLocations.end ().next = nLoc;  
                add remove button for this Location  
                if (that was the first Location added to theLocations) {  
                       // Nothing else needed  
                } else { // A previous location exists  
                       Add the "eye" and "cog" buttons between this new Location and the previous  
                       MapPanel.theMap.theRoutes.addRoute(previous location, new location, position of the 
new location);  
                }  
                MapPanel.theMap. draw();  
 
 void switch (Location loc, int pos)  
  takes a location and the position it will be moved to  
  move Location block to position pos  
  move the Location blocks underneath it downwards  
  erase original Location block  
                MapPanel.theMap.t heRoutes.switchRoute(loc,pos);  
                MapPanel.theMap.draw();  
  
 void removeAllLocations()  
                Clear theLocations LinkedList  
                Erase all the Location blocks in the visual view  
  MapPanel.theMap.theRoutes.removeAllRoutes();  
                MapPanel.theMap.draw();  
 
        void removeLocation(Location loc)  
                Erase the Location block from the visual view  
                Erase the Location from theLocations  
                MapPanel.theMap.theRoutes.removeLocation(loc);  
                MapPanel.theMap.draw();  
};  
 

vars:  

¶ theLocations: This is a LinkedList of Location objects, used to keep track of the order of the Locations 

entered by the user. This list directly corresponds to the Routes found in the Map object's RouteList.  

methods:  

¶ addLocation(sName): when user adds a location on the UI, this method gets invoked. We first check 

if sName is a valid location name, then add it to the end of theLocations. A Remove button will be 

added on the side of the location on UI. Eye and cog buttons will be displayed if there are at least 

two locations, meaning there is at least one route.  

¶ switch(loc,pos): this method gets invoked when user switches a location on the UI. The method gets 

passed which location it is, and a position index where it is moved to. The method visually moves 

the Location block to where the user wants, and move the rest of the Location blocks down to be 

under it. The original Location block will be erased in the visual view.  

¶ removeAllLocations(): the method will remove all the Route(s) in Routes list, and erase all balloons 

on the map. The Location blocks will be erased simultaneously in this Panel.  

¶ removeLocation(loc): This is what is called when the user decides to click the remove button next to 

any given Location. That location will be passed in, we will remove it from our linked list, and we will 

call the corresponding method in the RouteList class, which will take care of all the issues that may 

come up when a Location is removed.  
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Location 

A Location object is essentially a collection of Nodes that together, conceptually, represent one 'place' 

that any given user might want to go to. More generally, they represent entire buildings, plazas, or 

spaces where one Node simply cannot encompass the area. Please see the Note on Locations for more 

details about how we deal with representing Locations on the Map.  

For example, a building like Soda is a Location that is comprised of multiple Nodes. The most prominent 

Nodes that we are usually concerned with are the building entrances and exits. When we attempt to 

show Soda Hall on the Map, we will determine the best position for an indicator from the Nodes that 

compose it.  

When a user wishes to add a Location, they simply use the InputPanel. Two or more Locations indicate 

the beginning of a RouteList, and route generation using Algorithm objects begin at that point. Notice 

that the Algorithm class determines best paths in relation to two given Locations. This is how we 

account for the fact that some building entrances are simply better to route to than others. For example, 

if a user wanted to go from Soda to Cory, the algorithm would take the Locations of Soda and Cory, but 

return a route that connects the Soda East exit with the Cory North entrance.  

class Location  
{  
vars:  
 String name;  
 Node[] nodes; // each Location is composed of multiple nodes  
 Node avg_node; // The 'central node', if we had to pick one  
methods:  
 void addNode(Node)  
  nodes[first_blank]=Node  
  
 void removeNode(Node) 
  nodes[search_Node_in_nodes]=NULL  
  gmap.removeballoon(avg_node)  
 
 void calc_avg_node()  
  go through the array of nodes  
  add all longitude together and all latitude together  
  divide by number of nodes  
  avg_node = the longitude and lati tude calculated  
};  
 

vars:  

¶ name: it contains the name of a location in string format.  

¶ nodes[]: Each location have at least one, or possibly multiple locations corresponding to number of 

entrances/exits. nodes array keeps track of all the nodes in the location.  

¶ avg_node: it holds the value calculated by averaging the longitude and latitude of all nodes within 

the location. The balloon of the location is going to be on the avg_node.  

methods:  

¶ addNode(): This appends a node to a location. We will mainly use this function to add another node 

into the location. *displayNode(): the function gets called when a location is added to the 

LocationPanel. The target Node will be displayed on the map.  
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¶ removeNode():  

¶ calc_avg_node(): This function goes through the nodes[], calculate the average longitude and 

average latitude of all nodes, then store into avg_node.  

Components of the Internal Logic 

Map 

The Map object can be found inside the MapPanel object. It is responsible for holding all of the state of 

the application's internal logic; i.e. It holds both the entire Graph of campus as well as the current 

RouteList, which includes all the Routes that are plotted on the Map.  

class Map  
{  
vars:  
 RouteList theRoutes;  
 Graph theGraph;  
methods:  
 void draw()  
            Use the Google Maps API to draw all of (theRoutes);  
        void buildGraph()  
            Opens the files: Nodes, Edges, SurroundingEdges, Su rroundingNodes, and Locations  
            Parses them line by line, creating the Graph object which holds the entirety of Nodes , Edges, 
and Locations  
 
private void parseFile(String directory, String file)  
  Opens the file from the directory passed in, and calls another private method  
  to perform further parsing depending on the file being passed in.  
  
private void parseNodesFile(BufferedReader in)  
  Parses the Nodes file and populates the Graph's Node[] array so t hat it holds the entirety of 
Nodes.  
 
private void parseEdgesFile(BufferedReader in)  
  Parses the Edges file and populates the Graph's Node[] array so that it holds the entirety of 
Nodes.  
  
private void parseLocationsFile(BufferedReader in)  
  Parses the Loc ations file and populates the Graph's Node[] array so that it holds the entirety of 
Nodes.  
   
private void parsesSurrNodesFile(BufferedReader in)  
  Parses the SurrNodes file and populates the Graph's Node[] array so that it holds the entirety of 
Nodes.  
  
private void parseSurrEdgesFile(BufferedReader in)  
  Parses the SurrEdges file and populates the Graph's Node[] array so that it holds the entirety of 
Nodes.  
};  
 

vars:  

¶ theRoutes: A RouteList object that holds all of the current Routes.  

¶ theGraph: A Graph object that holds the entire Graph of the Berkeley campus. In turn, it holds all of 

the Nodes and Edges.  

methods:  

¶ draw(): This method is the main connector between our application and the Google Maps API. We 

plan to use the API to center a satellite image onto Berkeley and superimpose route lines onto this 
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image. The Google Maps API has simple methods that we can call to make it draw lines from one 

Geocode to another. Routes marked as hidden will not be displayed.  

¶ buildGraph(): The nodes, edges, and locations files include the entirety of nodes, edges, and 

locations, respectively. We have separate C++ scripts that parse these files and create new files 

(surrNodes, surrEdges) that list the nodes and edges that surround each nodes. buildGraph() takes 

the five files detailed above, parses them, and populates theGraph. It utilizes the following helper 

functions: 

¶    private void parseFile(String directory, String file): This method calls one of the following 5 

helper functions depending on what type of file needs to be parsed:  

¶    private void parseNodesFile(BufferedReader in) 

¶    private void parseEdgesFile(BufferedReader in) 

¶    private void parseLocationsFile(BufferedReader in) 

¶    private void parsesSurrNodesFile(BufferedReader in) 

¶    private void parseSurrEdgesFile(BufferedReader in) 

Graph 

Graph is a class that contains all nodes and edges. The purpose of using this class is to be as object-

oriented as possible, by handling all nodes and edges with one object.  

class Graph  
{  
vars:  
 node[] nodes;  
 edge[] edges;  

location[] locations;  
  constructor:  
   Graph(int numNodes, int numEdges, int numLocs)  
   initializes the 3 arrays with size numNodes, numEdges, and numLocs  
};  
 

vars:  

¶ node[] nodes: Contains all the nodes in our data  

¶ edge[] edges: Contains all the edges in our data  

¶ location[] locations: Contains all the locations in our data 

Edge 

Edge is a class that represents each edge on the Graph.  

class Edge  
{  
vars:  
 Node begin;  
 Node end;  
 double slope;  
 long distance;  
 bool isMainPath;  
 bool hasStairs;  
 bool  bikeAllowed;  
 long crowdRating;  
 long scenicRating;  
 bool thruBuilding;  
methods:  
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//adding, removing, or updating edges will happen in the data file where we store nodes  
//no actual methods needed in the code so far  
};  
 

vars:  

¶ node begin: The node that is at the beginning of the edge.  

¶ node end: The node that is at the end of the edge.  

¶ double slope: The slope for the edge (= elevation difference / coordinate difference).  

¶ long distance: The 3D distance between the begin node and the end node (not coordinate 

difference).  

¶ long crowdRating: A number representing how crowded the edge is.  

¶ long scenicRating: A number representing the scenic value of the edge.  

¶ bool isMainPath: Whether edge is on the main road.  

¶ bool hasStairs: Whether the edge contains stairs.  

¶ bool bikesAllowed: Whether the edge is a bikeroad.  

¶ bool thruBuilding: Whether the edge goes through a building.  

Node 

Node is a class that represents each node on the Graph.  

class Node  
{  
vars:  
 String name;  
 Point2D coordina te;  
 double elevation;  
 NodeType type;  
        float f,g,h;  
        Node parent;  

Edge[] surroundingEdges;  
Node[] surroundingNodes;  

methods:  
 
 Edge makeNewEdgeTo(Node){ 
  make a new edge object connecting the node and the argument, Node  
                add the new edge in theGraph  
                return new edge  
        }  
        void reset(){  
                this.f, this.g, this.h = - 1;  
                this.parent = null;  
        }  
        void setParent(node p){  
                this.parent = p;  
        }  
        void setG(float val){  
                this.g = val;  
        }  
        void setH(float val){  
                this.h = val;  
        }  
        void setF(){  
                this.f = g+h;  
        }  
};  
 

vars:  
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¶ Point2D coordinate: Holds the x,y coordinates of the node  

¶ double elevation: Holds the elevation of the node  

¶ NodeType type: Determines what type of node it is. For example, node on main road, entrance node, 

construction node, cafe node, etc.  

¶ String name: Holds the name of the node and will be used to identify the node.  

¶ float f,g,h: Respectively holds the F, G, H value of the node. Initially, and after each reset, the values 

are all -1.  

¶ Node parent: Holds the parent of the node used for the A* search algorithm. Initially, and after each 

reset, the value is null.  

¶ Edge[] surroundingEdges = array of all edges that connect to this node. Populated by 

Map.buildGraph(). 

¶ Node[] surroundingNodes = array of all nodes that connected to this node by an immediate edge. 

Populated by Map.buildGraph(). 

methods:  

¶ void reset(): Resets the values of f,g,h, and parent, so that f,g,h = -1 and parent = null.  

¶ edge makeNewEdgeTo (node n): Returns an edge that is composed of this node and node n, and 

adds the edge to theGraph.  

¶ void setParent(node p): Set the p node as the parent of the node  

¶ void setG(float val): Set the G value of the node to val.  

¶ void setH(float val): Set the H value of the node to val.  

¶ void setF(): Set the F value of the node to be the sum of its G and H value.  

NodeType 

NodeType is an extension of AbstractEnum (Java 4's reinvention of Java 5's enum class) that specifies 6 

node types: None, BuildingEntrance, Construction, Cafe, Lab, and Library. NodeType is used for 

specifying the type of a node. 

class NodeType extends AbstractEnum  
 {  
  vars:  
  public static final NodeType  NONE = new NodeType("NONE");  
  public static final NodeType BUILDINGENTRANCE = new NodeType("BUILDINGENTRANCE");  
  public static final NodeType CONSTRUCTION = new NodeType("CONSTRUCTION");  
  public static final NodeType CAFE = new NodeType("CAFE");  
  publ ic static final NodeType LAB = new NodeType("LAB");  
  public static final NodeType LIBRARY = new NodeType("LIBRARY");  
  methods:  
  public static NodeType[] values()  
  public static NodeType valueOf(final String name)  
  private NodeType(final String name)  
 }  

 

RouteList 

RouteList is a class containing calculated optimal routes in list format.  
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class RouteList  
{  
vars:  
 Linkedlist<Route> Routes;  
methods:  
 void addRoute(loc1, loc2, pos)  
  check if loc1 = Routes.end() - >lastL  
  takes two locations  
  let Route.firstL=loc1 and Route.lastL=loc2  
  call Route.optimize_route(options)  
  add Route to Routes.position(pos) // default is the end of the list  
 
 void removeRoute(loc)  
  pos = go through Routes list to find the position of loc  
  addRoute(Routes.prev() - >l astL, Routes.next() - >firstL, pos)  
  Routes.prev() - >lastL = Routes.next() - >firstL  
  remove Routes.curr()  
 
 void switchRoute(loc, pos)  
  takes a location and the position it's going to be switched to  
  find pos1 = where loc originally is  
  addRoute(Routes.po sition(pos1).prev() - >lastL, Routes.position(pos1).next() - >firstL, pos1)  
  removeRoute(loc)  
  addRoute(Routes.position(pos) - >lastL, loc, pos)  
  addRoute(loc, Routes.position(pos).next() - >lastL, pos+1)  
  removeRoute(Routes.position(pos).next())  
  
 void remov eAllRoutes()  
  while(!Empty(Routes))  
  remove Routes.curr()  
};  
 

vars:  

¶ Routes contains a list of Route calculated by Route.optimize()  

methods:  

¶ addRoute(): it adds a calculated Route to Routes list. The function takes three parameters: loc1, loc2, 

and pos. loc1 is the starting location for the particular Route, loc2 is the ending location for the 

particular Route. pos is the position where we want to insert the Route in the Routes list. So at first, 

we check if loc1 is equal to the ending location of the last Route element in the Routes list, because 

the last Route and the new Route we are adding in should be connected. If the locations match (in 

most case), we make a Route object on the fly, and let the starting location of Route equal to loc1, 

and ending location of Route equal to loc2. After calling Route.optimize_route with the options 

hashtable, we find the optimal Route and add that to the Routes at pos. By default, pos is at the end 

of list. But when we switch locations on the UI, pos will be where the user wants to switch the 

location to.  

¶ removeRoute(): this function takes one location parameter called loc. The parameter is a location 

instead of a Route because on the UI, user can only removes location, not Route between locations. 

Before removing a particular Route, we need to construct a Route from the ending location of the 

previous Route to the starting location of the next Route. We go through Routes list to find the 

location we want to remove and add Route at that position to connect the previous and next 

locations. At the end, we remove the current Route which contains the location user intends to 

delete.  
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¶ switchRoute(): this function is called when user tries to drag a location on the UI to another place to 

rearrange the order of the Routes. It takes two parameters, one location and one pos. loc is the 

location which user is trying to switch, and pos is the position where user wants to switch to. Then 

we call removeRoute(loc) to remove that location from the list of Route first. Note in the 

removeRoute, it already creates another Route to reconnect the broke Route List. Then we add 

another two Routes at the position where user wants to move the location to: one from the 

previous location to the location user moves, one from the location user moves to the next location. 

After connecting the new Route(s) in Routes list, we delete the old Route at pos to clean up the 

Route list.  

¶ removeALLRoutes(): This function is called when user wants to reset the map and start over, so that 

all the Route(s) in Routes list will be cleared. As long as there is any Route in Routes list, we delete it 

until there is nothing in Routes list.  

Route 

A Route object represents the actual specific path between one Location and another Location. (See the 

Note on Locations below.) The path is represented as an LinkedList of nodes; these Nodes would be the 

exact points a user would travel between to reach their destination. A Route object is directly plotted on 

the Map, and is essentially the line that the user will see on the satellite image.  

class Route  
{  
vars:  
 bool bHidden = false; //default = show all routes  
 Location firstL;  
 Location lastL;  
 LinkedList<Node> path ;  
 Hashtable options;  
methods:  
 void optimize_route (Hashtable options)  
  // 'options' is a Hashtable of booleans  
                // 0 = false, 1 = true  
  // field 0 = bBikeOnly  
  // field 1 = bStairs  
  // field 2 = bShortcuts  
  // field 3 = bBuses  
  // fi eld 4 = bScenic  
  // field 5 = bCrowds  
  // field 6 = MainPaths  
  // field 7 = slopeType  
  // field 8 = bPassLab  
  // field 9 = bPassCafe  
  // field 10 = bPassLib  
                set the local options Hashtable to equal the incoming Hashtable  
 
  // Here's how to call an Algorithm to find the optimal path:  
  Algorithm a = new Algorithm(options) // Initializes the Algorithm, making it use these 
options  
  Node[] path = a.find_path(firstL, lastL) // The Algorithm does all the work here  
  then, turn the path arr ay into a linked list and store it as our local variable 'path'  
};  

 

vars:  

¶ bHidden: Boolean that determines whether this Route is currently hidden ('eye' button toggles this)  
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¶ firstL: The starting Location for this Route  

¶ lastL: The ending Location for this Route  

¶ path: The exact path of Nodes needed to traverse the Route (will be directly mapped)  

¶ options: A Hashtable of options, to be passed in when we want to optimize()  

methods:  

¶ optimize(options): This method is really the only thing that calls upon the Algorithm class. 

Algorithms are applied to Routes only, not to an entire RouteList. This modular nature allows us to 

create new Algorithm objects and use them whenever a user's preference changes.  

Algorithm  

Algorithm is a class that represents the algorithm aspect of the internal logic. The boolean fields 

correspond to the user option setting. Note that the actual algorithm itself will be discussed in a later 

section.  

class Algorithm  
{  
vars:  
 Graph theGraph;  
 bool bBikeOnly = false;  
 bool bStairs = false;  
 bool bThruBuildings = false;  
 bool bShortcuts = false;  
 bool bBuses = false;  
 bool bScenic = false;  
 bool bCrowds = false;  
 bool MainPaths = true; //default  
 enum slopeType = false;  
 bool bPassLab = false;  
 bool bPassCafe = false;  
 bool bPassLib = false;  
methods:  
 public static  node[] find_path(location loc1, location loc2){  
  takes in two locations  
  if stopover feature was selected  
                        by comparing Euclidean distances, find the stopover combination that minimize 
total path cost  
                        pick nodes in loc1 and loc2 that are closest to its neighboring stopover  
                        if one stopover added  
                                  return append(find_path(loc1_node, stopover), 
find_path(stopover,loc2_node))  
                        else if two stopovers added  
                                  return append(find_path(loc1_node,stopover1), 
find_path(stopover1,stopover2),find_path(stopover2,loc2_node))  
                        else  
                                  return append(find_path(loc1_node,stopover1), 
find_path(stopover1,stopover2),find_path(stopover2,stopover3), find_path(stopover3,loc2_node))  
 
                else  
                        find the pair of nodes, one from loc1 and one from loc2, that minimi ze Euclidean 
distance between each other  
                return find_path(first node of the pair, second node of the pair)    
        }  
        public static  node[] find_path(node starting_node, node ending_node){  
                takes in two nodes  
                finds a path between the two nodes  
                see "Search Route Algorithm" section for detail  
        }  
        public static  void reset(){  
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                for each node in theGraph:  
                        node.reset();  
        }  
        private static  node[] shortest_Euclidean(node[] nodes1, node[] nodes2){  
                for each node in nodes1,  
                        for each node in nodes2,  
                                 calculate the Euclidean distance between the two nodes  
                                 store the minimum distance pair in an array  
                return the pair of nodes with the minimum Euclidean distance  
        }  
 
pri vate static float[] calculate_cost(Node thisNode, Node minF_Node, Node end){  
  calculate the G,H cost of thisNode  
  return an array containing [G,H]  
 }  
   
private static boolean in_openlist(ArrayList list, Node n){  
  check whether Node n is contained in l ist.  
  }  
   
private static boolean usable(Node n){  
  check whether node n is usable according to option settings  
  }  
   
private static int minF_index(ArrayList openlist){  
  check which index in openlist corresponds to the node with minimum F cost  
  }  
   
private static ArrayList add_Node (ArrayList list, Node n){  
  add node n to list  
  }  
   
private static ArrayList remove_Node (ArrayList list, int i){  
  remove node corresponding to index i from list  
  }  
              
};  
 

vars:  

¶ graph theGraph: Contains all nodes and edges in our data  

¶ bool bBikeOnly: Bike only requirement  

¶ bool bStairs: Whether stairs can or cannot be included  

¶ bool bThruBuildings: Whether path can go through buildings  

¶ bool bShortcuts: Whether path can go on roads other than the main road  

¶ bool bBuses: Whether path can include bus route  

¶ bool bScenic: Whether user prefers scenic route  

¶ bool bCrowds: Whether user prefers to avoid crowds  

¶ bool bMainPaths: Whether user prefers to stay on main road  

¶ enum slopeType: Which type of slope is preferred (0 = no slope customization, 1 = decline, 2 = 

incline, 3 = no slope)  

¶ bool bPassLab: Add stopover to lab  

¶ bool bPassCafe: Add stopover to cafe  

¶ bool bPassLib: Add stopover to library  

methods:  
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¶ public static node[] find_path(location loc1, location loc2): A function that returns a list of nodes 

indicating shortest path between loc1 and loc2. If stopover feature was added, the function 

appropriately calls find_path(node n1, node n2) and appends the results.  

¶ public static node[] find_path(node n1, node n2): A helper function that returns a list of nodes 

indicating path from n1 to n2 if there is a path, returns null otherwise.  

¶ public static void reset(): Resets f,g,h, parent value for all nodes in theGraph  

¶ private static node[] shortest_Euclidean(node[] nodes1, node[] nodes2): Return the pair of nodes, 

one from nodes1 and one from nodes2, that has the shortest Euclidean distance between them. 

¶ private static float[] calculate_cost(Node thisNode, Node minF_Node, Node end): Return [g,h] 

values of thisNode.private static boolean in_openlist(ArrayList list, Node n): Return boolean 

corresponding to whether node n is in ArrayList list or not.private static boolean usable(Node n): 

Return boolean corresponding to whether node n is usable according to the option settings  

¶ private static int minF_index(ArrayList openlist): Return the index corresponding to the node in 

openlist with minimum F cost. 

¶ private static ArrayList add_Node (ArrayList list, Node n): Return an ArrayList that is the equivalent 

of adding node n to list. 

¶ private static ArrayList remove_Node (ArrayList list, int i): Return an ArrayList that is the equivalent 

of removing the node corresponding to index i in the list. 

A Note About Locations 
Since a location may contain multiple nodes, confusion might occur as to which node to display on the 

map when the user inputs the location in the text box. To resolve this dilemma, we will calculate the 

average coordinate of all the nodes corresponding to the location and set that coordinate as the 

"representative" coordinate for the location. A balloon will appear on the map pointing to the average 

coordinate upon the user's input of that location. If the user inputs another location, then a 

representative balloon will appear again for that location. The algorithm will select one node from each 

of the two locations that will minimize the total length of the route, and the path will be highlighted. If 

ever a rare case occurs such that the average coordinate does not lie within the area of the location, we 

will manually set the representative coordinate of the location. By using representative (average) 

coordinates, rather than having the balloon randomly point to one of the nodes, we can ensure that the 

display balloon will remain static for each location regardless of the nodes that minimize the path.  

Pseudocode: 

coordinate calc_avg_location (location loc){  
coordinate ret ;  
 
for all  nodes in loc.nodes:  

  keep the running sum of all the coordinate values (x,y);  
 

ret  = running sum of coordinates divided by n umber of node s in loc.nodes;     
return ret ;     

}  
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Search Route Algorithm (A* search) 

Before running find_path(node, node) 

The user first requests a route between two locations with the function find_path(location, location). 

(Note that location consists of many nodes)  

¶ If the user did not select the stopover feature, we must find the node in each of the two locations 

that will minimize the distance of the whole path. This would normally require running 

find_path(node,node) on all pairs of nodes and picking the path with the least cost. Since this will 

cause the expensive A* search algorithm to be run (number of nodes in location1) * (number of 

nodes in location2) times, it will be a time-consuming procedure. A cost-saving method would be to 

first find the two nodes that have the least distance between them. For all pairs of nodes in the two 

locations, the Euclidean distance between the two nodes will be compared and the two nodes with 

the least distance will be fed into the find_path method. This estimation will save a lot of time 

because find_path will be run only once. (However, there is the downfall that the pair of nodes 

having the shortest Euclidean distance might not be the pair of nodes with optimum path.)  

¶ If the user selected the stopover feature, then the function will first determine which stopover (of 

the many potential stopovers) that the path will go through. It will check the best stopover(s) 

combination possible, which will be explained in further detail below, and one node each from 

location1 and location2 will be picked, by comparing Euclidean distances, to minimize distance 

between that node and the next stopover. Then according to the number of stopovers selected, the 

route will be divided into segments, and find_path(node,node) will be called for each of the 

segments. The resulting list of nodes will be appended to return the final path. 

 

Adding stopovers 

To find stopovers that minimize the total path, there are two options:  

Optimum  

We can check every potential stopover and run find_path to see which stopover minimizes the total cost 

of A->stopover->B. However, that would mean running the expensive A* search algorithm twice for each 

A->stopover->B route, because it consists of A->stopover and stopover->B. Furthermore, there are going 

to be many potential stopovers, and especially in the case where the user selects multiple types of 

stopovers, the number of calls to find_path can become very large. If the user wants more than two 

types of stopover, such as a cafe and a library, then the ordering of cafe and library in between A and B 

will matter. Thus, we must check for every A->cafe->library->B and also A->library->cafe->B to 

determine the lowest costing route. Evidently, this process can become very expensive to implement, 

and we will not be using this method for our project. Although, this method will always produce the 

optimum path, we believe that this method will be too slow.  

Close to optimum 

Alternatively, we can cheaply estimate the total distance for each potential stopover by looking at the 

3D Euclidean distance of A->stopover->B. Estimating the total path for each potential stopover will most 
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likely not be a costly procedure. Even if the user wants more than one type of stopover, and the 

ordering of the stopover matters, this method will become very cheap compared to running find_path. 

This will be the method we will use for our project in dealing with the stopover option. The only problem 

with this method is that there might be instances where the A->stopover->B path with the lowest 

Euclidean distance does not correspond to the actual optimum path. Since taking the Euclidean distance 

as an estimate does not take into account the user options, this path might not be the optimum path 

that find_path would have returned. However, in most cases, the result will be optimum or close to 

optimum. Given the stopover(s) that minimize total path, the algorithm will call find_path on segments 

of the route. For example, if the user selected only one stopover, the algorithm will call 

find_path(starting_node, stopover) and find_path(stopover, ending_node) and append the results.  

Summary of Search Route algorithm (= A* algorithm) 
1) Add starting node to the open list  
2) Repeat:  
    a) Look for th e node with the lowest F cost in the open list (call it minF node).  
    b) Delete minF node from the open list and insert it into the closed list  
    c) For each of the adjacent nodes of the minF node,  
 - If it is not usable (for example construction zone) or it is on the closed list, ignore it.  
         Otherwise,  
   - If it is not in the open list, add it to the open list.  Record the F,G,and H cost of this        
         node and make minF node the parent of this node.  
 - If it is already in the open list , check if the G cost obtained by going from minF node to   
         this node is lower than this node's original G cost.  If not, do not make any changes.   
         But if so, make minF node the parent of this node and recalculate the G and F cost for  
         this node.   
         If the open list is kept sorted, then the list might need to be resorted after  
         recalculating the F cost.  
    d) Stop the algorithm,  
 - If the destination node is added to the closed list, which means that a path has b een found.  
 - If the open list is empty, which means that there is no path.  
3) Obtain the path:  
     - Working backwards from the destination node, go from each node to its parent node until you  
      reach the starting node.  The list of nodes will be the path.  

Pseudocode 
node[] find_path (node starting_node, node ending_node){  
  
        reset F,G,H, parent values of all nodes         
        initialize openlist, closedlist, path   
        append starting_node to openlist   
        calculate and set F,G,H cost for the starting_node  
  
        while (openlist is not empty){    
                pick node in openlist with lowest F value (call it minF_node)    
                remove minF_node from the openlist and insert into closedl ist    
 
                if minF_node is ending_node                         
                        break  
                retrieve all adjacent nodes of the min_F node  
 
                for each surrounding (adjacent) nodes,     
                        check  option settings and see whether this node is usable  
    
                        if node is usable  and node is not in closedlist       
                                        add it to open list (use quicksort for insertion depending  
                                        on whether list is sorted or not)  
      
                                        obtain edge information to calculate  F,G,H cost of this node  
      
                                        G cost = G cost of the minF_node + the cost to get from  
                                        minF_node to this node  
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                                        Use heuristics to estimate the cost to get from this node to  
                                        the ending_node  
      
                                        F = G+H 
      
                                        store F,G,H cost for the node  
      
                                        make minF_node the parent of this node  
     
                                else  
      
                                        if cost of G obtained by going from minF_node to th is node is  
                                        lower than original value  
       
                                                make minF node the parent of this node  
       
                                                recalculate F,G value for thi s node(resort the open  
                                                list if list was kept sorted)  
                                  
                                        else  
                                                 
                                                do nothing  
                      
                        else  
                                do nothing  
 
        }  
  
 if openlist is empty  
   
                return null  
  
        else  
   
                append ending_node to path  
   
                while first element of path is not starting_node  
    
                        retrieve parent node of the first node in path  
    
                        insert parent node at the beginning of path  
  
 return path  

} 

Open list and closed list 

The open list contains all the nodes that have been reached but have not been visited and expanded yet. 

The closed list contains all the nodes that have been visited and expanded.  

Checking user option settings 

Algorithm is a class, and has fields of booleans that specify the user setting. Whether the user wants 

bike paths, short cuts, main road, or etc. can be tested with a boolean check. The find_path method has 

access to these booleans and before each adjacent node of the min_F node is added onto the open list, 

the method checks whether the edge connecting the two nodes satisfy the condition specified by the 

user. For example, if the user specified that he only wants bike paths, the bikesAllowed field of the edge 

is checked to see whether bikes are allowed on that path. If the field is false, then the adjacent node is 

not added onto the open list. Similarly, if the user specified that he wants to use only main roads, the 

algorithm will check whether each adjacent node's isMainPath field is true before adding it to the open 

list. All of the user options are checked in this manner to ensure that the adjacent node is usable.  
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F, G, H cost 

¶ G = the movement cost to move from the starting node to the given node on the map (the standard 

cost will be the distance) 

¶ H = the estimated minimum movement cost to move from the given node to the destination node  

¶ F = G+H 

The F cost of a node is the sum of its G cost and its H cost. We obtain this information by looking at the 

edge object connecting the node and its adjacent node. The edge object represents the path between 

the two nodes, and contains information such as distance, slope, and crowd rating. 

Calculating the G cost  

Default option  

In default settings, the standard G cost of going from a node to an adjacent node will be the 3D 

Euclidean distance between that node and the adjacent node. 

Slope Customization option 

If the user selects the slope customization option, a gradient penalty will be multiplied onto the current 

G cost, according to the steepness of the slope and the user's preferred slope type. The gradient of the 

two nodes will be calculated by taking the inverse tangent of the slope of the two nodes. For each of the 

10% ranges, we can specify the maximum penalty gradient for that range, according to the user's 

preferred slope type. For example, if the user specifies no slope, the maximum gradient penalty of 0~10% 

could be set to 1.0 and that would be linearly interpolated within the range of 0~10%. Similarly, the 

maximum gradient penalty for 10~20% could be set to 2.0 and the penalty value would be linearly 

interpolated within the range. Each 10% range up to 80~90%, and also from -10% to -90% can be set this 

way. The penalty value would increase as the value of slope deviates from 0. If the user specifies that he 

prefers downward slope, then the penalty would increase as the slope gets more positive. The same 

logic is applied to when the user specifies preference towards upward slope, in that penalty would 

increase as slope becomes more negative. The linearly interpolated penalty value would then be added 

onto 1 and that value will be multiplied to the standard G cost. We can customize the maximum 

gradient penalty for each range so that each successive 10% range does not always differ by 1. We can 

make hills steeper than a certain degree very unfavorable by having the maximum gradient penalty 

increase slightly up till a certain degree and have it jump abruptly after that point. This would deter the 

algorithm from going up hills of more than a certain steepness, but it would consider hills lower than 

that to have equal or similar favorability. Customization of the maximum gradient penalty for each range 

will bring out more realistic results. 

No crowds 

If the user selects the no crowds option, we can set up a gradient penalty in a similar fashion. The value 

of the penalty would be determined by the crowd rating value of the edge. For each of the ranges of 

crowd rating that we set, we can specify a maximum penalty gradient for that range, and the penalty 

value would be linearly interpolated within the range. The penalty value would be added onto 1 to 

produce the penalty multiplier, and would be multiplied to the standard cost. 
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Slope customization + minimize slope 

If user selects both minimize slope and no crowds: Total G cost = standard G cost * (1 + slope penalty + 

crowd penalty) 

Bus 

If the user selects the bus option, then the node on the bus route will have a G cost lower than the 

standard cost, perhaps by a factor of 2 or 3. The exact number will be fine tuned to produce more 

realistic results as we test our alogrithm with real data in the future. G cost of bus route = standard G 

cost / (bus factor).  

Scenery 

If the user selects scenery, similar to the bus case, the G cost of going to a scenery node will be lower 

than the actual distance, thereby rewarding the algorithm for passing that node. The question of exactly 

how much to lower the G cost will also be determined by future testing with real data. G cost = standard 

G cost / (scenery factor).  

Bus + Scenery 

If user selects both bus and scenery: G cost = standard G cost / (scenery factor + bus factor)  

Selection of all of the above options  

If all the options are selected: Total G cost = standard G cost * (1 + slope penalty + crowd penalty ) / 

(scenery factor + bus factor)  

In summary, we will be multiplying or dividing away from the standard G cost according to the user 

options.  

Heuristic function (H cost): 

The heuristic function of our A* search algorithm, in default setting, will be the 3D Euclidean distance 

function. We choose the Euclidean distance because the nodes on the map will be scattered randomly, 

and will have many directional movements, rather than gridlike movements. The H cost for each node 

will be the distance between the node and the destination. We will account for the elevation difference 

so that the distance is not just a difference in x,y coordinates but the square root of (elevation squared + 

coordinate difference squared). The Euclidean distance function will never overestimate the minimum 

cost to the destination, and is an admissible heuristic function. If user selects the bus option (or/and 

scenery option), we need to change the heuristic function because the G cost of a bus path (or/and 

scenery path) is set to be considerably less than the standard cost, which is the Euclidean distance of the 

path. The standard cost is what we based our previous heuristic function on and thus we need to alter 

the heuristic function so that it does not overestimate the minimum cost from the node to the 

destination. We have the option of using the cheapest terrain cost (which would be dividing the 

Euclidean distance by (bus factor + scenery factor)) for our heuristics, but that would cause the 

heuristics to be far below the true cost, and the search will become closer to a breadth-first search. 

Although it will produce the optimum path, the time it takes to obtain the path might take too long. The 

other option we have is to use a typical, or average, terrain cost to determine the heuristics, and this 

would entail that we may not always find the best path but we will have a good tradeoff between the 

quality of the path and the time it takes to find it. The final option is to just use the initial heuristics with 
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the Euclidean distance, which might not always produce the optimum path but will simplify our coding. 

The choice of which heuristic to use will depend on factors, such as:  

¶ How many nodes and edges will we use in our data set?  

¶ How long will using the heuristics, which estimates too low, actually take?  

¶ Do we always want the user to have optimum path regardless of the time it takes to calculate it?  

¶ Do we want to give fast results to the user that is also reasonable?  

¶ Do we want to give results to the user as fast as possible?  

Bottleneck: 

The bottleneck of this algorithm is maintaining the open list of nodes. If the nodes in an open list are 

kept in an unsorted array, insertion will be fast but removing the node with the smallest F value will 

require looking at every single node in the array. This might not be a problem if the number of nodes is 

small, but if we use more than 1000 nodes for the Berkeley campus, it might become a bottleneck in the 

future. If performance becomes an issue, then we will implement a sorted array, which would generally 

enhance performance. The cost of inserting a node would increase, but retrieval of node with minimum 

F value will be very fast (it will just be taking the first node in the array). We can use quicksort to 

minimize the cost of inserting a node into the array. If performance is still an issue even with the sorted 

array, then we can resort to implementing the open list with binary heaps, which will make the coding 

part more complicated but is expected to enhance performance by a factor of 2 or 3. 

Testing Plan 

General Overview 
We plan to test the system through a series of the major testing forms outlined below. These will 

include but are not limited to: Automated Testing/Unit Testing utilizing JUnit testing for Java based 

applications across all functions and classes to ensure each and every component does what it is 

intended to do, Integration Testing to determine the best possible cooperative working order between 

components and to resolve dependencies and conflicts, Systems Testing by us humans to ensure every 

facet of the application works, Regression Testing through having a testing script to handle test cases to 

automate much of the procedure, and finally Validation Testing as a measure of performance and 

efficiency.  

Automated Testing 
Automated testing uses software to control the execution of tests, the comparison of actual outcomes 

to predicted outcomes, and the setting up of test preconditions. It involves automating a manual 

process already in place that uses a formalized testing process.  

The solution to be able to test more and more code in less and less time is automated testing. Manual 

testing is very time consuming and not always feasible given the amount of resources at hand. When 

multiple and different versions of software are released, the new features will have to be tested 
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manually time and again. To resolve this problem, there are tools available that help testers in the 

automation of the GUI which reduces time and cost.  

We will be using the testing framework known as JUnit (native for Java) which allows the code to 

conduct unit tests to determine whether various sections of the code are acting as expected in various 

circumstances (more on this below). Test cases will describe tests that need to be run on the program to 

verify that the program runs as expected.  

By no means is automated testing a replacement for manual testing. Thus we will be strenuously testing 

our web application by hand during any spare hours we can squeeze out of our daily schedules. 

Unit Testing 
Unit testing is a procedure used to validate that individual modules or units of source code are working 

properly. Each unit is the smallest testable part of an application. In our case it would be a class due to 

our object oriented design. A unit test is a test for a specific unit and each test case is independent from 

all others. The goal of unit testing is to isolate each part of the program and show that the individual 

parts are functioning properly.  

Unit testing allows programmers to refactor code at a later date, and make sure the module still works 

correctly (see regression testing). The procedure is to write test cases for all functions and methods so 

that whenever a change causes a regression, it can be quickly identified and fixed. Unit testing helps to 

eliminate uncertainty in the units themselves and can be used in a bottom-up testing style approach 

(see integration testing).  

With unit testing, a "version control system" such as CVS or SVN is absolutely essential: if a later version 

of a unit fails a particular test that it had previously passed, the version control software can provide list 

of the source-code changes that have been applied to the unit since that time and can revert to the 

previous functioning version if necessary.  

Now with the basics out of the way, we describe what we consider using for our project:  

JUnit is a Unit Testing framework for the Java programming language. It is an open source toolkit that 

acts as an aid to automatic creation of test cases for class files.  

An alternative to JUnit that we may consider is the new JsUnit, a Unit Testing framework for client-side 

(in-browser) JavaScript. It is essentially a port of JUnit to JavaScript owing to the development of rich 

client frameworks such as AJAX. It also contains a platform for automating the execution of tests on 

multiple browsers and mutiple machines running different OSs.  

Unit tests with JUnit have a higher cost of setting up at the beginning but will save time in the long run 

because it only takes a few seconds to run them and test cases can be recycled over and over again in a 

test suite.  

The main reason we are choosing to use JUnit to automate our unit testing is because its ease of use. All 

thats needed is any old function and that can be generated into a test. To rephrase, a function --> a test. 
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All we need to do is to set up a minimal program structure, call the function being tested, and finally 

compare the results of the call with the expected answer. That is all, meaning the possibilities are 

endless for us to test to our hearts delight.  

(See Topics Related to JUnit Below: Integration Testing, Regression Testing)  

A few reference links to getting started with JUnit: [1] and [2] and [3] 

Integration Testing 
Integration testing is the phase of software testing in which individual software modules are combined 

and tested as a group. It follows unit testing and precedes system testing. Integration testing takes as its 

input modules that have been unit tested, groups them into larger aggregates, applies tests defined in 

an integration test plan to those aggregates, and delivers as its output the integrated system ready for 

system testing.  

The purpose of integration testing is to verify functional, performance, and reliability requirements 

placed on major design items. These "design items" are exercised through their interfaces using black 

box testing, success and error cases being simulated via appropriate parameter and data inputs. 

Simulated usage of shared data areas and inter-process communication is tested and individual 

subsystems are exercised through their input interface. Test cases are constructed to test that all 

components within groupings interact correctly.  

Due to the dangers of the big bang "all or nothing" approach of integration testing, we are opting for a 

safer "bottom up" approach. In this approach, all the bottom or low level modules, procedures, or 

functions are integrated and then tested. After the integration testing of lower level integrated modules, 

the next level of modules will be formed and can be used for integration testing. This approach is helpful 

when all or most of the modules of the same development level are ready.  

In our "bottom up" approach, we plan to test the system in the following order to ensure smooth 

integration.  

¶ Internal Logic - At the core of our application lies our route search algorithm designed with A* 

search. It is absolutely imperative to getting this logic functional and working first thing because we 

wouldn't be able to run any test cases without it. In effect, this is the primary building block and also 

the foundation of our program upon which we will refine it time and time again in order to achieve 

the maximum possible efficiency given the resources we have.  

¶ User Interface - The next level up would be the UI itself and this serves as the primary method of 

interaction between the user and the application. We would like the user to be able to have the 

"What You See Is What You Get" type of feel with no hidden surprises. One gigantic aspect of the 

user interface would be successfully integrating it with our internal logic as that would essentially be 

the backbone behind our program upon which additional features and functionality can be added 

thereafter. Once we have the basic sketch of the user interface implemented and tested ready, we 

will then be able to add our list of snazzy features one by one.  

http://open.ncsu.edu/se/tutorials/junit/
http://www.linux.ie/articles/tutorials/junit.php
http://www.junit.org/index.htm
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¶ Graph Consistency/Data Collection - At the surface level lies a human error check layer which also 

happens to be the last integration step. A big portion of our user interface will depend on the 

accuracy of the data we will be able to collect by traversing through campus and noting data points 

for various locations. The larger the quantity of data points that we will be able to obtain directly 

translates to a more comprehensive graph as there will be more nodes gathered in one area to 

represent any given location.  

In summary: Our internal logic will tie directly with our user interface and our user interface will be 

directly dependent on our graph consistency.  

Systems Testing 
Systems testing will in large part be manual human testing to ensure all facets of our web application 

fully works. There will also be a small portion dedicated to testing on the server side but the majority 

will be actual browser testing. This testing can be done by the developers themselves as well as users 

testing from our intended target user group. Due to the nature of a web application, it is crucial for the 

GUI to interact with the user in every possible way to ensure a system free of errors and that is also 

reliable and safe. 

Regression Testing 
Regression testing is a stage in software testing which seeks to uncover regression bugs. Regression 

bugs occur whenever software functionality that previously worked as desired stops working or no 

longer works in the same way that was previously planned. Typically regression bugs occur as an 

unintended consequence of program changes. Common methods of regression testing include re-

running previously run tests and checking whether previously fixed faults have reemerged.  

Regression testing is an integral part of the extreme programming software development methodology. 

In this methodology, design documents are replaced by extensive, repeatable, and automated testing of 

the entire software package at every stage in the software development cycle.  

Locating and fixing bugs may be done through manual testing procedures using programming 

techniques, however it is often done using automated testing tools. A test suite contains software tools 

that allows the testing environment to execute all the regression test cases automatically (JUnit). We 

will consider running the test system after every successful compile or at the very least after every 

successful build. 

Validation Testing 
Validation tests will strive to check the efficiency of the system, with focus on loading times, accuracy of 

the map, and responses to user actions. The system should be tested to make sure that many users can 

be using the web application simulataneously with no ridiculous slowdowns or even worse, to cause the 

system to crash. With regards to the accuracy of the map, test to be sure that it is always accurate 

regardless of the number of locations added and the amount of clutter created by a massive amount of 

objects showing up. Users will get frustrated if they cannot verify that their actions actually registered in 
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the program so we will need to validate any assertions created and provide on screen feedback whether 

it be a normal function or an error message. 

Plan 
The CalMap will be implemented in successive builds using the iterative model. We will break down our 

program into several parts: Environmental Set up, basic functions with UI, more functions + UI 

integration with test cases, more sophiscated functions, and optional functions. The break down is 

mostly based on the modular nature of our program; it also corresponds to our midterm schedule. It is 

possible to do our program module by module, which will allow us to encapsulate certain core features 

from optional ones. 

Schedule (Midterms, Builds, Deadlines) 
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Builds 
[u = units of time, which we estimate will be approximately equal to hours] 

Preparation (Pre-Build) [1 week][Feb 28]  

All members  

¶ Set Up Project Environment - all members (4u each)  

o SVN  

o Eclipse  

o GWT  

o AJAX  

¶ Get OCF Account - Chen (1u)  

o subdomain name (i.e. calmap.berkeley.edu), webspace, hosting  

This preliminary stage is our pre-build and the first stage of our project. It mainly deals with the initial 

setting up of our machines and working environments which is crucial in getting all group members on 
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the right track immediately. That way nobody feels left behind and everyone is ready to work. 

Additionally, Chen will get in touch with the Open Computing Facility on campus to sign up for a group 

account for webspace to host our project online for the semester.  

Build 1 [2 weeks][Mar 12] 

All members  

¶ UI  

o Get map on screen - all members (20u)  

o no routes, allow input but don't actually pay attention to it - Mike, Simon (5u)  

¶ Logic  

o have a command line interface - Mike (5u)  

o basic algorithm - Brian, Han (15u)  

o parse text files for nodes/edges - Simon (8u)  

o test cases - Chen (8u)  

o getting from location A to B - Brian, Han (10u)  

The first build is perhaps the most critical build of all, and all members need to be involved in both the 

UI and Logic aspects of the implementation. The first task is to fully understand the Google Maps API as 

well as Java Swing so that we can get a map of campus and the various panels to show up on the 

interface. Allowing input into a textbox will be dependent on having the InputPanel object and portion 

of the display implemented beforehand. Modifying the displayed map will also allow for an enhanced 

ability to perform visual testing, like seeing nodes and edges displayed to test whether or not the 

parsing of text files is happening correctly.  

Still, the internal logic portion of this build is mostly independent from the UI, with there only needing to 

be a simple command line interface in order to easily interface with the basic path-finding algorithm. 

The algorithm will be implemented to be easily modifiable in order to incorporate advanced options, but 

it will not have any special functionality beyond finding the fastest route between two nodes.  

Unit and integration testing will be performed throughout to determine whether or not the various UI 

components are working alone and in tandem. It is critical that a automatic testing framework (JUnit or 

otherwise) be incorporated early on into the internal logic to test both the functionality and the 

effectivenenss of the path-finding algorithm.  

Build 2 [1.5 weeks][Mar 23] 

Mike, Chen, Han, Simon  

¶ Tie UI/Logic - Chen, Simon (10u)  

o show cog menu - Han, Mike (10u)  

¶ make inputs actually add locations/routes  

o node to node - Chen, Mike (8u)  

o data collection/fieldwork - all members (15u)  

o take in options hashtable but only process slope - Han, Simon (10u)  
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¶ test cases ++ - Chen, Mike (4u)  

¶ have edges that go through buildings - Simon (3u)  

¶ clear-all function works correctly - Han (4u)  

In these one and half weeks, we aim to improve on the integration between the UI and the internal logic. 

The cog menu needs to link with internal functions and get itself displayed in order to take advanced 

options from users. Inputs from the UI should go directly into the internal functions (where we are using 

a Hashtable to store the advanced options), and the results that internal logic generates should display 

on the UI. All the options need be identifiable and modifiable on the Hashtable, but we are only going to 

incorporate slope into the algorithm in this stage. Data collection at this stage will be minor; the big 

portion of data collection is in Build 2.5, where we will be focused almost entirely on it. We may have 

small sets of the locations, and try to test them. We will focus on adding test cases instead of actual 

testing frameworks, which should have been implemented in Build 1. We also will also implement the 

remove-all-locations functionality which, although the notion may seem intuitive, does not depend on 

the remove-one-location functionality.  

In terms of dependency, transferring the user textbox input into the internal logic is the top priority. All 

interaction between the UI and internal logic is predicated on having this working. Of secondary 

importance is the showing and implementing the cog menu. Without the cog menu, there will be no 

interest aspects to CalMap. Only after we have a working cog menu, will we be able to take user-

inputted options and apply them to the routes. This will allow for easier and enhanced testing of both 

the UI and logƛŎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƛƴǘŜǊŦŀŎŜ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻΦ CƛƴŀƭƭȅΣ ǿŜ ŎŀƴΩǘ ǎǘŀǊǘ ǘŜǎǘƛƴƎ ǘƘŜ ŀƭƎƻǊƛǘƘƳ 

(incorporating slope) without any data collection. This is because any existing node and edge data we 

have does not include information on slope. Similarly, we will need to collect data on whether or not 

edges are through buildings before we can incorporate that information into our Edge objects. A 

minimum amount of data needs to be collected before such test cases can run.  

Build 2.5 [3 weeks][Apr 12] (including Spring Break) 

¶ additional data collection - all members (15u)  

¶ test cases - all members (10u)  

During these three weeks and possibly spanning into spring break, each of our group members will do 

data collection by taking turns whenever we have free time. Having accurate data is not only an 

important aspect, but also will be an integral part of our large project as we won't be able to map routes 

without having enough data points. Data must be precise so that the results can actually help people 

pinpoint the right routes rather than guide them to the general vicinity that paper maps already do a 

good job of. The data collection process will include gathering data for our advanced features that we 

are planning to have in latter builds, (i.e. construction data, café locations, tourist attraction ratings, 

crowd information). With new data at hand, it would be the perfect time to draw up test cases to 

provide strenuous tests of our system to ensure full working order. Bugs are inevitable so we can spend 

any remaining time fixing them.  
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Build 3 [1 week][Apr 20] 

All members  

¶ Point of interests on the map  

o show/hide POIs on map - Brian, Han, Mike (15u)  

o construction data - Simon (2u)  

o actual cafe stopover locations on map - Simon (2u)  

o tourist attractions like scenic rating on edges - Chen (2u)  

o avoiding crowds with ratings - Chen (2u)  

¶ basic print and email functionalities  

o print - Simon (4u)  

o email - Simon (4u)  

¶ switching location logic - Mike (6u)  

o drag up and down on UI side - Chen (4u)  

¶ removing location logic - Han (5u)  

¶ autocomplete on AJAX - Chen (5u)  

¶ hiding/showing routes - Brian (5u)  

This build will be focused on special (non-options) functionality such as the display of Points of interest 

on the map, print/email integration with Google Maps, and manipulation of locations and routes.  

The showing and hiding of POIs on the map is dependent on having the POI data already collected (in 

previous builds) and inputted so that they are initialized into arrays in the poiPanel class when CalMap 

loads. Printing and emailing are only dependent on having a working UI and interface with Google Maps 

API, but the actual functionality of printing both the map and location list is not at all trivial. Testing of 

the interface components mentioned so far is fairly straightforward (Do the correct POIs display? Does 

the map print/email correctly?).  

The location/route switching, removing, and hiding mechanics are fairly complicated on the internal 

logic side, but the pseudocode we have so far should provide a lengthy head start. The switching 

functionality is dependent on having the removal and addition of logic working beforehand. Application 

testing of the correctness of the internal logic is dependent on having the UI side of switching and hiding 

complete and bug-free. Self-testing and JUnit testing will be critical to making sure the complicated logic 

works out.  

The autocomplete mechanism of the textbox will be time-consuming (because of the manual input of 

campus locations) but fairly easy to implement because of the numerous case examples in existence. 

Automatic, semi-exhaustive testing of both this mechanism and the route-generation should be 

incorporated at this time (if it has not been already) to help catch cases we may have missed and 

simplify testing down the home stretch.  

Build 4 [1.5 weeks][Apr 29] 

All members  
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¶ incorporating bus schedule - Chen, Han (15u)  

¶ incorporating bikes and skateboards - Mike, Simon (15u)  

¶ elevators vs stairs within buildings - Brian (5u)  

¶ All other advanced options - all members (20u)  

¶ User editing of construction zones - Chen, Mike (10u)  

¶ incorporate weather data - Brian, Han (15u)  

¶ clean up print and email - Simon (4u)  

This will be our 4th and final substantial build before we move into testing and bug fixing. We aim to 

finish up our intended advanced options features that were left behind from previous builds (only slope 

had been incorporated into the algorithm). Now, we will incorporate all other options into the algorithm. 

To start, we should have gathered all of our data by this time so we should have all of our advanced 

options data already in place. All that is left is modifying the algorithm to use the data and be able to 

generate relevant and useful routes given the user-defined options. This implementation and the 

consequent testing of functionality and effectiveness is dependent on having all previous components 

involved in route-generating complete. In testing, it will also be critical to make sure the modified 

algorithm does not lead to changes in previous (normal and slope-incorporating) functionality.  

The user editing of construction zones and the incorporation of real-time weather data into the 

algorithm is strictly conceptual, and we may not implement these features even if we have time 

available at the end.  

Bugfix & Final Touch-up [1 week][May 6] 

All members  

¶ Bug fixes - all members (as long as necessary)  

¶ more testing - all members (until everything works)  

This final week will be used to perform any last-minute catch-up and bug-fixing. After we have 

exhaustively tested and fixed all the implemented functionality, we can spend the rest of the time 

testing the effectiveness of the route-generating algorithm in excruciating detail. Tweaks can then be 

made to the algorithm in order to try to improve it. 
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