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1. Introduction

1.1 Purpose 

Higher-Order Association Visualizer is a data visualization tool.
1.2 Document Conventions

Sections typed in normal font represent higher-priority software requirements, while italicized text represents lower-priority.
1.3 Intended Audience and Reading Suggestions

This document is intended for the developers and users of the software. The document first specifies non-functional requirements and describes the external interface of the software, and then describes functional requirements.
1.4 Product Scope

The software allows the user to visualize a graph that represents a recordset and the associations between records in the set. The graph can be drawn in two ways:

1) Records are represented as nodes and 2nd-order links between the records  are represented as edges;

2) Items are represented as nodes and 1st-order links between the items are represented as edges.

The edges (links) in the graph are mapped based on different sets of attributes of the data. Two nodes have an edge between them if they have the same value for particular attribute(s) that are selected by the user. The software also calculates statistical metrics of the graph. This information can be used to analyze higher-order associations in a dataset and to find specific characteristics of its graph. Based on this analysis we hope to find the potential value and characteristics of higher-order associations.
1.5 References

D-HOTM paper: http://www.dimacs.rutgers.edu/~billp/pubs/SIGKDDExplorations.pdf
2. Overall Description

2.1 Product Perspective

This visualizer can be used alongside the D-HOTM system which incorporates both implicit and explicit higher-order itemset mining.  The system finds associations that this tool seeks to visualize and represent statistically.
2.2 Product Functions

The software displays a graph of records and links based on selected attributes of the records. The graph is analyzed using:

1) Statistical metrics that describe the abstract graph and specific nodes:
a. Some metrics can be used to evaluate the whole graph (i.e. connectivity, sparsity);
b. Some metrics are used to evaluate single nodes (i.e. degree, clustering coefficients);
c. Some metrics are used to evaluate pairs of nodes (i.e. distance, shortest distance and longest distance);
2) Comparison of graphs when different sets of attributes are selected, or when specific nodes or edges are added/removed;
3) Highlighted sections of the graph representing the records and associations that support a specific itemset.
2.3 User Classes and Characteristics

The software can be used in privacy enhancing and non-privacy enhancing modes. In privacy enhancing mode attribute values which can reveal sensitive information are not shown in the graph. Instead, only edges between nodes are shown.
2.4 Operating Environment

The software is a cross-platform application developed in Java.
2.5 User Documentation

The software will be commented and documented using the Doxygen tool.
3. External Interface Requirements

3.1 User Interfaces

The software will have a graphical user interface based on the Java 2D API and the Swing components of the Java Foundation Classes. The primary components of the GUI will be:

· a dual graph view for comparison of graphs; a panel will show statistics that compare the two graphs;

· a toggle view radio button that controls the view - whether nodes represent records or items;

· a view of each of the graphs; in record view, dragging over a node (record) shows items contained in that record; in items view, dragging over a node (item) shows the records containing that item;
· a display for the global statistics of each of the graphs; upon selecting a node, statistics specific to that node will be displayed in statistics sub-window; upon selecting a pair of nodes, statistics for the pair will be displayed in another statistics sub-window;
· a selection panel for the different attributes of the recordset – the graph will be changed according to the set of selected attributes;
· an optional dialog box containing a selection list of all itemsets; upon double-clicking an  itemset, the support metric of the itemset will be displayed.
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3.2 Software Interfaces

The software will use for its input the output of the D-HOTM system or the explicit Higher-Order Apriori algorithm. This will be in either XML or flat text file format. A different input format will also be supported, which specifies the weight of each association together with the associations themselves. The software will also be compatible with a layout algorithm that automatically adjusts the layout of the graph.
4. Functional Requirements
4.1 Application Startup

Introduction

The user starts the program.

Inputs

The program is invoked from the operating system.
Processing

The application is started.

Outputs

The user is prompted to enter the filename of an input file.

4.2 Reading the Input File

Introduction

The user enters a filename, specifies the format of the input file, and clicks on “Load Data.”

Inputs

The output of the D-HOTM system produced by either implicit or explicit itemset mining. The input file will be in either XML or flat text file format. A format which specifies the weight of each association will also be supported.
Processing

The input file is parsed according to the file format specified by the user. Original records and mined itemsets, including associated weights, will be stored in separate data structures. The software detects whether data is from a distributed environment.
Outputs

The prompt to open an input file is closed and the main application window is displayed.
4.3 Generating the Graph

Introduction

The input data is used to generate a graph of the associations in the recordset.

Inputs

Parsed data from the input file and the state of the records/items toggle view button.
Processing

An abstract graph is generated from the input data; the graph is stored in a data structure, i.e. adjacency list, adjacency matrix.
Outputs

None.
4.4 Graph Visualization
4.4.1 Record View
Introduction

A visual representation of the graph is output to the screen, with nodes representing records and edges representing 2nd-order links.
Inputs

The abstract graph; record view selected by user or by default.
Processing

The layout of nodes and edges is computed based on the size of the graph using a modular layout algorithm.

Outputs

The graph is drawn in the graph view area of the main window.
4.4.2 Item View
Introduction

A visual representation of the graph is output to the screen, with nodes representing items and edges representing 1st-order links.
Inputs

The abstract graph; item view selected by user.
Processing

The layout of nodes and edges is computed based on the size of the graph using a modular layout algorithm.

Outputs

The graph is drawn in the graph view area of the main window.
4.4.3 Privacy View
Introduction

A visual representation of the graph is output to the screen; certain attribute values will not be available to the user because of privacy restrictions.
Inputs

The abstract graph; privacy mode selected because data is from a distributed environment.
Processing

The layout of nodes and edges is computed based on the size of the graph using a modular layout algorithm.

Outputs

The graph is drawn in the graph view area of the main window. The visualization indicates which links come from restricted data.
4.4.4 Multiple Graph View
Introduction

Visual representations of multiple graphs are output to the screen.

Inputs

The abstract graph; user clicks the “Add new graph” button.
Processing

Re-computes the size of the graph and the layout of nodes and edges, and makes a copy of the visualization.
Outputs

Displays the new resized graph and the copy into an identical adjacent window.
4.4.5 Highlighted Graph Views
4.4.5.1 Node Selection
Introduction

A single node is selected.
Inputs

User clicks on a single node.
Processing

Node becomes active.
Outputs

The selected node is highlighted.
4.4.5.2 Node Pair selection
Introduction

A pair of nodes is selected.
Inputs

User clicks a second node while holding the Ctrl key.
Processing

The two nodes and the path(s) between them become active.
Outputs

The pair of nodes are highlighted with a single color and the nodes and edges that make up the path(s) are highlighted in an alternate color. 
4.4.5.3 Itemset  selection

4.4.5.3.1 List itemsets
Introduction

Function to show a selection list of itemsets.
Inputs

User clicks “Select Itemset” button.
Processing

List of itemsets is accessed.
Outputs

A selection list of all itemsets is displayed in a separate dialogue box.
4.4.5.3.2 Itemset selection in record view
Introduction

An itemset is selected in record view
Inputs

User selects an itemset; record view is selected by user or by default.
Processing

All records that support the selected itemset are made active; the path(s) between the records are also made active.
Outputs

The records that support the selected itemset are highlighted with a single color, and the nodes and edges that make up the path(s) are highlighted with an alternate color.

4.4.5.3.3 Itemset selection in item view
Introduction

An itemset is selected in item view
Inputs

User selects an itemset; item view is selected by user.
Processing

All items that make up the selected itemset are made active; the path(s) between the items are also made active.
Outputs

The items that comprise the selected itemset are highlighted with a single color, and the nodes and edges that make up the path(s) are highlighted with an alternate color.

4.5 Edit Graph

4.5.1 Select Attributes
Introduction

User selects attributes through which nodes are linked.
Inputs

Recordset; abstract graph; user selects an attribute in the attributes panel.
Processing

The new edges which correspond to the selected attribute are accessed and the new layout is computed.
Outputs

The new edges are displayed in the graph view area.
4.5.2 Deselect Attributes
Introduction

User deselects attributes through which nodes should not be linked.
Inputs

Recordset; abstract graph; user deselects and attribute in the attributes panel.
Processing

The nodes and edges which are to be removed are accessed and the new layout is computed.
Outputs

The graph is redisplayed without the removed edges.
4.5.3 Remove Node
Introduction

User removes a node from the graph.
Inputs

The abstract graph; active node; user clicks “Remove” button.
Processing

The node and related links are removed from the abstract graph and are stored in a linked-list data structure. The layout of the graph is recomputed.
Outputs

The modified graph is displayed in the graph view area and a clipboard panel displays descriptions of all nodes in the linked list.
4.5.4 Add Node

Introduction

User add back a node from the clipboard panel
Inputs

The abstract graph; user selects a node from the clipboard panel; user clicks “Add” button.
Processing

The node and related links are removed from the linked-list data structure and are added back to the abstract graph. The layout of the graph is recomputed.
Outputs

The modified graph is displayed in the graph view area and clipboard panel are updated.
4.5.5 Remove Edge

Introduction

User removes an edge from the graph.
Inputs

The abstract graph; active node pair; user clicks “Remove” button.
Processing

The edge between the nodes is removed from the abstract graph. The layout of the graph is recomputed.
Outputs

The graph is redisplayed without the removed edge.

4.5.6 Add Edge
Introduction

User adds an edge to the graph.
Inputs

The abstract graph; active node pair; user clicks “Add” button.
Processing

An edge is added between the nodes. The layout of the graph is recomputed.
Outputs

The graph is redisplayed with the added edge.

4.6 Additional Information
4.6.1 View Record
Introduction

Additional information about a node in record view.
Inputs

The abstract graph; user drags mouse over a node; record view is selected by user or by default.
Processing

The contents of the record represented by the node are retrieved.
Outputs

A pop-up window displays the contents of the record.
4.6.2 View Records of an Item
Introduction

Additional information about a node in item view.
Inputs

The abstract graph; user drags mouse over a node; item view is selected by user.
Processing

All records are retrieved which include the item represented by the node.
Outputs

A pop-up scrollbar window displays the list of records
4.7 Statistical Analysis

4.7.1 Analysis of the abstract graph

Introduction

The abstract graph is analyzed to compute statistical metrics.

Inputs

The abstract graph.

Processing

Statistical metrics (i.e. connectivity, sparsity) are computed using modular analysis algorithms.

Outputs

The metrics are output to the statistics display of the main window. 

4.7.2 Analysis of a specific node
Introduction

The software computes statistics about a node selected by the user.

Inputs

Abstract graph; selected node.

Processing

Statistical metrics (i.e. degree, clustering coefficients) about the node are computed using modular analysis algorithms.
Outputs

The metrics are output to a sub-window of the statistics display of the main window.

4.7.3 Analysis of a pair of nodes

Introduction

The software computes statistics about a pair of nodes selected by the user.

Inputs

Abstract graph; selected pair of nodes.

Processing

Statistical metrics (i.e. distance, shortest path, longest path) about the pair are computed using modular analysis algorithms.

Outputs

The metrics are output to a sub-window of the statistics display of the main window.
4.7.4 Analysis of an itemset
Introduction

The software computes statistics about an itemset selected by the user.

Inputs

Abstract graph; selected itemset.
Processing

Statistical metrics about the itemset are computed using modular analysis algorithms.

Outputs

The metrics are output to a sub-window of the statistics display of the main window.
4.7.5 Comparative analysis of graphs
Introduction

The software computes comparative statistics about two graphs.
Inputs

Abstract graphs.
Processing

Statistical metrics which compare the graphs are computed using modular analysis algorithms.

Outputs

The metrics are output to a sub-window of the statistics display of the main window.
4.8 Saving the Current Visualization State
Introduction

The current visualization and statistical information can be saved to a file.
Inputs

Abstract graph; statistical information; active nodes/edges/itemsets; layout; user clicks “Save” button; user inputs directory and target file name.
Processing

Transforms data into a visualization format and saves to a file.
Outputs

None.
4.9 Open a Visualization File

Introduction

Can display saved visualization and statistical information.
Inputs

Saved visualization file; user clicks “Open” button; user inputs directory and target file name.
Processing

Retrieves abstract graph, statistical information, active nodes/edges/itemsets, and layout from the file.
Outputs

Displays the saved visualization and statistical information.
5. Other Nonfunctional Requirements

5.1 Performance Requirements

There are currently no known performance requirements.
5.2 Security Requirements

The D-HOTM system, which provides the input for the software, works in a distributed environment and has both privacy enhancing and non-privacy enhancing modes. In privacy-enhancing mode, the attribute values through which records are linked are not available to the user; the user is only provided with the links themselves. This will be reflected in the graph displayed by the visualizer: the graph will not show attribute values which are not available due to privacy constraints and will indicate links that are acquired from restricted data.
5.3 Software Quality Attributes

The software will be portable across multiple platforms; it will be adaptable to different kinds of input formats. The application will be scalable in terms of the statistical metrics that are measured.  Additional modules with different computational functionality will be supported. It should also be scalable in terms of accommodating larger graphs, with the ability to add features for handling the larger graphs (i.e. scrollable graph display, ability to selectively show a section of the graph). There will be a plug-in point where different layout algorithms can be implemented to organize the display. The software will also reuse code from other data visualization tools and the D-HOTM system. 



