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Abstract


The EU Provenance project provides a provenance capturing architecture that scientists and non-scientists can use to obtain the provenance (origin) of all their data. The architecture has many applications, for example, it has been used in organ transplant management scenarios in which doctors would like to be able to understand the provenance of decisions that are made in a particular donation case. Alternatively, the architecture has been used in aerospace engineering examples in which engineers require information about simulation runs used in designing new aircraft. One difficulty, however, is that the architecture can capture large amounts of data, and visualising this data can be problematic. What is needed are techniques to visualise such data in order to be able to investigate the provenance of particular results, decisions, etc.. This short report describes an investigation into such techniques and a simple prototype under the name of PreView.
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1. Introduction
The provenance architecture contains a repository called the provenance store, which holds information about processes or process documentation. It supports two operations for the recording and querying of provenance information. The process documentation stored in the provenance store is organised into a logical structure called the p-structure, which facilitates querying. Information can be obtained from the provenance store using two querying methods. The first, the XQuery method, allows users to find specific data items stored within the provenance store. Once the data item is located within the provenance store using the x-query, its provenance can be discovered using the second form of query: the provenance query. Even though the provenance store provides the means to obtain information from it using queries, once this information is retrieved, there is still the challenge of presenting it in a manner that makes it understandable to the user. In this report, we investigate a suite of perspectives over the information, where each perspective provides insights into different aspects of the information. These perspectives are useful for investigating the provenance of a data, and to display the content of a store. A complete description of the provenance architecture is given in [1], and a series of documents [2,3,4,5,6,8,9,10,11,12,13] describe the formal model of the architecture. Furthermore, a detailed methodology describing how application can be made provenance aware is described in [7]. We now describe each of the perspectives in detail.

2.  Perspectives
2.1 The Actor Perspective
An actor is an entity within an application that performs some function. Actors interact by passing information to each other using messages that contain application data. An actor is either a sender or a receiver of information and the sending of a message from one actor to another is considered as one interaction. The provenance architecture considers the interactions between actors as a key ingredient in understanding the provenance of information and so actors record their interaction in the provenance store using interaction p-assertions. 
An actor can be the instigator or receiver of many interactions and, moreover, a message that is sent by an actor may be linked to another message that is has already received. The links between incoming and outgoing messages are called relationships and are causal in nature (i.e. the sending of a particular message was caused by the receiving of another message). The incoming messages that cause the outgoing message to be sent are the objects of the relationship and the outgoing message is the subject of the relationship. By recording the relationships between an actor’s incoming and outgoing messages we can trace the data flow within actors. This is done using relationship p-assertions. Combining these with the interaction p-assertions recording the interactions between actors and we have a complete picture of the data flow within the system. 

PreView provides a visualization of this information, first by showing explicitly the data flow within an actor. Figure 1 shows this for one actor in two scenarios. The graphical user interface (GUI) actor receives a message containing a data item coming from the averager actor and then sends a copy of this data item to a store. In the second scenario the GUI receives a data item from the averager actor and again sends a copy of this to the store. We can see that the message the GUI sends to the store is a copy of the message it receives as shown by the CopyOf relationship (denoted by the dotted line).
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2.2 The Table Perspective
The table perspective forms the basis for the provenance investigation process. The table view is essentially a way to display all the contents of a given store. This table gives a list of all actors in a system and how they are linked through networks of interactions. This view allows a user to be able to quickly find a specific actor or list of interactions between any two actors. Figure 2 shows this graphically. The actors are listed on two sides of a grid. A cell in the center of the grid is marked with an ‘x’ if an interaction exists between the actor on the corresponding row and the actor in the corresponding column. The shade of the cell also indicates the quantity of interactions between the two actors with more intense colours indicating more interactions. 

If a cell containing interactions is clicked upon, details of the interaction can be examined.
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2.3 The Provenance Perspective
The provenance of something refers to the historical process that led to the way it is in the present. Thus, to visualise the provenance of a data item, for example, we must trace back through time and link up all the modifications and pre-cursors to the data item. To represent this visually, we make use of a tree representation, where the root is the data item whose provenance we are interested in and the branches extending back from the root show progressively earlier events that impacted the data item. Note that the root tree is horizontally presented with the root on the rightmost side. Thus, earlier events appear further to the left. Each branch in the tree is a tuple comprising a subject, a relationship and an object. Subjects and objects are given parameter names  to indicate 
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their role in a relationship. Often, a data item can have multiple branches of historical pre-cursors, this occurs when one subject of the relationship is connected to multiple 
objects of the relationships. For example, the subject of an addition relation is the sum of the addition, where sum is the parameter name given to that subject. The objects of the addition are the inputs and might be given the parameter names argument1 and argument2.  The figure above shows the provenance trace for a data item with the parameter name compared. With this view, you can follow all events that impact compared. Moving from right to left we can see that the final compared is a copy of another compared that itself is the result of a comparison done to a result of an average calculation performed earlier (lower portion of the trace) and another compared parameter (top portion of the trace).
2.4  The Collaboration Perspective
The collaboration view shows how various actors are connected through interactions and allows each actor to be clicked upon in order to examine the actor in more detail (i.e. to be taken to the actor view) or to view the interactions that an actor has with other actors. This is shown in the figure below.
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2.5 A More Complex Example
The following example is more complex and shows how many actors can be handled by the table view. In the figure below, an interaction matrix is shown from a medical imaging application, in the area of Functional Magnetic Resonance Imaging (fMRI) used in the provenance challenge [14]. In this application, many different images of brains are synthesized to produce a generalized image. The inputs are a set of new brain images and a single reference brain image. All input images are 3D scans of a brain of varying resolutions, so that different features are evident. Different ‘actors’ in the system perform different operations and their names are taken from the operation they perform (e.g. the slicer actor performs a slicing operation on the input images). 
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Clicking on one of the cells marked with an ‘x’ in the table results in the bottom half of the display showing the interaction record for these two actors. This shows all the interactions in an xml format that have taken place. This is split into two main parts: the sender view and the receiver view.
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The figure above shows an actor view for one of the actors in the application (SlicerImpl), and we can find three input objects arriving at the actor representing three messages it receives with the parameter names: atlas image, atlas header, parameters. The output message from this actor contains the subject (slicer result) that is linked to the objects via the slicer relationship (indicating that the subject is a result of applying the slicer operation on the three input subjects. Each of the inputs or the outputs can be clicked upon in the display to move to the former or next interaction. In this way, a user can track backwards or forwards through the process being executed by an application, obtaining a detailed view of the data flow as it travels through and between actors.
3. Implementation

The PReView prototype presented here is developed in Java, and runs on Windows XP, linux (Fedora 4) and Macintosh, on Java 1.5. It uses the iText library [15] to allow exportation to pdf format, and the Prefuse library to display trees, and graphs [16]. PreView uses the Client Side Library developed in the EU Provenance Project [17], and is based on the MVC (Model View Controller) model, which enables all store connections, the view displays. The Controller links these two elements together thus keeping them both independent. 

4. Conclusion
In this report we have given an overview of  PreView; a provenance visualization tool suite. It is a simple and powerful tool that enables the examination of the provenance of data. It provides four different views over provenance information: An actor view that details how information is processed within application actors, a Table view that gives a high level view of actor interactions, a provenance view that allows users to track through a provenance trace for a given data item and a collaboration view that shows in details the interactions between a group of actors and provides the means to navigate deeper into the information contained within.
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Appendix A
	PReView command list


In the following “right click” = “ctrl down + left click” for mac users.
	Actions
	Effect

	Table Perspective

	Left click on a “X” cell in the table 
	Open a new infobox view in the bottom part of the table view

	Double left click on a row or column header
	Open a new tab with a new actor view

	Wheel mouse (on the column header only !)
	Resizes the row and column header

	When table has the focus '+' or '-'
	Resizes the row and column header

	Mouse over row or column header
	Displays a tooltip with the long actor name

	Mouse over a “X” cell in the table
	Displays a tooltip with the name of the interaction

	Actor Perspective

	Right click
	Opens popup menu with zoom in/out

	Right click on an interaction (grey boxes)
	Goes  to the actor view (follow the other actor of this interaction), go to infobox (display this interaction) to the popup menu

	Right click on a relationship (tear lines)
	Add ObjectID and SubjectID to the popup menu, i.e. go to the provenance view with this data item as the  root of the provenance tree.

	Left click on a blank space
	De-select and show all the displayed objects

	Left click on an interaction (grey boxes)
	Highlights all the relationships from this box (interaction record), hides all the other relationships

	Left click on a relationship (dashed lines)
	Highlights all the ObjectIDs and SubjectID from this relationship, hide all the other relationships

	Double left click on an interaction (grey boxes)
	Opens a new tab with a new actor view (follow the other actor of this interaction),

	Wheel mouse
	Zoom control

	Left click and drag on a blank space
	Span all the view

	Right click and drag on a blank space
	Resise actor width and height

	Infobox Perspective

	Double left click on an element of the left side list (interaction list)
	Opens the interaction on the right side of the infobox (default treetable view)

	Right click on a URL on the TreeTabe view
	Popups a menu to open a browser or as a new store. 

	Provenance Perspective

	Right click
	Zoom to fit to screen

	Right click and drag on a blank space
	Zoom in/out

	Left click and drag on a blank space
	Spans all the view

	Left click on a relationship
	Highlight the relationship and all its descendants

	Left click on a data item
	Obtains a data item’s parents and Highlight them and all their descendants

	Shift down + left click on a data item
	Popup a menu to open a popup windows with the content of the PAssertion

	Click on the collaboration view button
	Open a new tab with a new Collaboration view with the actors used in this provenance view

	Click on the expand all tree button
	Get all the provenance of this root (data item)

	Search panel
	Start to type a word and a search will be performed on the displayed tree for a matching name. When there are several data items found, a number is added to the start of the, this way you can use the search panel to find all similar data items (just type “1- one data item”).

	Collaboration Perspective

	Right click
	Zoom to fit to screen

	Right click and drag on a blank space
	Zoom in/out

	Left click and drag on a blank space
	Spans all the view

	Left click on an actor name
	Highlights an actor and all its descendants

	Shift down + left click on an actor name
	Popup menu to go to actor view (corresponding to the actor name), go to the infobox (a list of all the interactions between this actor and all the others)

	Search panel
	Start to type a word and a search will be performed on the displayed graph for some matching name. the table will highlight the found actor name, and write the number of found results. 
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