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Project Description 
 
Introduction 
“MarketVCR” is a combination of a large multimedia data warehouse containing tick-by-tick 
quote and trade stock market data, video, audio and news articles, a web application capable of 
tapping into the warehouse and a middle-tier server suite capable of streaming data to the web 
application. MarketVCR will allow an instructor or student, in any location, at any point in the 
future, to “rewind” the market back to the time of a market altering event and “play” the market 
with synchronized video, data and news releases just as it happened earlier in the day, week or 
year. A key component of the playback subsystem will rely on the ability to synchronize the 
playback of audio and video with the display of market data. Quote and trade data may 
constitute over one hundred records per minute in an actively traded financial instrument. 
MarketVCR must be able to scale to coordinate the display of dozens of such financial 
instruments simultaneously. 
 
Problem Statement 
Past work has focused on the coordination of audio and video streams with relatively few 
discrete objects such as audio accompaniment to a slide show. Our aim is to apply current 
principles in this domain to augment such systems with the streaming market data components. 
The challenges for this work stem from the dense nature of market data, its non-deterministic 
arrival times and how it must be streamed to the client in VCR mode. When originally delivered 
directly from a market center (such as the NYSE or NASDAQ), quote and trade data are posted 
on the client as soon as the network and systems can deliver them. Upon playback in 
MarketVCR, such data must be posted on the client in step with the timing imposed by the 
playback of the accompanying video. While several theoretical approaches exist to model 
the coordination of a relatively small number of deterministic objects, an efficient and 
effective approach to modeling and implementing synchronized market data has not 
previously been developed. 
 
Significance 
The significance of this work is twofold: First, the extension of existing models to account for the 
arrival and display of market data constitute a novel contribution to this research domain. 
Second, development of efficient and effective methods for implementing such models will 
benefit both the larger MarketVCR project as well as researchers and practitioners facing similar 
issues.  
 
Research work in this area has a number of relevant publication outlets including several 
journals (Journal of Multimedia Tools and Applications and ACM Multimedia Systems Journal) 
as well as several high quality conferences sponsored by IEEE and ACM. 
 
Background 
Breaking news events can have significant impact on financial markets. When the Federal 
Reserve chairman testifies before congress or presents open market committee rate adjustment 
decisions, when world leaders reveal major policy decisions, or when corporate leaders present 
news releases and performance statistics, financial markets around the world react within 
seconds often with significant impact on the pricing of financial instruments and the volume of 
transactions.  
 
Live news coverage of such events coupled with live market data provide a robust and intriguing 
environment in which students can witness and apply theoretical notions of finance and 
economics in a real world context. A Federal Reserve committee decision to lower the prime 
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rate, for example, has implications for everything from bond pricing and equity pricing to the 
rates of student loans, mortgages and credit card premiums. Such real-world examples, 
supported by real-time financial market data and juxtaposed with live video or audio of the 
events, serve to reinforce in student’s minds the many relationships between financial and 
economic concepts and provide an ideal complement to the related theory they have learned in 
the classroom. 
 
Unfortunately, students not physically present at the time of the event are left out of such 
significant learning opportunities. In response to this need, we are in the process of constructing 
the “MarketVCR”, a combination of a large multimedia data warehouse containing tick-by-tick 
quote and trade market data, video, audio and news articles, and a web application capable of 
tapping into the warehouse. Ultimately, the application will allow an instructor or student, in any 
location, at any point in the future, to “rewind” the market back to the time of the event and 
“play” the market with synchronized video and news releases just as it happened earlier in the 
day, week or year. 
 
Cataloging video, audio, news articles and market data are relatively straightforward tasks that 
are currently being implemented and automated by the P.I. Streaming video and audio by 
themselves over the Internet are commonplace and supported by a large number of commercial 
software packages (e.g., Real Server/RealPlayer or Microsoft Media Server and Media Player). 
The focus of this proposal is on the coordination of the playback of a video or audio 
stream with the display of market data. 
 
Market data are typically categorized into two groups: Quote data, which represent the bid and 
ask prices market participants are willing to accept or pay for a given quantity of a financial 
instrument (for simplicity here we will focus only on stocks), and Trade data that report sales 
transactions where a buyer and seller have agreed on a price and shares will exchange hands. 
In an actively traded stock such as Microsoft, 350,000 quotes will be posted and 100,000 trades 
will occur in an average eight-hour trading day. Each quote tuple consists of the stock symbol, 
date, time, bid, ask, bid size, ask size, exchange and market maker. Each trade tuple consists 
of the stock symbol, date, time, trade price, shares and exchange. 
 
Most stocks do not trade as actively, however there are potentially thousands of stocks one 
might consider cataloging in this fashion. While this presents some challenges in terms of 
network throughput and storage, it is typically only researchers and students investigating 
market microstructure that are interested in the individual quote data. Hence MarketVCR will 
initially only work with the trade data that represent the “stock price” most people are familiar 
with. 
 
An active stock may trade several times per second. An inactive stock may trade several times 
per day. This non-deterministic behavior sits in contrast to the frame based orientation of audio 
and video (A/V) streams that count on frames being displayed for a precise and fixed period of 
time. Once an A/V frame has been displayed, it can be discarded. Trade data, on the other 
hand, may arguably remain on display (perhaps in a graph) for an extended period of time after 
its arrival at the client. 
 
These characteristics dictate novel approaches to model and implement synchronization 
constraints. Specifically the MarketVCR environment requires: 
1. A multimedia synchronization model that incorporates the replay of real time market data. 
2. A methodology to convert the synchronization model into an executable environment (e.g., 
SMIL code – see below) for implementation in a web-enabled client/server architecture. 
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Related Work 
A number of techniques and languages have been developed to model the coordinated 
playback of multimedia data objects. Dynamic Extended Finite State Machines [2], Object 
Composition Petri Net [3], Real Time Synchronization Model [4][6], and Multimedia Object Petri 
Nets [1] are examples of such approaches. Each approach has in common the notion of a 
media object (video, audio, text, image) represented by a place in the state space (or Petri net 
as the case may be) that will ultimately be enabled such that it will play or be displayed for a 
given duration. More recently, [7] has explored modeling of non-deterministic events permissible 
within the SMIL 2.0 environment that has led to the development of the Extended Real Time 
Synchronization Model. 
 
Market data fails to fit within the existing categories of such multimedia data. Unlike video and 
audio which have distinct notions of frames of fixed time duration, or text or images that can be 
statically displayed for some duration, market data have no fixed “arrival” time and one may 
argue that once displayed, they should remain so for the duration of the presentation. Modeling 
each individual quote or trade report as a distinct object would prove intractable. It may be 
possible to model such data as non-deterministic events as discussed in [7]. 
 
Early models further assumed that a coordinated multimedia presentation would only be 
replayed from the beginning and perhaps paused and resumed in the middle. Incorporating full 
VCR-like functionality such as rewinding or fast-forwarding the presentation to different portions 
of the presentation as well as altering the rate of playback has recently been explored in [5] and 
[6]. Such approaches will need to be incorporated into MarketVCR. 
 
The current standard client-side synchronization method of choice is the Synchronization 
Multimedia Integration Language (SMIL) developed by the World Wide Web Consortium [8]. 
SMIL is an XML based language that specifies the temporal behavior of multimedia 
presentations. A SMIL script containing specifications of various multimedia objects (source, 
appearance, and information on when display or playback should begin and end) can be 
interpreted by a SMIL compatible media player (such as RealOne player). Recent work [6] has 
explored implementing VCR-like controls using SMIL 2.0. It is our intention to make use of the 
SMIL language during the implementation phase to specify the coordination of MarketVCR 
objects. 
 
Several sources of market data are available. Most noteworthy is the New York Stock Exchange 
(NYSE) Trade and Quote system (TAQ). TAQ retains quotes and trade data for all stocks listed 
on the NYSE. This data is available directly via download over the internet (under a license 
agreement) or via CD or DVD delivery. The Wharton Research Data Services provide access to 
the TAQ data on their systems as well as through a web based query/retrieval interface. Such 
interfaces follow a query/retrieval model that is generally more suited towards researchers who 
require a specific data set to be downloaded for their research. 
 
Project Design 
The first phase of the project will consist of a more thorough literature review and the selection 
of the most appropriate synchronization modeling approach that will meet or comes closest to 
meeting the design goals of MarketVCR given the specific characteristics of market data. 
Extending or enhancing existing modeling approaches to accommodate market data may be 
necessary. This phase, currently underway, is anticipated to take no more than 3 months to 
complete. 
 
In the second phase, a synchronization model of objects within MarketVCR will be developed. 
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Given the prior phase has been completed it is anticipated that the second phase should take 
no more than one month to complete. 
 
The remainder of the project’s duration will be spent implementing a proof of concept system 
capable of generating the appropriate SMIL 2.0 scripts given a set of input objects and the 
constraints imposed by the model developed in the second phase. 
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