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1. Introduction

Nowadays multimedia data stream applications are becoming more and more prevalent, for example airport security system, health care system and so on. In this sense an extended database management system called multimedia data stream management system(MMDSMS) is necessary. And within all the MMDSMS’ responsibilities, multimedia continuous query(m-CQ) processing is the most important task. M-CQ is a query registered in the MMDSMS by user and will be executed, theoretically forever by the MMDSMS to extract the user defined information from the incoming multimedia data streams.

M-CQ can be represented in an SQL-like language called SigmaQL and it is constructed with a bunch of small operators. So m-CQ can easily be translated into a weighted DAG which we will do the optimizations later on. Below is an illustrative example on how an m-CQ is translated into weighted DAG.
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Fig 1 M-CQ and Corresponding DAG

In the above example, s1 to s9 are source data streams and other nodes are small operators, arrows denote the flow of the data streams and numbers on arrows are output rate of the corresponding operator in the case the operator possesses exclusively one processor.

2. Problem Formulation

Now we can formulate our problem of optimizing the assignment of processors to nodes in a query graph. 

We will first have the following assumptions. 

· All the processors provided in the system(MMDSMS) are identical in the sense that their processing powers are same. 

· Our system is in ideal condition such as no communication latency, no buffer swap latency and so on. This means if a node(operator) is assigned 1/3 of the processing power of a processor, the output rate of the node(operator) is reduced to 1/3 of its original.

· Every node can be assigned to only up to one full processor and the number of the system’s processors are always less than the number of nodes in a query graph. This assumption is acceptable since query graph always have hundreds of small operators in the real system while the system can only provide limited number of processors. Here we do not consider the “one node is assigned multiple processors” case since this is related to parallel algorithms which will make the problem too complicated.

Then we can formalize the problem literally in the following.

We would like to develop an algorithm to make decisions on how to assign processors and its processing power properly to the nodes(operators) in a query graph such that the performance of the query processing will improve compared to unoptimized situations(described below) using the estimation models in Section 3.

The unoptimized situation we mentioned above is the situation that the nodes in a query graph is arbitrarily divided into groups(group number same as number of processors) and then each group is assigned to one processor. Members of a group share the processing power of the processor equally. For example, if we have 2 processors and 6 nodes, we can divide the nodes(operators) half by half. And each node possesses 1/3 of processing power of one processor.

Finally we can summarize the problem in the following algorithmic fashion.

Input: Query Graph<V, E>(V is the set of nodes, E edges), Processors P1…Pn
Output: Tuples {Vi, Pi, quota} (every node is designated to some processor with certain quota, for a specific Pi, the sum of all the quota associated with Pi is 1)

3. Estimation

In order to see how much we improved after using the optimization compared to unoptimized situations, we need estimation models.

Below are 3 estimation models, different estimation models may result in different algorithms we would design. So in this term project, we will pick one or two(depending on time) of them and design the corresponding algorithms. We will list the 3 models in the order from easy to hard.

· Bottleneck

This one checks all the edges of the query graph after the assignment of the processors and picks the smallest output rate as metric of the performance.

For example, in the Fig 1 example, the bottle neck is 80 (not considering the output limitation of the source streams).

· Cost of m-CQ (Adapted from mmds10 paper)

To calculate the cost of an m-CQ, firstly, we should present the definition of computation chain which comes from its corresponding weighted DAG.

Computation Chain: Given a weighted DAG, corresponding to a certain m-CQ, a computation chain means a path from one vertex, except for any input source, to another vertex, except for the terminal, denoted
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Suppose, an m-CQ has 
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The corresponding computation chain is called critical computation chain.  An m-CQ may have more than one critical computation chain.

· Output rate of m_CQ (Adapted from mmds10 paper)

To calculate the output rate of an m-CQ, firstly, we should present the definition of performance chain which also comes from its corresponding weighted DAG.

Performance Chain: Given a weighted DAG, corresponding to a certain m-CQ, a performance chain means a path from any start point to the terminal, denoted
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Two kinds of vertices can be treated as start point.

(1)An input source, if there is no fusion (merging) operation in the chain.

(2)The last fusion operation, which is the nearest vertex to the terminal in the chain.

Suppose, an m-CQ has 
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 is a performance chain, the output rate of this chain can be figured out by
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The corresponding performance chain is called critical performance chain.  An m-CQ may have more than one critical performance chain.
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