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Abstract. Query processing over the Internet has been proven to be one of the most difficult and important problems in modern e-data sharing society. In this new data processing environment, three major factors affect the cost of a query: network congestion situation, server states (server workload), and data/query complexity. In this paper, we split the cost of queries into two parts: the cost of the network and the cost of servers and estimate each cost separately. We will study the behaviour of the wide area network to derive the server states from the system contention states and the network congestion situation, and analyze two cases of network changing behaviour and propose different methods to deal with them respectively. So we can be more accurate in choose the best query plan according to the network situation, the system contention states and the server states at the query optimization stage.
1 Introduction

Data integration from multitude autonomous data sources has recently been a research focus in modern e-data sharing society. Query optimization is a major stage in data integration over the Internet. The key challenges arise due to the dynamics and unpredictability of the workloads of both the network and the autonomy of remote data sources. Therefore, some methods of deriving cost models for autonomous data sources at a global level are significantly important in order to accurately process queries. Several methods discussed in [1, 2, 8-10] assume that the system environment does not change significantly over time. Therefore, the impact of the two factors is not explicitly involved in query cost estimation. The significance of recognizing the impact of the overall system contention states has been studied in two separate research projects recently. In [10], the effects of the workload of a server on the cost of a query are investigated and a method to decide the contention states of a server is developed. Cost models derived through sampling queries for each contention state are also constructed for estimating the costs of further queries. This research has been concentrated on the workload of a server only, and it is assumed that the network is steady and does not consume much of the cost. In [3, 7], on the other hand, the importance of coping with the dynamic network environment is addressed. The main drawbacks of the method are twofold. First of all, the dimension of Time has the minimum scale of one hour. If a remote source is highly dynamic, hourly intervals may be too large to reflect the change of the server. Secondly, this approach considers only the quantity of data to be transferred and does not consider the variety of queries using different operators. The complexity of a query can affect its response time significantly. In this paper, we analyze the behaviour of the wide area network in order to derive the server states from the system contention states and the network congestion situation. We also analyze two cases of network changing patterns, steady verses frequent, and propose different methods to deal with them respectively. For the first case (e.g., steady), we propose time slide method to deal with this situation.  For the second case (e.g. frequent), we use Real Discrete Fourier Transform method to filter the noise in the main trend of network data. So that we can select the correct query plan (and cost model) according to the network situation, the system states and the server states at the query optimization stage. The rest of the paper is organized as follows. Section 2 discusses the cost of a query. Section 3 analyzes the behaviour of a network. In section 4, we show the experimental results. Section 5 concludes the paper.
2. The cost of a query in wide area environment

   As we know, the network delay, the server state, and the data volume affect the cost of a query. The estimated cost of query is divided into three parts. 

Total_Time = (i (Time1i +Time2i + Time3i)  (i=1 to k)  …(1) Total_time is the time taken between a query is submitted and the query results are received. Time1 is the time to transmit the query from a query agent to a server (data source). Time2 is the time taken by a server to perform a sub-query. Time3 is the time to transfer all the resulting data from a server to the query agent. 

    Since a global query is decomposed into many sub-queries and some of these sub-queries can be performed in parallel, variable k is the maximum number of sub-queries that will be carried out in sequence. The total time taken to answer this global query is the sum of times taken by each sequential sub-query. Here, we focus on Time2 and Time3. In [6], we proposed a sample query method to establish the relationship between a system contention state and the cost of a query. In this paper, we extend the method by recording values (Ts, Trf, Trl) at several time points as well as the number of data packages that the query agent sent and received (Nums, Numr). Ts is the time point that the query is sent out from the query agent. Trf is the time point to receive the first data package by the query agent. Trl is the time point to receive the last data package by the query agent. Nums is the number of data packages sent to a server when the query agent submits a query. Numr is the number of data packages received by the query agent from a server. Then we can use the formulae below to calculate the cost of a single data package (Cs) of one sub-query transmitted over the Internet. 

Total_Time= Trl- Ts
…(2) 
Time3= Trl -Trf, 
…(3)

Cs= Time3/(Numr-1)
…(4)
Time1= Nums * Cs
…(5)

Time2= Total_time – Time1 – Time3 

…(6)

Using formulae 2 to 6, we can separate the cost of a query into its sever’s cost and network cost. The following section analyzes the behaviour of wide area network.

3. Network Behavior Analysis 
3.1 Regular network speed change
Assume we have derived the system contention states that a query (Q) is involved by the method proposed in [6] and it is observed that the network change is smooth. Let ti be the clock time when query Q is submitted and it falls between two time points ti and tj (or time slide [ti, ti+1]) in T_time (the clock time point on a weekday). Let STi and STi+1 be the network speeds at these two time points and Ti and Tj be the costs obtained at these time points,  and Ci and Cj be the clusters of system contention states that Ti and Tj are in. Then we can analyze the relationship of network states, system contention states and server states.

Situation one: when STi = STi+1 the speed of the network is steady. There are three cases about the system contention states.

1. Case one: when Ci=Cj, the workload of the system is steady too. So we  conclude that the server’s workload is also steady.

2. Case two: when min(Ci)<min(Cj), it is said that the system’s workload is increased from state [min(Ci), max(Ci)]  to [min(Cj), max(Cj)] and the speed of network does not change. So the server workload increases.

3. Case three: when min(Ci)> min(Cj), it is said that the system’s workload is decreased from state [min(Ci), max(Ci)]  to [min(Cj), max(Cj)]. So the server’s workload decreases.

Situation two: when STi>STi+1, the speed of the network is decreased. It implies that a data package will cost more time to transmit through the network than before. The same as the above scenario, there are three cases about system contention states. 

1. Case one: when Ci=Cj, the workload of the system is steady too. So we can derive that the server’s workload is decreased.

2. Case two: when min(Ci)<min(Cj), it is said that the system’s workload is increased from state [min(Ci), max(Ci)] to [min(Cj), max(Cj)]. At the same time, the speed of network is decreased. The server’s workload or the network may cause the increased of the system’s workload. In this case, we design two sample queries [5]. One sample query is complex but with few tuples to transmit to a query agent. The other is a simple unary query but with many tuples to transmit to a query agent. So we can compare these two costs of the queries and derive where the server’s workload is increased or not.

3. Case three: when min(Ci)> min(Cj), it is said that the system’s workload is decreased from state [min(Ci), max(Ci)] to [min(Cj), max(Cj)]. It indicates that the server’s workload is decreased.

Situation three: when STi < STi+1, the speed of the network is increased. It implies that a data package will cost less time to transmit through the network than before. There are three cases about system contention states also. 

1. Case one: when Ci=Cj, the workload of the system is steady too. So we can know that the server’s workload is increased.

2. Case two: when min(Ci)<min(Cj), it is said that the system’s workload is increased from state [min(Ci), max(Ci)]  to [min(Cj), max(Cj)] and the speed of network is increased. So the server workload is dramatically increased than Case one.

3. Case three: when min(Ci)> min(Cj), it is said that the system’s workload is decreased from state [min(Ci), max(Ci)]  to [min(Cj), max(Cj)]. We should use the same method as in Case two of Situation two to decide if the server’s workload is increased, steady or decreased.

   After we have analyzed the relationship among the system contention states, the server states and the network situation, we can use the following steps to choose the best query plan in the wide area environment. 

1. Choose the systems contention states according to the cost time discussed in [6]. If there are several servers that can provide the similar information with the same system contention state, we will do the following.

2. Estimate the result of the query (Nu, Nresult, LNresult) by query sampling methods.
3. Choose the server according to the server’s states and the network situation. There are two possibilities.
Scenario A: The query is complex but with few tuples to transfer to the user, we choose the server whose workload is low.

Scenario B: There are many tuples to be transferred to the user. We choose the server with the high network speed.

These situations are suitable to the situation that the network speed changes steadily. Otherwise, we use the Fourier Transform method as discussed below.
3.2 Frequent network speed change
Most of the time a network’s speed changes frequently and is affected by many factors. To deal with this problem, the method of Real Discrete Fourier Transform is proposed to filter noise in order to derive the main trend of network speed. Then it is possible to estimate the server states based on the main trend of the network speed. It is assumed that the recorded raw data about the speed of a network, Nspeed(t), is composed of a long-term signal Nlspeed(t) and a noise n(t), that is Nspeed(t) = Nlspeed(t) + n(t) . If we are able to reduce n(t) from Nspeed(t), then we can obtain the main trend of the network speed. In our study, the Fourier transform [4] is applied to the raw data graph to identify the long-term signal Nlspeed(t) as it is constructed mainly from waves with low frequencies (slow changes over time), whilst the noise signal is constructed from waves with high frequencies (fast changes over time). The formulae are as following. The n-point (n = power of 2) Real Discrete Fourier Transform of a signal 
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Then the transformed data preserves the main trend of network speeds and eliminates the high frequencies coming from noise. We then abandon the original data and use the transformed data directly. 
4.  Experimental results
To find out the pattern of a network’s behaviour, we conducted an experimental study based on the measure of the network speed at different time points in a week time. Figure 1 is the data graph illustrating the network speed in a week. Figure 2 shows the system contention states in the same week. Through the experiment, we observed the following facts:

· From 22 o’clock to the next day 6 o’clock, the speed of a network is mostly steady or changes regularly. From 13 o’clock to 18 o’clock, the speed of a network changes very frequently.

· For transmitting the same data package, the minimum network time is 236 milliseconds and the maximum time is over 800 milliseconds which is almost three times more than the minimum cost. So the network speed could greatly affect query costs.  

· In Figure 2, the high system contention states (states 3 and 4) occur from 11:30 to 18:30, which is also the time period with high network speeds. 
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Figure 1. Network speed in one week
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Figure 2. System contention states
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Figure 3. Estimated server contention states

From these graphs we can conclude that most of the time when a network is busy its related system contention state is high. However, a situation that the network is not busy but the system contention state is still high indicates a busy state of the remote server. This comparison can be used to approximately model the pattern of the workload of a server. The contention state of a remote server is derived through the model of system contention states (Figure 2) and the pattern of the network behaviour (Figure 1). The estimated server contention states, demonstrated in Figure 3, are consistent with the real situation of the server in our experiment, as we had run a number of application programs on the server irregularly during the testing period in order to avoid a steady server workload. The estimation of the behaviour of a remote server will be used at the query optimization stage to choose which server to use, when two (or more) servers are available with similar data. This knowledge will avoid the selection of a busier server.

5. Conclusion
    In this paper, we proposed a method to separate the estimated query cost into the query processing cost and the data transferring cost. We use a time slide method to deal with the situation where the change of network speed is regular and use a Real Discrete Fourier Transform method to deal with other situations (e.g., frequent). The Real Discrete Fourier Transform method can filter the noise to preserve the main trend of network speeds, so we can be more accurate when estimating a network’s speed for choosing a suitable query plan. 
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