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In a mobile computing environment, caching relevant data at the hosts is an effective tool to improve performance (query response time and throughput) in any distributed system. Important issues in designing an effective caching scheme include 1) what to cache (and when and for how long), 2) when and how to invalidate the cached items and at what granularity level, and 3) data consistency provided to the user and at what cost. Most of these concerns, especially the consistency management of cached data are exacerbated for mobile computing environments. Mobile computing environments are characterized by slow wireless links (low-bandwidth radio links) which are susceptible to frequent disconnections from the base station (server) and low battery power at the mobile clients (hosts), which necessitates the clients to minimize uplink queries as well as to voluntary disconnect from the network to conserve battery power.

In order to provide services of good quality to mobile users and improve the system performance, the mobile computing system is usually of distributed server architecture. As users move to a new service area, the new server is expected to take over the execution of running programs for mobile users so as to reduce the communication overhead of the mobile system. This procedure is referred to as service handoff. Note that when service handoff occurs, the cache of the new server does not contain any data entry that was accessed by prior transactions and the new server will thus lose its advantages for cache access. To remedy this, we examine in this paper several cache retrieval schemes to improve the efficiency of cache retrieval.

Introduction

Mobile Computing is an umbrella term used to describe technologies that enable people to access network services anyplace, anytime, and anywhere. Ubiquitous computing and nomadic computing are synonymous with mobile computing. Mobile computing is a technology that allows transmission of data, via a computer, without having to be connected to a fixed physical link. Mobile voice communication is widely established throughout the world and has had a very rapid increase in the number of subscribers to the various cellular networks over the last few years. An extension of this technology is the ability to send and receive data across these cellular networks. This is the principle of mobile computing. Mobile data communication has become a very important and rapidly evolving technology as it allows users to transmit data from remote locations to other remote or fixed locations. 


This proves to be the solution to the biggest problem of business people on the move - mobility. However, information access via a mobile device is plagued by low available bandwidth, poor connection maintenance, poor security, etc.

The figure above shows a mobile communications path and the various devices and gadgets involved.  The above figure is a simple architecture but these days, in order to provide services of good quality to mobile users and improve the system performance, the mobile computing system is usually of distributed server architecture. As users move to a new service area, the new server is expected to take over the execution of running programs for mobile users so as to reduce the communication overhead of the mobile system. This procedure is referred to as service handoff.






Cache Retrieval Methods

In a mobile computing system, mobile users submit transactions to the servers for execution, and the transactions request data pages from servers to process. In some applications, if data pages are referenced by transactions, these data pages have a tendency of being referenced again soon. This property is called temporal locality. For applications with temporal locality, the data pages which these transactions access can be further divided into two types of pages, namely, pages with intra-transaction locality and pages with inter-transaction locality [9]. Intra-transaction locality refers to the feature that the same data pages are usually referenced within a transaction boundary, meaning that these pages present temporal locality within a transaction. In contrast, inter-transaction locality refers to the feature that the same data pages are usually shared by some consecutive transactions.

Description of the three Caching Methods

We now describe three caching methods. As can be seen later, depending on the transaction properties, FLB, FPS and FCB have their own advantages.

FLB (Caching from Local Buffer)

Clearly, since the server has its own local buffer, it could get cache data from its local buffer directly. In general, the server will fetch cache data due to cache miss in the beginning of transaction execution. This is usually called cache warm-up.

FPS (Caching from the Previous Server)
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For a transaction with higher intra-transaction locality and lower inter-transaction locality, getting the cache data from the previous server is useful and effective for mobile computing. Figure 2 illustrates such a scenario. Server SA contains the cache pages 44, 26 and 17, and the coordinator contains the cache pages 44, 39 and 40 after server SC writes its cache buffer. These transactions also share one page 44. Under the assumption that the characteristics of workload are of high temporal locality and with few common pages, the mobile user requests the cache pages 44, 26 and 18. As such, when service handoff occurs, getting the cache data from the previous server will be more effective than other schemes. 

FCB (Caching from Coordinator Buffer)

If the transaction property is update-intensive and transactions possess higher inter-transaction locality, getting cache data from the coordinator buffer will be cost-effective. In Figure 3, the sharing pages are 44 and 39. Assume that the mobile user is using the data pages 44, 39 and 18. When server SB which the mobile user is with gets the cache data from the coordinator, server SB will have the most recent pages 44 and 39, and only incur one cache miss for page 18 and one cache replacement for page 40. Clearly, FCB performs better than FPS in this case.
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  It can be seen that the FCB is a better way of cache retrieval in most scenarios.

5. Conclusions

We examined in this paper several cache retrieval schemes to improve the efficiency of cache retrieval. In particular, we analyzed the impact of using a coordinator buffer to improve the overall performance of cache retrieval. The performance of these cache retrieval schemes will be analyzed in detail and a system simulator will be developed to validate the results in the future.
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