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 ABSTRACT - For spreading public information to a tremendous number of mobile subscribers, wireless Data 

Broadcasting is a newly developed data dissemination method. Access Latency and Tuning Time are two main criteria to 

evaluate the performance of such system. With the help of indexing technology, clients can reduce tuning time 

significantly by searching indices first and turning to doze mode during waiting period. Different indexing schemes 

perform differently, so there is a need to compare the efficiency of different indexing schemes. In this paper, we have 

reviewed various most popular data indexing techniques for data broadcasting systems, i.e., distributed index, 

exponential index, hash table, and Huffman tree index. We evaluated and compared the performance of each scheme 

theoretically using probability theory. 

Keywords: Data indexing, Btree, Hashing, signature, access time, tuning time. 

1. Introduction 

Wireless Data Broadcasting becomes more and more popular in recent years because of its scalability and 

flexibility to disseminate public information to a mass number of mobile subscribers with common interests, 

since it can satisfy all pending requests of the same data in one single response. In a typical data broadcasting 

system, a group of data items (named as a program) are broadcasted periodically as RF radio signals by a base 

station within a certain area. Clients located in the valid region can access broadcasting channel, search for the 

required data item, wait until the data item appears, and then download it. 

 In wireless data broadcasting, the focus remains on how to design index structures and how to allocate 

data onto channels. Our concern is to reduce access latency and tuning time [15] that improves efficiency of 

the system. 

1.1 Traditional schemes 
The primary focus is on how to schedule the data to decrease access latency. Acharya et al. [1] proposed 

“broadcast disk”, which allocates data with similar access frequencies onto different disks and broadcast data 

of these disks repeatedly according to their frequencies, in order to cope with non-uniform access distribution. 

But our problem arises for tuning time that is same as that of the access latency. This causes more power 

consumption of mobile devices as the devices still not using the feature of doze mode. 

1.2 Indexing schemes 

The problem of tuning time is considered here, by using various indexing techniques. Indexing techniques 

provide information regarding that instant of time during which the data will be available on the medium. Till 

then this time device may switch to the doze mode that may improve the tuning time and conserve the power 

as well. Some commonly used indexing techniques are listed below: 
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1.2.1 Hashing schemes 

Hashing-based schemes utilize hash functions and store index information within data buckets. Imielinski et 

al.[7] presented two hashing protocols ,i.e., Hashing A and Hashing B .Hashing A calculates h(K) and then 

follows the Shift value to find data, whereas Hashing B provides  a minor modification of the hashing function 

to improve performance. Later, Yao et al. [19] proposed MHash, which considers a two argument hash 

function H(k,l) to map each data to a number of slots, thus facilitates skewed access probabilities and reduces 

access latency. Recently, Zhong et al. gave the scheme and proposed HAMHash [23]. By applying several 

hash functions to allocate data onto multiple channels, facilitating skewed broadcast according to non-uniform 

data access frequencies and allowing flexible number of data replications by introducing adjustable 

parameters. HAMHash achieves almost optimal tuning time and energy efficiency. 

1.2.2 Tree-based schemes 

Imielinski et al. proposed (1,m) index [10], which broadcasts the index part m times in front of each piece of 

the data file. They distributed the index [10], such that it behaves as a B+-tree into replicated part and non-

replicated part. B+-tree distributed index (BTD) was extended by many other researchers to satisfy different 

system requirements. One work [26] proposed an index allocation method named TMBT for multi-channel 

data broadcasting, which creates a virtual BTD for each data channel and multiplexes them on the index 

channel. Hsu et al.[5] modified  BTD to deal with non-uniform data access frequencies. Gao et al. [4] built a 

complete multi-channel broadcasting system based on the variation of BTD for data set with non-uniform 

access probabilities and unequal data sizes. In addition, one paper [13] discussed a signature-based approach 

for information filtering, where the binary hashing code of each datum (as signature) forms a tree to assist 

searching, which may not perform well under non-uniform access probabilities. 

1.2.3 Hybrid Indexing schemes 

Hu et al. [6] designed a hybrid indexing scheme combining BTD and signature-based index. It merges the 

features of both and covers up the weaknesses of each other. Huffman tree is a skewed index tree which takes 

into account the data access probabilities, where more popular data have a shorter path from the root of the 

tree, thus the average tuning time is minimized [3,20]. The construction of Huffman tree [20] is similar to 

Huffman code construction, but it has a problem that the clients may fail to find the desired data through 

traversing that Huffman tree. The other algorithm for constructing skewed Huffman tree [3] has the same 

problem. There is another kind of Huffman tree, Alphabetic Huffman Tree [7], which serves as a binary 

search tree. 

1.2.4 Table-based schemes 

Imielinski et al.[7] presented the flexible index, which divides data file into a variable number of segments 

according to one adjustable parameter, and stores indices in the tables within data segments. Another work by 

Xu et al. [17] gave an idea of exponential index that shares links in different search tables, which allows 

clients to start searching at an arbitrary index node. However, both methods may not perform well in non-

uniform access probabilities. 

2. Analysis of various Indexing schemes: 

2.1. B+ -tree-based distributed index 

B+-tree distributed indexing strategy is developed based on the observation, if we consider non-uniform data 

access patterns and unequal data sizes then it will suit more to the real world applications. It takes the 

advantages of both distributed index and B+-tree index [3].  
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In BTD, B +-Tree index is streamed on broadcast channel in depth-first manner, and it is cut at level l [21]. 

Nodes from level 1 to level l are in replicated part, while other index nodes are in the non-replicated part that 

can be viewed as a number of subtrees rooted at the indices at level l+1. Each index in the replicated part is a 

control index and has a control table to specify the search ranges of different subtrees. 

 
Fig. 1 An example of B+-tree cut at the 2nd level 

 

Fig. 1 is an example of a full binary B+-Tree based distributed index structure with k = 2, L = 4, and l = 2. 

There are 16 data items in the data set D, represented by grey blocks at the bottom. Each index node Bi
j means 

the jth index node on the ith level of the tree. All the nodes above (including) the 2nd level of the tree are control 

indices of the replicated part, while the other nodes below are search indices of the non-replicated part. Tree is 

traversed according to some rules. During traversing process, data buckets and index buckets are interleaved 

on the same broadcast channel. B is a complete program streamed on a broadcast channel, including both 

index buckets and data buckets. 

 

2.2. Exponential index 

Exponential index is very efficient in that it shares links in  different search trees and thus minimizes storage 

overhead. Exponential index strategy is based on the idea of generalized exponential index introduced in [17]. 

One of the main features of exponential index is that it is error resilient, so that it can be easily applied to the 

broadcasting environment with link errors. Also, it has a linear and distributed structure, which allows 

searching to begin from any index as well as recovering from link errors quickly. 

 

2.3. Hash scheme 

Hash scheme is a well known data access approach for traditional database systems. Nowadays, it is also 

implemented in wireless data broadcasting environment. Hashing based schemes do not require a separate 

directory to be broadcasted together with the data [7]. These are included in the data buckets. Each bucket 

contains two parts: the Data part and the Control part. Whereas control part is used for searching the required 

data such that it includes: 

o Hash function 

o Shift: The pointer to a bucket which contains keys.  

 

2.4. Huffman tree-based distributed index 

Huffman-tree index has been applied to the wireless broadcast environment ever since the last decades. It is an 

efficient index technique because it takes into account the access probability of data items when constructing 

the Huffman-tree. The popular data items with higher probability reside closer to the root in Huffman- tree, 

that reduces search time when traversing from the root. If we consider flat broadcast, the distributed method 

could be extended to Huffman- tree based broadcast, that is an innovative idea that has not been considered 

before. In this section, we will discuss the construction of Huffman-Tree based Distributed Index Scheme 

(HTD) and perform a theoretical analysis on its efficiency. The structure of index bucket and data bucket in 

HTD is almost the same as in BTD [22].  
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The first step is to construct a k-ary Alphabetic Huffman-tree:                                                    

Stage 1: Choose data nodes di, dj as candidates to be merged when 

1. there are no leaves between them, 

2. the sum of their frequencies is the minimum,  

3. di and dj are the leftmost nodes among all candidates. 

If the above conditions hold, we create a new index node di with frequency equal to the sum of di’s and dj’s 

frequencies, and replace di, dj with di in the construction sequence.  

 
Stage 2: Record the level of each data node (leaf node). The root node level is 1. From bottom to the root, 

rearrange pointers such that for each level the leftmost two nodes have the same parent, and then the next 

two, and so on. 
 

3. Comparative analysis of different indexing schemes 

A comparison among all the indexing schemes i.e. HASH, Huffman, B+-tree and Exponential are presented 

below in the form of table, for the following measurement criteria: energy efficiency and time efficiency, 

effect of skewed access probability and index bucket size, performance under link errors, construction 

complexity and searching complexity, length of bcast, flexibility to tune between AAL and ATT, and 

clustered or non-clustered features.  

In Table 1, the performance of these schemes has been categorized into four grades, i.e. excellent, good, fair, 

and poor, based on the following given parameters. The measurement “Ease of Searching” mainly evaluates 

the complexity of the searching algorithms in terms of the average time to answer one query in each scheme. 

 

Table 1. The comparison of various indexing schemes 

 
 

From table 1 mentioned above, we obtain the following results in general: 

B+-tree: It is easy to construct and performs well in searching, especially with smaller index buckets. It has 

short access time, is flexible and sometimes resilient to link errors. Service providers may consider B+-tree 

scheme when the data set is often updated and most clients prefer shorter response time compared to low 

energy consumption, especially where data sizes are different in the database. 

 

Exponential: It is the easiest one to construct. It is resilient to link errors and is flexible, also has short bcast 

and consumes less energy. Exponential scheme should be considered in a system where the data set needs to 
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be updated frequently and link errors occurs a lot, whereas most clients prefer low energy consumption rather 

than fast response. Actually, sometimes clients might expect a long waiting time to obtain the target data. 

 

HASH: This scheme consumes less energy, has short bcast and short access time. It is also resilient to link 

errors. Hash scheme is the best choice under the circumstance that most clients require both short response 

time and minimum energy consumption, since hash scheme can achieve almost optimal tuning time. It works 

better in those systems that need not be updated frequently, because it may take some time constructing the 

broadcasting sequences. Also, the hash functions may need further modifications for different data sets. 

 

Huffman tree: It performs better in searching, especially for the data set with more skewed access 

probabilities and smaller index buckets. It is flexible, has short bcast and best time efficiency, consumes less 

energy, and sometimes is resilient to link errors. Service providers should consider Huffman tree scheme 

when most clients require the minimum response time and low energy consumption, especially when the data 

items have quite skewed access probabilities in the data set. However, it might not be a good choice when the 

data set needs to be updated frequently. 

 

4. Conclusion 

In this paper, we analyzed various indexing schemes to compare the performance of different indexing 

technologies on different environment. Among a number of commonly used indexing schemes, we choose 

four of the most popular indices, namely the distributed index, exponential index, hash scheme, and Huffman 

tree index, in order to evaluate their features, performance, and efficiencies with the same criteria.  

To conclude, for a given data set, the most efficient method in energy aspect is the hash scheme; the most 

efficient method in time aspect is the Huffman scheme. B+-tree scheme is easy to construct and performs well 

too. Exponential scheme is also easy to construct and resilient to link error. On the behalf of this conclusion, 

service providers can easily choose the best indexing scheme to satisfy their specific requirements for their 

data broadcasting systems.  
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