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Abstract  

Due to the recent advances in high-speed communication technologies as well as the easy production of 

high-quality video contents, IPTV is becoming increasingly popular. Meanwhile, as the number of IPTV 

channels increases, channel search time to find the desired channel keeps increasing. In this paper, we discuss 

how to improve the channel search latency in IPTV, and introduce caching and prefetching techniques that 

are widely used in memory management systems. Specifically, we adopt memory replacement, prefetching, 

and caching techniques in IPTV channel search interfaces and show the effectiveness of these techniques as 

the number of channels are varied.  
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1. Introduction 

With the rapid advances in high-speed communication technologies and the easy production and distribution 

of high-quality video contents, the demand for IPTV is continuously increasing [1, 2, 3]. Unlike terrestrial and 

satellite broadcasting, IPTV is not limited by frequency bandwidth for each channel, so it can provide hundreds 

of channels through IP networks [4]. Although the increased number of channels has the advantage of 

providing various contents to users, there is a problem in that the search time required to find the desired 

content is greatly increased. For this reason, IPTV users spend a lot of time in searching for channels or 

selectively watch some limited number of channels [4]. If the set-top box receives additional contents from 

channels other than the one currently being watched, the channel switching time can be shortened. However, 

due to limited network resources, the amount of contents that a set-top box can receive per unit time is limited, 

so it is not easy to reduce the delay experienced during fast channel switching. There is an analysis that the 

time required to switch channels exceeds one minute in the worst case, implying that it is important to shorten 

the delay in channel switching in order to improve service satisfaction of IPTV users [5]. Thus, there have 

been many studies to reduce the latency of channel switching [2, 4, 6].  

In this paper, we analyze how caching and prefetching can be utilized as a way of reducing the channel 

search delay of IPTVs. Caching and prefetching have been widely used in memory management of computer 

systems, and this paper shows that it can be adopted in IPTV channel management systems [9, 10]. We also 
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analyze how effective these techniques are when adopted in a wide spectrum of IPTV situations. 

 

2. Related Work 

Li et al. present a channel recommendation framework, which maintains a short list of channels for each 

user based on deep neural network models to capture the static and dynamic user switching behaviors [2]. 

Unlike such extensive optimizations, we focus on simple and efficient techniques used in memory management. 

Joo et al. propose an IPTV channel control algorithm that aims at reducing network delay as well as video 

decoding delay [3]. To do so, they co-optimize the number of broadcasting channels seeking high network 

utilization and video decoding delay by considering a new encoding structure with additional I-frames. Our 

study does not focus on video encoding/decoding issues as we are interested in caching and prefetching of 

channels. Lee et al. present a new channel arrangement scheme that interleaves channels based on their priority 

[4]. Specifically, the most preferred channel is fixed in the center, and channels with odd rankings are 

positioned on its left side, whereas even rankings on its right side. The problem of this scheme is that the 

priorities of the channels should be known beforehand, which is different from the problem domain of our 

study that allows for the dynamic change of channels’ priorities as the watching behavior changes. 

 

3. Caching and Prefetching in IPTV Channel Search 

In memory management systems, various techniques such as replacement, prefetching, and caching are 

used to manage limited memory spaces efficiently. In this section, we analyze how these techniques can be 

utilized in IPTV channel search interfaces. 

 

3.1 Using Memory Replacement Techniques in Channel Search  

Memory replacement refers to the policy that selects data to be discarded from memory when there is no 

free memory space. To decide data to maintain or not in memory, replacement policies analyze the usage 

patterns of each memory data. The LRU (Least Recently Used) and LFU (Least Frequently Used) algorithms 

are widely used replacement policies [7]. LRU sorts data in memory based on their access time, and evicts 

data that are least recently used. LRU utilizes the property that recently used data are more likely to be reused 

in the near future. LFU manages data in memory based on their access count, and when free memory space is 

 

Figure 1. A typical IPTV system architecture with set-top box and modem connected to IP networks. 
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needed, the data with the least access frequency is evicted. This makes use of the property that more popular 

data used in the past are more likely to be used again.  

Now, let us discuss how to apply the properties used in memory replacement to the channel search method. 

When the principle of LRU is used, the “most recent channel first search” that traverses the most recently 

viewed channel first can be used when searching for a channel, implying that users are likely to watch the 

recently watched channel again. Also, if we adopt the principle of LFU, the “most popular channel first search” 

that traverses the channel with the most viewing count first can be used when searching for a channel, implying 

that users are likely to watch channels they have viewed many times in the past. Channel search methods 

aforementioned are advantageous as they can reduce the number of channels passed through until the desired 

channel is found.  

 

3.2 Using Prefetching Techniques 

A prefetching technique refers to a method of fetching not only the currently requested data but also data 

that are likely to be used in the near future when requested data are fetched from storage to memory [7]. When 

prefetched data are actually used, storage access time can be saved. However, as the memory capacity is limited, 

current data in memory may be discarded if prefetching data are increased. Thus, prefetching is effective only 

for data highly likely to be actually used.  

When prefetching is used in channel search, the contents of a channel can be received before users actually 

requests that channel, thereby reducing the delay time that occurs when switching to the corresponding channel. 

This implies that prefetching of channels that users are likely to request or pass through in the near future will 

be effective in reducing the channel search time. We can consider two types of prefetching, “popular channel 

prefetching” and “adjacent channel prefetching” for IPTV channel management systems. 

Popular channel prefetching makes use of the property that channels watched frequently in the past are 

likely to be watched again in the near future. Thus, in popular channel prefetching, channels are sorted based 

on the number of views in the past, and those with the highest number of views are preferentially prefetched. 

Popular channel prefetching is effective when we use the popular channel first search method as it is highly 

likely to pass through popular channels in this search method. In addition, even though channel search methods 

other than the popular channel first search is used, it is likely that a popular channel will be the final target 

channel, so that the channel switching time can be reduced.  

Adjacent channel prefetching fetches channels that are adjacent to the currently watched channel in advance 

during a channel search operation. Such channels are highly likely to be visited in searching the target channel, 

and thus it is effective in reducing the latency of channel search. That is, adjacent channel prefetching is 

effective because at least one prefetched channel is essentially visited during the target channel search 

regardless of the channel search method employed with it.  

Prefetching is effective in reducing the channel flipping latency whereas channel search methods can reduce 

the number of channels passed through. Thus, it will be more effective if the two techniques are used together. 

 

3.3 Utilizing Caching Techniques 

Caching is a technique that stores a subset of hot data to fast media, thereby reducing the access latency if 
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the cached data are actually used [7]. In IPTV channel search, we can make use of the idea of caching by 

storing a certain channel contents in the close location from the user’s set-top box in order to reduce the channel 

search latency when switching to the corresponding channel. The prefetching technique introduced in the 

previous section can also be explained as the principle of caching, and we can consider the caching of popular 

channels in the low-resolution preview mode instead of the high-resolution mode. Also, classifying channels 

into hot and cold channels, and caching hot channels in a low resolution mode can accelerate the channel 

switch latency. We identify hot and cold channels based on the user’s history of channel selection behaviors 

in terms of watching frequency and recency similar to caching in memory management [11]. By doing so, it 

not only distinguishes channels watched frequently and those that are not so, i.e. hot/cold channels, but also 

distinguishes those channels that are hot but are getting colder, and those that are cold but are getting hotter. 

Visiting hot channels first can further reduce the channel search latency.  

 

4. Simulation Experiments 

 In this section, we validate the effectiveness of the caching and prefetching techniques through trace-

driven simulations. The popularity of each channel was modeled based on the Zipf distribution, which is a 

representative model that reflects the biased distribution [8]. Such distributions are widely used to model not 

only the popularity of TV channels, but also the number of visits to web pages and the number of books 

borrowed from the library. The viewing probability of the i-th popular channel in the Zipf distribution is 

modeled as follows.  

    

(1)  

 

where n is the total number of channels, and θ (0≤θ≤1) is a parameter that determines the popularity bias of 

channels. When θ is 0, all channels are equally popular. As θ increases, the skewness of channel’s popularity 

grows, and the popularity bias is the largest when θ becomes 1. In our experiment, we investigate and analyze 

the result when θ is 1, which represents the original Zipf distribution. The length of the trace, i.e. the total 

number of channels (including revisits) over time, is set to 10,000, and the experiments are conducted as a 

function of the number of channels. 

Figure 2 shows the total search latency of the “recent channel first” and “popular channel first” in 

comparison with the numerical channel search without reordering as the number of channels is varied. As 

shown in the figure, the two search methods outperforms the numerical channel search without reordering. 

When comparing the two methods, “popular channel first” performs better than “recent channel first,” and 
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Figure 2. Total seek time for channel search methods as the number of channels are varied. 
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their performance improvement against the numerical channel search is 53.3% and 39.2%, respectively. Also, 

the performance improvement becomes large as the number of channels increases.  

Figure 3 shows the total search latency of the “popular channel prefetching” and “adjacent channel 

prefetching” in comparison with no prefetching. As shown in the figure, adopting prefetching exhibits better 

results than channel search without prefetching in all cases. When comparing the two prefetching methods, 

“adjacent channel prefetching” outperforms “popular channel prefetching”, and this trend apparently appears 

as the number of channels increases. This is because adjacent channels are essentially visited while searching 

the desired channel in any case. The performance improvement of “adjacent channel prefetching” and “popular 

channel prefetching” is 20.1% and 13.2%, respectively, compared to the channel search without prefetching.  

Figure 4 shows the results of channel search with caching and without caching as the number of channels 

increases. As shown in the figure, caching improves the channel search time consistently, as switching to 

cached channels saves the channel flipping time. Specifically, caching improves the channel search time by 

52.9% on average compared to the channel search without caching.  

 

5. Conclusion 

In this paper, we introduced memory management techniques that can be adopted in IPTV channel search 

acceleration and analyzed their effectiveness. Specifically, we adopted memory replacement, prefetching, and 

caching techniques in IPTV channel search and evaluated them based on trace-driven simulations. Our 

empirical results showed that “popular channel first search” and “adjacent channel prefetching” perform better 

than “recent channel first search” and “popular channel prefetching” respectively. We also showed that caching 

 

Figure 3. Total seek time for prefetching methods as the number of channels are varied. 

 

Figure 4. Total seek time for caching and no caching as the number of channels are varied. 
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can improve the channel search latency significantly in IPTV channel search.  
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