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Abstract: 
 

           Recently, due to the advent of social networks, bio-computing, and the Internet of Things, more data 

is being generated than in the existing IT environment, and as a result, research on efficient large-capacity 

data processing techniques is being conducted. MapReduce is an effective programming model for data-

intensive computational applications. A typical MapReduce application includes Hadoop, which is being 

developed and supported by the Apache Software Foundation. This paper proposes a data prefetching 

technique and a streaming technique to improve the performance of Hadoop MapReduce. One of the 

performance issues of Hadoop MapReduce is work delay due to input data transmission in the MapReduce 

process. In order to minimize this data transfer time, a prefetching thread in charge of data transfer was 

created separately, unlike the existing MapReduce. As a result, data transmission became possible even 

during the MapReduce operation of data, reducing the overall data processing time. Even with this 

prefetching technique, the job waits for the first data transmission due to the characteristics of Hadoop 

MapReduce. To reduce this waiting time, the streaming technique was used to further reduce the waiting 

time due to data transmission. Mathematical modeling was performed to measure the performance of the 

proposed method, and as a result of the performance measurement, it was confirmed that the performance 

of MapReduce to which the streaming method was additionally applied was improved compared to 

MapReduce to which only the existing Hadoop MapReduce and prefetching methods were applied. 
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I.     INTRODUCTION 

 

Recently, due to the advent of social 

networks such as bio-computing and the Internet of 

Things, more data is being generated than in the 

existing IT environment. As a result, research on 

efficient large-capacity data processing techniques 

is being conducted. MapReduce is an effective 

programming model for data-intensive 

computational applications. A representative 

MapReduce application, there is Hadoop, which is 

being developed and supported by the Apache 

Software Foundation [1-3]. Due to the nature of 

Hadoop MapReduce, when processing external data 

rather than local data in order to utilize the 

computational resources of all nodes constituting 

the cluster to the maximum, data transmission 

should be considered for the efficiency of 
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MapReduce. A study on the data prefetch technique 

[5] was conducted to solve the data processing 

delay during the data transmission period. 

However, even if the prefetching technique is 

applied, data processing is impossible during the 

initial data transmission time, so there is a waiting 

time for work. 

In this paper, we try to improve the job processing 

performance of Hadoop MapReduce by proposing a 

prefetching technique that enables data processing 

and transmission at the same time and a streaming 

technique that can shorten the data transmission 

time. 

II.     PREVIOUS WORKS 

A. MapReduce 

Hadoop MapReduce consists of two phases: Map 

and Reduce. As shown in Figure 1, in the map 

phase, a plurality of map phases divide the input 

data into splits and process them, and when all map 

tasks are completed, the map phase ends. 

Afterward, the results of the map tasks are mixed 

and sorted, then processed in parallel by the 

reduced tasks, and the results of the reduced tasks 

are combined into one output file, ending the entire 

MapReduce task [4]. In this process, if the node 

processing the map task does not have the input 

data split of the map task it is executing, it receives 

the node's data with the corresponding input file 

and executes the map task. Since there is no data, 

data processing waits until data transmission is 

completed. 

 

Figure 1. MapReduce job processing flow chart 

Recently Manakkadu et al. [8] proposed a scalable 

MapReduce-based method for collaborative 

filtering primarily used in e-commerce, online 

retail, and streaming service providers such as 

Amazon, and Netflix, etc. In this paper, we 

proposed data prefetching and streaming methods 

to improve the scalability of MapReduce jobs.     

The input data of the Hadoop MapReduce job is 

divided into lines and executed in the map task [4], 

so that the map task can be performed only with 

partial data rather than the entire input file. This 

means that the streaming technique that processes 

data during data transmission can be applied, and if 

the streaming technique is additionally applied to 

the existing prefetching technique, the map task can 

shorten the overall job processing time as shown in 

Figure 4. 

B. Data prefetching  

The map task of Hadoop MapReduce requires input 

data to process the assigned map process. If the 

input data is in a node other than the local node, the 

input data is secured through data transmission. 

 

Fig. 2. Map Task with Prefetch Architecture 

Since data cannot be processed during this 

transmission process, the overall processing time is 

delayed [5]. 

 

Figure 3. Execution of map task with prefetching 

applied 
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Figure 4: Execution of map task with prefetching 

and streaming 

The core of the prefetching technique is to reduce 

the overall map task processing time by enabling 

data transmission and processing simultaneously by 

processing serially processed data transmission and 

processing in parallel using a prefetching thread. 

However, even if such a prefetching technique is 

applied, during the initial data transmission time, 

data processing cannot be executed until one data is 

completely transmitted, so a waiting time occurs. 

 

III. MODEL 

 

In this paper, to improve the performance of 

Hadoop MapReduce, data transmission, and 

processing are parallelized based on the prefetching 

technique, and a streaming technique [6] is applied 

to minimize the waiting time that occurs during the 

initial data transmission. suggest The existing 

prefetching technique uses a prefetching thread to 

process and transmit data at the same time as shown 

in Figure 3, but since data processing cannot be 

performed during the first data transmission, there 

is a waiting time until the transmission is 

completed. Figure 4. Execution of map task with 

prefetch and streaming applied 4. Map task with 

Prefetch and Streaming 

For mathematical modeling for the performance 

measurement of the proposed system and the 

existing Hadoop. 

Through the above factor values, the existing 

MapReduce performance of Hadoop can be 

modeled as follows. 

𝑡ℎ𝑟𝑎𝑙𝑜𝑜𝑝 = (
𝑆𝑏𝑢𝑓 

𝑉𝑡𝑟𝑎𝑛 
+

𝑆𝑏𝑢𝑓 

𝑉𝑚𝑎𝑝 
) ∗

𝑆𝑚𝑎𝑝 

𝑆𝑏𝑢𝑓 
 

Also, the performance of MapReduce with data 

prefetching is as follows. 

𝑡𝑝𝑟𝑒𝑓𝑒𝑐𝑡𝑐ℎ =
𝑆𝑖𝑢𝑓 

𝑉𝑡𝑟𝑎𝑛 
+

𝑆𝑖𝑢𝑓 

𝑉𝑚𝑎𝑝 
′′ + (

𝑆𝑚𝑎𝑝 − 𝑆𝑖𝑢𝑓 

𝑚  (𝑉𝑚𝑎𝑝
′ , 𝑉𝑡𝑟𝑎𝑛 )

) 

The reason for choosing a small value between the 

two values in the above modeling is that the data 

transmission time is faster than the data processing 

time. 𝑉𝑚𝑎𝑝 
′ , 𝑉𝑡𝑟𝑎𝑛  

However, in most cases, the data transmission time 

is more of a problem than the data processing time, 

so only the case with a short transmission interval is 

considered in this paper. Also 𝑉′ 𝑚𝑎𝑝 , 𝑉𝑚𝑎𝑝  

there is no difference in resources except for a small 

memory space used for the transmission buffer, so 

the performance difference is negligible. The 

modeling considering this is as follows. 

𝑡𝑝𝑟𝑒𝑓𝑡𝑒𝑐𝑡ℎ =
𝑆𝑏𝑢𝑓

𝑉𝑡𝑟𝑎𝑛 
+

𝑆𝑏𝑢𝑓 

𝑉𝑚𝑢𝑝 
+ (

𝑆𝑚𝑎𝑝 − 𝑆𝑏𝑢𝑓 

𝑉𝑡𝑟𝑎𝑛 
) 

the prefetching MapReduce modeling, the 
𝑆𝑏𝑢𝑓 

𝑉𝑡𝑟𝑎𝑛 
 

map task is the first data transmission to process the 

input data. If this part is expressed as transmission 

to which streaming technique is applied, the waiting 

time until data processing is the time at which the 

data that can be processed with the least amount of 

processing is completed 
𝑆𝑠𝑡𝑟𝑒𝑎𝑛𝑏𝑢𝑓 

𝑉𝑡𝑟𝑎𝑛 
 

In addition since the entire input file size does not 

change even if the streaming technique is applied, 

the time required to transmit the remaining files 

other than the first file transmission is modeled by 

the existing prefetching technique, 
𝑆𝑚𝑎𝑝 −𝑆𝑏𝑢𝑓 

𝑉𝑡𝑟𝑎𝑛 
 

, and the file processing speed 
𝑆𝑏𝑢𝑓

𝑉𝑚𝑎𝑝
 

can also be expressed as . . Therefore, the modeling 

of the processing time of Hadoop Map Reduce to 

which the prefetching and streaming techniques 

proposed in this paper are applied is as follows. 
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𝑡𝑖𝑛𝑞𝑢𝑟𝑜𝑒𝑒𝑑 =
𝑆𝑠𝑡𝑟𝑒𝑎𝑚𝑏𝑢𝑓 

𝑉𝑡𝑟𝑎𝑛 
+

𝑆𝑏𝑢𝑓 

𝑉𝑚𝑎𝑝 

+ (
𝑆𝑚𝑎𝑝 − 𝑆𝑏𝑢𝑓 

𝑉𝑡𝑟𝑎𝑛 
) 

The formula to measure how much performance 

improved Map Reduce to which prefetching and 

streaming techniques are applied compared to the 

existing Hadoop Map Reduce is as follows. 

𝛥𝑡 = (
𝑆𝑢𝑖𝑓 

𝑉𝑡𝑟𝑎𝑛 
+

𝑆𝑢𝑓𝑓 

𝑉𝑚𝑎𝑝 
) ∗

𝑆𝑚𝑎𝑝 

𝑆𝑏𝑢𝑓 
− 

  (
𝑆𝑠𝑡𝑟𝑒𝑎𝑚𝑏𝑢𝑓 

𝑉𝑡𝑟𝑎𝑛 
+

𝑆𝑠𝑢𝑓 

𝑉𝑚𝑎𝑝 
+ (

𝑆𝑚𝑎𝑝𝑝 −𝑆𝑠𝑢𝑓 

𝑉𝑡𝑟𝑎𝑛 
)) 

 

value Case 1 Case 2 Case 3 

𝑉𝑡𝑟𝑎𝑛  1,024 1,024 1,024 

𝑉𝑚𝑎𝑝𝑝  1,024 2,048 2,048 

𝑆𝑠𝑡𝑟𝑒𝑎𝑚𝑏𝑢𝑓  1,024 512 10 

𝑆𝑏𝑢𝑓  1,024 1,024 1,024 

𝑆𝑚𝑎𝑝  
102,40

0 
102,400 102,400 

 

Table 2. Values for Compare Original Mapreduce 

and improved Mapredcue 

Using this formula, the factor values for 

performance comparison with the existing Hadoop 

MapReduce are set as shown in Table 2. Factor 

value settings for performance comparison of 

existing MapReduce and Extended MapReduce. 

IV. EXPERIMENTAL RESULTS 

 

value Case 1 Case 2 Case 3 

𝑉𝑡𝑟𝑎𝑛  1,024 1,024 1,024 

𝑉𝑚𝑎𝑝  2,048 2,048 2,048 

𝑆𝑠𝑡𝑟𝑒𝑎𝑚𝑏 𝑢𝑓  1,024 512 10 

𝑆𝑏𝑢𝑓  1,024 1,024 1,024 

𝑆𝑚𝑎𝑝𝑝  
102,40

0 

102,40

0 
102,400 

 

Table 3. Factor value settings for performance 

comparison of MapReduce with prefetching and 

Enhanced MapReduce 

Figure 5 shows that Hadoop, to which prefetching 

and streaming techniques are applied, shows better 

performance compared to the existing Hadoop 

MapReduce. In addition, it can be seen that as the 

difference between the map task processing 

performance and the data transmission performance 

is not large, the performance improvement by 

prefetching becomes larger. 

Table 3 below shows the settings for comparing the 

performance of the system to which only the 

existing prefetching is applied and the system to 

which the streaming technique is additionally 

applied. 

 

Figure 5. Comparison of performance between the 

existing MapReduce and the improved MapReduce 
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When the streaming technique is applied, the 

smaller the size of the streaming buffer, the shorter 

the transmission waiting time. The results in Figure 

6 show that the performance of MapReduce to 

which the streaming technique is additionally 

applied is improved compared to MapReduce to 

which only prefetching is applied. 

 

 

Figure 6. Comparison of performance between 

MapReduce with prefetching and MapReduce with 

constant 

V. CONCLUSION 

In this paper, to solve the performance degradation 

problem caused by data transmission of Hadoop 

MapReduce, the prefetching technique and the 

streaming technique were proposed. By applying 

the prefetching technique in the map stage, data 

processing and transmission can be processed in 

parallel to reduce the data transmission latency and 

the streaming technique is added to reduce the job 

processing latency due to the initial data 

transmission where the prefetching technique 

cannot be applied. applied. In addition, 

mathematical modeling was performed to measure 

the performance of the result, and as a result of the 

performance measurement, it was confirmed that 

the performance of MapReduce to which the 

streaming technique was additionally applied was 

improved compared to the existing MapReduce to 

which only Hadoop MapReduce and prefetching 

techniques were applied. 

In order to solve the packet overhead problem 

caused by the small data transmission size when 

streaming techniques are applied in the future, we 

plan to conduct a study on the policy for 

determining the size of transmission data per 

packet. 
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