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Abstract 

Following the increase in the popularity of smart phone games, the number of 

participating gamers is also rapidly increasing imposing a heavy traffic on a game 

server(s). This slows down the game speed and sometimes leads to interruption of game 

proceedings. Accordingly, the game service providers are adding more servers for their 

games to allow better performance but increasing the number of servers means more 

expenditure for the service providers. Meanwhile, the microprocessors often used for the 

games have become faster and cheaper and the studies on the cluster systems which 

enable more efficient game performance are being carried out widely by the game 

companies instead of just adding more servers. The problem in using a cluster system is 

that the performance efficiency and the effects of the utilized cluster system can only be 

guaranteed through a program that has used a specific parallel programing method. 

Without this programing technique, the benefits of using cluster systems in games are 

minimal. An Eco-Server that fully allows a large number of gamer accesses has been 

implemented in this study to surmount the problem. For the experimental model, a new 

platform technology for the smart phone game which uses a Linux-based network server 

has been designed and implemented. 
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1. Introduction 

The network technology, which is the fundamental element technology in the on-line 

gaming industry, is being studied widely. Currently, the on-line game industry is growing 

so fast that it is expected that this industry will be the focus of future digital economy. 

However, there are many technical problems to be solved in on-line games and the 

priority is to identify the flaws in the past gaming processes and find the solutions to 

improve their performances. Most of the problems in the on-line games are related to the 

quality of the network performance, the server, or both. Therefore, constructing a 

systematically robust server and efficient network are required prior to creating some 

high-quality/performance games. The on-line game server should be able to handle huge 

number of access attempts by the gamers and at the same time, the gaming network needs 

to provide a flawless and fast gaming actions to them. The cluster systems have been 

considered and studied widely as an alternative solution of maintaining the costs of 

running the games low without increasing the number of game servers. Together with 

continuous price decrease of microprocessors and performance-enhanced networks, the 

cluster system can be a central technology for the on-line games. However, game 

developers are required to have in-depth knowledge and skill sets to perform parallel 

programming when constructing a cluster system for the on-line games. Thus, in order to 
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create the games that can handle a great number of multiple access, a Linux-based 

network server (Eco-server) has been designed and implemented for a smart phone game 

as an element of a platform technology. 

 

2. Related Research 

Currently, the most generally used method is the 2-tier method which maintains one-to-

one relationship between a client and a server. This method is also called a centralized 

structure or a single server structure. Also, there is another form called a distributed server 

structure where neither any particular server nor client that assumes a specific role exists, 

like in LAN. Here, the server can be client and vice versa [1-6]. 

Different from the centralized sever structure, the distributed server structure is needed 

when there are more than one server. The systems that are operated with just a single 

server have reached their limits as the number of network game users increased rapidly. 

The distributed server system usually has more than one server and the servers are divided 

into two types: one(s) that can share data and one(s) that cannot. The former is called 

replicated server and the latter, non-replicated server [5-10]. 

The replicated server structure is one that lets the client to increases the number of 

users who can access to the server by connecting more than two systems that have the 

same server structures. The disadvantage of this structure is that the client connected to 

each different server will not be able to share data with other client(s) of other server. The 

non-replicated server structure can share data through the database between the servers 

and the connection can be switched to other server. However, this could result in clock 

synchronization, deadlock between servers, and integrity and simultaneity of game data. 

Again, this structure can share data with other server(s) but sometimes the clients can be 

concentrated on a certain server so that the loads will not be distributed evenly [11-20]. 

The reason for selecting Linux for the system is that it is possible to install the 

operation system kernels with low cost, re-organization of all elements is easy, works fine 

on a low-performance cheap hardware platform, and strong enough to completely utilize 

most of the hardware elements. Also, other advantages are: Linux abides by standards for 

the quality of source code, its kernels are small-sized, it is compatible with other 

operation systems, and updating and patching are easier compared to other operation 

systems. The volume of internet traffic has significantly increased following the 

rapid increase in the number of smartphone-based games [21]. Additionally, due to 

the wide spread of smartphones around the world, social network games and cloud 

computing have developed greatly. Users are now can store data or software’s in a 

highly reliable server(s) and use them on their smartphones or PCs through network-

based computing [22-23]. Accordingly, the traffic volume centering around the 

server storages has increased much more than the past so that the Solid State Drives 

(SSD) which can perform I/O processes efficiently are becoming popular. Although 

SSDs have the merits of high-performance, low-power consumption, low-noise, 

low-heating and other properties, their major demerit is the price, which is often 

higher than the hard disks. Considering these properties, SSDs are used as a Cache 

device in the large-capacity main storages [24-27]. 

 When adopting a SSD as a Cache device, 'writ-back' or 'write-through' type 

writing policy can be used. The 'write-through' method records the data on both the 

SSD Cache and the main storage while the 'writ-back' method records the data on 

the SSD Cache first and normally inputs the same data into the main storage later 

when the system gets a spare time in processing. As a result, the possibility of 

improvement in the writing performance in the 'write-through' method is rather 

small whereas much performance enhancement can be expected for the 'write-back' 

method. However, once the 'write-back' method has been used, the data will be lost 

when SSD malfunctions [24]. Various studies that would prevent data loss by 



International Journal of u- and e- Service, Science and Technology 

Vol.10, No.6 (2017) 

 

 

Copyright ⓒ 2017 SERSC      95 

improving SSD's performance by using it as a 'write-back' Cache have been 

proposed [5-7]. One of those ideas is that by configuring a multiple number of SSDs 

as a RAID form to use them as a 'write-back' Cache [27]. Several physical disks are 

connected as a stripe form in this RAID technology and the data including the 

additional information which can be used to recover the lost data will be stored so 

that the lost data can be recovered with the help of this information even if one disk 

fails in such a striped connection [28]. 

 

3. A Design of Smart Phone Games for Linux Clustering 

As most of smart phone games are played bi-directionally, a server is required to 

assume an intermediary role. In this study, the game was played between the two clients 

so that the design included a single server and two clients [Figure 1]. Since both the server 

and the clients perform the same hosting process in their gaming terminals (i.e., PCs or 

other digital devices), they can communicate each other using SOCKET_STREAM (TCP 

protocol) on AF_UNIX (UNIX domain socket). 

To implement a server that can accept simultaneous accesses, each client’s access will 

be processed by each children server continuously generated with fork. 

 

 

Figure 1. 
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Figure 2. Whole Design Structure for the Linux Network Server [20] 

As the rules of game, the server will call up the manual file to give it to the client and 

provide a service that shows the color of opponent’s number tile when the game starts. As 

the clients have a mechanism of comparing each other’s tiles during the game, shared 

memory was used between the clients. A semaphore was used to solve the problem of 

data corruptions or for the cases that each client cannot refer to the shared memory 

properly. In addition, synchronization process was adjusted by using SIGNAL because 

the first player has to wait for the data provided by the next player to perform calculations. 

The message that includes the game results computed by the first player after 

comparing the values of number tiles when SIGURS1 (determined by using sigaction 

function) arrived was delivered through the shared memory to each player Figure 2. 

 

 

Figure 2. Detailed Presentation of Client-Shared Memory [20] 

 



International Journal of u- and e- Service, Science and Technology 

Vol.10, No.6 (2017) 

 

 

Copyright ⓒ 2017 SERSC      97 

4. An Implementation of Smart Phone Games for Linux Clustering 

Figure 3 shows the communication process in the Linux-based game implemented in 

this study. Since the connection between the server and the client should be  established 

on a 1:n basis rather than on a 1:1 basis, the server used here is a multiserver where 

multiple child processes are generated by using a fork function to simultaneously link 

with multiple number of clients. These child processes serve each client individually. 

After a server socket has been created and binding a socket file descriptor with an 

assigned ip address/port number with the bind function, the server waits for the client's 

access request through the listen function. The connection request through the connect 

function will be established by using an accept function.  

Meanwhile, the client receives commands by using the gets function so that when the 

first command is delivered to the server, the game manual will be read with fopen and 

delivered to the client through the buffer using a send function. The client that reads the 

buffer through the recv function to output the manual on a display screen. The game will 

be initiated when the 2nd command is delivered. In this stage, the connection with 

opponent client is established and shared memory is created between the clients at the 

same time. 

 

 

Figure 3. The Process of Communications in the Implemented Linux-based 
Game 

The game's outcome (victory or defeat) is determined by the opponent's numerical data 

received through the shared memory and the order of presentation of number tiles by the 

clients controlled by through the shared memory as well.  
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Sometimes data can be corrupted when several processes attempt to use the memory 

simultaneously so that their sequence of operation must be determined. The most widely 

used method for this purpose is the one that uses Semaphore, which has been used to 

synchronize the clients' processes here. For example, 'Semlock' is used to block an 

opponent's attempt to use the shared memory when other (Client 1) is writing data to it. 

The shared memory will be available to the opponent through 'Semunlock' after 

completing the data input process. 

Also, this program uses signals to control the order. The signal is the non-periodical 

signal delivered during the operation process when a certain event occurs. Here, to 

proceed with a game between two clients by using the user-defined signal SIGUSR1, the 

order of game is decided in a way that the Client 1 cannot send any additional data to the 

opponent Client 2 until he/she responds with his/her numerical data after Client 1's first 

transmission of data. 

 

5. Conclusion and Future Work 

Clients are connected to the Eco-server on an 1:1 basis and the problem here was to 

enable data sharing and comparison between children servers. This problem was solved 

by generating the shared memories between the server and the clients. Here, the data 

requires to be shared by the system elements (i.e., server and clients) are regarded as the 

comparison results of number tiles of respective clients. The problem of synchronization 

within the gaming process was solved by using SIGNAL and Semaphore. The number of 

players can be increased by using the proposed design. As a result, following game [19] 

was implemented with Linux Figure 4, 5. 

 

 
Figure4. Sample of Implemented Game (1). 
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Figure 5. Sample of Implemented Game (2) 

Since the majority of smart phone games are of 2-player games, the game design 

includes a single server assuming the role of an intermediary and two clients. This design 

allows easy increase in the number of players. As a future work, we plan to produce a 

demo-version based on this design and conduct thorough performance evaluation at the 

same time in the Patent. 
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