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This study explores energy-saving efficiency in sandbox game
server management, using Minecraft as a case study. The primary goal is
to dynamically adjust the number of active servers to optimize overall CPU
usage, thereby enhancing server management efficiency and energy
utilization. With the increasing popularity of online gaming, server
management has grown more complex, necessitating solutions that meet
player demands while minimizing energy consumption. This research
focuses on analyzing server resource utilization, particularly under
conditions of fluctuating player activity, and assesses the impact of
adaptive management strategies on energy-saving efficiency.

Through empirical data collection and regression analysis, this study
establishes a dynamic adjustment system for energy savings that is
applicable to Minecraft servers. The system's effectiveness in reducing
energy usage is further examined under varying levels of server demand.
Results show that as player numbers increase and approach the system’s
load capacity, the energy-saving effect diminishes. For the servers
examined in this study, once the player count reaches 35, it is no longer
feasible to reduce the number of active servers without compromising
performance.
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timestamp player_count server_count cpu_load memory_usage

2024-10-26 6 4 72.47% 42.29%
05:01:30

2024-10-26 7 4 44.18% 57.63%
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2024-10-26 9 4 72.85% 54.78%
05:15:30

2024-10-26 13 2 123.25% 65.28%
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2024-10-26 16 2 150.70% 84.93%
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07:19:33

2024-10-26 0 1 9.85% 28.73%
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#spigot
public double getCpuLoad() {
return osBean.getSystemCpuLoad();

}

public double getMemoryUsage() {

long freeMemory = osBean.getFreePhysicalMemorySize();
long totalMemory = osBean.getTotalPhysicalMemorySize();
return 1 - ((double) freeMemory / totalMemory);

}

# Bungeecord

int totalPlayers = plugin.getProxy().getOnlineCount();
Atomiclnteger onlineServersCount = new Atomiclnteger(0);
Atomiclnteger processedServers = new Atomiclnteger(0);
int totalServers = plugin.getProxy().getServers().size();

7 d IF% o iE
2. 218 e 8 R 0 PIRE D WIRE R R HALE R TR
L p B AT RIRE k4 3E f Y 0 1% i Bungeecord ! hPlayer Balanceris
YRR AT A FIRE o
W 6
B 5 78 IR F e E
public boolean startServer(String serverName, String host, int port) {
String sshHost = plugin.getConfig().getString("ssh.host", "localhost");
String sshUser = plugin.getConfig().getString("ssh.user", "user");
String sshPassword = plugin.getConfig().getString("ssh.password", "password");
int sshPort = plugin.getConfig().getInt("ssh.port", 22);
String startCommand = plugin.getConfig().getString("ssh.start command”, "bash
/path/to/start_server.sh");
String command = startCommand + " " + port;
return executeRemoteCommand(sshHost, sshUser, sshPassword, sshPort, command);
}
T 0diF —*F‘f o iF
BFALE i o f fHHR G R T TR P T E G AT o
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(=) Bungeecord
1§ %L %= : i@ * Player Balancerig BHLEEZ > AFXPIRBEE L FD
prig Tias ey mInjI|4T3 PIRE  FHHE - RIRESRA o
2.2Spigotyf e B * A L 5 TR ATH PR 'T # PR % pF > Bungeecord ¢ e
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private void handleClient(Socket clientSocket) {
try (BufferedReader in = new BufferedReader(new
InputStreamReader(clientSocket.getinputStream()));
PrintWriter out = new PrintWriter(clientSocket.getOutputStream(), true)) {

String[] parts = in.readLine().split(";");
String action = parts[0];
String serverName = parts[1];

if ("add".equalsignoreCase(action)) {

plugin.addServer(serverName, parts[2], Integer.parselnt(parts[3]));

out.printin("{AfREEEARIN: " + serverName);

} else if ("remove".equalsignoreCase(action)) {

plugin.removeServer(serverName);

out.printin("{@REEEEkR: " + serverName);

}

} catch (IOException e) {

e.printStackTrace();

}

}
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player_count cpu_energy_saved
0 45. 04359
1 49. 90738
2 42. 94181
3 38. 37911
4 24. 94891
5 20. 2045
6 16. 83312
T 16. 86613
8 17.02048
9 14. 93557
10 13.91962
11 7. 882659
12 7.904379
13 6.412716
14 6. 675569
15 5. 89922
16 5. 909802
17 5. 508754
18 5. 31409
19 4. 973286
20 4. 697688
21 4. 329813
22 1.970677
23 1. 786065
24 1.84867
25 1. 844521
26 1.681663
27 1.595635
28 1.667649
29 1. 559448
30 1.408227
31 1. 433004
32 1.375289
33 1.3692
34 0.79243
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cpu_usage = 1.09 X Total Player + 0.35 X Chuncks Load
+ 0.55 X Total Entity + 0.57 X Block Update & Interaction
+ 0.39 X Item Interaction + 0.24 X Player Interaction
+ 0.4 X Portal Interaction + 0.19 X TNT Activation
+ 0.42 X Crafting and Enchanting
+ 0.65 X Chest and Furnace Interaction + 5.0
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ram_usage = 0.58 X Total Player + 0.15 X Chuncks Load
+ 0.32 X Total Entity + 0.45 X Block Update & Interaction
+ 0.36 X Item Interaction + 0.25 X Player Interaction
+ 0.22 X Portal Interaction + 0.27 X TNT Activation
+ 0.22 X Crafting and Enchanting
+ 0.48 X Chest and Furnace Interaction + 100
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Total Player 1.09 0.58
Chunks Load 0.35 0.15
Total Entity 0.55 0.32

Block Update & Interaction 0.57 0.45

Item Interaction 0.39 0.36
Player Interaction 0.24 0.25
Portal Interaction 0.4 0.22
TNT Activation 0.18 0.27

Crafting and Enchanting 0.42 0.22
Chest and Furnace 0.65 0.48
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