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Towards Carbon-Neutralization: Deep Learning-Based Server Management

Method for Efficient Energy Operation in Data Centers

Sang-Gyun Ma' - Jaehyun Park - Yeong-Seok Seo'"”

ABSTRACT

As data utilization is becoming more important recently, the importance of data centers is also increasing. However, the data center
is a problem in terms of environment and economy because it is a massive power-consuming facility that runs 24 hours a day. Recently,
studies using deep learning techniques to reduce power used in data centers or servers or predict traffic have been conducted from
various perspectives. However, the amount of traffic data processed by the server is anomalous, which makes it difficult to manage the
server. In addition, many studies on dynamic server management techniques are still required. Therefore, in this paper, we propose a
dynamic server management technique based on Long-Term Short Memory (LSTM), which is robust to time series data prediction. The
proposed model allows servers to be managed more reliably and efficiently in the field environment than before, and reduces power
used by servers more effectively. For verification of the proposed model, we collect transmission and reception traffic data from six of
Wikipedia's data centers, and then analyze and experiment with statistical-based analysis on the relationship of each traffic data.
Experimental results show that the proposed model is helpful for reliably and efficiently running servers.
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Table 1. Descriptions of Data Centers

Data Center Description
Eqiad Data center located in Ashburn, USA
Codfw Data Center in Carrollton, Texas, USA
Fsams Data center located in Amsterdam,

The Netherlands

Ulsfo Data Center located in San Francisco
Egsin Data Center located in Singapore
Drmrs Data Center located in Marseille, France.
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Fig. 1. Overall Approach of the Proposed Method
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1. Num =1
2. Increase Decrease = 1 // If the variable is 1, the correction

range increases and if it is -1, the correction range decreases

3. While True

4. // Calculate server free resources and average of
server free resources after predicting network traffic

5. Traffic_Predict = Result of Traffic Prediction

6. Free_Resources = Traffic_Predict * Correction_Ranges
- Real_Traffic

7. Free_Resources_Average = Result of Server Free
Resource Average Calculation

8. // Calculating Correction Ranges

9. if Free_Resourcesy=Free_Resources_Average then

10. // If the server resources are sufficient,

the correction range is reduced.

11. if Increase_Decrease == 1 then

12. Num = 1

13. Increase_Decrease = -1

14. // If the server resources are sufficient,

the correction range is further reduced.
15. else

16. Num®*=2

17. Endif

18. Correction_Ranges -= Num™*0.001

19. else

20. // If the server resources are insufficient,

the correction range is increased

21. if Increase_Decrease==-1 then

22. Num =1

23. Increase_Decrease = 1

24. // If the server resources are insufficient,

the correction range is further increased
25. else

26. Num®*=2

27. Endif

28. Correction_Ranges += Num*0.001
29. Endif

30. // Prevention of exceeding the correction ranges
31. if Correction_Ranges{=1.4 then

32. Correction_Ranges = 1.4

33. Endif

34. if Correction_Ranges)=1.8 then

35. Correction_Ranges = 1.8

36. Endif

37. Endwhile
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Table 3. Results of Dynamic Correction Ranges
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Table 4. Values of the Pearson Correlation Coefficient

Server Free Resources Range Description
Average Maximum | Minimum -1.0 ~ -0.7 Strong negative linear relation
1.3~2 0.6315GB | 1.7029GB | 0.0489GB -0.7 ~-0.3 Distinct negative linear relation
1.4~2 0.8023GB | 2.0407GB | 0.2662GB -0.3 ~ -0.1 Weak negative linear relation
1.5~2 0.9665GB | 2.3785GB | 0.2667GB -0.1 ~ +0.1 Negligible linear relationship
13~1.9 | 0.6229GB 1.7029GB 0.0489GB +0.1 ~ +0.3 Weak positive linear relation
C(‘;{rrection 14~19 | 0.7915GB 2.0407GB 0.2662GB +0.3 ~ +0.7 Distinct positive linear relation
anges +0.7 ~ +1.0 Strong positive linear relation
1.5~1.9 | 0.9508GB | 2.3785GB | 0.2667GB
1.3~1.8 | 0.6146GB 1.7029GB | 0.0489GB )
Table 5. Traffic Data
1.4~1.8 | 0.7768GB | 2.0407GB | 0.2662GB
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Fig. 3. Results of the Correlation Analysis
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Table 6. Values of LSTM Hyper-parameters

Hyper-parameter Value
Unit 50
Activation Tanh
Optimizer Adam
Learning_rate 0.001
Batch_size 32
Epoch 1000
Callbacks Checkpoint, Earlystopping
Earlystopping monitor="loss", patience=10
Window size 15
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Table 7. Summary of Experimental Results

Static Correction Dynamic Correction Rate of Change
Ranges Ranges
R2 score 0.991 0.991
Server Free Resources Average 0.8679GB 0.7768GB -10.5%
Server Free Resources Maximum 2.3785GB 2.0407GB -14.2%
Server Free Resources Minimum 0.2017GB 0.2662GB +31%
a 1e9 Server Management Model
—— Real Traffic
= Predicted Traffic
6 Dynamic Server Management
—— Static Server Management
5
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5
g3
&
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1
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Fig. 8. Traffic Graphs of Experimental Results
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