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Transfer Learning Technique for Accelerating Learning of Reinforcement
Learning-Based Horizontal Pod Autoscaling Policy
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ABSTRACT

Recently, many studies using reinforcement learning-based autoscaling have been performed to make autoscaling policies that are
adaptive to changes in the environment and meet specific purposes. However, training the reinforcement learning-based Horizontal Pod
Autoscaler(HPA) policy in a real environment requires a lot of money and time. And it is not practical to retrain the reinforcement
learning-based HPA policy from scratch every time in a real environment. In this paper, we implement a reinforcement learning-based
HPA in Kubernetes, and propose a transfer leanring technique using a queuing model-based simulation to accelerate the training of a
reinforcement learning-based HPA policy. Pre-training using simulation enabled training the policy through simulation experience without
consuming time and resources in the real environment, and by using the transfer learning technique, the cost was reduced by about

42.6% compared to the case without transfer learning technique.

Keywords : Kubernetes, Reinforcement Learning, Autoscaling
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Table 1. Queuing Model-based Environment Configurations

Simulation Configurations

- Application Profile(AP)
- Workload History
- Simulation Period

- Autoscaling Period
- Timeout
- Scaling Delay
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Algorithm 1. Pre-training in Simulation AlEgold 4T AA 3ol FAISEA|RE, AT 2
Input: Agent_Config, Env_Config e &7] &2 AlEFeld 2o Hgd FH2 AA
1 Agent < Q_Learning_Agent(Agent_Config) oA AxE q5E FsHA T 4 ok HEFH FHE T
2 While all episodes are not finished do st7] oliAe 8841 P52 Bl MEE 0 F34
3 Env < Environment(Env_Config) o] JMog Y o|Ed= o] AR, o]& ) €
4 t <« 1 // Autoscaling period -greedys F5 FHOF AREsH7]ol+= EEEH PsO0=Z 9
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102 It > 1then w27 Had 5 Q=S Frh L9l ol ARgEE
11 : update Q-Table by using (5,-,, 4,-,, R, S) Agent_Configol oigt ZpAISH W82 5.280fA4 &Lt
// see Formula (2)
12 end If _
| 5. A3 U £
13 : to— t+1 = = ="
14 : end While
15 : take e-decay 51 7!
16 : end While B =RoAE AEE Y3 kOpsI8I& ArEste] AWSO
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2 ¢ initialize Agents Q-Table as Pre-trained Q-Table ZA5letS5S 7dto 2 QEAAYHEE £33l AEEY
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5 8 < (e discretized w) ot 7338k 718 HPAE 7] HPASK= th27] ¥xe] 97
6: 4 < 0 // do nothing ZF AL QF5HR goy, EA5ME 4 Qe A 1ttt 49}
7+ While True do Ao} ThE 4, 27] Q-Table A% gho2 71 ez 43t
8 : sleep as much as the autoscaling interval sles 7]ut 234 e 0 EAA YL Lasi). 7Eleks 7|
9: ¢, Cuy u, e < get metrics from prometheus 9 HPAL AJA SRS Ed) SHEE O-Table@ 2AZ0
J]) e ierage % of pocs BT % Yon, AP o] o] Fol A ke B0l
/] e : # of expired requests in autoscaling period o7 ’ - ) ~
10 : S« (e, discretized u) 008 z7|3td Q-Tablex 7] FHo g AMERITh
11: R« calculate total cost by using c,,. e gskelss 71N HPAE s 2783 84 ohas 9T vE
12 : select action A4’ by using Q-Table with noise g #4845 6 Z2HESAE AHERTh ZE2dESAE
13 patch deployment.spec.replicas to c+ 4’ Istio Mixer2%¥ WRH 9% &, kube state metrics
14 : update Q-Table by using (S, 4, R, ) ZRE dA f= 5 Ho CPU o|&ES 49, 733t
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Pre-training
Evaluation
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Table 3. Environment Configurations

%500_ Configuration (a) Simulation (b) Real
£ Application Profile(AP) | AP(z) = 219.1+ 72/ -
‘§ z::: L g?i;‘ Autoscaling Period 30s
%200_ I % ?— ‘i Workload History S?SO’(;S 52800150;
émo ’ " ’ Timeout 0.1s
* o ot 1‘ . ‘ . ‘ . ‘ . Simulation Period 0.1s
0 2500 5000 750(-)nmel(05(;22nd51)2500 15000 17500 20000 Scaling Delay 55
Fig. 2. NASA-HTTP Workload[10]
Table 4. Agent Configurations
Table 2. Experiment Cases Configuration (a) Simulation | (b) Real
Experiment Description Minimum # of Pods 1
(a) No pre-training Maximum # of Pods 4
(b) 1 pre-training in real Resource Cost 5.8 < 10°7 USD/s
(© 1 pre-training in simulation SLA Violation Cost 5.8 10°% USD/s
d 10 pre-training in simulation Initial Epsilon(e) 1.0 -
(e 20 pre-training in simulation Epsilon(e) Decay 0.9 -
Noise - 0.1
A2 Table 29] 5744 B0 2ol A Sh&g 43} Learning Rate 0>
I, A SHE Q-Tableg FulyEl2 A4 7 Discount Factor =
S5k 79 HPAR Mol A1t 127 2ahel 858 43
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