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Technique to Reduce Container Restart for Improving Execution Time of
Container Workflow in Kubernetes Environments
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ABSTRACT

The utilization of container virtualization technology ensures the consistency and portability of data-intensive and memory volatile
workflows. Kubernetes serves as the de facto standard for orchestrating these container applications. Cloud users often overprovision
container applications to avoid container restarts caused by resource shortages. However, overprovisioning results in decreased CPU and
memory resource utilization. To address this issue, oversubscription of container resources is commonly employed, although excessive
oversubscription of memory resources can lead to a cascade of container restarts due to node memory scarcity. Container restarts can
reset operations and impose substantial overhead on containers with high memory volatility that include numerous stateful applications.
This paper proposes a technique to mitigate container restarts in a memory oversubscription environment based on Kubernetes. The
proposed technique involves identifying containers that are likely to request memory allocation on nodes experiencing high memory usage
and temporarily pausing these containers. By significantly reducing the CPU usage of containers, an effect similar to a paused state is
achieved. The suspension of the identified containers is released once it is determined that the corresponding node's memory usage
has been reduced. The average number of container restarts was reduced by an average of 40% and a maximum of 58% when executing
a high memory volatile workflow in a Kubernetes environment with the proposed method compared to its absence. Furthermore, the
total execution time of a container workflow is decreased by an average of 7% and a maximum of 13% due to the reduced frequency

of container restarts.
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Fig. 1. The Architecture of Kubernetes



FHUEIA 20N ZEO|H I Z29| M AlZF HdS fIet ZEIOIL AR A 7|8 93

CRI { . _—— ﬁ"
- plf:;li" Cnntalnerm _——m
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Kubelet and Containerd
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Table 1. Notation Index

Notation Explanation

Msage Current memory usage

Upper Memory limit for container restriction
Mlppsf

enforcement

Mioer I&ower 1\/'[er'nory limit for container
e-restriction enforcement

T Timeout_interval

C The set of containers

Clist The list of restricted containers

R Number of containers to restrict

cru. CPU Quotas to allocate to restricted

containers
CPUy4 Default CPU Quotas for containers

Algorithm 1. Reducing Container Restart Technique

Algorithm 1 Reducing Container Restart Technique

1. Function ConnectToContainerRuntimeService()
2 endpoint = containerd.sock

3 connect to endpoint via unix socket protocol
4. client = getruntimeClient()

5:  return client
6‘
7:
8

Function Main()
client = ConnectToContainerRuntimeService()
9:  while M,5u0.< Mypper do
10: wait()
11:  end while
12:  RestrictingContainerResources(client)
13: for i = 0, |Cpyl -1 do

14 call updateContainerResources() through the client.
15: change the CPU usage of container C[i] to CPU,
16: remove C[i] to Ciy

17. end for

OohZ, 9-11%1 EolA =59 w2 AMEHE 44 57
2 S5k ol AAgSh v e ARttt vw ket w2 e
ArgFo] A7ggth wr e ARgtEh AR|7| A7HA] zEold
AAE FaE S ARb7Ho] AYER] gh=tt.

128 2 "2y 43S 87T 7FsAdol & HHolUE
AAsta, g HEolHe CPU AMEHFES Algkslr] sl
Algorithm 20 H9|¥ RestrictingContainerResources() &<

Ptk

Algorithm 2014= @A, HZg TS 83T 7FsAol

Z Aeloly A4S Aol wEoA A= QL

L Aol o]
FRE wotey, Aol Wik AMEFE LEAOR
ARG B). ol AL A B JlElx g AH

5 H2e] ARl A2 oJulettt. Al ofu] CPU A
& At ZﬂEﬂOME Al Algtele A =71 A3l G
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Algorithm 2. Restricting Container Resources

Algorithm 2 Restricting Container Resources

1. Function RestrictingContainerResources(client)

2 Sort C by container memory usage in ascending order
3 remove containers of Cjy from C

4. if C is empty then

5 for i = 1, R do

6 targetContainer = Ciu[|Cig| - 1]

7 call removeContainer() CRI-API through the client.
8 delete targetContainer from this node.

9: remove targetContainer to Ciy

10: end for

11:  end if

12: for i =0, R -1 do

13: call updateContainerResources() through the client.
14: change the CPU usage of container C[i] to CPU,
15: append C[i] to Cigy

16:  end for

17:  round = 0

18:  while My > Miyer do

19: if round == T then

20: RestrictingContainerResources()

21: return

22: end if

23: wait()

24: round = round + 1

25:  end while
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Fig. 8. Comparison of the Total Execution Time of the Entire Workflow Between the Existing Method and the Proposed Method
based on the Degree of Container Memory Oversubscription
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Fig. 9. Comparison of the Container Restart Ratio of the Entire
Workflow Between the Existing and the Proposed Method based
on the Degree of Container Memory Oversubscription
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Table 2. The Composition of the Container Set

Limit container Size 2GB 4GB 8GB
Number of Containers 100 50 25
Minimum Memory Usage 1GB 2GB 4GB
Memory Allocation per Unit | 256MB 512MB | 1024MB
Table 3. Parameter Configuration
Limit container Size 2GB 4GB 8GB

100-140%: 89
Mipper 94 150%: 91 88
100-140%: 86
Mover o1 150%: 89 86
T 3 3 5
100~140%: 1
R 2 150%: 2 !
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Fig. 10. Comparison of the Container Running Time Between the Existing Method and the Proposed Method
based on the Degree of Container Memory Oversubscription
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Fig. 11. Comparison of the Container Waiting Time Between the Existing Method and the Proposed Method
based on the Degree of Container Memory Oversubscription
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