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Abstract

This study proposes a fault-tolerant caching system to address the issue of caching content imbalance caused by
the dynamic departure and participation of cache servers in a heterogeneous cache server network, and validates
it in both real and virtual environments. With the increase of large-scale media content requiring various types and
resolutions, the necessity of cache servers as key components to reduce response time to user requests and alleviate
network load has been growing. In particular, research on heterogeneous cache server networks utilizing edge
computing and low-power devices has been actively conducted recently. However, in such environments, the
irregular departure and participation of cache servers can occur frequently, leading to content imbalance among
the cache servers deployed in the network, which can degrade the performance of the cache server network. The
fault-tolerant caching algorithm proposed in this study ensures stable service quality by maintaining balance among
media contents even when cache servers depart. Experimental results confirmed that the proposed algorithm
effectively maintains content distribution despite the departure of cache servers. Additionally, we built a network
composed of seven heterogeneous cache servers to verify the practicality of the proposed caching system and
demonstrated its performance and scalability through a large-scale cache server network in a virtual environment.
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Algorithm 1 Cache Server Recovery Algorithm

1: function DISTRIBUTECONTENT(C')

2 Sort servers by Snemory (descending)
3: for cach server do
4
5

if server can host C' then
5: Assign C to the server
6: break

7: end if
8: end for

9: end function

10: while monitoring cache servers do
11: Check server status

12: end while

13: if a cache server leaves then

14: Identify media content C' on the server

15: Extract Ct.ype-, Cresolution-, Cformat

16: if new server joins within 74+ then

17: Prioritize and DISTRIBUTECONTENT(C)

18: else

19: Analyze resources S of existing cache servers
20: S <*SCPU- SMemury; SBaudWidth: SStorage

21: DISTRIBUTECONTENT(C')

22: while C is not accommodated and reducible do
23: Lower Chesolution DISTRIBUTECONTENT(C')
24: end while

25: if no server can host any C' then

26: Wait for new server to join

27: if new server joins then

28: Prioritize and DISTRIBUTECONTENT(C')
29: end if

30: end if

31 end if

32: end if

33: Confirm C redistribution
4: Return system to stable state

w
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g. 1. Fault-Tolerant Caching Algorithm for Cache Server
Recovery.
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Table 1. Heterogeneous Testbed Specifications.
B 1. 0PI5 HAEHE MY

. Network
Device CPU Memory Storage speed
. 12th Gen Intel(R) .
612Workstation Core(TM) i7-12700 62Gi 468G 1000Mb/s
11th Gen Intel(R)
612notebook  Core(TM)i5-1135G7  7.4Gi 234G 100Mb/s
@ 2.40GHz
13th Gen Intel(R) .
612notebook2 Core(TM) i7-13700H 30Gi 938G 1000Mb/s
Intel(R) Celeron(R)
612o0dyssey1 J4125 CPU @ 7.6Gi 27G 100Mb/s
2.00GHz
ARM Cortex-A72 .
612rasp4-1 1.5GHz 7.6Gi 29G 100Mb/s
ARM Cortex-A72 .
612rasp4-2 1.5GHz 7.6Gi 295G 10Mb/s
612rasp3-1 ARM Cortex-AS7  goemi 296 100Mb/s

1.4GHz

Fig. 2. Heterogeneous testbed environment.
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Fig. 3. Kubernetes cluster with all cache servers available.
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cacheserver vl.29.
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612workstation Ready

Fig. 4. Kubernetes cluster with an unavailable cache
server.
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