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[Abstract]

Edge computing is a key technology for overcoming cloud latency and bandwidth constraints, but
distributed node environments are vulnerable to both independent and correlated failures. Accordingly,
this study 1) extends the existing SRN model to incorporate correlated failures, 2) defines a
Capacity-Oriented Availability (COA) metric that reflects the overhead of HA and LM policies, and 3)
performs sensitivity analysis through discrete event simulation. The analysis reveals that when failure
intervals are long, the combined HA+LM policy performs better; however, a policy performance reversal
occurs when the number of correlated failure nodes exceeds the threshold (5 nodes). This is because
during large-scale failures, the node search overhead of LM delays recovery, making the HA-only
policy provide higher COA. This study suggests the necessity of adaptive recovery strategies based on

the scale of correlated failures.
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I. Introduction
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Table 1. Comparison of Cloud and Edge Computing
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Table 2. Comparison of Prevailing Literature and Our Proposed Research
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ITII. System Architecture
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Fig. 3. Capacity—Oriented Availability(COA) with respect to Sensitivity Parameter.
(a) Mean time for Edge Node Failure (hours), (b) Mean time for Microservice Failure (hours), (¢) Mean time for
Meta—-Edge Storage Failure (hours), (d) Mean time to Correlated Failure (hours), (e) The number of correlated failure.
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Table 4. Guard Functions for the Six Edge Storage Stochastic Model

Name | Transition | Guard function Description (k={1,...,6})
T, T2
gTmn s, T If #PF =0 ‘1 otherwise:0
T Th
TlZ TZZ{
T3 15 | If (#PF =0)AND#PEM!' =1)AND #PE < res_max + 1) AND(#Policy_HA > 0) 1 otherwise:0
Tﬁﬁ Tﬁl
gTmkn B
TS, T2 | If (#PET'=0)AND#PE =1)AND(#P), < res_maz+ 1) AND (#Policy_HA >0) 1 otherwise:0
Tﬁfv Tlﬁ
1—}12 1—}23
o | If (#PEF'=1)AND#PE, > m)AND#PET < m) ) .
T, T ,‘ b1 . ) , 1 otherwise:0
oy AND#PF ' < res_max +1) AND #Policy_LM>0)
T+ T
gTImkn ’**1:12*1**1:;& *********************************************************************************************************
o L If #PE'=1)AND#PF, > m)AND#P < m )
T T (#Pr k.gl (#P > m) ( = ), ‘1 otherwise:0
& o AND#P} ' < res_max +1) AND#Policy_LM>0)
D+ Ty
T T2
gTlmnr | 72,14 | If 4Pk =1 1 otherwise:0
1 2
Tesps Tegy .
gTcff T;r‘ff,TC:ff If #P,,,=1 1 otherwise:0
Tors> Toys
6
gTcfd T, If (Y, (#P"%) = num_cf) with Priority = 2 ‘1 otherwise:0
k=1

Table 5. Input Parameters for the Six Edge Storage Stochastic Model

Parameters Related Transitions Description Default Value
1 2 3 4 5 6 H H
/X, T T Tops Togps Toy Ty mean time for edge nodes failure 8760 hours
1/, Tnps Tags Tags Tonps Togs Ty mean time for microservice failure 1258 hours
1/, Tos mean time for edge storage node failure 40000 hours
1/6,, T T, Ty, Titg, Ty, TS, mean time for detection of edge nodes failure 10 seconds
1/, T, T2, T3, T, 15, TS mean time to repair edge nodes 1 hours
T, T2, T3 T T, TS, . . . .
1/, Ny T ™ s | mean time to repair microservice 0.238 hours
1/ p, Tt mean time to repair a edge storage node 5 hours
Tyitr T T Thes Tiats Tt : : :
1 PR A A mean time to migrate a edge node for HA 5 minutes
fim 0, 1k 1 i 7 7 g g
1—}12’ 1—}21’ 1—}23’ 1—}32’ 1—}34’ 1—}43 . . .
1/p 15 s 56 s 16 el mean time to migrate a edge node for LM 1 minutes
o Ty Tirs» Tioms T T T
m Initialize resource capacity of the Meta-Edge Stroage nodes 1
res_max res_max = m Maximum resource capacity of the Meta-Edge Stroage nodes 2
num_cf T, The number of Correlated Failures 2
1/ Ay T, it mean time to correlated edge nodes failure 7901 hours
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P Policy_HA — 0, P Policy_ LM — 0oz AAste S 4
A ulEdeletal, AYR]e (WoAME Ppyig, pa =1,
P Policy LM — 002 HA tAYET &/dgfsin, Ayl
L (ii)ofAe F ofetule 2% 12 474 sto] HAF LM
WAUZC 2 BUel AMe PRt

A AEfoIA o] COAS egatshr] i8] 7F AA] et
o m=1,2,3,471%] Upo|Z=2ME|AE T},

g0l R Alu] @ o]Ag mie ge] Ads
A & 9lon|, HASF LMZ sAlol 51 o 7Md
=2 COAR BII=|Qlet. o] £A]= Biof /gojd HA ¢
LMo gtgel AJefollA] A|ARlo] 7|02 wEddhs g
d JH (Steady State)?] 7|0 d52 UERCH F,
Table VIi= 4¥HAQl 29 gH3olxe] 7 ARlo] Az
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Table 6. COA Stationary Analysis for the Three Scenario

- Wifhaosft('L A Case(ii) with | Case(iii) with
and LM onlyHA HA and LM
1 5.4070956 5.4528552 55151915
2 11.0713639 11.1815374 11.2781010
3 16.6805417 16.8331186 16.9538582
4 22.2337129 22.4309034 22.5707045

5. Sensitivity Analysis
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VI. Conclusions
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