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Design of edge computing systems by virtual machine allocation considering failure occurrences

Kouji Hirata®, Hideyoshi Miura (Kansai University), Tomotaka Kimura (Doshisha University)

Abstract

This paper proposes a virtual machine allocation method considering failure occurrences in edge computing envi-

ronments. The proposed method uses multiple routing configurations (MRC) algorithm to recovery a single node/link

failure. The MRC algorithm prepares multiple backup routing configurations in advance, and realizes fast failure

recovery by switching to an appropriate configuration when a failure occurs. The proposed method allocates virtual

machines to edge servers so as to minimize network and edge server loads on the routing configurations. To derive the

optimal solution, the proposed method provides Mixed Integer Programming. In this paper, we show the effectiveness

of the proposed method through numerical experiments.
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Fig.2. System model.
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Table 1. List of symbols.

Symbol ‘ Meaning

G =(V,€&) | Network consisting of the set V of nodes and
the set £ of links

Vg CV Set of hosts (users)

Vg CV Set of nodes with edge servers

N Set of distinct virtual machines

N; CN Set of distinct virtual machines required by
host i € Vg

R Set of routing configurations including a nor-

mal routing configuration and backup routing

configurations

drrl Number of hops from node i € V tonode j € V
along the shortest path on routing configura-
tionr € R

Xin Amount of traffic transmitted between host

i € Vg and virtual machine n € N;

C; Capacity of edge server j € Vg

[r
Zigm

Binary variable that is equal to 1 if host i € Vg
communicates with virtual machine n € Nj in
an edge server j € Vg on routing configuration
r € R; otherwise, 0

On,j Binary variable that is equal to 1 if virtual ma-
chine n € N is allocated to edge server j € Vg;

otherwise, 0

« Non-negative real variable that indicates the

maximum network load

B Non-negative real variable that indicates the
maximum edge server load

Wy, Wa Weight parameters

Ay, By Weight parameters for routing configuration
reR
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