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MOJEJIb PO3SMIIIIEHHS MEPEKEBUX CJAMCIB Y
I'ETEPOI'EHHOMY CEPEJOBHUIIII

VY cTaTTi HABOJUTHCS OMUC MOJIETI PO3MIIICHHS MEepeXeBUX (YHKIIH MEPEKEBUX CIIANCIB
y TETEPOreHHOMY CEpE/IOBUII, B SIKOMY HasBHI BHJIJICHI amapaTHi OIOKM 3 (HiKCOBaHUM
pecypcoM 00CIyroByBaHHS Ta BipTyani30BaHi OJIOKH, PECYpCH SKHX HAJAIITOBYIOTHCS.

The article describes the network functions allocation model of network slices in the
heterogeneous environment, where there are dedicated hardware blocks with fixed service
resource and virtualized blocks with configurable resources.

Global mobile data usage is growing exponentially. Recent innovations in the
mobile communication technologies and mobile terminals drive the proliferation of
different services with a wide range of demands in terms of latency, mobility and
reliability among others [1]. Network slicing has the capability of enabling
(through the network architecture) future 5G networks that encompasses the
required scalability and flexibility characteristics, thus supporting diverse service
scenarios and services. A network slice can be broadly defined as an end-to-end
logically isolated network that includes 5G devices as well as access, transport, and
core network functions [2].

The network slicing concept is enabled by the Network Functions
Virtualization (NFV) technology and closely related to a Virtual Network
Embedding (VNE) problem that is presented in the current paper. The problem is
aimed at determining the placement and amount of resources dedicated to each
network function in each function chain, i.e. network slice. The general embedding
approach is extended by defining network functions placement model,
incorporating the notion of heterogeneous networks containing both physical
devices offering services and virtualized services as well as binding network
function productivity with the amount of allocated resource is proposed similar to
the approach [3]. Also the differentiation of slicing objectives and its peculiarities
are added to the model. The proposed enhanced optimization model incorporates
the parameters and variables shown in Table I.
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Table I — Model parameters

Physical model

G the graph G=(N,E) represents substrate network
N neN set of nodes include compute nodes N° and physical network functions NP
E e=(ny,n,) €E is the set of edges within the network
r y € I"types of resources
Ch y resource capacity of node n
CEnn2 | bandwidth capacity of physical link (ny,n,) eE
Lnn2 transmission delay of physical link (n;,n,) E
NF model
Al processing delay of a physical NF r on node n
NS model
SFC ch € SFC set of all service chains that must be allocated
Ren r.€ Renis set of logical node of function chain ch
L™ tolerance delay of fuction chain ch
Variables
X" value is 1 when function chain ch node r is allocated on physical node n
Fehe r1r2 | Value is 1 when request of function chain chlink (ry,r;) is mapping to physical link e=(ny,ny)
D“Chy integer specifies the amount of type y resource used by function chain chnode r
DE1. r2 | integer specifies the amount of bandwidth used by function chain ch link (ry,r,)
The optimization problem is formulated as follows:
Objectives:
(a-an-NCn+b (1)
M FeneryraDy " DEchriry)
Z Z Z Z (irt, - x5 - D" + phys,” - xy") - NC) + ¢
neN y€rl cheSFC reR.,
NCHIy - Z Z Fen,mymg)rir, " DEchryr, +4d Z FCp-(1
(n1,n2)€E ch€SFC (r1,r5)ER 2 cheSFC
_ chh))
(ny,np)eE Ch€SFC (ry,r;)ERcp>
Subject to:
vn € N:Vy €T Z Z wirt, - xy" - D" + phys,” - 2" < ¢} (3)
ch€SFC r€Ry,
Vch € SFC:Vr € R,: Z X =1 4)
nenN
Vn € N:Vch € SFC:Vr € Rep: xi" < suith" (5)
Vch € SFC:V(r1,73) € Rep2:Vn € N:x)? <hy z Feherir = x:ll‘Ch + Z Feheriry (6)

e€E e€El




Vch € SFC:V(ry,15) € Rep?:Vn € Nix2" + Z Fenerir, < 1 (7)
e€EJW

Vch € SFC:V(ry,1,) € Ry %:Vn € N:x,rll'Ch + z Feneryr, =1 (8)
e€Em

v(ny,mz) € E: Z Z FCh,(npnz)n.rz 'DEch,rer = CEnl.nz (9)

cheSFC (r1'r2)ERChZ

Vch € SFC: (10)

r
E E ch . E Sy E E
X; - <VLrtn ' Dr,Ch + physnr ' an> + Fch,(nl,nz),rl,rz : Lnl,nz < Lchmax

TER.p, NEN yer v (r1,12)ER % (N1,n2)EE

where a, b, ¢, d — weight coefficients;

NC,, NC’,, NC*"; o) — node, resource and bandwidth cost;

FC.,— ch service allocation failure cost.

The objectives of the model are to minimize the total cost of the service
function chains allocations (1) and leave more bandwidth on each physical link (2).
The constraints are: (3) the available capacity constraint, (4) ensures that every
network function shall be mapped only once, (5) ensures that network function can
be mapped only on suitable nodes, (6) the flow conservation constraint, (7)-(8) to
make sure there is no incoming flow in source nodes or outgoing flow in sink
nodes, (9) the available bandwidth constraint, (10) the required latency constraint.

Conclusion. The paper considers the mobile network slicing. The model for
resource allocation of the system of data centers for determining optimal amount of
the resources allocated to network functions in the slice has been presented. The
model can be used in the management of deployment of network functions in
heterogeneous hardware environment in order to minimize the operator costs and
improve quality of experience.
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