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Background. To ensure the required quality of experience gutihwal use of network operator's resources in tireent
conditions telecommunication operator can deployises using the concept of Network Functions \dlization (NFV), that
has fundamental differences from traditional demidéhardware. To achieve the expected benefitsFaf, hysical resources
must be used effectively. This requires effectilgpdathms to determine onto which physical resoametwork functions are
allocated.

Objective. The aim of the paper is to improve the efficienéynobile network through optimal resource allogatin hy-
brid data center environment.

Methods. Analysis of all known publications devoted to wvatization of network functions of mobile networishshown
the modeling approach to resource allocation asd bhs shown the absence of decisions on impassums of this process
(performance of functional blocks, heterogeneowsrenment).

Results. An analytical approach to model and investigaterisource allocation of network functions on adeimmunica-
tion operator’s network is proposed.

Conclusions. To model the resource allocation for virtualizedwork functions a technique of virtual network esdding
can be used, while changing the constraints in ki can get the results for a variety of deploynseenarios. In such way,
adding a number of constraints to the classicahfdation of the problem, we can take into accotmt performance of the
network functions and heterogeneity (hybridityteé deployment environment.

Keywords. NFV; cloud computing; resource allocation; virtnetwork embedding.

Introduction in terms of new-service roll-outs, incurs non-optim
routing of traffic, and inefficient utilization ofietwork

communications in recent years, particularly witle t%sources. Moreover, the scalability and costefficy
y P y of such architecture is getting challenging in viefv

oo of 46 netuor LTE, Todays moblle et vaifc orecast and users exectaons [
yw ' Ywith the proliferation of powerful mobile devices

time, and using any device. This phenomgnon has 41.@., smart phones, tablet PCs, and laptops) hed t
couraged mobile network operators to build compl owing popularity of mobile multimedia applicatin

network ar_chitectur_es by incorporating new featur R increased demand for bandwidth is expectedA3].
and extensions, which are harder to manage anmepeéording to [4] overall mobile data traffic is exped to
[1]. Two concepts are in the focus of resegrch dmd row to 24.3 exabytes per month by 2019, nearlgna t
yelo_pment at the moment — Network_ Functions V'Ft.u"ﬁold increase over 2014. Mobile data traffic witbgv at
ization (NFV) and Software Defined Networkln% CAGR of 57 percent from 2014 to 2019 (Fig. 2)
(SDN) [2]. -
Existing mobile network infrastructures are com -
posed of dedicated network nodes which are typgica @é
placed at different points in the network, and eaotle . !
is assigned a specific set of functions and sesvioe P i
provide. Fig. 1 depicts a typical LTE/EPC architget P
which shows network elements like PDN Gateway (F ,~7 &+~
GW), Service Gateway (S-GW), Mobility Managemen @ 3
Entity (MME), Policy Charging and Rules Functior = |

A rapid growth can be seen in the mobile cellul
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(PCRF), which are interconnected via well define ‘ e -

interfaces and each network element is assignediia d ) | e
cated set of specialized functions/services. Ineoth =L
words, network functions and services are topokdbjic Fig. 1 Generic EPC mobile network infrastructurk [3

fixed in dedicated network nodes, which are commonl
hierarchically organized according to their funogo
Such a centralized architecture renders itseltxitfle
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The possibility of incremental and scalable funetio
25 24.3EB al additions without the need to install or acquspe-
cialized equipment is definitely of huge value. Rgric
16.1 EB network instantiation is seen as an important toa@ope
Exabytes '~ N— with the rapid change of services and users behavio
per Month Therefore, it is expected that NFV would have apaot
bsen A2EB e E)zr] the desired cost reduction in today’s mobilevoeks
2014 2015 2016 2017 2018 2019 Meanwhile, SDN [12] has been considered as a
Fig. 2 Cisco forecasts 24.3 exabytes per monthatiilen  complementary deployment concept for mobile net-
data traffic by 2019 [4] works. SDN introduces what is called Network Func-

In addition to the typical eNodeB, S/PGW, MME?OnS Decomposition (NFD), Wherg control-pla_ne func
and other network functions [5], an EPC deploymef#ns would be appended to a logically centralized-
requires the following functions typically installén troller that could be deployed in a datacenterfmtat,
independent boxes: i) Network Address Translati$file data-plane functions are realized by SDN net-
(NAT) from private IPv4 addresses to public IPv4/\/@Orking elements at the transport network [2].
addresses; ii) service access policing, e.g., BNV Different d.eployment scenarios of SDN and NFV
video platforms and VolIP; iii) infrastructure fire could be envisioned, depending on the network seg-
protection; iv) a content distribution network (CPNMeNts (e.g., core or edge) and, consequently, efirtie
solution for efficient popular content distributioand Norizon (e.g., medium-long term or short term). &tev
v) transcoding engines for optimized picture andewi theless this overall trend of netwqu “softwaripati is
delivery [6]. The substantial dependence of networknStoppable, because of the continuous technolegy e
on their underlying hardware and the existenceani v 'Ution and costs reductions [13]. - ,
ous specialized hardware appliances, such as fiewa In practice, the more expensive Qedlcated hardware
deep packet inspection (DPI) equipment, and rouilrersf)ften_ performs faster and more efficiently thart_uat—
the network infrastructure have escalated the ehgéis 1z€d instances, even though the latter are morebfee
facing network service providers [7]. As dedicated hardware is current!y widely deployeis,

Typically, mobile network operators dealt with inlkely that hybrid deployments will be common, waer
creased traffic loads by extending/upgrading theraiy Part of the services is provided by physical hamwa
network capacity accordingly. However, this becom@dlis results in a scenario analogous to a clougtbar
more and more difficult to implement due to incehs Pase 10ad is handled by physical hardware (theagiv
Capital/Operational Expenditures (CAPEX/OPEX) ifloud in a cloud burst scenario), while variatienioad
the light of the low Return on Investment (ROI).-BdS handled by dynamically instantiating servicese(t
sides low ROI, resource over-provisioning is nogien public cloud in a cloud burst spenarlo). In thisFW .
considered a viable strategy to cater to increasifg Purst’” scenario, a base load is handled by physical
fic, as according to [8] up to 80% of base statiprs _hardware Wh!le spillover _|s_handled l_Jy v_|rtual seev
cessing capacity and up to half of core networkis dnstances. This approach is illustrated in Fig. 3.
pacity is unused. This leads to low network ressurc A
utilization and also to high energy consumptiorthtaf
which decrease the cost efficiency of the netwank f
mobile network operators [3].

The principle of NFV [9] aims to transform net-
work architectures by implementing network function

On-demand virtualized

Total Service Demand

Physical hardware

i
_—

in software that can run in industry standard haew Time

Furthermore, it aims to transform traditional netkvo Fig. 3 An NFV burst scenario: physical hardwartily
operations, as software can easily be moved tan-or utilized by a base _Ioad,_while spillover is handbgdutilizing
stantiated in, various locations (e.g. data centees- virtualized services [11]

work nodes, end-user premises) without the needé¢o  In NFV networks, a collection of service chains mus
new equipment. NFV can bring many benefits, frope allocated on physical network nodes. A serviwsrc
improving operational efficiency and reducing powgs a collection of one or more services or virtoa-
usage to shorter deployment/upgrade intervals agiines that are chained together to provide speftific-
near-optimal network resource usage as the buildighality, and can be represented as a graph condgi
blocks can be allocated and reallocated at runtme services and the network demand between these ser-
pending on demand [10, 11]. vices. In a hybrid network environment, serviceigha
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can be allocated either using physical hardwardgyor  Allocating resources in NFV networks is similar to
using virtualized instances. These two approaches application placement in datacenters and cloud$, [19

illustrated in Fig. 4. specifically to network-aware application placement
Many publications (for example, [20]) focus on eith
Service allocating collections of virtual machines, or cudang

network-awareness to datacenter resource management
algorithms. These works however focus specifically
Infrastructure as a Service (laaS) clouds wherwialir
machines are allocated [11].

The task of placing functions is also closely redat
to virtual network embedding [21]. In the last y&ar
many scientific contributions [22] addressed theusil
network embedding problem, either applying mathemat

(a) Services can be allocated on physical devices iCal optimization models (e.g. [2], [11], [23]) aigo-

Fig. 4 NFV service chain allocation approaches [11] fithmic approaches (e.g. [24]).
In a general sense, the problem of load-aware EPC

melee configuration can be reduced to graph mapping. The
EPC forms a graph of core network functions (S-GW,
MME, P-GW, etc.) [3]. Virtual network mapping plags
central role in building a virtual network. Durirtbis
mapping process each node of the virtual network is
assigned to a node of the physical network and each
virtual link is assigned to a path or flow in thieygical
network, such that a set of previously defined trairgs
(e.g. topology constraints, data rate, CPU cappdsty
(b) Alternatively, services can be offered usingudlized satisfied.
instances on generic hardware The main objective in solving the virtual network
Flg 4 NFV service chain allocation approaCheS [11] mapp|ng problem is to make efficient use of theaﬂ}d

The success of this approach depends on the exi¥g-resources, while still satisfying the set of\pously
ence and performance of algorithms that determi@@fined mapping constraints. In addition, a virtoet-

where, and how these building blocks are instadiatvork mapping problem algorithm should be able tn-ha
[11]. dle dynamically arriving online requests and al$iero

The overall service attributes, in particular reiia admission control, since some VN requests musebe r

ity, availability, manageability, security and pmf jected or postponed to avoid violation of resouyaar-
mance will depend on the individual (virtualizeditn antees for already existing virtual networks [24].
work function attributes, as well as how these fioms For example, the controllers placement problem has
are connected [14]. been previously addressed in [25] and [26] but wvaith
Although NFV promises significant cost savingéﬂain focus on achieving minimum SDN control delay a
flexibility and ease of deployment, potential chatjes Well as resilience provisioning. In the study [BEtop-
in implementing virtualized network elements thanc timal virtualized gateways placement is consideasd
support real-world performance requirements aré syell as the problem of virtualization and SDN degpom
an open question [15] and currently NFV is stiltta¢ Sition deployment on the mobile core gateways. Howe
initial implementation stages [16]. The subject af €r. the placement problem also arises for othewarét
virtualized EPC that can be dynamically reconfiglise functions. Similar to the controller placement pgeob in
quite new in itself. That is why there is not muebrk the SDN domain, technologies like NFV call for appr
[3]. priate algorithms that can tackle challenges beyibed
To achieve the economies of scale expected fréifigle criterion placement problems. These problems
NFV, physical resources should be used efficieritly. might introduce additional complexity due to po&sib
has been shown that default deployment of some diiferdependencies between the network functions as
rent use cases may result in sub-optimal resoutze ahe case of function chaining and potential new-con
cation and consumption [17]. straints regarding additional aspects like secy#}.
This calls for efficient algorithms to determine on Although the mapping of virtual network functions

to which physical resources (servers) network fionst iS related to virtual network embedding, howevée t
are placed [18]. network functions mapping problem has a third addi-
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tional dimension of network functions on top of thef TAPt. ' denotes the processing time of a request on
virtual machines [28]. the resource type of network functionj of TAP t by
In this article we extend the embedding approadne unit of resource for the case of virtual networ
by defining network functions placement model, inco function. Requests per second of dedicated hardware
porating the notion of hybrid networks containingttb  functional modulen of typej is given and is denoted as
physical devices offering services and virtualizeds- uc;. The requests per second requirements of a network
vices. Similarly, [11] also focuses on deploymeft dunctionj that belongs to the service chain of TARe
virtual network functions in a hybrid environmentdenoted as/,.
however it does not consider the fact that theqgoerf  The optimization target is to find an embedding of
mance of service instance depends on the amouheé of the core network service chains (i.e. the placenoént
allocated resources. the core network functions and their resource aloc
Also important to note is that our work differsimo tions and also the determination of the traffichgabe-
more general strategies for resource managementtween them) so as to minimize the cost of the aeclp
cloud environments, as the EPC is a graph of ieterdink and node resources in the physical substrate n
pendent nodes, which cannot be considered in ignlatwork while accommodating the traffic demand. We
[3]. formulate the objective function (Equation (1))aabn-
Therefore, the objective of the study is to improvear combination (with weight factoes b, c) of three
the efficiency of mobile networks through optimat r cost terms: Basic cosbst(n)that occurs if any network
source allocation in hybrid data center environmént function is placed on a physical substrate nodé N,
this direction, the paper proposes an analytical apost per occupied resource uodst(i,n)on a physical
proach to model and investigate the allocation etf n substrate node and cost per occupied capacity unit
work functions on a telecommunication operator's necost(n,n,) on a physical linkn,,n;) O L.
work. The following Equations (1)-(10) represent the inte
A Model Description ger nonlinear programmi_ng fogm_ula_tion of the optimi
zation problem. The variables” indicate, if the net-
Our approach relies on the joint embedding of indiyork functionj related to TAPt O T is located at the
vidual core network service chains on a physicat Sléghysicaj noden. Forj=TAP, thex,"™" are not variables

strate network where a core network service chai gyt input parameters which indicate where the TAP
notes the sequence of mobile core network functiofss |ocated, i.e.

traffic flow has to traverse. We assume that théiteo ]

core virtual network functions comprise the samecfu x, OTAP = {1 ift=mn,

tionality and interfaces as the core network elemeh 0 else.

:L]?e%(:;igPl)LTE Evolved Packet Core (EPC) architec- Similarly, the Variableg:(nl’nz)t,(jlvjz) specify, if the
The physical substrate network is given as a gragﬁﬁslial “TrX(F()nlgz%D L is used for the path betwegn

SN = (N,L)whereN is the set of physical nodes and andlzfor TAPtLT.

is the set of links. Every link= (ny,n;) O L, n,n, O N min_ 6 tG1ia) dt,-_i(a -y x, + cost(n) +

has a maximum capacityn;,n;) and every noda O N n o mn) '

Yy L) Ji ;
is associated with certain resourcgsi O R, whereR b X x¥in X Xj XX X de” X cost(i,n) + ¢ X

is the set of resource types. The set of all safigre- X X nymz) cost(ny, ny) X
gation points (TAPs), i.e. clusters of eNodeBsttia  x X X(j. ) fonymy) U272 - d U172
network is denoted by [0 N. For every node [ N, (2)

virt, is a binary parameter, which indicates whether the Subjectto Y,y x,"/ =1 VtET,jEV (2)
noden is virtual, phys' is a binary parameter, which x,tl < dJt VtEeT,j€V,neN,i € {R\bdw}

indicates whether the nodteis dedicated hardware of (3)
ggg Sj O F, whereF is the set of network function Y wmyer Seer DiiuineE f(w,n)t’(h'h) ) dt(h:]z) <

bdw
The virtual mobile core network is represented by n VM EN

the set of service chains (one chain per TAP) whieh i » (4), _
embedded onto the physical substrate network. Zeer Ljev X" -d" < ' Yn € N,i € {R\

The bandwidth demand of a link between two func- o ~ baw}(5)
tions, j1 andj2, that belongs to the service chain of Y7 3 i er finpng V12 - d, U172 <
TAP t O T is denoted ask/™?. d/' — the amount of < c(ny,ny) Y(ng,n,) € L

resource typé, that is allocated for network functign (6)
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Z(n,w)EL f(w,n}t'(jl'h) - f(n,w)t'(i’-'b) = xnt'h _

—x,b vt e T,neN, (L) €E
_ o (7
xntJ: f(nt,nz)t'(}v}z) € {0;1}

performed on physical nodes that are chosen tothest
respective network functionsThe Equations (4), (5)
and (6) represent the resource constraints of tiysip
cal nodes and links. Note that a link between twt n
work functions is mapped on a path in the phyanesi

VtET,jEV,nEN,(ji,jo) €EE (n,n) EL (8) work. Thus, its bandwidth requirement affects niolyo

wl =M vre T,jEV, ©) the switching resources at the physical nodes wlﬂmerg
o, network functions are placed, but also the switghin
jid resources o_f the intermedi_ate nodes which lie @ th
- Z Xt S it path (quatlon 4)). .Equatlon @) represents_tlmwﬂ
o o Bt " conservation constraints for all paths (relatedirtks)
mEN iElR\bdw} in the physical network. Equation (8) assures that
L ) j ) decision variables for the network function placeime
+ %n™ ey physy VIET,JEV and the path mapping are binary.

To add performance-awareness to the model, a re-
guests per second constraint, expressed in Equ&jon
is needed to ensure that the total service ratewfork
(10) functionj of TAPt denoted ag/ exceed the demanded
wherex, — variable for the embedding of network value.

functionj related to TAR at the physical node To limit the latency on connections, a latency con-
_ variable for the embedding of link be- straint, shown in Equation (10) is also addedrtotlthe

total delay over the entire path.

The problem (1)-(10) is assumed to be solved in of-
fline manner on the initial stage. According to Hudu-
tion each network function module is given a certai
amount of resources based on coarse-grain estirofates
its resource needs; the instantaneous needs ausgari
network functions are dynamically satisfied at time
so as to meet the guarantees provided to each metwo
function. The run-time resource allocation is odit o
scope of the paper.

The modeling of the proposed above method (1)-
(10) was conducted using MATLAB (Fig. 5), where
L’Gljz) ] o objective function is Equation 1 and constraintchion
d"* — bandwidth demand for linfl.,j2); consists of Equations (2)-(10). A simple modeling e
virt,, — pmgry parameter, which indicates whether the ample of the system with ten nodes, three netwamk-f
noden is virtual; S tional blocks and two types of resources showedl tha
phys) — binary parameter, which indicates whether th.smpared with the fixed resource allocation the- pro
noden is dedicated hardware of function of type posed method can perform 3 times better. The chiange
/‘_tJ — requests per second of network funcfiohTAP  {he total cost while changing the requests per reéco

L service demand is illustrated in Fig. 6.
M{ — demanded requests per second value for network o , ,
>>Chbj ecti veFunction=@i t ness;

fun.Ctionj of TAPt; . >>nvar s=108; % Nunber of vari abl es
uci — requests per second of dedicated hardware func- >>LB=zer os(1, 108); % Lower bound

; i >>UB=ones( 1, 90) ; % Upper bound

tional modulen of typej’ . >>| nt Con=ones(1, 90); % I nteger vari abl es
L(ny,n,) — the network latency of a lirfky,ny) O L; >>Const r ai nt Funct i on=@onst r ai nt ;

L; —the maximum latency for TAPO T.

20UIEE Dot el fi (nl,nz)t'(f"’jﬂ ‘L(ny,ng) <
<L VteT,

tweenj; andj, for TAPt at the physical linkn,,n);
d' — amount of resource typethat is allocated for
network functiorj of TAP;

cost(n), cost(nn,) — costs for physical nodeand
physical link(ng,ny) O L;

cost(i,n)— costs for one unit ofCJ Rat noden [ N;

a — weight of basic cost term;

b — weight of cost per occupied resource unit term;
¢ — weight of cost per occupied capacity unit term;
c, — capacity of resourde] R of physical noden O N;
c(ng,ny) — bandwidth capacity of physical liriky,ny) O

>>[ x, fval ] =ga( Obj ecti veFunction, nvars,[],[],[].,I
], LB, UB, ConstraintFuncti on, I nt Con, opti ons)

The variablesx, are binary indicator variables Fig. 5 MATLAB code fragment
which denote, whether any network function is pthce
on noden O N, e.g.x,=0 means, that no network func-
tion from any service chain is placed at that node.
Equation (2) guarantee, that for every TAP/service
chain only one network function of each type i<plh

Equation (3) guarantee, that the resource allatdsio

Total cost

Requests per second demand

Fig. 6 Total cost while changing requests per sgcon
service demand
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The paper argues that the dynamic provision of remwilo, A. Shami, M. Mirahmadi, R. Asal // IEEE Nerk.
sources in virtualized mobile communication systems2014. — Vol. 28, No. 6. — pp. 18-26.
raises new problems not addressed in previousestudi 8. Liquid Core [Online]. — Available at:
The paper considers the mobile network virtualizattp://networks.nokia.com/portfolio/liquidnet/liigore.
tion. Quality of telecommunication networks, based 9. Network Function Virtualization [Online]. — Auable
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Mopaeanb edeKTHBHOIO pO3MillleHHsI Mepe:KeBUX (PYHKLI B riGpuaHoMy cepeaoBHILi

Mpobéaemarnka. [ 3a0e3nedeHHs NOTPiOHOI SKOCTI 0OCITyroByBaHHS KOPHCTYBadiB Ta ONTHMAIBHOTO BUKOPHUCTaHHS
pecypciB Mepexi onepatopa y CydaCHHUX yMOBaX TeJISKOMYHiKaLliiHUI omepaTop MO)ke po3ropTaTu cepBicH 3a JAOMOMOro0
koHuenuii BipTyanizanii Mepexesnx ®@yukuiit (NFV), o Mae IpHHIMIOB] BiAMIHHOCTI Bif TpaaMLitHOr0 BUALICHOTO ara-
partHoro 3a6e3nedyenHs. Jns nocsrHeHHs ovikyBaHuX Big NFV nepesar, ¢izudHi pecypcu MOBUHHI BUKOPUCTOBYBaTUCS ede-
KTUBHO. lle BUMarae eeKTMBHUX aJropuTMiB BU3HAUSHHS Ha sIKi Pi3M4HI pecypcH po3TalloBYOTHCS MepexeBi QyHKIii.

Merta pocigkens. [TinBuieHHs e(peKTUBHOCTI poOOTH MOOIIBHOT Mepexi 3a JONOMOrOK ONTHUMalIbHOTO BUAIJIEHHS pe-
CypCiB y TiOpUIHOMY CepeIOBHILI 1aTa IIEHTPIB.

Metoanka peasnizanii. AHaji3 BCiX BimoMux myOsikariif, MpucBsiUeHNX BipTyasi3awii MepexxeBux (YHKLiH MOOLIEHOT
MepexXi, 1aB 3MOTY BUSIBUTH MiIXiJ 10 MOJEIIIOBAaHHS BUALIEHHS pecypciB, a TaKOX MOKa3aB BiACYTHICTb PillleHb 00 BaX-
JIMBUX MUTaHb LBOTO Mpouecy (MpOoLyKTUBHOCTI GyHKIiOHANIBHUX OJIOKIB, FeTepOreHHOCTi CepeIoBHILa).

PesyabTaTi gocaimkeHs. 3anponoHOBAHO aHATITHYHMMN MiAXiA A0 MOJIEIIOBAHHA Ta JOCIIIKEHHS BUAIIIEHHS pecypciB
IUTS BipTyasti3oBaHMX MepekeBuX (yHKIIH y MOOITbHIN MepexXi TeJeKoMyHiKalLiifHoro onepaTopa.

BucHoBku. /{1 MoaenoBaHHA BUIIIEHHS PecypciB Ui BipTyali30BaHUX MepekeBUX (PyHKUi Moxe OyTH BUKOpHUCTaHA
MeToMKa BOY10BYBaHHs BipTyanbHoi Mepexi (Virtual Network Embeddingimintoroun o6MexeHHs B sIKiif MOXXHA OTPUMY-
BaTH pe3yJbTaTu AJIA Pi3HMX cLeHapiiB posroptanHd. Tak, nomaBuu psig oOMeXeHb 10 KIACHMYHOTro (OpMYJIIOBaHHA 3aadi,
MO’KHa BpaxXyBaTH IPOIYKTUBHICTh MEPEKeBUX (DYHKLi Ta reTeporeHHicTh (riOpHAHICTb) cepeIoBUIIa PO3TOPTAHHS.

Kumrouosi ciioBa: NFV; xmapHi o6uncnenns; suijieHHs pecypeis; Virtual Network Embedding.

J.C. I'nooa, M.A. Ckyauw, C.B. Cyauma.

Mopaeanb 3¢ ¢peKTHBHOTO pa3MelleHHs ceTeBbIX GyHKIUIT B ruOpHIHOI cpeae

Mpobnemaruka. s obecneueHus: TpedyeMOro KkauecTa 00CITyKMBAaHHS MOJIB30BaTENeil M ONTUMAIBHOTO UCTIONb30Ba-
HHSl PECYPCOB CETH ONepaTopa B COBPEMEHHBIX YCIOBHAX TeEKOMMYHHKALIMOHHBIN OMEepaTop MOXKET pa3BopaurBaTh CEpBU-
ChI ¢ momomIbio KoHuenuun Bupryammsanun Cerebix @yukuuii (NFV), koTopas uMeeT MpUHLMNIHAATIbHBIE OTIHYUS OT Tpa-
JWLAOHHOTO BBIIEICHHOTO ammapatHoro obecreuenus. s gocTkeHns oxxupaeMbix oT NFV mpeumymects, dusmdeckue
pecypcsl TOMKHBI UCTIONb30BaThC d()(GEeKTHBHO. DT0 TpebyeT 3((eKTUBHBIX aJrOPUTMOB OIpPEAeNeHNs Ha Kakue (usmde-
CKHE PecypChl pacronaraloTesi CeTeBble (hYHKLIHM.

Henb uccnenoBanuii. Tlobimerne 3pHEeKTUBHOCTH pabOTHl MOOHMIIBHON CETH C MOMOIIBI0 ONTHMAaJIbHOTO BBIICICHHS
pecypcoB B THOPHIHOM cpelie naTa LEeHTPOB.

MeToauka peaju3auuu. AHaIU3 BCEX M3BECTHBIX IMyOJMKALWi, TOCBSIIICHHBIX BUPTYAM3all CETEBbIX (DYHKLMI MO-
OWJIBHOM CeTH, MO3BOJIMII BHISABUTH MOAXO K MOACIMPOBAHUIO BBIIEICHHUS PECYPCOB, a TAKKe MOKa3all OTCYTCTBUE peLIeHH
M0 Ba)XKHBIM BOTIPOCAM 3TOTO TIpoliecca (MPOU3BOANTENLHOCTH (DYHKIMOHAIBHBIX OJIOKOB, TeTEPOT€HHOCTH CPEIbI).

Pe3ynbTaThl neeaeaoBanmii. [IpeioxkeHo aHATMTHYESCKUI MOAXOM K MOJSITMPOBAHUIO U MCCICTOBAHUIO BhIICICHHS pe-
CYPCOB IUIsl BAPTYaJM3UPOBAHHBIX CETEBBIX (DYHKLMI B MOOMIIBHO CETH TEIEKOMMYHHUKALMOHHOTO ONepaTopa.

BuiBoabl. [{yis MOIETIMPOBaHUS BbIIEICHUS PECYPCOB ISl BUPTYAM3UPOBAHHBIX CETEBBIX (PYHKIMI MOXKET ObITh MCIIOJb-
30BaHa METOAWKA BCTpauBaHus BUpTyanbHoii cetn (Virtual Network Embedding)usmensisi orpaHideHys B KOTOPOH MOKHO
HONy4YaTh Pe3yJIbTaThl MU Pa3INYHBIX CLEHAPHEB pa3BepThIBaHMsA. Tak, T0OABHB psil OrpaHUYEHHH K Kilaccudeckoil hopmy-
JIMPOBKE 3a0a4d, MOJKHO Y4eCTh IPOM3BOAUTEIBHOCTh CETEBBIX (PYHKIMI M TeTePOreHHOCTh (TMOPUIHOCTB) Cpedbl pasBep-
TBIBAHMSL.

Kunrouesbie cioBa: NFV; o6naunbie BerunciieHust; BeiaesieHue pecypeos; Virtual Network Embedding.



