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Abstract — The request routing in content delivery networks (CDNs) is traditionally related to choosing the appropriate mirrored
server only. At the same time, the need of providing guaranteed quality of service necessitates conversion to solving of request routing on
CDN together integrated with traffic routing in transport telecommunication network. The mathematical model that allows obtaining integral

optimal solution of both tasks has been offered.

MATEMATUYECKAA MOAEJIb MAPLWUPYTU3ALUUN 3ATNPOCOB
B CETAX JOCTABKW KOHTEHTA C TAPAHTUPOBAHHbLIM
KAYECTBOM OBCIJTYXXUBAHUA

Esceesa O. 0., Kagep M. b.
XapbKo8CKuUll HayUOHaslbHbIU yHU8epcumem paduo3aieKmpOoHUKU
npocr. JleHuHa, 14, Xapbkos, 61166, YkpauHa
men.: (+38 057) 7021320, e-mail: evseeva.o.yu@gmail.com

AHHomayus — MapLupyTusaums 3anpocoB nosib3oBaTenen B ceTsax AoctaBku KoHTeHTa (CDN) TpagmumMoHHO cBA3bIBaETCSA NNLLb
¢ BbIGOPOM 3epkanupyoLLero cepeepa. B To e Bpemsi He06Xx0AMMOCTb rapaHTMPOBAHHOIO KavecTsa obcnyxuBaHusa TpebyeT paccMoT-
peHus 3ajayn mappytusauyum 3anpocos B CDN coBMecTHO ¢ MapLupyTu3aumen Tpaduka B TPAHCMOPTHOW TeNeKOMMYHUKaLMOHHON
ceTun. B paboTe npeanoxeHa MmatemaTnyeckas MoAerb, kKoTopas obecneyrBaeT KOMNIIEKCHOE ONTUMarbHOE peLleHne 3TX 3aaad.

l. Introduction

Under rapid growth of number of users accessing dif-
ferent web-based content role of Content Delivery Net-
works (CDNSs) is growing too. Concept of CDN was de-
veloped as effective way to perform reliable and timely
delivery of content to end users by replicating content
from original server over several mirrored servers and
redirecting a request to the closest replica [1].

The efficiency of the CDN is essentially determined
by efficiency of resource management and allocation. In
turn this task includes two fundamental problems: re-
quest routing and content placement. Both of them arise
in the process of functioning and are mutually depend-
ent. First problem is related to selecting a server (original
or replica) which holds required content according some
objective function (cost function, for example). Content
placement problem is caused by limited storage capacity
of mirrored servers (replicas). As a result a replica can
hold only subset of content.

Within the bounds of article we’ll concentrate on re-
quest routing problem where mathematical modeling is a
powerful effective tool that can be used to obtain optimal
solution. Traditionally within CDN request routing prob-
lem is associated with choosing the “best” server only.
But CDN is spanning network which works over Internet
and uses its transport infrastructure to deliver content to
end user. In this case quality of content delivering de-
pends on two factors: (1) choosing the minimal loaded
server which holds required content (traditional request
routing), (2) choosing route (or set of routes) between
user’s router and selected server along which numerical
values of parameters of quality will be satisfy the content
requirements (QoS routing problem).

Thus within CDN in order to achieve reliable and
timely delivery with guaranteed quality of service request
routing problem must be solved jointly with QoS routing
problem where required values of QoS-parameters will
be taken into account when choosing server and routes.

Il. Mathematical Model of Request Routing

In view of the aforesaid mathematical model of rout-
ing in CDN must use two different types of variables:

y& — binary variable of choosing pth server,

peS;  as source of th type content for kth pair
source-destination {s,z,}, s; €5;,
ki _{O, if p#sg,
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where S, is set of servers (replicas and origin servers)

(1)

that hold lth type content, S; €S, S — set of all serv-
ers in CDN;

41— routing variable that contains portion of traffic
between source and destination {s,,,}, which will be

X

transmitted along link (i, ), (i,j)€ E . Here indexes |
and k are related to type of requested content and pair
source-destination respectively, /el keK, L is set

of contents that are held at servers of given CDN, K is
set of pairs source-destination, £ is set of links in
transport telecommunication network (TTN).
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Variable x;; can be binary in single route case and

not-binary (0 <x, <1)in multipath delivering case.

In accordance with the meaning defined variables
must comply with conservation law:

0, if i+ syt
K K Kk ) 1 Kotk
2%~ XX~ ypxpi:{ vificn. @
JjeN JjeN PES) ) lf L=1,

No nodes of TTN can be source of content within
given CDN, so condition (2) allows two possible values:
0 for transit nodes and (-1) for node-destination (node
requested some content). For servers which are pro-
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spective sources of traffic (content) in CDN conservation
constraint has form:
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Due to limited network and server resources

ZZrklxll;l <c¢j (4)
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where r* — intensity (rate) of traffic generated by serv-

er-source S (within th pair) when it transmits ith type

of content; ¢; — capacity of the link (i, /) ;Ré — maxi-

mum number of /th type session which p th server is
able to maintain simultaneously (productivity of server).

If the "bottleneck" is the network interface, the re-
striction (6) related to the performance of the server can
be represented as:

> >l <l pes, 6)
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where c'p/ — capacity of the interface, which connects

p th server of CDN to j th router of TTN.

In order to achieve required quality of service we
need include relevant constraints in the model. As anal-
ysis shows known request routing models use simple
QoS constraints in general form. But in order to take into
account flow nature of network traffic, nonlinear depend-
ing result quality of servicing on intensity of traffic, multi-
path fashion of transmitting we must use more difficult
mathematical expressions. One of such QoS constraints
was developed within tensor approach [2] and has next
form

ul n m n

where A" and Tlreq) AT numerical values of rate and

req
delay, respectively, required for acceptable quality of

playback of requested content; G<4 o the first element
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¢=m—-1, m — the number of nodes in the network; Gy

— nxn matrix calculated according to G, =A'G, 4;

n — the number of links inthe TTN; 4 and C — nxn
matrices of co- and contravariant transformation of coor-
dinates (they connect set of basic circuits and node pairs
in structure of TTN with set of links in the structure);

G, = géj — diagonal nxn matrix where ith, i=ln,

element connects rate of traffic through the i 1 link with
delay along the link. If assume queuing model

M /M 1/ N [3] as model of given link, then ith element

is calculated according to

gU pl _(pl )N+2 ( iv + 1)(piv)N+1 (1 _piv) (8)
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where p} :'I—iv, A — packet intensity of traffic trans-
@i

mitted through the ith link, ¢/ — capacity of the i
link (number of packets per second).

Condition (7) guarantees that under the stipulation
that amount of availability of resources is sufficient result
delay will be less than Ureq) and result intensity (rate)

th

will be more A’ by calculating variables 2’ which

were defined before as routing variables.
Thus, within the framework of the model (1) — (8)

the process of request routing in CDN is associated with
calculation variables y% , and the presence of unknown

kl

variables x;; allows solve this problem together with the

traditional problem of multipath QoS-routing in TTN. So
routing problem in CDN is formulated as the optimization
problem where a cost function can be used as the objec-
tive function

W=0.x+Q,y—>min, 9)
where x and y — vectors of variables xj and ¥,

respectively; 0., 0,

that determine the cost of using the network and server
resources, respectively.

— vectors of weighting coefficient,

lll. Conclusion

Thus, the offered mathematical model (1) — (9) formal-
izes the request routing problem in the CDN as a con-
strained optimization problem. Its main advantages are,
firstly, the possibility of joint (and therefore highly coordi-
nated) solutions of request routing problem and multipath
routing in the TTN, secondary, guaranteed quality of ser-
vice. In order to achieve reliable and timely content deliv-
ery the offered model takes into account two metrics (rate
and delay) and by reallocating traffic between links in
transport telecommunication network the model can satis-
fy these two requirements simultaneously (under the stipu-
lation that amount of availability of resources is sufficient).
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