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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. 
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Аннотация — Маршрутизация запросов пользователей в сетях доставки контента (CDN) традиционно связывается лишь 
с выбором зеркалирующего сервера. В то же время необходимость гарантированного качества обслуживания требует рассмот-
рения задачи маршрутизации запросов в CDN совместно с маршрутизацией трафика в транспортной телекоммуникационной 
сети. В работе предложена математическая модель, которая обеспечивает комплексное оптимальное решение этих задач. 

 
I. Introduction 

Under rapid growth of number of users accessing dif-
ferent web-based content role of Content Delivery Net-
works (CDNs) 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. 

ll. Mathematical Model of Request Routing 
In view of the aforesaid mathematical model of rout-

ing in CDN must use two different types of variables: 
kl
gy  — binary variable of choosing p th server, 

lSp∈  , as source of l th type content for k th pair 
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where lS  is set of servers (replicas and origin servers) 

that hold l th type content, SSl ∈ , S  — set of all serv-
ers in CDN;

 kl
ijx

 
— routing variable that contains portion of traffic 

between source and destination { }kk t s , , which will be 
transmitted along link ),( ji , Eji ∈),( . Here indexes l  
and k  are related to type of requested content and pair 
source-destination respectively, Ll∈ , Kk ∈ , L  is set 
of contents that are held at servers of given CDN, K  is 
set of pairs source-destination, E  is set of links in 
transport telecommunication network (TTN). 

Variable kl
ijx  can be binary in single route case and 

not-binary ( 10 ≤≤ kl
ijx )

 
in multipath delivering case. 

In accordance with the meaning defined variables 
must comply with conservation law: 
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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  
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where klr  — intensity (rate) of traffic generated by serv-
er-source ks  (within k th pair) when it transmits l th type 

of content; ijc  — capacity of the link ),( ji ; l
pR  — maxi-

mum number of l 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: 

 pj
Kk Ll

kl
pj
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∈ ∈

, lSp∈ ,  (6) 

where pjc′  — 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 
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where reqλ  and reqτ  are numerical values of rate and 

delay, respectively, required for acceptable quality of 
playback of requested content; 14,

πηG  – the first element 

of the matrix 4
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1−= mφ , m  — the number of nodes in the network; πηG  

— nn×  matrix calculated according to AGAG v
t=πη ; 

n  — the number of links in the TTN; A  and C  — nn×  
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); 

ij
vv gG =  — diagonal nn×  matrix where i th, ni ,1= , 

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

NMM /// 1  [3] as model of given link, then i th element 
is calculated according to 

 
v
i

v
i

Nv
i

v
i

Nv
i

v
i

Nv
i

v
iij

v
N

g
λρρ

ρρρρ

))()((
)())(()(

−−

−+−−
=

+

++

11

11
1

12
,  (8) 

where 
v
i

v
iv

i
ϕ

λ
ρ = , v

iλ  — packet intensity of traffic trans-

mitted through the i th link, v
iϕ  — capacity of the i th 

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 reqτ  and result intensity (rate) 

will be more reqλ  by calculating variables v
iλ  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 kl

py , and the presence of unknown 

variables kl
ijx

 
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  

 min→+= yQxQW yx


,  (9) 

where x


 and y


 — vectors of variables kl
ijx  and kl

gy , 

respectively; xQ , yQ  — vectors of weighting coefficient, 
that determine the cost of using the network and server 
resources, respectively. 

III. 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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