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Abstract—One of the most important aspect of software defined 
networking (SDN) is resource allocation in which the links are as-
signed to the flows based on their requirements. Dynamic nature 
of network traffic along with the existence of burst and big flows 
make the conventional static approaches inefficient. Therefore, re-
cent researches are dedicated to dynamic resource allocation. To 
this end, network reprogramming overhead is the most challeng-
ing part. In this paper, we exploit SDN features to reallocate the 
resources with minimum overhead on the network reprogram-
ming phase in a way that guarantees the QoS requirements. Due 
to the low overhead of the proposed scheme, the resources can be 
reallocated with a higher frequency. Additionally, it is shown that 
the delay and packet loss of the proposed scheme is lower than con-
ventional approaches such as the shortest path. 

Index Terms—QoS, Resource Reallocation, Traffic Engineering, 
SDN, Network Reprogramming Overhead. 

I. INTRODUCTION 
Lots of network applications such as media streaming re-

quire minimum packet loss. As a result, QoS-aware resource re-
allocation plays an important role in traffic engineering. In re-
cent networks, the traffic has an extremely dynamic characteris-
tics. The flow dynamics along with burst nature of network traf-
fic, makes the static resource allocation methods useless. On the 
other hand, the network side-effect of dynamic resource reallo-
cation becomes a critical issue in software defined networking.  

Hilmi et al. [1] present an analytical framework for optimi-
zation of forwarding decisions at the control layer to enable 
Quality of Service (QoS) over OpenFlow networks. Some works 
such as [2] [3] [4], minimize the delay and packet loss by rerout-
ing video flows. Hence, the end-to-end delay of each flow is 
guaranteed to be less than a predefined threshold. Civanlar et al. 
[5] propose an algorithm for video streaming that minimize the 
packet loss along with the path hops. The focus of [6] is to de-
velop a genetic based routing algorithm that satisfies multiple 
constraints of the multimedia applications. Similarly, [7] defines 
the path weight as a QoS measure and minimize it by the aid of 
ant colony system (ACS).  

Links that specify the maximum throughput of each path is 
defined as critical links by Santosh et al. [8]. They focus on these 
links and select a path based on its critical link weight to reduce 

the blocking rate. The authors of [9] follow a similar approach 
by minimizing (traffic load)/capacity for each link.  

The Ghosh scheme [10] prevents flow from violating a pre-
defined threshold by minimizing end-to-end delay and maxim-
izing network throughput. Ongaro [11] exploits OpenFlow fea-
tures to manage differentiating network services with QoS. They 
use Integer Linear Programming (ILP) to formulate the network 
traffic routing in a way that minimizes delay and packet loss. In 
[12], authors present an optimization-based allocation for inter-
DC communication that handles priorities between traffic clas-
ses. Finally, it should be mentioned that all of the reviewed al-
gorithms are unaware of the network side-effects (overhead) of 
resource reallocation. 

In this paper, we introduce a dynamic and efficient resource 
reallocation scheme in which we guarantee flow bandwidth. 
Moreover, the proposed scheme reallocates the resources in a 
way that imposes the minimal overhead to the network. The pro-
posed scheme is called QRMNO (QoS-aware Resource reallo-
cation with Minimal Network Overhead). The contributions are 
as follows: 

• To the best of our knowledge, there is no related works 
that reallocate the resources with QoS constraint along 
with optimization of the flow table changes. 

• In order to make a trade of between the performance and 
the computational complexity, the granularity of net-
work rescheduling can be variable in the proposed 
scheme.  

• In order to solve the optimization problem two schemes 
are proposed. The first one finds the optimal solution, 
however, its computational complexity is high. The sec-
ond one has a low computational complexity while it is 
near-optimal.  

II. NETWORK MODEL AND ASSUMPTIONS 
In this paper, the network is reconfigured in a way that min-

imizes the flow table changes and simultaneously QoS con-
straint is met, e.g. the bandwidth of network applications is guar-
anteed. Consider there are n OpenFlow enabled switches which 
are connected to each other based on the matrix������ where ��� 
determines the bandwidth of the link from switch � to switch�	. 
The number of flows in the network is�
. The new routing matrix  
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������ specifies the path selected for each flow, e.g. if ���

 � ����� 

is equal to 1 then the flow � crosses the link�� � 	. The matrix 
������� is current routing matrix which is going to be repro-
grammed. Suppose there are multiple classes of traffic in the net-
work. The flow requirement matrix ���� specifies flows guaran-
teed requirements based on the corresponding class. The ��� row 
of flow requirement matrix defines the guaranteed bandwidth for 
each flow. The source and destination of each flow is specified 
using source of flows matrix (����) and destination of flows ma-
trix (����), respectively. The parameter � specifies the maxi-
mum link utilization. 

III. PROBLEM FORMULATION 
The core object of this paper is to efficiently and dynamically 

allocate resources in a way that 1- guarantees QoS requirements 
of different applications and 2- proactively prevents the resource 
waste and congestion 3- minimizes the network overhead in re-
scheduling process.  The routing matrix should be calculated in 
a way that satisfies the mentioned constraints. The objective 
function is as follows: 

����� ! � "#$ � %& & & '���

 ( ����


 '�

)�

��)���)� *���
The objective function (1) minimizes the difference of the 

new routing matrix and the current routing matrix. The link load 
is guaranteed to be smaller than the maximum target utilization�� 
by Constraint (2). The left hand side calculates sum of guaran-
teed bandwidth of all flows crossing a specified link. The right 
hand side of it specifies the link allowed bandwidth. 
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The flows are prevented from returning to the source 

switches by Equation (3). As it is mentioned earlier, ��01

  is zero 

if and only if the flow � crosses the link that connects switch � 
to the source switch of��. For each flow, the Equation (3) forces 
the summation of ��01


  (for all��) to be zero. In other words, none 
of the flows can cross the link between a switch to the source 
switch of that flow. On the other hand, (4) makes the flows to 
stay on the destination switches. 
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Equations (5) and Equation (6) force the flows to leave the 
origin switches and enter to the destination one, respectively. 
Equation (5) guarantees the flow to cross exactly one of the 
source switch’s outgoing link. Besides, Equation (6) ensures the 
same for the incoming links of destination switch. 
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���

It should be mentioned that if a switch is neither source nor 
destination of a flow, the flow must leave that switch after it 
moves in. This restriction is applied by Equation (7) via balanc-
ing the amount of traffic entered to the switch with the amount 
of traffic left it. 
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Constraint (8) makes sure there is no loop in the new routing 
matrix. It prevents flows from returning to a switch that is met 
in the past. 
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As it can be seen, the optimization problem is in form of Bi-

nary Linear Programming which is a branch of Integer Linear 
Programming. It is notable that the CVX toolbox [14] is used to 
solve the optimization problem. 

IV. PROBLEM RELAXATION 
In this subsection, a two-step problem relaxation is proposed 

to reduce the computational complexity of the proposed scheme. 
In the first phase, a flow compression technique is described 
which reduces the number of active flows. Afterwards, since the 
existence of absolute values in formulation makes it dramatically 
time consuming, an equivalent objective function is proposed. 

A. Flow Compression 
For the sake of simplicity, all flows from a specified source 

to a specified destination are called similar flows (SF). There are 
lots of small flows in network (flows with size less than 10KB) 
[13] which can be merged to reduce the time complexity of the 
solution. To this end, all SF flows that are smaller than a prede-
fined lower band are merged. Note that the outcome must be 
smaller than an upper bound threshold, otherwise it breaks into 
two or more flows. Therefore, increment in the lower band re-
duces the time complexity while it increases the optimality gap. 
Results analysis show that in large number of flows, the com-
pression reduces the number of active flows dramatically. 

B. Low Computational Complexity Approach 
Existence of absolute value in the objective function of pro-

posed scheme, intensely increases the optimization time. In or-
der to remove the absolute value from the objective function an 
equivalent function is proposed which is rewritten as: 
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V. RESULT ANALYSIS 
The proposed analytical model is evaluated on fat-tree topol-

ogy which is illustrated in Fig. 1 for k=4.  

A. Overhead Evaluation 
For the sake of simplicity, the number of changes in the ele-

ments of switches forwarding table is called SFTC (Switches 
Forwarding Table Changes). As it can be seen in Fig. 4, the 
SFTC is linearly increased by the increment of flow number. 
However, the SFTC of conventional approaches is sufficiently 
greater compared to QRMNO. It should be mentioned that the 
impact of proposed schemes on the network side-effect of re-
source reallocation is multiplied when there exist 1) different 
network traffic requirements 2) big flows and resource partition-
ing and 3) highly dynamic network. 
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1) Impact of SFTC on delay 
There are two types of delay which are related to the network 

reconfiguration overhead: a) end-to-end delay of control mes-
sages b) delay of updating the forwarding tables (FT). In the net-
work rescheduling, all flows are considered together, therefore, 
there is a global knowledge which causes lots of flows to be re-
routed. In order to update the FTs, the controller sends a large 
number of controlling messages to the switches. Suppose there 
are /B flows that are routed via a new path. Additionally, propa-
gation delay and transmission rate of all links are C�DE�FG 
and�C�DF�0, respectively. The processing time of each switches 
(time of updating an element of FT) is C�DEH. The end-to-end de-
lay of control messages is computed as follow: 

C�DE�FG ? CCIJ/� ? �KL %M/B ( �N @ CCIJ/�� /B @ C
IOP* (11) 
As it can be seen from Equation (11), by increasing the num-

ber of flows that are rerouted, the end-to-end delay of control 
messages increases. Fig. 2 compares QRMNO with conven-
tional approaches from number of changed flows perspective. It 
is shown that the number of flows with a new route is dramati-
cally decreased in QRMNO. In order to clearly illustrate the im-
pact of considering the number of rerouted flows as a parameter, 
Fig. 2 is depicted. 

The required time for updating the forwarding table (FT) has 
two parameters: 1) time of setting an FT element 2) number of 
elements in a FT that are going to be changed (NFTC). The first 
one is reliant on the switch, therefore it is independent of rerout-
ing algorithm. However, NFTC is dependent on both the rerout-
ing algorithm and the switch. Since NFTC value of switches are 
different in resource reallocation, the impact of QRMNO on the 
switch that has the maximum NFTC value is focused here. Based 

on the experimental result, the maximum NFTC value of 
QRMNO is dramatically lower than shortest path selection. 
Therefore, the delay of updating the FT is lower in QRMNO in 
compared with conventional approaches like shortest path. Sup-
pose an element takes Q millisecond to be changed in the FT, 
therefore, Fig. 3 illustrates the time that is needed to completely 
reconfigure the network with QRMNO and shortest path. 

2) Impact of SFTC on packet loss 
The impact of SFTC on the packet loss depends on two pa-

rameters: 1) routing 2) TCP retransmission time. In order to clar-
ify the effect of network reconfiguration overhead on routing, 
we consider there are seven OpenFlow enabled switches that are 
controlled by an SDN controller similar to Fig. 5. All links are R 
GB/S except the links (S5, S6) and (S4, S5) which are ��R GB/S. 
There are three big flows in the network that are currently routed 
via�S� � S8 � S7 � S6 � S4 ,�S� � S+ � S2 � S4 � S6 � S7, and 
S� � S8 � S7 � S6. The guaranteed bandwidth for these flows are 
F1 GB/S, F2 GB/S, and F3 GB/S, respectively. Note that: 

R T U� ? U+ ? U2 T ��R U� ? U2 T R U+ ? U2 T R
 Propagation delay of links are specified by the matrix�V�@WX , 

however, by the purpose of simplifying the problem, all link de-
lays are considered to be equal to�Q. To purely show the impact 
of network reconfiguration on the routing, other flows are ig-
nored. At this point, the resources will be reallocated. As it can 
be seen in Fig. 5, the controller is directly connected to S5, S4, 
and S3. Therefore, the propagation delay of controller message 
to S1 is�2Q.  

Suppose the resources are reallocated in a time period of�Y, 
at the point of resource reallocation, QRMNO reschedules the 
network similar to Fig. 6 in which the network rescheduling 

Fig. 1.   Fat-Tree topology K=4. 

1 2 3 4

5 6 7 8 9 10 11 12

13 14 15 16 17 18 19 20

Fig. 4.   Overhead comparison of QRMNO and conventional approaches 

Fig. 3.   Delay of network reconfiguration (Q 3 � ms). 

Fig. 2.   Number of flows that are rerouted 
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overhead for these three flows is zero. It should be mentioned 
that QRMNO changes a flow path if the unused bandwidth of 
current route is smaller than the guaranteed bandwidth. 

On the other hand, conventional approaches such as shortest 
path, reallocate the resources similar to Fig. 5. The controlling 
message is delivered to S5 with Q second delay while the delay 
is 2Q for S1. As a result, the forwarding table of S1 is updated 
+Q second after S5 forwarding table is updated. Consequently, 
the packet loss of Flow 1 and Flow 2 are as follow: 

+Q�S @ ZU� [�
S ? U+ [�

S \ 3 + @ MU� ? U+NQ�[� 

Based on the mentioned reasons, the impact of SFTC on rout-
ing is a function of 1) number of rerouted flows and 2) network 
topology. As mentioned earlier, number of rerouted flows is il-
lustrated in Fig. 2 and it is shown that the QRMNO is superior 
in compare with conventional approaches like shortest path. 

VI. CONCLUSION 
In this paper, QRMNO a QoS-aware resource reallocation 

algorithm was introduced. QRMNO reschedules the network in 
a way that imposes the minimal overhead in forwarding table 
updates The impact of QRMNO on the network rescheduling 
overhead (SFTC) is compared with shortest path in which it dra-
matically improves the performance. Additionally, the impact of 
SFTC on delay and packet loss was discussed. Result analysis 
shows that QRMNO decreases the delay and packet loss. Future 

works will be dedicated on proposing methods for hybrid net-
work (combination of conventional and OpenFlow switches). 
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 Fig. 6.   QRMNO resource reallocation. 

Fig. 5.   Resource reallocation based on shortest path. 
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