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Abstract—Software Defined Networking (SDN) provides net-
work engineers with a high-level of abstraction to manage
network traffic and control the associated network resources.
Unfortunately, the data-plane devices communicate with the
controller for every new flow, which adds an extra overhead
and causes excessive delays. Such communication relies on the
probability called matching probability. In this work, we propose
a mathematical model for the SDN flow-setup process with the
consideration of all factors that contribute into the matching
probability, such as proactive/reactive flow setup modes. Finally,
we attempt at deriving the overall system capacity and blocking
probability.

Keywords—Performance analysis; Software defined network;
OpenFlow system capacity; Proactive and reactive flow modes.

I. INTRODUCTION

OpenFlow is a common SDN protocol used for the south-
bound communication between the control-plane and the data-
plane devices. The data plane in an OpenFlow switch is
defined by an action-based flow table, where each flow-
entry consist of match-fields with corresponding actions, such
as modify and drop. The match-fields consist of 12-tuples
including source/destination MAC and IP addresses and an
expiration-time (typically 60 seconds) [1]. When a data-plane
device receives an unknown flow, it sends a flow request (i.e.,
packet_in message) to the control-plane device, defined
as the controller, looking for the right action to handle the
packets of the unknown flow. Practically, the controller is
programmed with a routing protocol as well as network and
security policies, such as rate-limiting and access control. The
controller responds with a flow-entry contains the required
information with the right action(s). Finally, the OpenFlow
protocol installs the received flow-entry into the switch’s flow-
table.

From this procedure, we observe that the flow setup passes
through several sequential services that are controlled by a
probability of having a match in the flow-table. These services
begin with the data-plane device, the communication channel,
and the control-plane device, respectively. In general, the
unknown flow is either matched by a proactively installed
flow-entry or a reactively installed flow-entry. The reactive
flow-entry setup is the process of installing/modifying a flow-
entry in an on-line manner as a positive reaction to a network
incident, e.g., rerouting a large flow from a heavy loaded
path to a less loaded one. Whereas the proactive flow-entry
setup is the process of installing a flow-entry in an off-line
manner, such as installing the entries of an access-control list
(ACL) or static routing before production or during non-peak

times. We evaluate the implications of flow setup process on
different sizes of network flows. We found that at low load, the
examined throughput of large TCP flows dropped by a about
40% and the delay of round-trip-time flows was increased by
a factor of 3x. As expected, the flow setup delays severely
affect small flows.

In order to improve the flow-setup process, researchers pro-
posed three main approaches. First, enhancing the controller
response time by implementing a distributed linear or hierar-
chical control-plane system [2] [3] [4] [5]. Second, improving
the response time of data-plane devices by fabricating most
of the data-plane functions into hardware chips or speed-up
the flow-table lookup time [6] [7] [8] [9]. Finally, the flow
management approaches are not aimed at entirely avoiding
the flow setup process. It is rather aimed at minimizing the
interactions with the SDN controller through the adoption of
flow based technique [10] [11] [12].

Thus, in this work, we aim at studying and analyzing the
possible factors that contribute to the third approach, such as
reactive/proactive flow setup modes, with different service time
distributions. In the reactive flow setup, the arrival of a new
flow and the expiration-time of a flow-entry have shown a
hazy harmony. The arrival-rate of new flows and flow-entry
expiration-time are functioning on a different time-scale. The
flow-entry is added upon the arrival of a new-flow and removed
when it expires. For example, the flow in data center network
arrives in milliseconds time-scale, while the typical flow-
entry expiration-time in OpenFlow switches is 60 seconds.
Such difference in time-scale will lead into a non-steady-state
condition when it is modeled as it is. In this work, we analyzed
the reactive flow setup by using total probability theorem and
Discrete-Time Markov Chain (DTMC) model.

After this introduction, the motivation and literature review
are discussed. The problem formulation of the flow setup
delay and where flow management techniques contribute in
are illustrated in Sec. III. The mathematical description of
system model including delay analysis of flow setup time,
system capacity and blocking probability are presented in Sec.
IV. The performance results are described in Sec. V. Finally,
conclusions are drawn in Sec. VL.

II. MOTIVATION

In this section, we investigate the extra overheads caused
by OpenFlow protocol on data-plane and control-plane devices.
We build our investigation using Mininet emulation [13] sup-
ported by Openvswitch 2.2.0 [14] and POX controller [15].



The Mininet was installed on top of Intel Xeon CPU X5550
2.67GHz 8 cores with 40GB memory. The POX controller
was installed on a dedicated virtual machine. We implement
five hosts as traffic sources and one server as a destination.
Also, the controller is programmed to respond to reactive flow
requests with the appropriate flow-entries and to configure the
switches with the needed flow-entries for the proactive mode
testing.

In this experiment, we measure the impact of flow-setup
on TCP throughput and on the round trip time. The TCP
throughput was measured by using Iperf; a commonly used
tool for throughput measurement and we used a normal ping to
measure the round trip time. In the testing of TCP throughput,
we use multiple values for the flow duration; 5 and 10 seconds.
Moreover, the TCP throughput of the communicating hosts
is measured when there is an external load on the controller
which mimic a more realistic scenario. The load on the
controller is generated by using Cbench [16]. For the sake
of accurate investigation, we coded the Mininet to send the
TCP flows and ping messages according to the exponential
distribution. Also, we use two different flow-entry expiration-
times; 5 and 55 seconds, in the testing of both the reactive and
proactive modes, as displays in Fig. 1. However, the produced
delay of round-trip traffic in proactive mode is very small
compared to reactive mode results, due to this we removed
the proactive result in Fig. 1. The results are the average of 30
runs and the RTT values were measured from the five sources.

The impact of the flow-setup process on TCP throughput
is illustrated in Fig. 2. The results show that the flow-setup
decreases the TCP throughput by about 40%. The experiment
results, as displays in Fig. 1, demonstrate how the flow-
setup seriously contribute to the delay of round-trip time
messages. This impact is due to the short life time of the
round trip compared to the flow-setup time. This implies
that the overhead of the flow-setup will severely increase the
flow completion time of delay sensitive flows, defined in the
literature as mice-flows. It is worth noting that the mice flow
represents the majority of data center flows [10] [17]. Also, the
results demonstrate that when the flow-entry expiration-time
increases the round trip time decreases, as shown in the figure.
When we set the expiration-time to 55 seconds, the round-
trip time dramatically decreased. In literature, there are two
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Fig. 1: The effect of flow-setup on round-trip-time.

kinds of studies investigated the performance figures of SDN

Fig. 2: The effect of flow-setup on TCP Throughput.

framework and OpenFlow protocol. Either using simulation
supported by practical experiments, such as the work of
DevoFlow [10] and Oflops [18] or mathematical model, such
as the models proposed by [19] [20] [21] [22]. In the latter
approach, the researchers exploit different mathematical mod-
eling methods to understand the characteristics of OpenFlow
protocol. The authors in [19] model the OpenFlow protocol
by using M/M/1-S feedback-oriented queuing method where
both of the data-plane and control-plane are represented by
Markovian servers. They evaluated the performance figures of
flow-setup delay in case the controller is involved in flow-setup
and in case of otherwise. To obtain an accurate mathematical
model of OpenFlow protocol, the authors of [20] utilized the
network calculus theory to model the communication between
OpenFlow data-plane and control-plane devices. The intro-
duced model is used in their investigation of the performance
of both OpenFlow planes. In [21], the authors used Jackson
network with additional modifications to model the interaction
between OpenFlow data-plane and control plane devices. Their
model can be extended to represent more than one data-
plane device. Finally, a mathematical model of the packet
forwarding of OpenFlow switches as well as the processing of
packet-in messages in the OpenFlow controller is introduced
by Xiong et al. [22]. Since the flow management techniques
demonstrated its significant contribution in accelerating the
flow-setup process [10] [11] [12], we are the first to study
its impact on the performance of OpenFlow communications
by using MATLAB simulation supported by mathematical
analysis.

III. PROBLEM FORMULATION

In OpenFlow, a new flow has to pass through a sequence
of services started from the data-plane device d,,, s, the com-
munication channel, d.j, the control-plane device, d.,, then
back to the switch. In the flow-setup process, the switch is
visited twice; when a new flow arrives and when the flow-
entry installed into the flow-table. In the sake of accuracy, we
use different service times for the two visits; the first visit is,
dsws, and the second visit is d,,s. The service delay, D¢, for
the flow setup is given by:

Dfs - dswf + dst + dch + dcn (1)

Since, there is a probability of having a match, defined as
matching probability Pr,q:ch, With a flow-entry installed to
handle previous flows, the flow service delay is given by,

Dfs = dswf + (]- - Prmatch) . [dsws + dch + dcn} (2)
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Fig. 3: Reactive flow-setup mode

To understand the OpenFlow system and the flow management
techniques, we present a summary of the different types of
flow-setup modes in the following subsections.

A. Reactive Flow-Setup Mode

Typically, in the reactive flow-setup, the data-plane device
sends a flow request to the controller per the arrival of
a new flow. Then, the controller installs a flow entry in
response. The newly installed flow-entry could be matched
by any subsequent flows. However, the likelihood of this
match to happen depends on three factors. First, the flow-entry
expiration-time, 7. Second, the flow arrival-rate, A. Finally,
the number of flow-entry, S, in the data-plane’s flow-table.
When a recently installed flow-entry is prolonged to last for
Tmaaz €Xpiration-time, the likelihood of a flow from subsequent
flows to match this flow-entry is increased. Also, when the
minimum bound of flow inter-arrival time is less than 7,4,
the recently installed flow-entries will expire before the arrival
of a new flow. For instance, when the expiration-time is 74 and
the minimum bound of inter-arrival time is e,,,, where e,,, > 74,
the expiration-time 74 will elapse before the arrival of a new
flow from the same class. Finally, when a flow arrives at a
data-plane device that has an empty flow-table, definitely the
matching probability is zero. Thus, the matching probability
increases with the increase in any of these factors. The impact
of these factors are proved analytically in this section, and their
empirical results are displayed in Sec. V.

Modeling the probability in the reactive mode needs to ob-
tain a mathematical relationship between the subscribed three
factors. We start by understanding the relationship between the
arrival-rate and expiration-time. Assuming [V is the average
number of flows arrives at an interval of time 7;, as shown
in Fig. 3, where flow#NN is the first flow arrived during 7;. If
its flow-entry expiration-time lasts until an arrival of a new
flow, flow#1, that has the same matching fields, then it will
be matched by flow#N’s entry and bypass the extra overhead
of the flow-setup process. According to Little’s theorem, the
average number of flows during any interval of time relies
on the flow arrival-rate as well as flow-entry expiration-time,
where N = \ - 7;.

On the other hand, when a new flow doesn’t match with
one of the existing flow-entries, S, of a data-plane device,
where S € {0,1,2,3..., K}, a new flow-entry is installed and
accordingly the value of S increases. As a result, the matching
probability in the reactive mode when the flow-table has S
number of flow-entries is given by,

where, 0<S<K 3)

S
K
The likelihood of having a new flow-entry is dependent on
the matching probability, where the matching probability is
increasing with the increase in .S. As discussed above, the value
of S in reactive mode changes according to the arrival-rate as
well as the expiration-time. For an accurate representation of

Prreact =

(3), it is necessary to include the probability Pg(,y of having
a certain number of flow-entries S.

S

The challenge is how to model this probability and how to
express its relation to other factors? It is obvious that the flow-
entry in the reactive mode is incremented for every mismatch.
Additionally, the flow-entry lasts for a particular time 7; then
it is removed from the flow-table. The transition process of
adding a new flow-entry per a mismatch and removing one
per expiration has a characteristic similar to a birth-and-death
process. The problem is that the arrival-rate is working in a
millisecond timescale, while the flow-entry removal is working
in a multiple seconds timescale. Which means that the arrival-
rate is much faster than the departure rate, where this leads
into a non-steady-state system.

Pr'react =

In order to solve the aforementioned challenge, we use a
discrete-time Markov chain model as shown in Fig. 4 to rep-
resent the mathematical relationship between the three factors
and to get the Pg(,) probability. During a small-time instant
7o where only one event from the following probabilities can
appear. First, the probability of a new-flow matching one of
the current flow-entries p- K Second, the probability of a new-
flow doesn’t matching any of the current flow-entries, i.e., a
mismatch event, (1 — < )p. Third, the probability of a flow-
entry expires is (1 — ps( where p is a Geometric probability
which contains the probability p,, of whether having an arrival
or otherwise during 7y. The probability p is repeated all over
the way until all the time instant, 79, of 7, is examined. In
the same context, p,, is a Poisson distribution to consider the
probability of having a single event during 7. The Geometric
probability ensures that the event will appear during the whole
period of 7 and the Poisson probability is used to ensure of
having a single event during the small instant of time 7.
According to the DTMC model, the state probabilities are as
the follows,

=P[X <7/r0]=> p,-(1—p.)" 5)
n=1
(1-p)=P[X > 1/70] (6)
Pro = (A70) - exp (= A7) @)
Po+P 4+ Py+Py+ ..+ Pr=1 ®)
j 250
P = 9
L (-p) ®
Py — (1-52 )Py —p- (11— E2)Pr_s (10)
(1-p)
(1 K=1
py = LT )P an

(1-E£=.p)

Finally, the Markov model contains the impact of arrival-rate
and expiration-time within the state probability Pg(,y. Since
the matching probability in reactive mode increases with the
increase in the number of states, i.e., flow-entries, and from



Fig. 4: DTMC state diagram of the arrival and departure of flow-entries into the flow-table

the total probability theory the reactive probability Pr;.qq; will
be,

S
n
Prycact = ), 7= Ps(r) (12)

n=1

B. Proactive Flow-Setup Mode

Assuming K is the number of flow-entries that is required
to match all classes of traffic to ensure the matching probability
Pr.aten 18 equal to 1. The controller, in network startup phase,
installs several flow-entries in data-plane devices to match
certain classes of traffic £ where £ C K, such as Address
Resolution Protocol (ARP), and/or HTTP flows. When a flow
from E arrives at a data-plane device, it will find a flow-entry
to match its flow information. When a data-plane device has
in its flow-table a flow-entry matches the information of a
new flow, the data-plane doesn’t need to communicate with the
controller. Which means that the flow-setup and its overhead
are neglected. The modeling of the matching probability in
proactive mode, Prp,oqct, depends on the share of the selected
class among all existing classes of traffic. The traffic share of
the selected class, C; i € K, is defined as how likely their
flows are exchanging on the network of interest. For instance,
since the share of HTTP traffic on the Internet is higher
than other Internet traffic, when a flow is randomly picked
from current Internet flows, is more likely to be HTTP flow.
When flow-entries that handle all HTTP flows are proactively
installed at a data-plane device, the probability of a new flow
to be matched is almost equivalent to the share of HTTP flows
among all the Internet flows [10].

5 ek (13)
Zj:l G

Prproact =

IV. ANALYSIS

In this section, we present an analytical expression for the
flow-setup delay experienced by all classes of the flows. We
are interested in obtaining the mean waiting time W and its
second moment VW2 that will be experienced by all the flows
at OpenFlow system. To achieve our goal, we first derived the
mean results of the waiting time of all components in the Open-
Flow system. The data-plane device, as well as the southbound
channel, were modeled as M /M /1 with service times p1, and
L2, respectively. To model the control-plane device, we use
M/G/1, where this due to the diversity of services that can
be provided by the controller. Since the summation of Poisson
distributions is a Poisson distribution [23], the load on the
controller from other data-plane devices were considered as -y
which is a sum of As that came from other data-plane devices.
The mathematical analysis of control-plane used in this section
considers standard derivation steps of M/G/1 model (see for

TABLE I: Summary of Important Notations

Symbol Definition
Propatch The sum of both proactive and reactive matching probabilities.
K The maximum number of flow-entries to have Pr,,qtchn=1 .
I Flow index while in system
Ps(r) Probability of having S flow-entries in the flow-table during 7.
i Poisson arrival rate of flow with index %
o The sum of As arrive at the controller from other data-plane devices.
X; Service time random variable for flow %
R Residual service time
W Waiting time in the switch for packet_in processing.
Wws Waiting time in the switch for the installation of a new flow-entry.
Wen Waiting time in the queue of the controller.
Wen Waiting time in the queue of the southbound channel.
Hgwf The processing time of packet_in request in the switch.
Heh The processing time of packet_in request in the channel.
en The processing time of flow-setup request in the controller.
sws The processing time of flow-setup request in the switch.
T Average response time of a flow for flow-setup process

instance [23]), and Table. I has the definitions of the main
notations. However, the definitions of other notations were
edited in the incoming paragraphs. The waiting time when
the matching probability was considered is,

W = Wswf + (1 — Pr'match) [ch +Wch +Wsws] (14)

Since, the service time of the controller was considered as a
general distribution, the average waiting time W, of a flow
in the queue of the controller is given by,

N
Wea=) Xi+R (15)
i=1

where X; is the service time of packet 7 and R is the residual
time. The mean residual service time R appearing in W ,, can
be derived by the same kind of graphical triangle trick as
in the case of the (P-K) mean value. The first moment of this
residual time can be written as,
- 1] X
R - = i 16
5 |7 X (16)
Making additional algebraic manipulations yield the desired
second moment of waiting time as,

2
W2 =N - Var(X) + Kl + 1pp) R} + Var(R) (17)

Where Var(R) = R-R. Also, (17) is procured by raising
both sides of (15) to the 2" power and taking the mean. Note



that the variables of W2 are all known except that we need
to evaluate R2. Thereby, the law of total expectation, which
states that E[Y] = E[E[Y|X]] is employed to obtain,

ﬁ:%(y-ﬁ) (18)

A. Flow-Setup Delay

The average time a flow f spends in the OpenFlow system
is given by,
7 ol |
" =W +X (19)
Where the average response time of the controller and subse-
quent services when the matching probability was considered,

Tf :1/ (/.stf — A) + (1 - Prmatch) [ +Y{n

1/ (,uch - )‘) + 1/ (,uswS - )‘)}

The total response time distribution is,

f(t) :T(,U/h /\)m/m/l + (1 - Prmatch) [T(M% )‘)m/m/l
+ T(N& )\)m/m/l + T(N47 7)m/m/1]~

(1= pen)

(20)

(21
In the sake of accurate representation, we used different
service time for each step in the flow-setup journey, where
p1 < pa < pg < pg and these are the service time of
the switch, the controller, the southbound channel, and the
processing overhead of flow-entry installation in a switch.

B. System Capacity

In a real network, the flow duration (i.e., the time since
it starts till terminates) varies from certain service to another.
For instance, the flows in data center network vary in size and
duration, where the dominant flows last for less than a one
second [17]. Thus, the flow-setup delay needs to be bounded
by a particular time of quality of service. Otherwise, some of
the new flows will wait in the setup queue for a time exceeds
their duration. In this case, we need to model OpenFlow system
when the queue size is bounded by some amount, defined here
as Z. Accordingly, in this section, we try to understand the
OpenFlow system capacity and what is the maximum number
of flows under a certain response time quality of service 7' —
qos the system can handle.

z
Z* = argmax {Z Tif < qus} . (22)
Z i=1
The system response time is a random variable as shown in
(21), T;, where {i = 1,2,3,..., Z} is the flows’ response time
index. When we use the exponential distribution as a service
time of control-plane, the response-time will be,

T; ~Exp(—A1) + (1 — Proaten) - [Exp(—A2)+ (23)
Exp(=As) + Exp(—A4)]

The summation of the Z response times that resides in
ahead of the last arrived flow in the queue will be, ZiZ:1 Tif .
In order to get the system capacity, we need a closed formula
for the distribution of 7' which is necessary to formulate the
blocking probability. Since, it is known in the literature if y;

where {i = 1,2,3, ..., L} is i.i.d Exponential random variables
with the constant parameter p, the PDF of the summation
is represented by Erlang distribution with L and p parame-
ters E(L,A;). However, here we have different As for each
Exponential random variable, and we found the distribution
of the total response time in (21) takes shape close to the
exponential distribution with large L, where the Erlang and
Gamma distributions tend to take the bell shape as the value of
L increases. Therefore, the approximated distribution is Hypo-

exponential Hypo(Aq, ...... A,
L L K A
f . — J
ZTZ leA2 Exp(—At) ‘ H oA (24
1=1 1=1 Jj=1,5#1

The blocking probability is defined as, the flow-setup delay
when it exceeds certain threshold value Tg,s, P[T > t =
Tqos], Which is necessary to understand the system capacity.
The value of system response time is obtained from the
response time distribution 7" explained above. In a particular
case, the maximum number of flow-setup requests, L*, that the
system can handle before the T,s value is exceeded can be
approximated to the following equation where 7" is the average
response time,

7 ~ 1Qos (25)

T

In the evaluation section, we compared the Hypo distribution
with the distribution of the system response time 7" when the
Exponential distribution is used as the controller service time,

2.

V. RESULTS AND DISCUSSION

We wrote a simulation model by using Matlab for SDN
flow-setup process with the consideration of the two types of
matching probabilities. The number of flows and the average
arrival-rate in this evaluation are X = 10° and \ = lffrfz”,
respectively. Initially, as a proof of concept and to examine
the validity and robustness of our simulation we compared
the analytical and empirical results of a different version of
M/G/1 by using different distributions as a service time,
(Exponential, Gaussian and Erlang-2 distributions), the results
are shown in Fig. 5.

The flow-setup delay when both matching probabilities
(i.e., proactive and reactive) being used are shown in Fig. 6.
From the figure, we can see how the results of the proposed
mathematical model and the simulation are overlapped. This
result demonstrates the accuracy of the proposed model. Also,
we study how the matching probability is influencing the per-
formance of both data-plane and control-plane service times.
We found that when we increased the matching probability
by x times the system performs much better compared to
increasing the controller service time by the same amount. This
means that the performance of the network is improved when
the flow-setup overhead is avoided and a little enhancement
in matching probability, like keep handling certain classes of
flows in the switches, is better than increasing the controller
service time. Moreover, the results prove that the data-plane
device is the bottleneck in the flow-setup process. For instance,
when we increased its service time by the same amount,
the flow-setup delay decreased dramatically. The results are
shown in Table. II. To investigate the validity of the ap-
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vice time dist. flow-setup delay.

TABLE II:
Compare of increasing the service time of OpenFlow system
with the Pr,,qtch.

Proyatch SWserw CNserv T J Percent(%)
0.45 1x 1x 4.614 ms benchmark
0.45 Ix 2% 4.3894 ms -4.8695
0.45 2% 1% 1.9105 ms -58.5940

0.9=2x 1x 1x 3.6218 ms -21.5052

proximation of the response time, we used the QQ-plot of
the proposed response time expression, i.e., (24) compared
to hypo-exponential distributions, the results are shown in
Fig. 7. We study the distribution density of the proposed
model, where the PDFs of the system response time 7', when
Exponential, Gaussian, and Erlang-2 random variables were
used as a service time of the controller, are shown in Fig. 8.
We can see the three PDFs are almost overlapped.

We examine the effect of proactive probability alone on
flow-setup delay. Since the proactive probability is based on
the traffic classes, we used uniform distribution U(O, 1) to
generate the proactive probability. Fig. 9 shows the response
time with different values of proactive probability. Apparently,
when the proactive probability increases, the response time
decreases due to the avoidance of flow-setup delay.

For an accurate evaluation of reactive probability and to
demonstrate the proposed DTMC-based model of reactive
probability, we select different values of 7, A, and M, where M
is the number of flow-entries that is needed to get Pry,qtcn=1.
Also, we initialize the computation of reactive probability with
PO:A—MT. Fig. 11 shows the proposed reactive flow setup model
with different values of 7. From the figure, we observe that the
matching probability increases proportionally to the increase
in the value of 7. The value of M in these experiments is
1K. Also, we find that when we increase the arrival-rate A\
the reactive probability increases as well. Fig. 10 displays
the matching probability when we fixed the value of 7 at
45 seconds and changed the value of A. To understand the
effect of the number of non-empty match fields M we fixed
the value of 7 at 45 seconds and the value of \ at 2.6 frlr’;;“,
then we vary the value of M between 200 till 1000. We find
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Fig. 6: The average response time of Fig. 7: The proposed model with Hypo-
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Fig. 8: PDF of the proposed model with different dist.

that the reactive probability is decreased with the increase in
the value of M, as displayed in Fig. 12. Additionally, Fig. 10
displays the response time with reactive probability when we
fixed the value of 7, also, at 45 seconds and changed the value
of . The effect of \ values contribute not only to the reactive
probability but also on the response time itself, and this is the
reason why we get fast response time when we vary the \’s
values. Practically, the minimum value of 7 is more significant
than the maximum value of \ since the value of )\ is an r.v.,
unlike the value of 7 which can be set by the network engineer.

VI. CONCLUSION

In this work, we study the impact of matching probability
on the performance of OpenFlow. We found that increasing
the share of flow management techniques is better than im-
proving the performance of the controller. Also, we study the
distribution of the system response time 7', and we found that
the distribution maintains its main characteristics even when
we use different distributions for the controller service-time.
Practically, the existing network systems have a limited ca-
pacity. Accordingly, we analytically study the system capacity
and blocking probability, and in their empirical evaluation,
we found that the distribution of T takes shape close to the
exponential distribution with large values, unlike Erlang and
Gamma distributions.
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