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Abstract—Experimenting innovative ideas requires deploying
large scale heterogeneous testbeds. We propose to involve ISPs
in experimentation to boost creativity, flexibility and realism
of experiments. Using new network paradigms, ISPs allocate
virtualized resources to experiments and benchmark testing
conditions. The level of isolation between experimentation and
production traffics must be gauged.

I. INTRODUCTION

The success story of the Internet can be owed to its
openness to innovation and creativity. Indeed, this network
of networks supports a wide spectrum of innovative services
and applications. Users are, not only, free to publish and
retrieve any type of content and media, but also, can enjoy
a panoply of services offered by Internet Service Providers
(ISPs). Therefore, when designing architectures and services
for the Internet of the future one must preserve this polyvalence
of the current Internet, and go one step further to yield more
innovation and imagination.

Usually, research scientists and developers of inventive ideas
in their innovation process have to evaluate their achievements
(algorithms, protocols, services, etc) in a realistic environment
such as a network or a set of machines connected to a
network. Besides, service providers (CDNs, Clouds, etc) needs
to monitor the relevance of their services and measure the
level of satisfaction of their clients. To achieve these goals,
traditionnaly, they have to choose among the following can-
didate evaluation environments: simulation tools, emulation,
and testbeds. Although latter testing environments succeed to
meet some of the requirements of their users; users still have to
combine one or two of these methods to achieve the evaluation
goals.

Nevertheless, interesting efforts have been spent by the com-
munity to ameliorate the performance evaluation platforms.
A particular attention has been made to the flexibility of
the testing scenarios. Indeed, many testbeds consider hetero-
geneous technologies and offer a diversity of resources for
experimentation. They differ from each other by their level
of programmability and the scale of the experiments they can
host. The realism of the experimentation depends a lot on the
benchmarking of the testing conditions and relies on the co-
existence of many factors such as exogenous traffic, available
computing and network resources and specific devices (sen-
sors, mobile handhelds, etc.). In meanwhile, many approaches
propose to federate testbeds to obtain wider ones with more
heterogeneity, more flexibility and a higher availability of
testing resources. Hence, an enhanced realism and a larger
scale of experiments can be ensured. However, we show, in
this paper, that involving ISPs in the experimentation chain
improves considerably creativity, flexibility, and realism of
experiments. An ISP network is the best field to host inventive

experiments of the future. In fact, from one side, an ISP owns
the largest amount of resources (computing power, storage
capacity, network links, etc.). Due to the diversification and
the size of activities of an ISP, the resources that it can
offer for experimentation are sufficiently heterogeneous in their
technologies and their functionalities. From another side, new
paradigms for network architecture and operations have been
invented recently. Software Defined Networking (SDN)[1][2]
and Network Functions Virtualization (NFV) [3][4] make
effortless network deep-programmability and improve net-
work management flexibility. Profiting from these advances,
ISPs can allocate virtualized resources to experimentation and
manage the level of isolation between experimentation and
production traffics. We propose, in this work, that an ISP
offers experimentation as a service. It receives the specification
of an experiment as a set of required testing resources and
experimentation traffic to handle. The role of the ISP is to
map the demand of the experimenter to slices of physical
resources and to schedule experimentation traffic flows. The
ISP must ensure both network conditions required for the
experiment and the friendliness of experimentation traffic with
the production traffic. The presence of exogenous production
traffic, however, increases in some scenarios the realism of
the experiments. We design our service as an SDN control
application that ensures scheduling of experimentation flows,
their routing and monitoring of testing conditions. We pay
attention to the realism of the experiment and gauge the level
of isolation between experimentation and production traffics.
To validate our idea, we implement it in the NS-3 network
simulator [5] and evaluate its performance for different speci-
fications of experiments and tunings of production traffic. The
remainder of this paper is organized as follows. In Section
II, we present both technological and functional motivations
behind proposing experimentation as an ISP service. Then, in
sections III, and IV, we detail respectively the requirements
and the design of our experimentation service. Finally, and
before thinking of perspectives of our work, we show in V
simulation results that validate our proposal.

II. MOTIVATION AND CONTEXT

The networking community has invented a variety of
performance evaluation testbeds with different levels of hetero-
geneity and complexity. An experimenter can choose among a
set of standalone testbeds or bigger heterogeneous federation
of testbeds. In this paragraph, we study the limitation of these
testbeds in the perspective to prove the necessity of involving
ISPs in the experimentation chain. Furthermore, we overview
the technological advances on which we base the architecture
of the ISP experimentation service.
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A. Towards realistic performance evaluation platforms

Considerable efforts have been made recently to improve
performance evaluation platforms. We show, however, that
without the implication of network operators. The experiments
conducted, mainly in case of new challenging test scenarios,
cannot reach an interesting scale or level of quality.

1) Limits of current Testbeds: The research community

can, nowadays, use many testbeds to evaluate the performance
of their solutions. PlanetLab [6] and ORBIT [7] are two
examples of these testbeds that give an open access to
experimentation resources to experimenters and researchers.
The testbeds differ from each other mainly with the strategy
used for reserving and sharing resources among the set
of experimentations and with the network technologies
and testing services they offer. For instance, PlanetLab
uses the slice concept in allocating network resources to
its users and hence provides a widely available leasing
service for networked-computing resources. A testbed using
the concept of sliceability must maintain some degree of
isolation for simultaneous experiments. Indeed, there is a
shared simultaneous access to shared physical resources.
The performance of the testbed depends strongly on the
level of isolation and has generally been overlooked in the
literature. A study of the impact of sharing test resources on
the benchmarking of the testbed is one of the objectives of
this paper. Sometimes a complete isolation of experimentation
resources is not recommended by the experiment for instance
testing with the presence of exogenous traffic can be one
of the objectives of the experimentation. The presence of
production traffic in the network paths or concurrence to
access a storage or computing resource can be required for
the realism of the experimentation.
When technologies are considered, each testbed offers to
experimenters a set of resources such as PCs, routers,
switches, wireless spectrum, etc. The offered technologies
differ from one testbed to another. Some of them, like
PlanetLab, focus on interconnecting machines located at
different geographic locations through the Internet whereas
others, like ORBIT, concentrate on providing the possibility
to do wireless experimentations such as wireless ad hoc
networking, 3G/4G mobile networking, etc. The available
technologies and their level of heterogeneity give an idea of
the spectrum of experiments that can be conducted on the
testbed. Some experimentations need specific components
such as sensors, specific mobile devices, specific wireless
bands, etc. One can then think that one single testbed cannot
meet the requirements of all experimenters. Moreover, the
scale of the testbed in terms of the number of available
resources and how they are allocated to users impacts the
scale of experiments that can be conducted on the testbed.

2) Approaches for federating Testbeds: In the last years, the
community has proposed to put together the resources of many
testbeds in wider federated testbeds. The objective is to create
synergy among testbed holders and foster efforts to design and
develop common experimentation techniques and tools. Hence,
they opt for increasing the deep programmability of testbeds.
Deep programmability refers to the ability of an experimenter
to influence the behavior of computing, storage, routing, and
forwarding components deep inside the network, not just at or

near the network edge. These efforts are still in their first steps
and need more consideration from the community. However,
federating approaches such as GENI [8] and FIRE [9] offer
a slice-based federation architecture of heterogeneous network
and computer technologies. They offer a layer-two overlay over
resources. They aim to offer experimenter-specified topolo-
gies via a programmable layer-two network. Hence, they opt
to scale-up the experimentation possibilities, to increase the
flexibility of experimentation scenarios, and to facilitate the
experimentation resources management and control.
Nevertheless, these approaches of federating testbeds cannot
offer the same network resources as owned by ISPs and cannot
provide as many heterogeneous technologies as existing in
a real world production network. Furthermore, the network
conditions present in an ISP network such as concurrent pro-
duction traffic and real physical resources cannot be fulfilled
by a federation of existing testbeds. Hence, the realism of the
experiments in such a federated testbed cannot be improved
without implicating ISPs in the experimentation process.

B. Technical considerations

Recent technological evolutions changed the way network
functionalities are implemented and the way management and
administration of networks are ensured. Software Defined
Networking (SDN) and Network Function Virtualization
(NFV) encouraged us to propose an experimentation service
supported by ISPs.

1) SDN-based ISP network management: The introduc-
tion of the SDN paradigm inside IP-based ISP backbones
is, nowadays, proposed by the networking community [10].
They propose the coexistence of regular IP forwarding/routing
and SDN-based forwarding for different types of advanced
services (VPNs, Virtual Leased Lines, Traffic engineering) on
the same network nodes. In this paragraph, we describe such
an hybrid IP/SDN networking scenario from the point of view
of the possible services and the network architecture to be
implemented.

In today’s packet-switched networks, housing control and
data functions in the same box necessarily complicates the
equipment, which aside from making routing decisions and
switching packets. It also needs to have all the necessary
intelligence for aggregating and disseminating routing infor-
mation, using fully distributed routing protocols. Furthermore,
in IP/MPLS networks, another layer of complexity is added
with the need for distributed signalling and label distribution
mechanisms. All of these features contribute to control plane
load, increased fragility and increased cost.

In the SDN-based ISP architecture, the community proposes
the use of MPLS forwarding elements as data plane switches
that connect to a logically centralized Controller using the
OpenFlow protocol [11][12]. The Controller runs a network-
wide OS and a set of network control applications to re-
alize all the functionalities of existing intra-domain proto-
cols. Moreover, the OpenFlow protocol allows discovering
the network topology, and keeping network-state updated via
statistics, status and error messages. It also provides mecha-
nisms to manipulate the flow tables of data plane switches.
The network-OS based applications can then take network
control decisions, can classify traffic into flows, and can pilot
flow-level switching and forwarding. The logically-centralized
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nature of the Controller implies that while the decision making
is performed in a centralized manner, the Controller itself can
be distributed over multiple physical servers for fault-tolerance
and performance.

The underlay just becomes a set of common IP circuits with
next hop reachability. This opens the door for customers to
go directly to the local market to procure more cost-effective
bandwidth with the right mix of transport technologies and
SLAs (Service Level Agreement) required for the business,
without compromising or fragmenting the logical routing
topology. What if a network administrator could build an
underlying network with various transport providers and glue
the transport together with a unified overlay providing cen-
tralized policy management via a Controller to create logical
segmentation for multi-tenancy? Essentially, this would drive
up the efficiency rate, creating a more cost-effective network.
Such a flexible and efficient ISP network can be the best field
to support an experimentation service.

2) Network Function Virtualization and middleboxes: Pro-

cessing inside the network: In the ISP networks of the future,
middleboxes offering a panoply of processing abilities are
deployed in the core of the network. Thanks to the Network
Function Virtualization (NFV) philosophy, these middleboxes
can play many roles for the ISP. Indeed, they can ensure a
wide spectrum of functionalities ranging from Traffic engineer-
ing tasks to service-aware processing of flows (transcoding,
caching, etc.).
Having this in mind, one can expect that ISPs can profit from
these in-network processing services as a building block of an
experimentation service. These resources can be used as ex-
perimentation traffic generators, as experimentation monitoring
vantages, etc.

III. REQUIREMENTS OF THE EXPERIMENTATION SERVICE

An ideal experimentation platform must be composed of
a big number of machines/equipments and real production
traffic. Such platform cannot be obtained without involving the
ISPs. The goal is that they offer experimentation as a service.
In this paragraph, we discuss the requirements of this ISP-
service.

A. Flexibility of the testing scenario

The experimentation service must offer to its users: the
experimenters, a set of network equipments (switches, routers,
etc.) and communication links with different characteristics.
The ISPs have then to be able to allocate these network
resources to an experimentation. The scale of this experimen-
tation and the equipments dedicated to it should mainly depend
on the specifications of the experimenter. However, for security
reasons, ISPs cannot provide direct access to their machines.
They can rather offer a virtualization of their resources to
the experimenter. Indeed, the ISP must receive from the
experimenter an experimentation scenario which describes the
models of the needed equipments (their characteristics) and
have to map this description to a well-selected subset of its
physical equipments. This procurement of an abstract model
of the testing topology is a key factor of the flexibility of
the testing scenario. The ISP takes over the translation of the
abstract model to a sub-physical topology. In this paper, we
overlook the procurement translation process and we confuse

virtual topology to the physical one. Hence, in our study, all the
equipments can be involved in an experimentation. However,
to define an experimentation, the description must include
not only the model of the topology but also a description
of the traffic and the network conditions it must encounter.
An experimentation is a set of flows, each flow has a couple
of source and destination nodes, a type of traffic, a specific
network load and network conditions to undergo on the path.
A chronological order of the flows can be imposed by the
experimenter.

B. Realism and correctness of the testing conditions

An experimentation, being described as a set of flows, the
experimentation service must distinguish between these flows
and offer them the expected network conditions. Moreover,
it has to schedule flows both in time and space. When time
is considered, some flows are to be launched before others
and someother can be launched simultaneously. The logical
realism of an experimentation depends on this sequencing and
parallelism of flows. Nevertheless, the temporal scheduling is
not without constraints on network conditions to offer to flows.
In fact, the experimenter indicates the QoS required on the
paths of the flows. The experimentation service must monitor
the network paths to opportunistically allocate them to experi-
mentation flows. This opportunistic allocation must occur in a
bounded time limit in order to decrease the waiting time of the
experimenter. After launching a flow, the service must verify
whether it has obtained the desired network conditions. This
validation phase is out of the scope of this paper. But, one
can imagine that flows that have not encountered the required
conditions, can be reconsidered by the scheduler and then can
be relaunched. In the case of dependent flows, it can imply
relaunching the whole set of flows of an experimentation or a
sub-dependent set of them.

C. Friendliness with production traffic

Allocating network resources to experimentation traffic,
the ISP risks impeding production traffic. The latter traffic
represents the main activity of the operator and must be
ensured in normal conditions. The scheduling of the production
traffic ought to take into consideration the existence of this
crucial traffic. A first solution would be to dedicate separate
physical resources to each type of traffic. This does not only
limit the resources available for experimentation but it also
decreases their realism. We suppose rather that communication
links are shared between both experimentation and production
traffics. The experimentation service has to guarantee the non-
aggressiveness of the experimentation traffic. For instance, if
the bandwidth required for an experimentation flow exceeds
the available bandwidth on the link, the scheduler would better
postpone launching the flows to an appropriate time.

IV. DESIGN OF THE EXPERIMENTATION SERVICE
In this section, we detail the design of our SDN-based
experimentation service.

A. Global architecture

The design of an experimentation service that fulfills
the requirements described in Section III needs a particular
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organization of the ISP network. The latter network should be
characterized by a centralization of the knowledge about equip-
ments and topology mechanisms and routing/communication
decisions. The network must be able to distinguish among
flows and provide them with differential processing. In this
perspective, we choose that the ISP network architecture must
follow the Software Defined Networking (SDN)paradigm.

In an SDN network, the control plane is decoupled from
the data plane. Decisions are taken by a central entity called
Controller. The latter communicates with the interconnection
equipments to impose processing rules of flows and to collect
measurements on the traffic. This communication is ensured
on an outband channel through a specific API.

In our study, we suppose that switches are administrable by
OpenFlow [12]. The different policies of the ISP are imple-
mented in the control plane thanks to control applications. It
allows the Controller to specify rules that will be implemented
in the switches. In this work, we design an experimentation
service dedicated to ISPs networks. If the ISP architecture
follows the SDN philosophy, it can on one side, support the
ordinary production flows and existing protocols; on the other
side, it can support the experimentation flows. Each category
of traffic will be managed by a specific business application. In
particular, our experimentation solution will then be designed
as a business application. Figure 1 shows the location of our
service inside the global SDN architecture.

Application

Experimentation
Servi

API Northbound ™~ _

Other control
application

__.-AP Northbound

Control
Controller

API Southbound *, API Southbound

Infrastructure -

Control
Data

Fig. 1: Global architecture

B. Components of the experimentation service

Our application Experimentation-As-A-service contains it-
self a set of components which communicate together to result
into the global service. Figure 2 represents the detailed design
of our experimentation business application. In this application,
the component Monitoring has the role of discovering the
network topology and collecting statistics on communication
links from the “Controller”. This latter sets up the essential
rules to collect this information.

Once obtaining the measurements on network conditions of
the links, the component Routing can decide on the path
that should borrow different experimentation flows following
constraints imposed by another component called opportunistic
Scheduler. The latter has the role of managing the experimen-
tation flows and to launch them when the routing can assure the

desired conditions. The effective launching of flows is obtained
thanks to a communication with the Controller who sets up the
necessary rules at switches located on the path.
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Fig. 2: Detailed design of the experimentation service

1) Monitoring component: The Controller owns a cen-

tralized vision of the current ISP-network. The Monitoring
component retrieves this topology from the Controller. Then,
it selects communication links to monitor and equipments
to be involved in the collection of statistics. It dresses a
monitoring plan of the network. After that, it asks periodically
the Controller to probe the appropriate equipments. The choice
of the probing time period is determinant for the freshness of
information used in routing and scheduling. However, to avoid
overloading the network with control traffic, it is mandatory
to avoid using very short probing periods.
For instance, after obtaining statistics on the ports of the
concerned switches from the Controller, the Monitoring com-
ponent compute a per-link available bandwidth. Noting A =
C — U, where C is the capacity of the link and U is the
used bandwidth. Noting At the period of probing U = BAA;.
Ba¢ is the amount of data sent on the link during At. As
OpenFlow primitives allow to retrieve, the cumulated amount
of data sent or received on the link at instant t, we take
Ba: = B(t + At) — B(t). Hence, the Monitoring component
is able to compute the available bandwidth on all links of the
topology.

2) Experimentation Flow Routing component: The role of
the Routing component is to find out routes that responds
better to criteria imposed by the Opportunistic Scheduler
component which needs to find a path from a source to a
specific destination that verifies well-defined QoS constraints.
We suppose that decisions are independent and that the search
algorithm uses a unique criterion. A constraint is imposed for
a specific metric on the path.

The problem of searching the adequate path for a flow can
then be formalized as following:

The ISP-network can be represented as a graph G(S, L), where
S is the set of switches and L is the set of links between them.
This graph is then an oriented graph as values of the metrics
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on a link depend on the considered direction. Each link is
weighted by the current measurement of the considered metric.
The measurement function M affect to each link L;[S;,S; (]
a measurement M (L).

When an end-to-end path P is considered, the end-to-end
measurement on this path is taken as an aggregation of
measurement on the links M (P) = agg(M(L;))

For example, when the available bandwidth is considered, the
aggregation is simply the minimum of the available band-
widths.

A constraint on the path P for the metric M, imposed by the
scheduler can be expressed like:

e Constraint with an upper bound: M (P) < M4z
e Constraint with a lower bound: M,,;,, < M(P)
e Constraint with an approximate value : M(P)=pu+f

Where g is the expected value and [ is a fault tolerance
parameter.

Searching a path that respects one of these constraints is an NP-
hard problem. The search space increases exponentially with
the number of links in the graph. In our work, we propose
using heuristics to simplify the search problem and make the
search algorithm converge rapidly to adequate paths. These
algorithms are widely discussed in the graph theory literature
[13]. In our work simulations presented in Section V, we
consider some simple search algorithms that reduce the search
space by considering greedy search heuristics. It considers a
spanning tree on the graph taking the source host as a root. At
each iteration, it eliminates some branches of the tree following
the estimation of the metric on the remaining part of the path.
The Routing component informs the scheduler with the best
possible paths for the experimentation flows to launch.

3) Opportunistic scheduler of experimentation flows: The
scheduler component starts from a description of an exper-
imentation as a set of flows. Each of these flows imposes a
QoS constraint. In addition to these constraints, a chronological
order for launching flows is wished by the experimenter. A
chronological constraint is described as a temporal depen-
dency. One says that a flow f; depends temporally on a flow
fi if and only if one can launch flow f; only when the flow f;
has already been launched and transmitted in good conditions.
Hence, the scheduler takes as an input a graph of temporal
dependencies as illustrated in Figure 3. At the beginning of the

/\
/\/

Fig. 3: Temporal dependencies

execution of the scheduling algorithm, the only flows that can
be launched are those who do not depend temporally on any
other flows. In figure 3, only the flow f; can be added to the
list of the flows that the sheduler can launch in the beginning
of the experimentation. When the flow f; is launched, f> and
f3 can be added to the list of flows to launch.
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We describe in Figure 5, the pseudo-algorithm that manages
the list of flows to launch. Here is the description of some
functions of this pseudo-algorithm.

Algorithm Scheduling_of_experimentation_flows

var
L:List of flows to launch
G 4:Graph of temporal dependencies
F:Set of launched flows

Begin

L=Independant(G )

While (G4 # 0) do
F = Launch_Flow (L)
G = Eliminate(F, Gy)
= (L \ F) U Independant(G)
done
End

Fig. 4: Pseudo-algorithm of the scheduler

- Independent (Gy) : This function returns the set of flows
of G4 that do not depend on any other flow.

- Launch-Flow (L) : This function launches flows of L whose
required network conditions can be fulfilled by the Routing
component. The list of flows effectively launched is returned
in the list F.

- Eliminate (F,G4): eliminates from the graph G, the
launched flows.

The previously described algorithm ensures that
experimentation flows encounter the desired network
conditions and do not disturb the production traffic.

V. PERFORMANCE EVALUATION

To evaluate the performance of our experimentation ser-
vice, enhance the existing NS-3 OpenFlow model to support
a complex SDN-based ISP network (topology discovery, net-
work monitoring, route computing and equipment manage-
ment). Furthermore, we implement in our NS-3 model the
experimentation scheduling component described in Paragraph
IV-B3.

A. Simulation scenarios

In this paragraph, we describe the simulated system which
we use in evaluating the performance of our experimentation
service idea. We present the considered network topology,
the simulated production and experimentation traffic and the
tuning of the experimentation service.

1) Network Topology: We simulate an SDN network with a
number of nodes that can vary from one simulation to another.
The topology of the network follows an hierarchical logic. In
such a network, one can distinguish two main zones:
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- Core network: It is totally meshed network of switches
allowing the connection of distribution networks together.

- Distribution network: A distribution network is connected
to two border switches of the core network. This redundancy
is interesting since it allows fault-tolerance and gives us the
opportunity to simulate multiple-trajects scenarios. The other
switches of a distribution network allow direct access to host
nodes.

A sample configuration of topology parameters is given in
Table I. These parameters are those considered for simulation
results discussed in Paragraph V-B.

Settings Values
Number of switches in the core network 4
Number of switches per distribution network 4
Number of hosts connected to a 2
switch of a distribution network
Capacity of links 10 Mbps

TABLE I: Simulation settings

2) Simulated traffic: Before starting an experimentation,
we need to load the network with some production traffic and
then specify the experimentation flows to schedule.

- Production traffic: In each simulation, we consider a
number of production flows (V). For each production flow,
we select a random couple of hosts as the source and the
destination, use the UDP transport protocol, and consider a
flow rate of 1M bps.

- Experimentation flows: We precise the number of experi-
mentation flows (NV.) and the ratio of temporal dependency
between them. The graph of temporal dependencies of flows
is generated randomly and respects the dependency ratio.
The sources and destination of the experimentation flows are
selected randomly among the sets of hosts of the network.
Each experimentation flow is a 1M bps UDP connection.

Hence, the density of experimentation flows, in a simulation,
is computed as follows: d = e

p N.+N,
B. Simulation results analysis

In this paragraph, we describe the results of simulations
conducted following the scenarios mentioned in the previous
paragraph. The goal is to validate the experimentation service
in regard of various performance criteria.

1) Usage of network capacity: As a first step in our anal-
ysis, we consider an experimentation service which launches
an experimentation flow only if the available bandwidth on
the shortest path is sufficient to support the rate of the flow.
Hence, an experimentation flow must wait for sustainable
network conditions before being granted network capacity.
Although this scheduling policy ensure the performance level
required by the experimenter, it does not exploit the total
available bandwidth in the network. In fact, flows are not
allowed to follow alternative paths. Figure 5 shows that even if
one increases the number of experimentation flows, the usage
of network capacity for both production and experimentation
flows does not exceed 50%.

In a second scenario, the ISP gives permission to launch
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experimentation flows on alternative paths even when they are
longer. In this way, when the shortest paths are occupied by
production traffic, experimentation flows can skirt and borrow
paths with sufficient available bandwidth. This means that
experimentation flows can be launched in a shorter time period
than the scenario where only shortest paths must be used.
One can observe the results of this configuration in Figure 6.
Indeed, the values of the total used capacity can reach values
near the total available bandwidth in the network. Then, the
service can launch more flows in parallel and save flow waiting
times. It is noteworthy that the results of the two previous
scenarios, the temporal dependency between experimentation
flows is not taken into consideration. The scheduler can
profit to the maximum from the network parallelism because
it has the liberty to launch as many experimentation flows
as the network conditions can support. In case of temporal
dependency between experimentation flows, the usage of the
network capacity is slowed by the chronological order between
flows. Figure 7 shows the average usage of the total network
capacity as of function of the rate of the temporal dependency
between experimentation flows. This curve shows clearly that
the capacity usage decreases with the increase of the temporal
dependency. For a 0% dependency, one obtains the maximal
network usage obtained in Figure 6.

All these results prove that the ISP respects the requirements
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Fig. 5: Usage of network capacity (shortest path only)

of the experimenter on network conditions to be encountered
by experimentation flows and that experimentation traffic do
not disturb the production traffic as it is not launched on
paths where the available bandwidth is not sufficient. The
friendliness with the production traffic is discussed in depth
in the following paragraph.

2) Friendliness with production traffic: To show that the
production traffic has a greater priority than experimentation
trafficc, we compare, from one side, the waiting times of
experimentation flows and production flows and on other side,
we conduct a study on the usage of network capacity by each
type of flows.

- Study of the waiting time: In this study, we neglect the tem-
poral dependency between experimentation flows. We rather
consider that all experimentation flows can be launched in
parallel when network conditions are sustainable. In this
case, one can make an equitable comparison between waiting
times of experimentation and production flows. In Figure
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8, we display the simulation results of the waiting time
of each type of flows for several value of the density
of experimentation flows. The latter value is computed as
being the ratio of the number of experimentation flows to
the total number of flows. We consider scenarios where
the total number of flows takes two different values 30
and 40. The figure shows clearly that the waiting time of
production flows still null independently of the density of
experimentation flows. This proves that production flows
have a higher priority than experimentation flows. Whenever
a production flow arrives to the network, it is immediately
granted the available bandwidth. However, experimentation
flows have to wait for the availability of network resources
before being launched. The waiting time of experimentation
flows increases in accordance to the growth of the total
number of flows and with the density of experimentation
flows.

- Study of available bandwidth sharing: We base this study
on simulation results shown in Figure 5 and Figure 6. These
results testify the friendliness of the sharing of the available
bandwidth between production and experimentation traffic.
In fact, the shape of the total used bandwidth is similar to
the shape of the curve of the bandwidth used by production
flows. The latter flows occupy mainly the available band-
width whereas experimentation flows obtain the remaining
proportion. So, the experimentation traffic does not disturb
the production one.

12

3) Quality and duration of experiments: In the remain-

ing part of the simulation results analysis, we focus on the
satisfaction of the experimenter. The latter ideally aims to
launch an experimentation, in the shortest possible time, while
respecting not only the required network conditions for each
of the experimentation flows but also, the chronological order
imposed by the experimentation logic. When the quality of
the path granted to an experimentation flow is considered, the
scheduler of our experimentation service is exigent and ensures
that network conditions are those required by the experimenter
before launching any experimentation flow. A relaxation of the
experimentation quality constraint to gain in experimentation
duration can be studied as a future work.
We play up the results of the total experimentation duration
as a function of several criteria. This duration is defined as
being the delay between the time by which the experimen-
tation description has been submitted and the time by which
experimentation results are delivered to the experimenter.
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Fig. 8: Measurements of waiting time

- Impact of the size of the experimentation: In the objective
of studying the effect of the size of an experimentation on
its duration, we consider an experimentation with a slight
temporal dependency ( 10%) and a density of experimen-
tation flows of 50%. We measure after that the obtained
experimentation duration. The results are shown in Figure
9. As expected, the experimentation duration grows linearly
with the experimentation size. The experimenter waits a time
which is proportional to the size of the job which it has
submitted to the service.

- Impact of the chronological dependency between flows:
The goal is to vary the chronological dependency between
experimentation flows and study its impact on the experi-
mentation duration. This study is presented in Figure 10,
which shows that experimentation flows must wait for each
other and then the experimentation duration will increase
in consequence. The delay depends mainly on the ratio of
temporal dependency and remains acceptable even for high
dependency ratios compared to the independent experimen-
tation flows.

- Impact of production traffic: Figure 11 indicates the impact
of the presence of production traffic on the experimentation
duration. It shows that for low values of the traffic density,
the experimentation duration reaches its maximal values. It
is clear that for congested networks, the experimenter must
wait more to obtain results.
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The simulation results prove the efficiency of the ISP experi-
mentation service in terms of experiments duration and quality.
In addition, they show the friendliness of experimentation
traffic with production traffic and the outstanding performance
of our scheduler in ensuring network conditions required for
experiments and managing network capacity usage.

VI. CONCLUSION AND PERSPECTIVES

Innovating ideas for networks and services of the future
need inventing large scale heterogeneous testbeds. Although
efforts made by community to enhance testbeds and federate
them. We show in this work that without involving ISPs in the
experimentation process, that new challenge testing scenarios
will suffer from poor flexibility, realism and resource shortage.
We propose instead that ISPs offer experimentation as a
service. The proposed service is ensured thanks to an SDN
derived business application that controls scheduling of exper-
imentation traffic, resource allocation to experiments, monitor-
ing and collection of results.

Our goal is to ensure isolation between experimentation and
production traffic while ensuring realistic network conditions
required by the experimenter. The presence of exogenous
traffic is mandatory in some testing scenario however an
attention to the friendliness of experimentation traffic has to
be paid.

Our simulation proves the efficiency of the ISP experimenta-
tion service in ensuring benchmarking of experiments and in
managing shared test resources.
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Fig. 11: Impact of production traffic on experimentation dura-
tion

As a future work, on one hand, we are working and cooperating
with an ISP to implement the experimentation service in a real
world production network. On the other hand, we are studying
the automation of the experimentation workflow for the support
of advanced testing scenarios and focusing on the allocation
of in-network middleboxes to ensure deep programmability
of experimentation functionalities (traffic generation, results
aggregation, etc.).
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