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Abstract—The network architecture of the current Internet
cannot accommodate the deployment of novel network-layer pro-
tocols. To address this fundamental problem, network virtualiza-
tion has been proposed, where a single physical infrastructure is
shared among different virtual network slices. A key operational
problem in network virtualization is the need to allocate physical
node and link resources to virtual network requests. While
several different virtual network mapping algorithms have been
proposed in literature, it is difficult to compare their performance
due to differences in the evaluation methods used. In this paper,
we proposed VNMBench, a virtual network mapping benchmark
that provides a set of standardized inputs and evaluation metrics.
Using this benchmark, different algorithms can be evaluated and
compared objectively. We present such an evaluation using three
existing virtual network mapping algorithms. We compare the
evaluation results of our synthetic benchmark with those of actual
Emulab requests to show that VNMBench is sufficiently realistic.
We believe this work provides an important foundation to
quantitatively evaluating the performance of a critical component
in the operation of virtual networks.

Index Terms—future Internet, network virtualization, virtual
network embedding, benchmark, evaluation

I. INTRODUCTION

As the Internet has grown to a global communication in-
frastructure that connects large numbers of diverse distributed
applications, new requirements for functionality and perfor-
mance have emerged. These requirements include security
(e.g., protection against address spoofing), diverse commu-
nication paradigms (e.g., content-addressable networks), and
quality of service (e.g., performance guarantees for streaming
media).

The current Internet architecture cannot accommodate these
requirements since the Internet Protocol (IP), which is used by
all systems in the Internet, cannot be changed without creating
incompatibilities [1]. While some shortcomings of IP can be
addressed by ”middle-boxes” [2], such as firewalls [3] or
network address translators [4], they do not provide a general
solution that can adapt to fundamentally different network
layer protocols, such as content-addressable networking [5].

An alternative network architecture that provides fundamen-
tal flexibility in the protocols that are deployed, including
the network layer protocol, is network virtualization [6], [7].
In network virtualization, a single physical infrastructure is
shared among multiple virtual network “slices” (similar to
how operating system virtualization allows multiple different
operating systems to share a single computer).

A key challenge in operating virtual networks is the problem
of assigning logical nodes and links to physical resources. This
“virtual network mapping problem” has received considerable
attention in recent years [8]–[12] because it is a fundamentally
hard problem and because improvements in the quality of
mapping algorithm can significantly improve how many virtual
networks can be accommodated in an infrastructure. Despite
the attention focused on the virtual network mapping problem,
it is still difficult to judge how well different algorithms
perform under realistic operational conditions.

To address this problem, we propose a benchmark for
virtual network mapping algorithms that can provide the basis
for quantitative comparisons between competing algorithms.
Important criteria for this benchmark are that the inputs (i.e.,
the virtual network substrate and the virtual network requests)
are representative of what would be encountered in a real
virtual network system. We discuss this issue in detail in this
paper. We also show results of how the benchmark can be
used to evaluate specific algorithms.

The specific contributions of this paper are:

• Design of a benchmark, VNMBench, for evaluating vir-
tual network mapping algorithms. The benchmark con-
sists of a variety of substrate network configurations and
virtual network requests and a set of evaluation metrics
that are meaningful in this context.

• Discussion of the representativeness of VNMBench (i.e.,
why the specific inputs used by the benchmark can
be considered typical for a virtual network mapping
environment).

• Evaluation of three existing virtual network mapping
algorithms using VNMBench. The results demonstrate
the types of quantitative results that can be obtained for
determining the performance of any given virtual network
mapping algorithm.

• Comparison of mapping results obtained from VNM-
Bench with results obtained from real network virtual-
ization environment (i.e., Emulab [13]). The comparison
shows that the synthetic VNMBench requests lead to
similar mapping results, thus showing that VNMBench
generates a representative workload.

The remainder of the paper is organized as follows: Sec-
tion II discusses related work. Section III present the bench-
mark, VNMBench. We present an evaluation of three algo-



rithms using VNMBench in Section IV and make a com-
parison between actual Emulab traces and our benchmark.
Section V summarizes and concludes the paper.

II. RELATED WORK

The concept of network virtualization was introduced in [6],
[7]. Router systems that support network virtualization have
been presented in [14]–[16]. These routers can isolate link
resources and forwarding tables between slices. A mechanism
for isolating protocol processing resources between slices is
discussed in [17]. Network virtualization has been deployed
in several research testbeds, including GENI [18] and Emulab
[13].

The virtual network mapping problem requires the alloca-
tion of virtual network nodes and links to a physical substrate
network. A survey of network virtualization and virtual net-
work mapping algorithms is given in [19]. One of the first
solutions developed by Ricci et al. uses simulated annealing
to find mapping solutions [8]. Some algorithms assume that
the substrate network resources are unlimited, such as Fan and
Ammar [9]. To propose a solution for determining dynamic
topology reconfiguration, Zhu et al. [10] calculate the whole
mapping periodically.

Comparing evaluation results between published results is
difficult because different evaluation environments are used.
Yu et al. [11] use a substrate network with 100 nodes and
500 links in a 100×100 grid, virtual network requests nodes
with uniform distribution between 2 and 10, and CPU and
link data rates with uniform distribution between 0 to 100
units. However, Chowdhury et al. [12] use a 50-node sub-
strate network in a 25×25 grid, CPU requirements uniformly
distributed from 0 to 20, and bandwidth resources uniformly
distributed between 50 and 100. These differences affect the
results since parameters settings have an important effect
on the mapping result. Some mapping algorithms are more
suitable for small networks with a high node degree, some
algorithms have a better performance in large and sparse
networks. The benchmark we develop in this paper can help
in providing the basis for fair and effective comparison of
algorithms and to evaluate the advantages and disadvantages
of different approaches.

III. VNMBENCH

The benchmark we develop in this work consists of two
components: (1) input sets for virtual network mapping al-
gorithms and (2) metrics for evaluating the outputs of virtual
network mapping algorithms. The inputs consist of a variety of
different scenarios that cover typical virtual network mapping
uses. The metrics evaluate the performance of virtual network
mapping results in terms of the quality of the mapping that
was achieved and the running time. The following describes
the general operation of the benchmark, the input sets, and
performance metrics.

A. Operation of Benchmark

The benchmark provides parameters for generating two
types of inputs: (1) one substrate network, which represents the
physical infrastructure on which virtual networks are mapped,
and (2) multiple virtual network requests, which need to be
mapped onto the substrate network. Both links and nodes have
constraints associated with them. Substrate links provide a
limited amount of bandwidth; substrate nodes provide a lim-
ited amount of processing. Requests nodes are constrained in
their location and require processing resources. Paths between
mapped request nodes require network bandwidth [11]. The
mapping algorithms determine the placement of request nodes
and paths while avoiding resource conflicts in the substrate.

When multiple requests need to be mapped to a substrate,
there are several different ways of handling mapping oper-
ation: multiple requests could be mapped one after another
or at the same time; in case of incremental mappings, prior
mappings can be considered fixed or can be changed (e.g.,
in order to make scarce resources available to later mapping
requests); once multiple mappings have completed, additional
mappings can be performed either until the substrate is full or
prior mappings can be removed as they expire. Clearly, these
differences in operation have a considerable impact on the
results obtained from an evaluation of mapping algorithms.

In our work, we aim to stress-test the algorithms under
considerations. Therefore, we chose (what we call online)
operation, where virtual network requests are mapped succes-
sively onto a substrate without ever removing (or changing)
a mapping that has been completed. With every successful
mapping of a virtual network request, the remaining substrate
resources become increasingly sparse. Therefore, finding map-
ping solutions becomes increasingly difficult. In case a virtual
network request cannot be accommodated, it is considered a
failed mapping attempt and the next virtual network request
is processed. The mapping process continues for a specified
number of requests (in our case 1,000). After all virtual net-
work requests have been processed, the number of successful
mappings and other metrics are determined.

It is important to note that VNMBench can be used for
any type of operation since the input sets and (to some
extend) the metrics are agnostic of the specific operation.
Thus, VNMBench users can adapt the benchmark for their
specific use. In this paper, however, we solely consider online
operation.

B. Benchmark Inputs

In VNMBench, the inputs for the virtual network mapping
algorithm are a substrate network and multiple virtual network
requests. We model the substrate network as a weighted undi-
rected graph denoted by GS = (NS , ES), where NS is the set
of the substrate nodes and ES is the set of the substrate links.
Each substrate node nS

i ∈ NS has an associated processing
capacity denoted by c(nS

i ). Each substrate link eS
i (u, v) ∈ ES

between two substrate nodes u and v is associated with the
bandwidth capacity value b(eS

i (u, v)). We set λ(u, v) to denote
the length of eS

i (u, v) between two substrate nodes u and v.



A virtual network request is defined by a weighted undi-
rected graph GV = (NV , EV ), where NV is the set of the
virtual nodes and EV is the set of the virtual links. The
processing resource requested by a virtual network node nV

i ∈
NV is denoted by c(nV

i ), for each virtual link eV
i (u, v) ∈ EV

also has the bandwidth capacity b(eV
i (u, v)) .

1) Topology Generation: A key challenge in VNMBench is
to determine how to generate representative topologies for the
network substrate and the virtual network requests. In general,
networks are difficult to model. The standard approach is to
generate a graph such that the key metrics match with those of
typical networks. The methods used for this kind of topology
generation include regular topologies, flat random topologies,
and hierarchical topologies.

The flat random method connects the set of nodes with a
specific probability by edges. It can control the number of
edges in the graph by changing the probability of connection
of random nodes, but cannot control the configuration of the
edges. It is more suitable to generate small graphs because it
may have high node degree when generating large graphs [20],
which is not typical for the Internet. Since the Internet can be
viewed as a collection of interconnected routing domains [21],
the trans-stub method generate large graphs efficiently with
a realistic average node degree [20]. Therefore, we choose
this method to generate our substrate network. For the edge
method, we use the improved Waxman method [22] (rather
than the pure random method or exponential method, which
are more likely to have long edges).

To generate substrate and request topologies in VNMBench,
we use the GT-ITM tool [23]. For the substrate network, we
use the trans-stub topology generation method [20] and for
virtual network requests, we use the Waxman method.

2) Substrate Network: To explore a range of network con-
figurations, we consider two substrate network sizes: medium
size with 100 nodes and large size with 500 nodes. Each
substrate size is further separated by the distinction of link
density: dense substrate network has approximate two times
the number of links than the sparse substrate network.

We choose to use these two different sizes of the substrate
network in our benchmark, because in real networks there are
medium size networks (e.g., corporate or campus network)
and large size networks (e.g., national network). We set the
two sizes to differ by a factor of 5 in the number of nodes. In
VNMBench, the medium substrate network’s number of nodes
is 100 and node placement is random within a 100×100 grid.
In the large substrate network, there are 500 nodes and placed
within a (200×200) grid.

The density of the links in the network plays an important
role in the virtual network requests mapping, because it is
easier for mapping algorithms to find suitable substrate nodes
and links in the dense style, but more difficult to solve the
mapping problems when the network is sparse. In VNMBench,
the sparse substrate network has 129 links and the dense
substrate network has 255 links in the medium size, and 639
links and 1294 links, respectively, in the large size.

In order to create a realistic network, we fix the node degree

TABLE I: Parameters of Substrate Network

Medium size Large size
Sparse Dense Sparse Dense

Number of nodes 100 100 500 500
Number of links 129 255 639 1294
Node degree 2.58 5.10 2.55 5.17
Scale 100×100 100×100 200×200 200×200
Transit domains 2 2 2 2
Nodes per transit 2 2 5 5
Stubs per transit node 4 4 7 7
Nodes per stub 6 6 7 7
Extra links 0 50 0 250

of sparse substrate network around 2.5 and dense substrate
network around 5.1, which are close to the realistic average
node degrees 6 [20]. When the number of nodes is 100 in
sparse style, the graph has 2 transit domains, each transit
domain has an average of 2 nodes, 4 stub domains per transit
node, and no extra transit-stub or stub-stub edges. Each stub
domain also has 6 nodes on average. According to the formula
of the average node degree of the transit stub graph, we can
calculate the node degree of two kinds substrate networks:

ND =
2(Et + (1 + EsNs)K)

1 + KNs
, (1)

where the Et and Es are the edge densities of the transit and
stub domains, respectively. Ns is the average nodes per stub
domain, K is the average stub domains per transit node. The
average node degree is approximately 2.58. In the dense style,
there are 50 extra transit-stub links or stub-stub links and node
degree is approximately 5.10.

3) Virtual Network Requests: We separate the virtual net-
work requests into three size: 5 nodes, 10 nodes and 20 nodes.
The topologies for these requests are generated using the
Waxman method. In the Waxman model, the probability of
an edge connecting a pair of nodes u and v is based on the
Euclidean distance between them:

P (u, v) = αe−
d(u,v)

βL , (2)

where d(u, v) is the distance from node u to node v, α > 0,
β ≤ 1, and L is the maximum distance between any two edges.
Parameter α determines the number of edges in the graph, and
parameter β determines the ratio of long edges to short edges
[22]. In our benchmark, we set α is in the range from 0.3 to
0.8 and β from 0.15 to 0.25. Thus, for every virtual network
request, the node degree is in the range of 2.5 to 5, which is
typical of actual networks.

4) Parameter Settings: The VNMBench parameters are
summarized Tables I and II. The processing resource of all
requests are uniformly distributed (between 0 and 20) and link
bandwidth requests are also uniformly distributed (between 0
and 50). A total of 1,000 virtual network requests are generated
for each run of the benchmark.

C. Benchmark Metrics

In VNMBench, we consider three metrics to compare and
evaluate mapping algorithm performance: number of success-
ful mappings, revenue-to-cost ratio, and running time. In the



TABLE II: Parameters of Virtual Network Request

Small Medium Large
Number of nodes 5 10 20
Number of links [4,6] [9,15] [19,47]
Edge method Waxman
Processing resources uniform distribution [0,20]
Bandwidth resources uniform distribution [0,50]
Range of α [0.3,0.8]
Range of β [0.15,0.25]

Section IV, we compare three specific mapping algorithms
with respect to these metrics to show that meaningful infer-
ences about algorithm performance are possible.

1) Number of Successful Mappings: One of the main goals
of the network virtualization is enable many virtual networks
to coexist together on a shared substrate network. Even though
each virtual network request has a different topology, different
processing resource requirements, and different bandwidth
requirements, a mapping algorithm should try to maximize the
number of coexisting virtual network requests [24]. Therefore,
we choose the total number of successful mappings as one of
the key metrics for VNMBench.

Note that this metric assumes online operation as discussed
above. Also, it is assumed that there are enough requests to
completely fill up the substrate network. In case a request
cannot be mapped to the substrate, it is considered a mapping
failure. In this case, it can be distinguished if the mapping
failed due to the lack of node resources or link resources. This
distinction may help in understanding why the performance
of a particular substrate network (or a particular mapping
algorithm) is limited.

2) Revenue-to-Cost Ratio: Another important metric is to
measure the amount of substrate resources are necessary to
accommodate a request. In virtual network mapping, it is
common to refer to the complexity of a request as “revenue”
(i.e., how much a customer would pay for having their network
installed in a substrate). The amount of substrate resources
necessary are referred to as “cost” of a mapping.

We let GV
j = (NV

j , EV
j ) denote the jth virtual network

request, and define the revenue, cost and the ratio of them
with this request. The cost of mapping the jth request is the
total cost of allocation of substrate network resources to the
jth virtual network, defined as C(GV

j ). We consider node
resources and link resources, so the total cost can be separated
into two parts: the node mapping cost and the link mapping
cost. We use α (node mapping cost factor) and β (link mapping
cost factor) as tunable weights that are set based on substrate
network provider policies. We set c(eV

j ) as the demand of links
and c(nV

j ) as the demand of nodes in the jth virtual network.
Thus, the total mapping cost is defined as

C(GV
j ) =α ·

∑

nV
j ∈NV

j

c(nV
j )+

β ·
∑

eV
j (u,v)∈EV

j

λ(fE(u, v)) · c(eV
j ),

(3)

where λ(fE(u, v)) is the length the set of substrate links in

GS representing the path that the virtual link (u, v) is mapped
to. In our work, we set α = β = 1.

We define the revenue R(GV
j ) generated by the jth virtual

network request as

R(GV
j ) =

∑

nV
j ∈NV

j

c(nV
j ) +

∑

eV
j (u,v)∈EV

j

c(eV
j ) (4)

The revenue-to-cost ratio is then based on the above defi-
nitions:

R/C − Ratio =
R(GV

j )
C(GV

j )
(5)

the R/C − Ratio has values between 0 and 1. It is set to 0
when the virtual network requests mapping fails and achieves
1 when an optimal virtual network mapping is found, which
means every virtual link uses a direct physical link in the
substrate.

3) Running Time: The definition of running time is the
average time of processing one virtual network request by the
mapping algorithm. The running time of a mapping algorithm
is of practical importance – especially since virtual network
requests are often handled dynamically in an online fashion.
Therefore, the running time of an algorithm is also a metric in
our benchmark. We determine the average time by measuring
the total running time for all 1,000 requests (including failed
mappings) and dividing accordingly.

IV. COMPARISON OF MAPPING ALGORITHMS USING

VNMBENCH

To demonstrate how VNMBench can be used in practice, we
evaluate three mapping algorithms: GMCF [11], vnmFlib [25]
and Dvine [12]. These algorithms are typical representatives
for virtual network mapping algorithms. Thus, showing that
VNMBench can be applied to all of them to provide compar-
ative results illustrates the usefulness of our virtual network
mapping benchmark.

All algorithms are set to the best possible parameters as
mentioned by the authors and are presented with the input
data generated by VNMBench. All algorithms can use path-
splitting and thus can map a virtual link onto multiple physical
paths. A virtual node can be mapped to any physical node
in the substrate. The substrate resources can be mapped at an
arbitrarily fine granularity to virtual networks. A total of 1,000
requests are processed by each algorithm.

For solving the Dvine, GMCF and vnmFlib formulations,
we have used GLPSOL Optimization Studio. These experi-
ments were run on and Intel Quad-core CPU running at 2.50
GHz with 3MB of level-2 cache and 3.4G of main memory.

A. Successful Mapping and Revenue-to-Cost Ratio

Figures 1 and 2 show number of successful mappings and
revenue-to-cost ratio for sparse and dense substrate networks
of medium size. The x-axis is the request mapping iteration
from 0 to 1,000 and the y-axis is the number of successful
mappings or the revenue-to-cost ratio up to that iteration. Each
subgraph is shown for virtual network requests of 5 nodes, 10
nodes, and 20 nodes.
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Fig. 1: Comparison of Amount of Successful Mapping and Revenue-to-Cost Ratio (Sparse Substrate Network with 100 Nodes).
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Fig. 2: Comparison of Amount of Successful Mapping and Revenue-to-Cost Ratio (Dense Substrate Network with 100 Nodes).
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Fig. 3: Comparison of Time and Revenue-to-Cost Ratio
(Substrate Network with 100 Nodes).

From these results, we can make the following observations:

• We find that the vnmFlib algorithm has the largest
number of successful mappings and the highest revenue-
to-cost ratio among all three algorithms. For the dense
substrate network, the successful mappings of vnmFlib
are approximately 3 times more than GMCF and 15 times
than Dvine; For the sparse substrate network, the amount
of successful mappings of vnmFlib are around 4 times
than GMCF and 22 times than Dvine. The revenue-to-
cost ratio is almost 1.5 times higher.

• In both the sparse and dense substrate, GMCF can
satisfy more virtual network requests and has a higher
revenue-to-cost ratio than Dvine. But, with an increasing
number of successful mappings, the revenue-to-cost ratio
of Dvine and vnmFlib also increase, but GMCF improves
the number of successful mappings at the expense of the
revenue-to-cost ratio. In detail, we could find GMCF and
Dvine have the same failed node mapping amount, but
Dvine has a higher failed edge mapping amount than
GMCF.

• For a substrate network with 500 nodes, Dvine fails
entirely for requests with 10 and 20 nodes, and only
maps 17 requests with 5 nodes. Because the dense
substrate network style has twice the node degree of the
sparse style, there are more possibilities to map edges
successfully for all algorithms.

Overall, for the medium size substrate network, the vnmFlib
algorithm is the best choice used, but it takes a lot of time
(see below). If the emphasis is on the amount of successful
mapping, GMCF may be preferable. If the emphasis is on
revenue-to-cost ratio, then Dvine may be preferable.

Similar results can be obtained for large substrate networks
(not shown due to space constraints).

B. Running Time

Figure 3 and Figure 4 show the distribution of number of
successful mappings and revenue-to-cost ratio with respect to
the running time. We observe that vnmFlib has the highest
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Fig. 4: Comparison of Time and Number of Successful
Mapping (Substrate Network with 100 Nodes).

number of successful mappings and revenue-to-cost ratio but
also a longer running time. GMCF has the shortest running
time. Dvine performs the worst in the three mapping algo-
rithms since it takes more time than GMCF algorithm with a
lower successful mapping amount.

Thus, one can choose to use the mapping algorithm with
small running time and corresponding higher successful map-
ping performance (such as GMCF) if one emphasizes on the
time to complete the mapping process. If one considers the
amount of successful mapping of virtual network requests as
the only requirement, one can choose the algorithm with the
best performance in mapping (such as vnmFlib). In addition,
Dvine and vnmFlib are both a good choice if one aims to
increase the revenue-to-cost ratio with increasing successful
mappings.

Clearly, the evaluation of these algorithms using VNM-
Bench provides interesting insights into the operation of and
tradeoffs between algorithms. (We are less focused on which
particular algorithm outperforms another.)

C. Comparison of VNMBench Results and Emulab Results

A key requirement of any benchmark is that it generates
a representative workload. To demonstrate that VNMBench
generates a realistic set of virtual network mapping requests,
we compare these requests to requests that were issued by real
users in Emulab. Since it is difficult to compare the actual
requests (due to topology, parameters, etc.), we compare the
mapping results obtained from both scenarios. If the mapping
results are similar in both cases, it can be assumed that
the synthetic requests issued by VNMBench are sufficiently
representative of what happens in reality in Emulab. (Of
course, the benefit of a synthetic benchmark, like VNMBench,
is that it can be scaled to other configurations, which is not
possible with traces.)

The Emulab request traces have topologies with 2 to
15 nodes. Since the traces do not have explicit processing
demands, we added them based on a uniform distribution
between 0 and 20. Edge bandwidth demands are uniformly



distributed between 0 and 50. For comparison, we use the
same substrate network generated in VNMBench model with
node processing resources and edge bandwidth resources set
to 100 units on a 100×100 grid.

We separate the experiments into two parts. First, we
extract 1,000 requests with 5 nodes from the Emulab collected
requests and make a comparison with 5-node virtual network
requests in VNMBench model. Figure 5 shows the number of
successful mappings and revenue-to-cost ratio of three map-
ping algorithms based on Emulab requests and VNMBench
requests in the sparse substrate network with 100 nodes. From
the figure, we observe the successful mapping amount of
Dvine and GMCF are equal in both scenarios and vnmFlib
can successfully map 48 Emulab requests and 52 VNMBench
requests. For the revenue-to-cost ratio, the value and variation
trend of the three mapping algorithms is also similar for
Emulab requests and VNMBench requests. For both scenarios,
vnmFlib performs better than the other two algorithms in these
two metrics. GMCF has more successful mappings than Dvine,
but with a decrease of revenue-to-cost ratio. Thus, the results
for VNMBench are extremely similar to those for real Emulab
requests.

When using Emulab requests with varying numbers of
nodes, the comparison to VNMBench becomes more difficult.
Since we offer many topologies for mapping, the algorithms
will successfully map many of the smaller Emulab topologies.
In contrast, VNMBench uses the same size topologies and thus
does not offer “easy” mappings. In the second part, we extract
1,000 requests randomly from Emulab virtual network requests
and also using 5-node requests in VNMBench model to make
a comparison in the evaluation results of different mapping
algorithms. The probability of node number between 2 to 5 is
around 0.6 in Emulab requests, the average node number in
the successful mapping requests is around 3 and average link
number is around 2 when using GMCF and vnmFlib mapping
algorithms. The smaller node and link number, the easier for
virtual network requests mapping successfully. Therefore, the
number of successful mappings is 118 for vnmFlib algorithm
based on Emulab requests, which is larger than the number of
mappings from VNMBench requests. For Dvine, the average
node number of successful mapping is 4 and link number is 3,
which is similar to the VNMBench model (number of nodes
is 5 and average number of links is 4). Thus, Dvine has the
same amount of successful mapping. Despite these differences,
there are still many similarities in the results, especially when
considering the revenue-to-cost ratio.

Thus, these comparisons show that VNMBench does gen-
erate inputs that are representative of virtual network mapping
requests generated in real virtualized networks.

V. SUMMARY AND CONCLUSION

Network virtualization is a way of sharing a physical net-
work among virtual networks that can differ in functionality.
The mapping of virtual network requests to physical resources
is an important aspect of the operation of a virtual network
system. Various mapping algorithms have been developed in

literature, but a detailed quantitative understanding of their
performance has been difficult due to differences in their
performance evaluation. In this paper, we introduce VNM-
Bench, a benchmark for evaluating virtual network mapping
algorithms that allows thorough evaluation and comparison of
these algorithms. We discuss the design of the benchmark,
its inputs, and its performance metrics. We evaluate three
different algorithms using VNMBench and show that detailed
performance results and comparisons between algorithms can
be achieved. We also show that the results obtained when
using VNMBench are comparable to those from real Emulab
requests. We believe that this work presents an important
step toward finding faster and more effective virtual network
mapping algorithms in the future.
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 0

 20

 40

 60

 80

 100

 120

 0  200  400  600  800  1000

N
o.

 o
f S

uc
ce

ss
fu

l M
ap

pi
ng

s

Mapping Iteration

Emulab VN Requests

 0

 20

 40

 60

 80

 100

 120

 0  200  400  600  800  1000

N
o.

 o
f S

uc
ce

ss
fu

l M
ap

pi
ng

s

Mapping Iteration

VNMBench VN Requests(5 nodes)

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  200  400  600  800  1000

R
ev

en
ue

-t
o-

co
st

 R
at

io

Mapping Iteration

Emulab VN Requests

Dvine
GMCF

VnmFlib

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  200  400  600  800  1000

R
ev

en
ue

-t
o-

co
st

 R
at

io

Mapping Iteration

VNMBench VN Requests(5 nodes)

Fig. 6: Result Comparison between Emulab requests and VNMBench (Dense Substrate Network with 100 Nodes).

[16] D. Yin, D. Unnikrishnan, Y. Liao, L. Gao, and R. Tessier, “Customizing
virtual networks with partial fpga reconfiguration,” SIGCOMM Com-
puter Communication Review, vol. 41, pp. 125–132, Jan. 2011.

[17] Q. Wu, S. Shanbhag, and T. Wolf, “Fair multithreading on packet
processors for scalable network virtualization,” in Proc. of ACM/IEEE
Symposium on Architectures for Networking and Communication Sys-
tems (ANCS), San Diego, CA, Oct. 2010.

[18] Global Environment for Network Innovation, National Science Founda-
tion, http://www.geni.net/.

[19] N. M. M. K. Chowdhury and R. Boutaba, “A survey of network
virtualization,” Computer Networks, vol. 54, no. 5, pp. 862–876, Apr.
2010.

[20] E. W. Zegura, K. L. Calvert, and M. J. Donahoo, “A quantitative
comparison of graph-based models for internet topology,” IEEE/ACM
Trans. Netw., vol. 5, pp. 770–783, December 1997. [Online]. Available:
http://dx.doi.org/10.1109/90.650138

[21] D. Clark, “Policy routing in internet protocols,” M.I.T. Laboratory for

Computer Science, Tech. Rep. RFC1102, 1989.
[22] B. M. Waxman, Routing of multipoint connections. Los Alamitos,

CA, USA: IEEE Computer Society Press, 1991, pp. 347–352. [Online].
Available: http://dl.acm.org/citation.cfm?id=128960.128991

[23] E. W. Zegura, K. L. Calvert, and S. Bhattacharjee, “How to model an
internetwork,” in Proceedings of the Fifteenth annual joint conference
of the IEEE computer and communications societies conference on The
conference on computer communications - Volume 2, ser. INFOCOM’96.
Washington, DC, USA: IEEE Computer Society, 1996, pp. 594–602.
[Online]. Available: http://dl.acm.org/citation.cfm?id=1895868.1895900

[24] N. M. K. Chowdhury and R. Boutaba, “A survey of network
virtualization,” Comput. Netw., vol. 54, pp. 862–876, April 2010.
[Online]. Available: http://dx.doi.org/10.1016/j.comnet.2009.10.017

[25] J. Lischka and H. Karl, “A virtual network mapping algorithm based
on subgraph isomorphism detection,” in Proc. of the First ACM SIG-
COMM Workshop on Virtualized Infrastructure Systems and Architec-
tures (VISA), Barcelona, Spain, Aug. 2009, pp. 81–88.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /Cmvtt10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


