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Abstract:    The virtual network (VN) embedding/mapping problem is recognized as an essential question of network virtualiza-
tion. The VN embedding problem is a major challenge in this field. Its target is to efficiently map the virtual nodes and virtual links 
onto the substrate network resources. Previous research focused on designing heuristic-based algorithms or attempting two-stage 
solutions by solving node mapping in the first stage and link mapping in the second stage. In this study, we propose a new VN 
embedding algorithm based on integer programming. We build a model of an augmented substrate graph, and formulate the VN 
embedding problem as an integer program with an objective function and some constraints. A factor of topology-awareness is 
added to the objective function. The VN embedding problem is solved in one stage. Simulation results show that our algorithm 
greatly enhances the acceptance ratio, and increases the revenue/cost (R/C) ratio and the revenue while decreasing the cost of the 
VN embedding problem. 
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1  Introduction 
 

Network virtualization has been identified as a 
promising technology to overcome the current ossi-
fication of the Internet by running multiple network 
services and experiments simultaneously on the same 
substrate network (Anderson et al., 2005; Chowdhury 
and Boutaba, 2010; Fischer et al., 2011; Wang et al., 
2013). It could even become the basis of the future 
Internet (Anderson et al., 2005). Multiple service 
providers (SPs) will be able to provide the customized 
end-to-end services to the end users without a vast 
investment on physical infrastructure in the network 
virtualization environment (NVE). They will lease 
shared resources from different infrastructure pro-

viders (InPs) to build the heterogeneous virtual  
networks (VNs) (Feamster et al., 2007). 

Virtual network embedding (VNE) solves the 
problem of mapping virtual resources to physical 
resources, which has led to applying virtualization in 
network resources. Its main object is to assign the 
virtual network requests reasonably to the substrate 
network while satisfying node and link constraints. 

Most of the past algorithms for VNE problems 
are based on the heuristic method (Yu et al., 2008). 
However, these heuristic-based algorithms may result 
in poor performance because they restrict the solution 
space by preselecting node mappings without con-
sidering its relation to the link mapping stage. The 
algorithm presented in Chowdhury et al. (2009) in-
troduced better correlation between node mapping 
and link mapping. An augmented graph is built by 
introducing meta-nodes for each virtual node and 
firstly connecting the meta-nodes to a subset of 
physical nodes. Then, the VNE problem is solved by 
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using a mixed integer programming (MIP) approach. 
However, the algorithm presented in Chowdhury 

et al. (2009) has some issues which need to be im-
proved: (1) It is not a real one-stage method; (2) It 
needs extra processing for the results of MIP before 
achieving the final result. To achieve the optimal 
result of MIP by using GLPK, they relaxed the integer 
constraints. However, the result of MIP includes some 
non-integer values, and it cannot represent the exact 
situation of VN embedding. In these formulations, ‘1’ 
means the substrate node is to be used by a specific 
virtual node and ‘0’ means that it is not to be used. 
Non-integer values mean a bad situation and addi-
tional processes are needed. Thus, they devised two 
extra methods, D-ViNE and R-ViNE, based on de-
terministic and randomized rounding techniques to 
deal with the result of MIP. 

To overcome these problems, we propose a new 
algorithm based on integer programming. Our moti-
vation for using integer programming is that the cal-
culation will be easier and the problem will be solved 
in one stage if the results of the optimization problem 
are optimal and purely integral. To the best of our 
knowledge, this is the first attempt to apply integer 
programming to a VNE problem in one stage. The 
advantages of the proposed algorithm are: (1) It is a 
real one-stage method; (2) It can achieve the final 
optimal result without extra processes. 

Differences from the method mentioned in 
Chowdhury et al. (2009) are: (1) No flow exists be-
tween virtual nodes, and each virtual path begins from 
the first virtual node and ends at the second virtual 
node without passing any other virtual node again in 
the augmented substrate graph; (2) The binary vari-
able in the formulations denotes whether the connec-
tion exists between a given virtual node and a specific 
substrate node only, and is not considered between 
substrate nodes; (3) We use the formulae of the criti-
cal index which is modified to be quicker and easier 
to calculate in Eqs (2) and (3) as a factor of the ob-
jective function. These differences are the reason why 
our algorithm is better than the previous ones. The 
constraints of the flow variables and binary variables 
ensure that each virtual node is mapped on one and 
only one substrate node; one substrate node can be 
used only by one virtual node for a virtual request; a 
flow starts from a meta-node, passes the substrate 
nodes which satisfy the node and link constraints, and 
ends in another meta-node without passing any other 

virtual node. This reduces the complexity of the cal-
culation and ensures that the optimal integer result 
can be achieved. The overuse of the bridge nodes and 
links is equivalent to partitioning the substrate, rather 
than increasing the possibility of failure to embed a 
virtual request. The use of a critical index ensures that 
the mapping tries to avoid using the bridge nodes and 
links, thereby improving the acceptance ratio of the 
embedding. 
 
 
2  Related work 
 

So far a number of algorithms have been pro-
posed to solve the VNE problem. Some key features 
of these algorithms are: (1) They can process the 
online requests or only the offline requests; (2) They 
solve the VNE problem in one stage or two. 

An offline method was presented in Zhu and 
Ammar (2006). When a group of incoming VNRs 
(decreasingly ordered by revenue) occurs during a 
time window, the online algorithm queues them and 
tries to efficiently allocate them. The objective of the 
online approach presented in Yu et al. (2008) was to 
achieve the maximization of long term average rev-
enue. An algorithm based on the proximity principle 
which considers the distance factor in the node map-
ping step was presented in Liu et al. (2011). Some 
new online algorithms based on different principles 
were mentioned in Zhang (2012) and Zhang et al. 
(2013). An online algorithm proposing new virtual 
node and link mapping stages was presented in 
Chowdhury et al. (2009). All of the above methods 
are based on two stages, node mapping and link 
mapping. Butt et al. (2010) made two important con-
tributions to improve the acceptance ratio of VNRs, 
i.e., topology-aware embedding and re-optimizing bot-
tlenecked embeddings. 

The online algorithm presented in Chowdhury et 
al. (2009) solves the VNE problem by using a mixed 
integer programming (MIP). To define an augmented 
graph over the substrate network by introducing a set 
of meta-nodes, one per virtual node connects to a 
cluster of candidate substrate nodes obeying location 
and capacity constraints. It is only the beginning of 
node mapping. Then, the integer constraints are re-
laxed to obtain a linear program. Finally, two extra 
methods D-ViNE and R-ViNE are devised based on 
deterministic or randomized rounding techniques to 
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obtain the final result of node mapping. The multi- 
commodity flow (MCF) algorithm and the shortest 
path algorithm were used to handle link mapping once 
node mapping had been achieved. These methods 
relax their integer constraints, and obtain non-integer 
values. After using MIP, they need extra processes to 
obtain the final result, by mapping nodes and links 
during two different stages. 

Butt et al. (2010) put forward the concept of 
topology-awareness embedding to improve the ac-
ceptance ratio of VNRs. When a substrate node or 
link is susceptible to a bridge when its removal di-
vides the substrate graph into two or more networks, it 
is treated as a critical substrate node or link. These 
critical resources will be considered in the objective 
function of our algorithm. 

In this study, we propose a formal algorithm 
based on integer programming (Schrijver, 1986) for 
the virtual network embedding problem. Firstly, we 
will build a model of an augmented substrate graph 
extended from the physical network graph (Section 
4.1). We regard each virtual node as a meta-node and 
connect the meta-nodes to the substrate network. 
Then, we handle each virtual link with constraints of 
bandwidth as a commodity constituting two meta- 
nodes. In the result, the mapping of a virtual link 
needs only to find the optimal flow for each com-
modity. Some binary constraints ensure that just one 
meta-edge can be selected for each meta-node. Thus, 
each virtual node links to exactly one substrate node 
effectively by the selected meta-edge. Its objective is 
the total revenue of the embedding. The constraints 
include capacity constraints, flow constraints, binary 
constraints, and domain constraints. Both virtual 
nodes and paths can be mapped without extra com-
puting at the same time. It supports path splitting 
naturally for the situation that has been considered in 
the description of constraints. Our method also con-
siders topology-awareness. 
 
 
3  Definitions and formulations 
 

In this section, we will introduce the basic defi-
nitions and formulations of the VNE problem. 

3.1  Substrate network 

The substrate network will be denoted by GS= 

(NS, ES), where NS and ES are the sets of substrate 
nodes and links, respectively. Each substrate node 
nSNS is associated with the geographic location 
loc(nS) and the CPU capacity c(nS). Each substrate 
link eS(i, j)ES is associated with the bandwidth ca-
pacity b(eS) between nodes i and j. The set of all 
substrate paths is denoted by PS. 

3.2  VN request 

Each virtual request will be denoted by GV=(NV, 
EV). Each virtual node nVNV is associated with the 
geographic location loc(nV) and the CPU capacity 
c(nV). Each virtual link is associated with the band-
width capacity b(eV). The relevant non-negative value 
DV denotes the distance between the virtual node 
nVNV and the location indicated by loc(nV). 

3.3  Measurement of substrate network resources 

When the physical resources are used partly by 
some virtual requests, it is necessary to recalculate the 
available capacities of the substrate resources. RN(nS) 
denotes the available CPU capacity of the substrate 
node nSNS. RE(eS) denotes the available bandwidth 
of the substrate link eSES similarly. 
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The available bandwidth capacity of a substrate 
path pPS is given by 

 

S

S( ) min ( ).E E
e p

R p R e


  

3.4  Constraints of VN embedding 

The embedding can be defined as a mapping 
action M from a virtual request GV to a subset of the 
substrate network GS. MN: NV→NS expresses node 
mapping and ME: EV→PS expresses link mapping. 
The mapping action can be expressed as follows: 

 

MN(nV)NS 
MN(mV)=MN(nV), iff mV=nV  nV, mVNV 

ME(eV)PS(MN(mV), MN(nV))  eV=(mV, nV)EV 
 

subject to 



Lu et al. / J Zhejiang Univ-Sci C (Comput & Electron)   2013 14(12):899-908 
 

902 

V V( ) ( ( )),N Nc n R M n                    (1a) 
V V Vdis(loc( ), loc( ( ))) ,Nn M n D         (1b) 

V( ) ( )Eb e R p ,                        (1c) 

 
where dis(i, j) denotes how far a substrate node i is 
placed from the substrate node j. 

In Fig. 1, the VN request 1 obtains node mapping 
{a→A, b→C, c→D} and link mapping {(a, b)→ 
{(A, B), (B, C)}, (a, c)→{(A, D)}, (b, c)→{(D, E),  
(E, C)}}. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.5  Critical index 

The critical index of a resource measures the 
likelihood of the residual substrate network partition 
due to its unavailability (Butt et al., 2010). For ex-
ample, the probability of the nodes of any virtual link 
to be embedded in two different partitions is 0.5 when 
a physical network is partitioned into two almost 
equal-sized partitions. In this case, we might have to 
reject almost 50% of the VN requests. 

We denote CI by ξ (ξ: x→[0, 1]), where x is ei-
ther a substrate node or a link. The unavailability that 
x will partition the substrate graph has a higher like-
lihood when ξ(x) gets a higher value. Eqs. (2) and (3) 
define the critical indexes of nodes and links,  
respectively: 
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In Eq. (2), if nS is a bridge node (cut-vertice) then 

removing it partitions the graph into more than two 
components. C is the set of components obtained 
when we remove nS. p{Ci} here is the fraction of the 
total nodes present in component Ci. If nS is not a 
bridge node, then CI is 0.5. In Eq. (3), if eS is a bridge 
link (cut-edge) then removing it partitions the graph 
into two components. c1 and c2 are the fractions of 
substrate nodes in each of these partitions. If eS is not 
a bridge link, then CI is 0.5. 

3.6  Objectives 

The objectives in our study are to maximize the 
revenue and minimize the cost of the mapping in the 
long run, and to totally improve the R/C ratio. The 
acceptance ratio also deserves our attention. 

Revenue is one of the main factors we use to 
judge the performance of an embedding algorithm 
because it represents the profit of the embedding 
action. Referring to Zhu and Ammar (2006) and Yu et 
al. (2008), the revenue of a VN request is defined as 

 

V V V V

V V V( ) = ( ) + ( ).
e E n N

R G b e c n
 
             (4) 

 
Cost is the price of the embedding. It is defined 

according to the nodes’ CPU and links’ bandwidth 
used for the virtual request in the substrate network: 
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where 
V

S

e

e
f  denotes the total amount of bandwidth 

allocated on the substrate link eS for virtual link eV. 
We create the objective function of the IP formulation 
based on Eq. (5). 

The R/C ratio indicates the efficiency of a sub-
strate network resource. It is an important factor to 
judge the performance of an embedding algorithm. 
Thus, the R/C ratio is a value in [0, 1] and the value ‘1’ 
indicates the optimum embedding: 

Fig. 1  Mapping a virtual request onto a shared substrate 
network 
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The acceptance ratio indicates the proportion of 
accepted requests. It is defined by the following 
formulation: 

 

Number of accepted requests
Acceptance ratio

Number of all requests
 . 

 
 

4  Integer programming formulation for op-
timal VN embedding 
 

In this section, we describe the integer pro-
gramming algorithm in detail. Then, we briefly dis-
cuss the implementation of the new algorithm. 

4.1  Construction of an augmented substrate graph 

We create one cluster for each virtual node with 
radius DV in the substrate network. Each node of the 
cluster satisfies the constraints in Eqs. (7a), (7b), and 
(1a). 
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 

                  (7b) 

 

We use Ω(nV) to express the cluster. In Fig. 2, the 
distance between the substrate nodes A or D and the 
virtual node a is within DV. Hence, Ω(a)={A, D}. 
Similarly, Ω(b)={C, E, F} and Ω(c)={A, B}. 

μ(nV) is a meta-node corresponding to nV. We 
will connect μ(nV) to each substrate node belonging to 
Ω(nV), respectively. We define the created augmented 
substrate graph as GS′=(NS′, ES′). 

 
 
 
 
 
 
 
 
 
 
 

4.2  Formulations of VNE_IP 
 
Sets: 

M={μ(nV)|nVNV}, 
NS′=NS∪M, 
ES′=ES∪{(μ(nV), nS)|nVNV, nSΩ(nV)}. 

 

Variables: 
i

uvf : A flow variable, which denotes the amount 

of one-way flow starting from u and ending at v on the 
substrate link (u, v) for the ith virtual link. 

xuv: A binary variable, which is set to ‘1’ if the 
substrate node v is used by the virtual node u; other-
wise, it has the value ‘0’. 

 

Objective: 
Minimize 
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Constraints: 
Capacity constraints: 
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Flow related constraints: 
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Meta and binary constraints: 
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uvf u v M                           (17) Fig. 2  Construction of an augmented substrate graph
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Domain constraints: 
 

S0 , ,i
uvf u v N                           (18) 

S{0,  1}  , .uvx u M v N                    (19) 

 
Parameters: 

δ: A small positive constant to avoid dividing by 
zero in the calculation. We set δ to be 10−6. 

RE(u, v): A parameter which denotes the avail-
able bandwidth of the substrate link eS. 

RN(w): A parameter which denotes the available 
CPU capacity of the substrate node nS. 

αuv: A parameter to load balancing while em-
bedding a virtual request. αuv is limited to the range 
from 1 to RE(u, v). 

βw: A parameter to load balancing while embed-
ding a virtual request. βw is limited to from 1 to RN(w). 

ξN(nS): The critical index of the substrate node nS 
which is defined in Eq. (2). 

ξE(eS): The critical index of the substrate edge eS 
which is defined in Eq. (3). 

c(m): A parameter which denotes the CPU ca-
pacity c(m) when mM. 

si: The source node for the ith link of a virtual 
request. 

ti: The sink node for the ith link of a virtual  
request. 

 
Remarks: 

The objective function (8) expresses the total 
cost of embedding when a virtual request arrives. Our 
target is to minimize the cost under all the constraints. 
We set αuv and βw to be RE(u, v) and RN(w) respec-
tively in our method. ξE(eS) and ξN(nS) are factors of 
topology-awareness. These two variables are added to 
the objective function to avoid using the nodes and 
links with high unavailability to partition the substrate 
graph. 

Constraint set (9) contains the edge capacity 

bounds. The summation of the two flows i
uvf  and i

vuf  

on both directions of the physical link (u, v) is no 
more than its available bandwidth. 

Constraint sets (10), (11), and (12) are related to 
the flow conditions, which means that the total 
amount of flow passing a node is 0, except for the 
source node si and the sink node ti for the ith virtual 
link. 

Constraint set (13) ensures that only one sub-
strate link connects the source node si to its meta- 
node u where 

is ux  is ‘1’. Constraint set (14) ensures 

that only one substrate link connects the sink node ti 
to its meta-node u where 

it ux  is ‘1’. 

Constraint sets (15) and (16) refer to the condi-
tions of the augmented portion. The set (15) ensures 
that each meta-node connects to just one physical 
node. The set (16) ensures that each physical node 
places on one meta-node at most. The constraint set 
(17) makes sure that no flow exists between virtual 
nodes. 

Finally, constraint sets (18) and (19) denote the 

non-negative domain constraints on the variables i
uvf  

and the binary constraint on xuv, respectively. 

4.3  Details of the implementation 

The GNU Linear Programming Kit (GLPK) 
package is intended for solving large-scale linear 
programming (LP) and mixed integer programming 
(MIP). We use the GLPK command-line solver 
GLPSOL to solve VNE_IP. In Fig. 3, a simple flow-
chart about our algorithm depicts the primary proce-
dure of IP mapping, without regard to the removal of 
virtual mapping. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

To start our simulation, we initialize the envi-
ronment, create the substrate network, and input all 

Fig. 3  Simple flowchart of VNE_IP 
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virtual requests into a queue which will pop up every 
request orderly. Then, we use the script language of 
GLPK to define our algorithm and write it to the file 
IP.mod. Part of the IP.mod is shown in Fig. 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
When a virtual request arrives, we create the 

augmented graph and write the data to the file IP.dat. 
The mod file IP.mod and the data file IP.data are 
ready, and we can obtain the output file IP.out by 
calling the command GLPSOL. We can acquire the 
final result by parsing the file IP.out. If the result is the 
optimal, the mapping will be built on the substrate 
network. 

The mod format file IP.mod is the intuitive and 
accurate definition of our algorithm. In Fig. 4, it is the 
constraint part of the script. The constraint ‘capcon’ 
corresponds to Eq. (9), ‘demsat1’ corresponds to  
Eq. (11), while ‘demsat2’ corresponds to Eq. (12). 
 
 
5  Simulation and analysis 
 

In this section, we first introduce the simulation 
environment and parameter setting, and then analyze 
the performance of the new algorithm by comparing it 
with the baseline algorithm. 

 

5.1  Simulation setting 

We use a GT-ITM tool (Zegura et al., 1996) to 
generate the substrate network topology and VNRs. 

The setting of the experimental environment is 
shown in Table 1. The substrate network has 100 
nodes. Each pair of substrate nodes is randomly 
connected with a probability of 0.5. The CPU and 
bandwidth values of the substrate network are real 
numbers uniformly distributed between 50 and 100. 
The virtual network requests were generated follow-
ing the previous work (Yu et al., 2008; Chowdhury et 
al., 2009). The arrival of virtual requests follows the 
Poisson process with the mean of four requests per 
100 time units. In each VN request, the number of 
virtual nodes is randomly generated between 2 and 20. 
The average VN connectivity is 50%. The CPU val-
ues of the virtual nodes are real numbers uniformly 
distributed between 0 and 20, while the bandwidth 
values of the virtual links are uniformly distributed 
between 0 and 50. 

 
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 

5.2  Comparison method 

Our contribution is compared with four algo-
rithms with different node mapping and link mapping 
strategies from previous research (Yu et al., 2008; 
Chowdhury et al., 2009) modified. Table 2 lists these 
algorithms. 

Algorithm D-ViNE uses the deterministic node 
mapping mentioned in Chowdhury et al. (2009) and 
the splittable link mapping with multi-commodity 
flow (MCF); Algorithm D-ViNE-SP uses determinis-
tic node mapping and link mapping based on the  
 

Table 1  Setting of the experimental environment

Item Value 

Substrate network  

Number of substrate nodes 100 

Probability of connectivity 0.5 

CPU and bandwidth  50–100 
Mean value of the Poisson process 
for the arrival of virtual requests 

4 requests per 
100 time units

VN request  

Number of virtual nodes 2–20 

Average VN connectivity 0.5 

CPU 0–20 

Bandwidth  0–50 

Fig. 4  Constraint part in the GLPK file 

s.t. capcon{u in NM, v in NM}:  
sum{i in F} (f[i, u, v]+f[i, v, u])<=b[u, v]; 
/* capacity constraint */ 
 
s.t. demsat1{i in F}:  
sum{w in N} f[i, fs[i], w]−sum{w in N} f[i, w, fs[i]]=fd[i];
s.t. demsat2{i in F}:  
sum{w in N} f[i, fe[i], w]−sum{w in N} f[i, w, fe[i]]=−fd[i];
s.t. demsat3{i in F, u in M, v in M}: f[i, u, v]=0; 
/* demand satisfaction */ 
 
s.t. flocon{i in F, u in NM diff{fs[i], fe[i]}}:  
sum{w in NM} f[i, u, w]−sum{w in NM} f[i, w, u]=0; 
/* flow conservation */ 
 
s.t. metcon1{m in M}: sum{w in N} x[m, w]=1; 
s.t. metcon2{w in N}: sum{m in M} x[m, w]<=1; 
s.t. metcon3{i in F, u in N}: f[i, fs[i], u]=fd[i]*x[fs[i], u]; 
s.t. metcon4{i in F, u in N, v in M diff{fs[i]}}: f[i, v, u]=0;
s.t. metcon5{i in F, u in N}: f[i, u, fe[i]]=fd[i]*x[fe[i], u]; 
s.t. metcon6{i in F, u in N, v in M diff{fe[i]}}: f[i, u, v]=0;
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shortest path method; Algorithm R-ViNE uses ran-
domized node mapping and splittable link mapping 
with MCF; Algorithm G-SP uses the greedy node 
mapping mentioned in Yu et al. (2008) and link 
mapping based on the shortest path method. 

 
 
 
 
 
 
 
 
 
 
 
 

5.3  Results and analysis 

Six performance metrics are used for evaluation 
purposes in this experiment. The acceptance ratio, the 
average revenue (R), the average cost (C), the average 
node utilization, the average link utilization, and the 
R/C ratio are measured for VN requests over time. We 
plot the performance metrics actually performed in 
these algorithms (Table 1) in the long run. We sum-
marize our key observations below: 

1. IP mapping leads to a higher acceptance ratio. 
It is noticed that the proposed algorithm leads to a 
higher acceptance ratio than the existing algorithms 
through IP mapping (Fig. 5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. IP mapping leads to lower cost and larger 
revenue. Figs. 6 and 7 show that the proposed algo-

rithm leads to lower cost and larger revenue. Higher 
revenue and lower cost along with better acceptance 
ratios imply that our proposed algorithm is actually 
effective and efficient. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
3. IP mapping increases node utilization. Fig. 8 

depicts the average utilization of substrate nodes for 
different VN embedding algorithms. Higher accep-
tance ratios of the proposed algorithm mean that more 
virtual requests are successfully mapped on the sub-
strate network at the same time. Thus, more substrate 
node resources are used because any given virtual 
request uses the fixed substrate node resources. The 
substrate node resources used are increased, and the 
node utilization is correspondingly increased. 

4. IP mapping leads to lower link utilization.  
Fig. 9 depicts the average utilization of substrate links 
for different VN embedding algorithms. IP mapping 
is efficient with the minimum cost to satisfy the 
largest demand. The proposed algorithm achieves a 
highly optimized path with the fewest hop counts. 
The fewest hop counts can minimize the objective 

Table 2  Algorithm comparison 

Notation Algorithm description 
D-ViNE Deterministic node mapping with split-

table link mapping using MCF 
D-ViNE-SP Deterministic node mapping with shortest 

path based link mapping 
R-ViNE Randomized node mapping with splittable 

link mapping using MCF 
G-SP Greedy node mapping with shortest path 

based link mapping 
IP Algorithm based on integer programming, 

node & link mapping in one stage 
Fig. 6  Average revenue of the VN request over time 
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Fig. 7  Average cost of the VN request over time 
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Fig. 5  Acceptance ratio of the VN request 
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function, reduce the cost of the embedding, and de-
crease the link utilization. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5. IP mapping increases the R/C ratio. Fig. 10 
depicts the R/C ratio for different VN embedding 
algorithms. The proposed algorithm leads to a much 
higher R/C ratio. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6  Conclusions 
 

The main concern of the virtual network em-
bedding problem is how to develop an algorithm both 
effective and easy to implement. In this study, we 
propose an algorithm based on integer programming. 
We argue that this algorithm greatly increases the 
solution space and the quality of the linear program-
ming algorithms. It is the first attempt to solve the 
embedding problem by using an integer program. We 
then add the factor of a topology-awareness objective 
function to obtain a higher acceptance ratio. Simula-
tion showed that the new algorithm based on integer 
programming greatly enhances the performance of 
the embedding with a higher revenue/cost ratio and 
acceptance ratio. This method solves the embedding 
problem in just one stage. 

However, a number of unresolved issues should 
be discussed for further research. First of all is the 
analysis of processing strategies for the proposed 
algorithm when the substrate network approaches its 
saturated state. Secondly, the influence of the physical 
network scale was barely mentioned. We believe it is 
an important issue. Thirdly, GLPK used in our algo-
rithm requires a lot of files to be read and written, and 
is not efficient. A program developed specifically for 
this problem can be faster. Finally, the faults of 
physical network resources such as node or link fail-
ures are not considered in our algorithm. We believe 
that our model can be developed for this condition. 
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Abstract: The virtual network embedding/mapping problem is a core issue of network virtualization. It is concerned mainly with 
how to map virtual network requests to the substrate network efficiently. There are two steps in this problem: node mapping and 
link mapping. Current studies mainly focus on developing heuristic algorithms, since both steps are computationally intractable. In 
this paper, we propose a new algorithm based on the proximity principle, which considers the distance factor besides the capacity 
factor in the node mapping step. Thus, the two steps of the embedding problem can be better integrated and the substrate network 
resource can be used more efficiently. Simulation results show that the new algorithm greatly enhances the performance of the 
revenue/cost (R/C) ratio, acceptance ratio, and runtime of the embedding problem. 


