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Introduction

Context

Network virtualization: allows the coexistence of
heterogeneous virtual networks sharing resources of
the same physical infrastructure

Challenge: efficient mapping of physical resources

to virtual networks (chowdhury et al. [2009], Houidi et al. [2011], Fajjari et

al. [2011], Cheng et al. [2011], Cheng et al. [2012], Alkmim et al. [2013])
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Introduction

Problem Definition and Motivation

In previous work on Virtual Network Embedding, we
observe:

High rejection rates for VN requests (up to 53%)

We also verified (Luizelli et al. [2013]):

Subset of such rejection is caused by a temporary global
outage of physical resources

An expressive number of rejection occurs in situation in
which there are sufficient resources available



Introduction
Objective

Propose a model for planning the expansion of InP
networks

Reduce rejection rates
Increase resource consumption in the infrastructure

By means of:

Formalization of an InP network expansion model in the
context of network virtualization

Design of a heuristic approach to solve the model
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Related Work

Expansion/Planning Approaches

Backbone network expansion:

Mukherjee et al. [1996], Ramaswami et al. [1996], Krishnaswamy et al.
[2001], Curtis et al. [2009], Johnston et al. [2011]

Data center network expansion:
Curtis al. [2012], Gao el al. [2012]

All of them rely on the use of demand matrices to plan the
expansions

We are not aware of previous attempts to investigate
strategies for expanding the physical network of an
infrastructure provider with the objective of enabling it to
host a higher number of virtual networks



InP Network Expansion

Why Are Demand Matrices not Suitable for Virtual Network-oriented
Infrastructure Planning?

Traditional expansion approaches based on demand
matrices are not suitable for virtualized environments

Virtualized InP exhibit comparatively more
homogeneous resource distribution amongst physical
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InP Network Expansion: Overview

One of the major causes of virtual network rejection in the
context of VNE is the absence of a suitable partition

As mentioned, InP networks have available resources

The occurrence of partitions is directly correlated to the
total exhaustion of available resource in specific devices
(e.g., hubs and bridges)

The above findings were the motivation for modeling
the InP expansion problem



InP Network Expansion: Overview

Example

X = {(a,b), (c,d),

Z _______ I a_,b ...... v (f]e)l (flg)}

.I. \'\. If,g Ic,d.i
g If,e \’\ ,"
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InP Network Expansion: Overview

Example

X = {(a,b), (c,d),

_______ I a_fb__._._v (f.e), (f.g)}

N !

. . !
.I \'\, Iflg Ic,d.'

g If,e \’\ ,"

1. Which elements to expand?
2. How much to invest?
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InP Network Expansion: Overview

Example

sol = {(a,b), (a,f), (f,e),
(f,g), (b,c), (c,d)}

Structural reinforcement
————— Cut-edges
== Path between cut-edges
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InP Network Expansion: Exact Model

12

Problem constraints
Router capacity (memory and CPU)
Link capacity (bandwidth)
Expansion costs (routers and links)
Creation of a new core, acting as a structural reinforcement

Ensures the investment will not exceed the available funds of the
InP (growth)

Ensures that only a subset of physical devices will be affected by
the expansion procedure (coverage)

Objective: maximize reconnection between the most
important cut-edges



InP Network Expansion: Heuristic

Similar to the minimum Steiner tree problem, which is
known to be NP-hard

Two-step heuristic:
|ldentify which devices need to be expanded

Define a strategy for resource distribution among the
selected devices

Uniformly
Probabilistic distribution
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InP Network Expansion: Heuristic

For each time unit:
|dentify and store the set of partitions, as well as the cut-links
If expansion periodicity:
Compute the importance of each element stored so far
Sort accordingly to its importance
Select a percentage % of cut-links with highest importance
Create a subgraph from such select links
MST (subgraph)
If [subgraph| > coverge:
Remove the least relevant cut-link from subgraph
Else:
Stop

Suggest link/router expansion
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InP Network Expansion: Heuristic

X = {(a,b), (c,d),

Z _______ I a_,b ...... v (f]e)l (flg)}

1. ldentify and store the set of partitions, as well as the

cut-links
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i)

AAAAAAAAAAAA



InP Network Expansion: Heuristic

- X = {(a,b), (c,d),
_._.—.Ij,.b__.o_.?’._._ (f,e), (f,g)}
/ ot I
N, ;
J \'\. If,g 0.8 Ic,d = 0.51
JTieo07 N s "
\0

2. Compute the importance of each element stored so far
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InP Network Expansion: Heuristic

X = {(a,b), (c,d),

Z-._._.I_azb_.oj_._ (f,e), (f,g)}
TN, I

of coverage

3. Sort accordingly to its importance
4. Select a percentage % of cut-links with highest
7 importance %
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InP Network Expansion: Heuristic

X = {(a,b), (c,d),
(f.e), (f,9)}

N = {A,B,C,D,E,F}
E = {(a,b), (c,d),
(f.e), (f,9), (a,f),
(b,c), (g,h), (h,d)}

5. Create a subgraph from such selected elements
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InP Network Expansion: Heuristic

X = {(a,b), (c,d),
(f,e), (f,9)}

N = {A,B,C,D,E,F}
E = {(a,b), (c,d),
(f.e), (f,9), (a,f),
(b,c), (g,h), (h,d)}

5. Create a subgraph from such selected elements
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InP Network Expansion: Heuristic

sol = {(a,b), (c,d),
(f,e), (f,9), (a,f),
(b,c)}

sol = mst(subgraph) 20% of coverage?
If |sol| > coverage:

Remove the least relevant cut-link from subgraph
Else:
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Evaluation

Parameter Selection

General Parameters
360 time units
3 VN request at each time unit
VNE model proposed by Luizelli et al. [2013]

Physical Network

Topology: Hub & Spoke
50 routers: 100% CPU and 256 MB
Links: 10 Gbps
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Evaluation

Parameter Selection

Virtual Network
Topologies: ring and random
5 routers: 20% CPU and 48 MB
Links: 2.5 Gbps

Expansion Strategy
Periodicity:

Expansion at 1802 time unit
Consecutively expansions

Homogeneous costs
Coverage: 10% to 50%
Investment: 10% and 20%

Each experiment was run 30 times
95% confidence level %M Inf
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Evaluation

Results
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Evaluation

Results
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Evaluation

Results
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Evaluation

Results — Resource Consumption / Random Topology
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Evaluation

Results
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Evaluation

Results
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Conclusion and Future Work

The expansion strategy performed by our solution leads to:
A a sustained increase of up 30% in virtual network acceptance

As well as up to 52% in resource utilization compared to the
original network

Extending the evaluation
Apply it to other backbones topologies

Evaluate and propose novel strategies for resource distribution
among infrastructure devices

Conduct and in-depth analysis of the inter-relationship between its
parameters
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Thanks!

Marcelo Caggiani Luizelli
mcluizelli@inf.ufrgs.br
http://www.inf.ufrgs.br/~mcluizelli
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Evaluation

Results

(a) Resource usage before expansion. (b) Resource usage after expansion.

Graphical representation of average infrastructure resource usage before (a)
and after (b) an expansion of 20% of resources with coverage of 20%.
Darker shades represent higher resource usage.
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Evaluation

Results — Resource Consumption / Ring Topology
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(a) Experiments considering an expansion (b) Experiments considering an expansion
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Overall physical bandwidth usage after the expansion, considering virtual
networks with ring topology.
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Optimal Model for Virtual Network

Objective function:

min > A/l'_,j,r,k,/Br\{k,/

(ij)eLP reNV (k,elY

Subject to:

Yo CYAR <] Vi e RF (R1)
reNV jeRY

S MYAR < MF Vi e RP (R2)
reNV jeRY
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Optimal Model for Virtual Network

Z Brk/A/Jrk/<BP' V(i,j)EI_P (R3)
reNV (k,NeLlV
YOAR =1 vreNY,jeRY (R4)
iERP
Y AR <1 Vie RF,re NV (R5)
jeRY
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Optimal Model for Virtual Network

ZAljrkI Z _/Irkl—AIrk AFr,I VreNV,(k,l)eLV,ieRP (R6)
JERFP JERF

./Alrk /Alrk \Vl(i:j)ESP’rENv,(k,/)GSV (RY)
A/rj—Eerj \Vl(iar:j)eER (R8)
Alj r.k,| — EII._j,r,k,l V(f,j, r, ka /) S EL (RQ)
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InP Expansion Model

CustoEzp = Z b, - costBw’ e
ecLFP

(5.1)
+ Z (zc; - costCPUY i + zm,; -costMempi)
i€ERP

2, | (B,Z- n CapitalDisp - (,;')obertura) < Eij vee LP (52)
costhz-g-

zi; - (CP + Capital Disp - Cgbertura) < ECP v(i,j) € LY (5.3)
’ costCpu;

- (MP + Capital Disp - C(;bertura) < EMP ¥(i,j) € L (5.4)
’ costMem

i
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InP Expansion Model

CustoExp < Capital Disp (5.5)
1-q, seu=s§
Z a:ﬁ— Z :1:;“: —1-q, seu =k Yu € RP Yk € R® (5.6)
acs+(u) acs—(u) 0 u € RY/ {s,k}
Za€5+(u) “a
Qu > vu e RY (5.7
5+ (w) >
ZVeELP Te
<
L7 < Cobertura (5.8)
Ma:m'mz'zez I, -2z, (5.9)
ecX
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HIPER: Detailed Algorithm

Input: Capital disponivel, Percentual de cobertura, Periodicidade da expansio,
Infraestrutura fisica do InP N, Mapeamento das redes virtuais A%, ; and

Al it
Output: donjunto de dispositivos fisicos a serem expandidos

1 X« 0

2 F el

30«0

4 foreach UnidadeTempo do

s | particoes + obterConjuntoParticoes(N, E® E¥)

6 X + atualizar EnlacesCorte(particoes)

7 F + atualizar Frequencia(X)

8 C + atualizarCobertura(X, particoes)

9 if Periodicidade Da Exzpansao then

10 foreach (7, j) € X do

11 | I,,(—XT!‘T’C,J

12 end

13 while true do

14 ordenaDesc(X,T)

15 list + seleciona % dos enlaces de X (% igual ao percentual de
cobertura)

16 R* + roteadores de [ist

17 L* + enlaces dos caminhos de custo minimo entre cada par de roteador
(a,b) € R*

18 N¢ = (R, L7)

19 sol® « mst(N°)

20 if numeroRoteadores(sol®) > Cobertura ou
numeroEnlaces(sol®) > Cobertura then

21 | X.removeltem()

2 else

23 | parar

24 end

25 end

26 sugiraEzpansaoEnlaces(Capital Disponivel)

7 sugiraEzpansaoRoteadores(Capital Disponivel)

28 X0

29

30 end

Algoritmo 1: Visdo geral da solugdo proposta para o problema de expansdo de redes de

InPs.
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