2017/2/22

£ Osaka University C«

A method for updating attractor sets in noise-
induced virtual network topology control

Koki Sakamoto Toshihiko Ohba
Shin’ichi Arakawa Masayuki Murata

Graduate School of Information Science and Technology, Osaka University

2017/1/10

¢Osaka University 2
Research Background

* Many people enjoy various services through the
Internet.

* e.g., video streaming, cloud services
¢ That causes large fluctuations of traffic demands.
¢ A network needs flexibility to accommodate the
unstable traffic demands.

O

¢ Virtual network infrastructures are expected.

e Change virtual networks flexibly and accommodate the unstable traffic
demands
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Virtual Network Infrastructure

« Virtual Network is provided to clients by dividing
physical resources and making logical networks on
demand. g

e e.g., IP over WDM network
* WDM network L‘

o Establish lightpaths between IP route's /
via Optical Cross Conned: (Optical Switch),

e Construct VNT (Virtual Network Toplogy)

¢ IP network

1
T
consisting of lightpaths 1
1
1

¢ Accommodate IP traffic on VNT
* VNT control: Reconstruct VNT
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Approach to VNT Control
* Centralized Approach

1. Set a management node to control network topology
2. Collect the information of traffic demands for a long time
3. Calculate the optimal or sub-optimal VNT using the information
e Shortcomings
* The amount of “input” information gets lager as the size of netwark increases.
* “input” information : usually, atraffic demand matrix
« It is difficult to adapt to the fludtuatiors quicky because it takes a long time to
get “input” information.
¢ VNT control based on attractor selection
* Quickly adapt to traffic changes with a little information about the state of
a network instead of traffic demands
* Application Examples

adaptively to traffic changes X * SDI (Software Defined Infrastructure)-based VNT control : kok inoug etal "adaptive VNE
oxc&S method based on Yuragi prmcple fo oftvare definal infrasructure” High Performane Switcting ad Roting (HPSR), 2016
IEEE 17th Intemational Confeene on IEEE, pp. B8-193 lung 2016.
«—p | Ugtpath « WDM (Wavelength Division Multiplexing)-based VNT control : . koiami, T. Mmura
: Optical fiber WDM network S. Arakava, E., OKi, K. Shiomoto, ard M. Murata, “Adaptie vitual ndwork topol@y @ntrol tesed onattracta slectio,”
— Joumal of Lightwave Tecnobgy, ol. 28 pp. 17D-1731, June 20D,
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VNT control based on attractor selection

e Control a state of lightpaths based on attractor
selection model

* Prepare attractorsin advance and create the potential field

Dynamics of our VNT control  Potential | o o agaptive attractors

by noise Stateof Lightpaths
AttractorStructure f at a certain time
activity noise
x = (x1.2.%,,) " Stateof lightpaths
x; 1 Stateof the i-thlightpath (1;) Act\vN
x; >0 Establish 7 \ _ Solution Space
x, <0: Tear down [ s 1 \‘(State‘f Light paths)
@ Activity (Conditions of IPnetwork) / !
eg, Maimum Lik Utilization
f(x) : Attractor Structure
n: Noise

Attractor

Dynamics of our VNT control method

¢ Find a solution to accommodate IP traffic by
properly using attractor structure and noise based
on activity

Dynamics of our VNT control
AttractorStructure

Potential | oo for an adaptive attractor

by noise The stateof the system
at a certain time
"

activity noise

Example
1. Initial state of thesystem 5 4
2. Trafficenvironment changes ActivN 4 )
Sblution S
3. The condition of IP networkgets bad 1 1 (Stateolfuagmngters)
*  Activity gets lower 1 'l :
4. Randomly change own stateand L

lookfor aadaptive attractor o
5. When thesystem findsan adaptive attractor, 00 Limited

thestate converges to theadaptive attractor. Attractor
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Method for designing attractors [8]

* Classify attractors that have different bottleneck
links into different groups, and pick up an attractor
from each group

e Use Edge Betweenness Centrality as topological characteristic
* Edge Betweenness Centrality : The number of shortest paths via the link
« Bottleneck link has high Edge Betweenness Centrality

Bottleneck Link Attractor Link Node

Selected attractors have different
bottleneck links

g

| Adapt to various traffic environment |

(87 Otba & rakom Y. Keuml ot M. Mursta “Sabe et metod of strators hrobo-ihesd il naterk
Loty crtrol” {EHOSA Josred o Optta Grmseatons Nk ol 1, 051083 Set 2015
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Research Purpose

¢ A problem of the existing method
e The existing method [8] designs attractors based on topological

characteristics, but the time to find a solution may increase depending
on the traffic situation.

e Update to a set of adaptive attractors to the traffic
environment, and reduce the time to find a solution
. Approach Potential

Calculate Designed Attractors [8]

e Attractor update assumes b _

U =S @+
longer period than VNT control and ‘reconfigre UNTS|,
« Get the traffic demand through 3 STW:"
long-term observation . Space
¢ Create offline traffic environment
using the traffic information
* Decide a set of adaptive attractors
by offline simulation of VNT control P Urdbted Athactos

through offline simulations

Time o
e Update to the*gptive attractor structure using the traffic demands
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Method for updating a set of attractors

* Decide a set of attractors for update by simulating
VNT control based on attractor selection
* We create the same smulation environment as the actual environment.

* In the smulation environment, we decide adaptive attractors from many
attractors prepared in advance.

Input attractors

Simulation of VNT control
based on attractor selection

1. VNT control simulation using
the information of traffic demands

3. Determine aset of attractors
2. Adaptive (A) or Non-Adaptive (N)
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Performance Evaluation

¢ Evaluation Index
e The number of steps of VNT control to find a solution
* Solution: a VNT that satisfies 50% or less MLU (Max Link Utilization)
¢ Traffic Environment
e 1,000 patterns of traffic demand matrices
e Each component follows log-namd distribution
¢ Evaluation Object
o ¢searic: A set of attractorsprepared by the existing design method

* Qaaaptive : A set of attractorsprepared by removing non-adaptive attractors from
static

* ¢aaa: A set of attractorsprepared by adding extra adaptive attractors © ¢uqaptive
* Adaptive or Non-Adaptive

* Adaptive : The success rate of VNT cortrol & 15 steps is mare than 50%.

* Non-Adaptive : Otherwise
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Evaluation Results

¥ The number of steps of VNT contra by thetimetofind a
solution when 1,000 patterns of traffic demands are given
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The difference  between ¢ ,qapeive aNd
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The Number of Steps of VNT control

Padap tive » removing non-adaptive atractors from the
existing atiractor set, is the most eflective and efficient

¢ Future Work
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Summary and Future Work

Summary
* Research background

« Traffic on the Intenetis fluctuating and VN infrastructures are expected.
* VNT control based on attractor selection

* Look for asolution to accanmodate IP traffic by properly using attractor
structure and noise based on adtivity

e The problem of the existing design method

* The existing design method [8] designs attractors based on topologicd

characteristics, butthe time to find a solution may increase deperding onthe
traffic situation.

e Our proposal

. U#)date to aset of adaptive atractors to the traffic environment through
offline simulation

¢ Evaluation results

e Just by removing non-adaptive attractors, the system canadapt quicky ard
efficiently to the rew traffic environmert.

e Take measures if we cannot get the information of traffic demands




