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1y Graphs and Networks

e Common theoretical e Graphinan
conception application a—— Vertex

A collection of points joined together in pairs by lines:
the points are referred to as vertices or nodes,
lines are referred to as edges.

[M.E.J. Newman. Networks — An Introduction. Oxford,
University Press, 2010].
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Technological
networks

® The Internet and
Telecommun. Networks

e Power Grids

e Transportation
Networks

e Delivery & Distribution
Networks
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Social Networks

e The vertices are
people, or groups of
people

» Edges represent some
form of social
interaction
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Information
Networks

e The World Wide Web
¢ Citation Networks

Iy Four General Classes

Biological
Networks
® Biochemical Networks

¢ Neural Networks
e Ecological Networks




iy Social Networks

* Finding the Group of
People

* The Data Interchange
— The Pair Interchange

— The Use of the Common
Resources

* The People Activity
Estimation
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WWW History

WWW announced

Tim Bemers-Lee to High Energy first graphical
(CERN) proposes Physics community) | Web browser:
hypertext system Maosaic ( Java released )
1 1
) T 1
1989 1990 1991 1992 1993 1994 1995 1996
WIWW project starts WWW browser World Wide Web
line-mode browser available by ftp Consortium formed;
(www) Netscape Corporation
founded
LTER
majority have
Gopher at NET ngphg; handful all have
and some sites have WWW WIAW
[l [l ] ] |
1989 1990 1991 1992 1993 1994 1995 1996

1 1
LTERNet 8 sites with most have WINW.™
mailing lists GopherWWAIS expectation that
data on-line
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Two principal directions of activity

Analysis Synthesis

Understanding ‘ Decision
of the Network Making in

Structure and Network
Parameters | Construction
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i Y Problems of Network Analysis

Existence of Relations

Analysis of the Network Parameters
(Quantitative Characteristics)

Values of Relations

Optimal Cuts
Subnetwork (Subgraph) Finding

Subgroup Relations

Single Optimal Way
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Rational Path Analysis

Multiple Optimal Ways (Path System)
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' Network Construction

' Network Modification

|Network NI EHE
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The Construction of a

network under predefined

characteristics

Il‘vcrease the Power of Nodes

l New Edges
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Problems of Network Synthesis

The Problem

of Resource

Distribution




Review of Network Problems and Solutions (Operations Research)

[Hamdy A. Taha. Operations Research: An Introduction. Pearson Hall, 2010]

Design of an offshore natural-gas pipeline

network connecting well heads to an inshore Minimal Spa nni ng Tree
delivery point with minimum of total cost.

Determination of the shortest route between

two cities in an existing network of roads. Shortest-route a Igorlth m

Determination of the maximum capacity of
pipeline network.

Determination of the minimum-cost flow
schedule from oil fields to refineries through
a pipeline network

Minimum-cost capacitated network
algorithm

Determination of the time schedule (start

and completion dates) for the activities of a Critical path a|g0 rithm
construction project.
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Features of data transferring network, which are important for modelling

Cable (pipe) capacity can be huge and
more greater than capacity of nodes

=

The cost of operation does not
depend on the amount of resource
transferred through the network

There are uplink and downlink traffic

.

Communication node is unite device
(for both uplink and downlink)

o
; <

Subscribers are connected practically
to each node

o

e Up to 40 GB/s (theoretically)

e The operation cost is almost constant

e Downlink traffic is greater, but uplink traffic is increasing

e Multiplexing

e The number of subscribers may be huge
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Regional Data Transmittion Networks

U

X

XX

Transit Providers
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Regional Provider Network

* Features of Regional
Networks

— Oriented edges (cables
and pipes)

— The number of
subscribers may be huge

— Subscribers can be
connected to several
nodes (other nodes are
transit)

— The regional network may
be connected to transit
providers by several
nodes

Subscribers

Network Analysis and Telecommunication Applications 11



Decision Making of Network: Stages of Problem Solving

Estimation: is
| eMulticriteria estimation It necessa ry?

based on hierarchical

EStimatIOn Of the system of marks
Qua | Ity O.I: EX|St| ng eAccounting for the interests

of subscribers as the

services provided
N etWO rk eQualitative information on
preferences
N Modification
of Capacity
Network eModification Problem
Qe . Solving
M Od |f|Cat|0n sTopology Modification
Pla nn | ng fo r eCapacity Modification
. . ‘ -Netwprk Activity
Quality Increasing  [ECULL: Modification

N of Topology
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Telecommunication Network Synthesis Problem

Minimal Spanning Tree

Synthesis of Network Multictiteria Integer
(“potential” to “kinetic”) Programming

Capacity of Cables
(Edges)
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Modification (Vertices)

Topology Increasing
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Linear Approach

Game Approach

Separable Programming
Approach
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Network
Modification Cost

\
The cost of new

eéquipment

20.01.2017

Network
Modification Effect

S

The increase o)
quality
estimation

e

The increase of
rate

Network
Modification
Cost

f

The quality
estimation

A.E.llanowHnKos

Objects and criteria

¢ |s defined by equipment price
¢ Can or can not depend on concrete
network node

¢ Installed equipment may be limited

¢ We can not use the classical model
“source-destination”

e |t is necessary to analyze the
subscriber preferences

¢ Technical parameters
e Expert estimations
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Way of subscriber estimation construction

* Thesubscriber estimation may be:

& 2
— q;(x) = 0, if j-th parameter does not §
satisfy the minimal requirements; z |
]
g ! |
>
— q;(x) € [1,2],if j-th parameter is higher |
than minimal requirements. Om (] |
Kputnueckuin SLA Henaembin
YPOBEHb YPOBEHb
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e ] Topology Modification Problem Solving

* Problem of Pareto set
constructing:

— Variable parameters - 6‘
potential nodes

— Objectives: i i i w
* The cost 0‘
* The capacity

R
PR
.

10.09.2017 Network Analysis and Telecommunication Applications 16



The End



