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Autonomous Systems

@ Internet is divided into different subnetworks—Autonomous
Systems (AS)

@ An IP network (or collection of IP networks) with the same
routing policy.

@ Typically one AS corresponds to one administrative unit.
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BGP routing

@ Border Gateway Protocol determines how packets are routed
between ASes

@ Each server keeps a list of paths it can route a packets
through.

@ Policy (economical agreements) determines the order of
paths.

@ — a hierarchy where packets are routed up (to provider),
sideways (to peer), and downwards (to customer).

@ A BGP server has a quite incomplete picture of the whole
AS-graph.

Peter Holme Josh F. Karlin Stephanie Forrest Integrating traffic, geographic and economic aspects in Int ernet



Introduction
Our model
Numerical results

Degree distribution

Broad degree-distribution (possibly power-law, or log-normal).
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@ . .. possibly with a geometry.
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@ Typically focus on network topology.

@ . .. possibly with a geometry.
@ . .. or traffic.
@ No geografically explicit ASes.
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Radial structure

Plot quantities as function of the average distance to the rest of the
AS graph.

P. Holme, J. Karlin and S. Forrest, Proc. R. Soc. A 463, 1231-1246
(2007).

Integrating traffic, geographic and economic aspects in Int ernet

Peter Holme Josh F. Karlin Stephanie Forrest



Introduction
Our model
Numerical results

Radial structure

0.2 T T T T

T

n
o —— AS '06
'g 0.15¢ —»— BA model-
> —o— Inet model
o 0.1 i
c
Q
© 0.05
©
—
[

0

Peter Holme Josh F. Karlin Stephanie Forrest



Introduction
Our model
Numerical results

Radial structure

51000} —+ AS'0
= i —»— BA model
S 100} —o— Inet model
& |
© i

1 1

6 7

4 5_
average distance,
——-

Integrating traffic, geographic and economic aspects in Int ernet

2 3

Peter Holme Josh F. Karlin Stephanie Forrest



Introduction
Our model
Numerical results

Radial structure

O 0.2F ' ' ]
% —o— AS 06
EO.lS— —— BA model A
o —o— Inet model
© 0.1
(@)]
=
©0.05
A
%)
=
o 0
average distance,
Peter Holme Josh F. Karlin Stephanie Forrest



Radial structure

Introduction
Our model
Numerical results

= o
Q o
w =
————

deletion impactg

106F

T T T

—— AS 06
—— BAmodel -
—o— Inet model ]

Peter Holme Josh F. Karlin

3

Stephanie Forrest

4
average distance,

S5 — 6 7

Integrating traffic, geographic and economic aspects in Int ernet




Introduction
Our model
Numerical results

Make a mechanistic model that:

Peter Holme Josh F. Karlin Stephanie Forrest Integrating traffic, geographic and ecol ic aspects in In



Introduction
Our model
Numerical results

Make a mechanistic model that:

has spatially explicit ASes

Integrating traffic, geographic and economic aspects in Int ernet

Peter Holme Josh F. Karlin Stephanie Forrest



Introduction
Our model
Numerical results

Make a mechanistic model that:

has spatially explicit ASes —N

with realistic traffic
flowing between them

meoy,
——\

Integrating traffic, geographic and economic aspects in Int ernet

Peter Holme Josh F. Karlin Stephanie Forrest



Introduction
Our model
Numerical results

Make a mechanistic model that:

has spatially explicit ASes —N

with realistic traffic
flowing between them

v

that give the ASes income

meoy,
——\

Integrating traffic, geographic and economic aspects in Int ernet

Peter Holme Josh F. Karlin Stephanie Forrest



Introduction
Our model
Numerical results

Make a mechanistic model that:

has spatially explicit ASes —N

with realistic traffic
flowing between them

v

K‘ that give the ASes income

that the AS can invest in geographical growt

meoy,
——\

Integrating traffic, geographic and economic aspects in Int ernet

Peter Holme Josh F. Karlin Stephanie Forrest



Introduction
Our model
Numerical results

Make a mechanistic model that:

has spatially explicit ASes N

with realistic traffic
that increase / affect flowing between them

the traffic \ \L

that give the ASes income

that the AS can invest in geographical growt

Integrating traffic, geographic and economic aspects in Int ernet

Peter Holme Josh F. Karlin Stephanie Forrest



Introduction
Our model
Numerical results

Overall structure

The model begins with one agent located at the pixel with the
highest population density. The model then iterates over the
following steps:

Integrating traffic, geographic and economic aspects in Int ernet

Peter Holme Josh F. Karlin Stephanie Forrest



Introduction
Our model
Numerical results

Overall structure

The model begins with one agent located at the pixel with the
highest population density. The model then iterates over the
following steps:

© Network growth. The number of agents is increased. The
agents are expanded geometrically, and their capacities are
adjusted.

Peter Holme Josh F. Karlin Stephanie Forrest Integrating traffic, geographic and economic aspects in Int ernet



Introduction
Our model
Numerical results

Overall structure

The model begins with one agent located at the pixel with the
highest population density. The model then iterates over the
following steps:

© Network growth. The number of agents is increased. The
agents are expanded geometrically, and their capacities are
adjusted.

© Network traffic. Messages are created, migrated toward their

targets, and delivered. This process is repeated Niasc times
before the next network-growth step.
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geography represented as sq. grid
each pixel has a pop. density

W - =% -v the ASes are modeled as:

a set of locations (coordinate
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Time evolution

a T T T T T T T )(x 8 [ T T r
10°F o number of agents) 2 c l
E_ 1L~ number of linksm g’go 1 7be (mp o)
- 55 o (d) o
6 B <> 4
<
5t R i
C_U T T T T T T AN
+— b A 4 I o _
20.75" 4 covered population &~ 1 K E
g 0.5} ¢ covered area AAAo 1 3l o bnp ot 0oy
‘g 0.25 | 2@@

200 100 1000
number of AS

—-

Peter Holme Josh F. Karlin Stephanie Forrest Integrating traffic, geographic and economic aspects in Int ernet



Degree distribution

Introduction
Our model
Numerical results

1 . . 1 . . [P . .
o1 0.1t 1 o ]
\ BA model . FKP mode
20.01' E g:0.0l' 4 é\0.0l' : 4
lae o a X
103t 103 . {1 108 N 1
—— real . y
1074 model o 1074} "L | 104k |
1 10 100 1000 10 100 1000 1 10 100 1000
k k k
meoy,
—-




Introduction
Our model
Numerical results

Degree distribution

10*

100

degreek

10

e ———

1
10° 10 10° 105
traffic load ﬁ
o, |

Integrating traffic, geographic and economic aspects in Int ernet

Peter Holme Josh F. Karlin Stephanie Forrest



Introduction
Our model
Numerical results

Radial statistics

0.2F T T T T 1 T T T T 1
* AS06 " BA
" A our model
Q
o
=
(5]
>
o
c 0.1f 1 1
RS
3]
g
0 Nesanl N 1 1
3 4 5 6 3 4 5 6
average distance, average distance,

Peter Holme Josh F. Karlin Stephanie Forrest Integrating traffic, geo hic and economic aspects in Int ernet



Numerical results

Radial statistics
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Traffic vs centrality
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@ Mechanistic growth model of AS-level Internet

@ Degree distribution matches

@ Periphery not as complex as reality

@ Traffic fluctuations affect low- and medium-sized ASes
@ Spatial distribution not completely crazy

Integrating traffic, geographic and economic aspects in Int ernet

Peter Holme Josh F. Karlin Stephanie Forrest



	Introduction
	Our model
	Numerical results

