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Dynamic Networks ?

In fact, highly dynamic networks.

Ex:riﬂl 2 W B o F =

How the changes are perceived ?

o Faults and Failures? (small scale, transient, etc.).
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In fact, highly dynamic networks.

How the changes are perceived ?
o Faults-andFailures?{smal-sealetransient—ete.).

o Not anomalies but rather integral part of the nature of the system.
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Practical vs. Analytical

@ Practical : evaluation through simulation
— Reproducibility issues; Limited understanding.
@ Analytical : feasibility, correctness, complexity, etc.

— Need for appropriate concepts & formalisms
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Dynamic graphs

Evolving graphs [Ferreira 2004]

Sequence of graphs G = Gy, Gy, ...
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Dynamic graphs
Evolving graphs [Ferreira 2004]
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Dynamic graphs

Evolving graphs [Ferreira 2004] (Graph-centric)

Sequence of graphs G = Gy, G, ... [+table of dates]

a e c LN av\ LN 3\ @ 76 ae '76
b d b d b d be d
G1 Gy

c
G() G3

Time-Varying graphs (Edge-centric)
G=(V,E,T,p)

o temporal domain T C R (or C N)

a \ c e
@ presence function p : E x T — {true, false} W
b d

G =(V,E)

Mostly equivalent. We use them interchangeably based on the point of view.
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Concept of journey : sequence of couples J = (e1, t1), (&, t2) ..., (ex, tx), such that
€1, e,....,ecis awalk in G, ti, ta, ..., tx is a non-decreasing sequence of dates from T,
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What about graph concepts?

a e € a e €
c \ c
bAd b/\-d

G1

Go

—> Connectivity over time.

Concept of journey : sequence of couples J = (e1, t1), (&, t2) ..., (ex, tx), such that
€1, e,....,ecis awalk in G, ti, ta, ..., tx is a non-decreasing sequence of dates from T,
and p(ei, ti) =1 for all /.

Not symmetrical ! (e.g. a ~ e, but e + a)

Journeys in literature

@ Schedule-conforming path [Berman, Networks, 1996]
@ Time-respecting path [Kempe et al., STOC'00] [Holme, Physical Review, 2005]
@ Temporal path [Chaintreau et al., Comm. Surveys & Tutorials, 2008]

@ Journey [Bui-Xuan et al., J. Found. Comp. Sc., 2003]
° ..
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What about graph concepts?

a AC ) a'\/c\'e a'\ (ve ) E//‘e
b d b d b d be d
G

Go Gy Gs

—> Temporal distance.

Temporal distance in literature

Minimal arrival date [Bui-Xuan et al., J. Found. Comp. Sc., 2003]
Reachability time [Holme, Physical Review, 2005]

°

°

@ Information latency [Kossinets et al., KDD'08]
@ Temporal proximity [Kostakos, Physica A., 2009]
°
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What about graph concepts?

a e € a e e € a e e ae
b d b d b d be
Gy

—> Temporal distance.

C//e

Other concepts

@ Time-Connected Components [Bhadra et al., ADHOC-NOW'03]
@ Temporal diameter & eccentricity [Bui-Xuan et al., J. Found. Comp. Sc., 2003]
@ Temporal View [Kossinets et al, KDD'08]

@ Dynamic Expansion [Clementi et al, PODC'08]
o ..
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What about graph problems?

“Classical” distributed problems (e.g. ELECTION, SPANNINGTREE, ...)

How are they defined ?

\./.D)
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b [3,4)

Several possible metrics !
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[4,5) € [9, 10)

shortest
[7,8) [7,8)
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C
[1,2) A foremost N\ [5, 6)
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Impact of properties on the feasibility /complexity ?

Static properties on graphs

@ Symmetries for DETERMINISTIC ELECTION (impossibility)
@ Planarity for FACE ROUTING (necessary condition)

@ Bounded growth for covering or packing problems (tractability)

Temporal properties on dynamic graphs ?

o Connectivity over time for BROADCAST (trivial necessary condition)

@ Recurrence of edges for SHORTEST BROADCAST (sufficient condition)

— The field is just opening.

We are striving to collect and organize early results and emerging
properties.
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Some classes of dynamic graphs — hierarchy
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Some classes of dynamic graphs — hierarchy

BROADCAST
(necessary)
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Some classes of dynamic graphs — hierarchy

BROADCAST
(necessary)

ELECTION
(necessary)

igts, P. Flocchini, W. Quattrociocchi, N. Santoro Time-Varying Graphs and Dynamic Networks



Some classes of dynamic graphs — hierarchy

SIROCCO'09
(Casteigts et al.)
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Some classes of dynamic graphs — hierarchy

Counting v1

Counting v2
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Some classes of dynamic graphs — hierarchy

Counting v1

Counting v2
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Some classes of dynamic graphs — hierarchy

Termination
detection
(necessary)
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Some classes of dynamic graphs — hierarchy

CHANTS'05
(Ramanathan et al.)
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Some classes of dynamic graphs — hierarchy

*
=k

DIALM-POMC'05
(O'Dell et al.)
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Some classes of dynamic graphs — hierarchy

*

STOC'10
(Kuhn et al.)
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Some classes of dynamic graphs — hierarchy
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Some classes of dynamic graphs — hierarchy

fastest

shortest

foremost
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Some classes of dynamic graphs — hierarchy

termination cost
(foremost)

0 (if n known) !
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Some classes of dynamic graphs — hierarchy

IFIP TCS'10
(Casteigts et al.)
termination cost

i |
(foremost) 0 (if n known) !

O(n)

O(n?) msg
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Some classes of dynamic graphs — hierarchy

IPDPS’11
(Casteigts et al.)

foremost
routing

tables temporal view
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Some classes of dynamic graphs — hierarchy

ISAAC'09
(Flocchini et al.)

IEEE Trans. Par. Distrib. Syst.
(Liu et al.) 20(9), 2009

routing
L]

exploration
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Some classes of dynamic graphs — hierarchy

Distributed computing
(Angluin et al.) 20(4),
2007 cols

population proto
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Some classes of dynamic graphs — hierarchy

PP schedulers...
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Some classes of dynamic graphs — hierarchy

A. Casteigts, P. Flocchini, W. Quattrociocchi, N. Santoro Time-Varying Graphs and Dynamic Networks



Some classes of dynamic graphs — hierarchy

Thank you'!
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