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Theory of networks

Network as data

→ centralized algorithms...

Network as environment

→ decentralized algorithms...
(a.k.a. distributed)
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Distributed Algorithms

(Think globally, act locally)

Collaboration of distinct entities to perform a common task.

No centralization available, interactions among neighbors.

Theoretical aspects of collective intelligence.

Examples of problems:

Broadcast

→
Spanning tree

→

Election

→
Counting

→ 9

Consensus, naming, routing, exploration, coloring, dominating sets, ...



3/10

Distributed Algorithms

(Think globally, act locally)

Collaboration of distinct entities to perform a common task.

No centralization available, interactions among neighbors.

Theoretical aspects of collective intelligence.

Examples of problems:

Broadcast

→
Spanning tree

→

Election

→
Counting

→ 9

Consensus, naming, routing, exploration, coloring, dominating sets, ...



4/10

Example: Broadcasting → Spanning tree → Counting

Assumptions: synchronous communication / unique ids / distinguished node
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Example: Broadcasting → Spanning tree → Counting

Assumptions: synchronous communication / unique ids / distinguished node

9

Time complexity: O(diameter(G)) = O(n) n : #nodes

Message complexity: O(m + n + n) = O(m) m : #edges
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Example: Broadcasting → Spanning tree → Counting

Assumptions: synchronous communication / unique ids / distinguished node

9

What if there are no distinguished nodes? (The GHS algorithm, 1983)
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In technologies
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(Highly) dynamic networks?

Example of scenario

Modeling

Properties:

▶ Temporal connectivity?

T C

▶ Repeatedly?

T CR

▶ Recurrent links?

ER

▶ In bounded time?

EB

▶ ...

→ Classes of temporal graphs
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Some classes of temporal graphs

T C⟲
T C

(∗⇝∗)
J ∀1
(∗⇝1)

J 1∀
(1⇝∗)

T CR

ER

KR

EBEP

T CBα-T CB

PRCRC∗C∩

K
(∗–∗)

E1∀
(1–∗)

infinite lifetime finite lifetime

? ?

Foremost broadcast

Shortest broadcast

Fastest broadcast

Population
protocols

Retry
routing

Retry
broadcast

Bounded
broadcast

Speed up for
some prob-
lems

Ring exploration

BroadcastCounting

Leader
election

Broadcast +
acknowledgment

Distributed algorithm

Centralized algorithm Movement synthesis

Exploitation

Analysis Induce
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Theory fed by practical scenarios... and pedagogical practice!

JBOTSIM: Collective intelligence / Network algorithms / Motion planning / Robotics
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Let’s finish with the beginning... (first algorithm in literature)

Election in a directed cycle, with synchronous communication and unique identifiers
(Le Lann, Chang and Roberts, 1970’s)

The node with the highest identifier gets elected.

onStart():
send(myID)

onMessage(otherID):
if (otherID > myID){

send(otherID)
}else{

if (otherID == myID){
ELECTED ← true

}

}
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Time complexity? Message complexity ?
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Thanks!


