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Input mapping: L: 3 — Q with finite X
Output mapping: O0:Q — {0,1}
Transitions: —CQQ*xQ?
Theorem Angluin & al. (PODC’06)

L isccomputableby a population protocol iff it is semilinear.

« Protocolicomputes a predicate ¢: N* — {0, 1} if, with probability 1,
the agents eventually reach a unanimous and permanent agreement.

3/10



Population protocols: formal model

A protocol is immediate-observation (IO-PP) if a single agent can
change in a interaction, i.e. transitions are of this form :

pgq 2> p g
pgqg > pd

3/10



Population protocols: formal model

A protocol is immediate-observation (IO-PP) if a single agent can
change in a interaction, i.e. transitions are of this form :

pgq 2> p g
pgqg > pd

Majority transitions :

£y 63
t SR
=t 3

\ R R 2

2 »t
2 3
= £}

3/10



Population protocols: formal model

A protocol is immediate-observation (IO-PP) if a single agent can
change in a interaction, i.e. transitions are of this form :

pag > p g

Ppqg 2> pd

Majority transitions :

2 = > O C:G} non-immediate-observation
203> 2 40

immediate-observation
= {3 > =3

Is not immediate-observation because the first transition changes both
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Population protocols over
ordered agents: (PP[<])

What happens if agents have unique identifiers ?
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Semi-decidability

« A protocol decides L if, w.p. 1, the agents reach a permanent
unanimous agreement
u € L = eventually, all agents accept forever
u ¢ L = eventually, all agents reject forever

« A protocol semi-decides L if, w.p. 1
u € L = eventually, all agents accept forever
u & L = never do all agents accept forever

Lemma Our work (ICALP’26)

If protocol and its complement are semi-deciders for L and X+ \ L, then
L recognized by a protocol.
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|0-PP[<] C DA

Language L is in DA iff :

wy =pwe & Ve,y: (twy € LS xway € L)
If I insert new agents (of already existing types), they can mimic the
behavior of the original group

e Lisregular
« Every word long enough contains a pattern that can be pumped to
produce a new word in the same equivalence class.
« Finitely many equivalence classes = L € |IO-PP[<] is regular.
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- partially ordered unambiguous automata
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If L and L are both recognized by p.o. Parikh automata, then L is decided
by a PP[<].

9/10



PP[<] D p.o. Parikh automata

Theorem Our work (ICALP’26)

If L and L are both recognized by p.o. Parikh automata, then L is decided

by a PP[<].
E.g. Median language : L = | J . X"aX"
L
DY t:X

9/10



PP[<] D p.o. Parikh automata

Theorem Our work (ICALP’26)
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7 _
$: 2 t: X s L t: X
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Thank you !



