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Teacher queries

Membership queries  w € L7
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L*

by example

AEE ~@-=-
aa | 1 0O
b [0 0 b !
ab | 0 O
o) 8
(5, E) (@, 0, F', )
e () ={row(s) | s € S} is afinite set of states;
o ' ={row(s) | s € S,row(s)(e) =1} C @ is the set of final
states;

® qo = row(e) is the initial state;

e 0: () x A

— ( 1s the transition function given by

d(row(s),a) = row(sa).
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€ a
€ 0 O
a 0 1
aa 1 0
b 0 O
ab 0 O
aaa | 0 O
aab | 0 O
(S, E)

|
|

* Q= {row(s)
o ' = {row(s)
states;

q *
|
(Q; qo, F’,0)

s € S'} is a finite set of states;
s € S,row(s)(e) =1} C @ is the set of final

® qo = row(e) is the initial state;

®): ) X A — (@ 1is the transition function given by

d(row(s),a) = row(sa).
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Table properties

row: SUS-A — 2%

_|closed , R—
IVte S-A Fse S row(t) = row(s). |
——— e}

consistent

Vs1, 8o S.t. Trow(s1) = row(sy) = Va € A row(sia) = row(ssa).
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Table properties

row: SUS-A — 2%

_|closed .
IVteS-A 3Fse S row(t) = row(s). |

consistent

Vs1, 8o S.t. Trow(s1) = row(sy) = Va € A row(sia) = row(ssa).

hoice of row(s) as representative is irrelevant

6(row(s),a) = row(sa) well-defined



L™, by example

.- LEARNER

S, E <+ {¢}
repeat
while (S, F) is not closed or not consistent
if (S, ) is not closed
find s1 € S, a € A such that
row(sia) # row(s), forall s € S

N B W=

6 S+ SU{sia}
7 if (S, ) is not consistent
8 find s1,s2 € S,a € A, and e € F such that
row(s1) = row(sz2) and L(s1ae) # L(s2ae)
9 E < E U{ae}
10 Make the conjecture M (S, F)
11 if the Teacher replies no, with a counter-example ¢
12 S < S Uprefixes(t)

13 until the Teacher replies yes to the conjecture M (S, F).
14 return M (S, F)

L,={ww|weA", |wl=n}
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t = babb




€ a e a b
€ 1. 0 0 € 0 0 O
b(@ 0 1 a 0 1 0
aa | 1 O aa | 1 0 O
b 0 O0: b 0 0 1
f.?é?é'ffff_ffiﬂﬁﬁffﬂQ;b b |1 0 0
ab | 0 O ab |0 0 O
aaa | 0 O aaa | 0O 0 O
aab | 0 O aab | O 0 O
ba 0 O ba O 0 O -
bba | 0 0 bba | 0 0 0 t = babb
bbb | 0 O bbb | 0O 0 O

Q
S
e
S

Ay =



simple is
beautiful.

Applications : Security, formal verification, ...
Generalisations : Mealy machines, |/O automata, ...
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Infinite alphabets

L,={ww|weA", |lwl=n}

£1 — {C_La, b—b}

infinite automaton



Infinite alphabets

Ln = {ww | we A, |w| = n} A infinite
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infinite automaton



Infinite alphabets

Ln = {ww | we A, |w| = n} A infinite
L1 = {C_La,, b—b}
L1 = {CLCL, bb, cc, dd, . . }

a
P O O O Ot O O O - DX

2]

Z 7

infinite automaton but with a finite representation
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Infinite sets with symmetries Finitely representable




name binding

Nominal sets alpha-equivalence

Automata theory
over nominal sets




A infinite

{w e A" | Ja.a occurs twice in w}




A infinite

{w e A" | Ja.a occurs twice in w}

a bia a

finite representation




finite representation X ={so} +A+{t}

canonical permutations m: A — A
Sa V7 Sra

transition closed under permutations

Bt = Spq — t
equivariant Sa Sma



in=wv in # v

Pop()/NOK() Push(in)/OK()  Push(in)/NOK() Push(in)/OK()  push()/NOK()

vi=in w:=in

start —

out = v out = v
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Credits

Joshua Moerman, Matteo Sammartino, Alexandra Silva, Bartek Klin, Michal
Szynwelski. Learning Nominal Automata.

Bart Jacobs, Alexandra Silva. Automata Learning: A Categorical
Perspective.
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1 S E <+ {¢}
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14 return M (S, F)
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2 repeat C e

3 while (S, E) is not closed or not consistent range over infinite sets
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13 until the Teacher replies yes to the conjecture M (S, F).

14 return M(S, E) but an infinite S is necessary

1(P1) the sets S, S‘A and E admit a finite representation up to .'
| permutations;
1(P2) row is such that row(mi(s))((e)) = row(s)(e), forallse Sand e e E. |
Observation table admits a finite symbolic representation. i
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6 S < SUorb(sa)
9" FE < EUorb(ae)
12" FE <« E Uprefixes(orb(t))

only 3 lines changed!

not really... all definitions have to be adapted
to nominal/equivariant.

Correctness, termination, ... have to be re-proved!



Nominal L~

not really.

Correctnes
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Categorical glasses

(S, E,ro Inisoasisloalelideapamaniataenn S € S
such that Pretty . but is it useful?

(S, E, row) is consistent if whenever s, s> € S are such that
row(si) = row(sp), for all a € A, row(sya) = row(s.a).
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The power of abstraction

Learning weighted automata = vector spaces
2014, Jacobs&Silva

Learning NFAs = join semi lattices
2009, Bollig, Habermenhl, Kern, Leucker - Angluin-style learning for NFA

Learning product automata = products
Implicitly done by Rivest, Schapire (diversity based learning)

All of these only work for ordinary alphabets
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Correctness was easy
Brings almost nothing new to the table

Easy to implement variations
For example, different counter example analysis

Works for any symmetry Aut(M) for any w-categorical model M
For example homogeneous structures: (N, =), (Q, <), (R, ad)), ...
Needed for products to be orbit-finite
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Implementation was not easy
(Partly because the library for nominal computation was young)

Implementation is not efficient

No concrete communication with teacher yet
(But theoretically possible)
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Implementation was not easy
(Partly because the library for nominal computation was young)

Implementation is not efficient

No concrete communication with teacher yet
(But theoretically possible)

Abstraction is guidance but there is no free lunch!




Future Work

{ Implementation ;

Succinctness |

t Other symmetries |

R | Verification |
t Other tools | s



Conclusions

simple is

beautiful.




