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LEARNING REGULAR SETS
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Construct a DFA to accept all strings
over {a,b} which have an even

number of a's and an even number
of b's
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NOTATIONS

» U: Unknown language to be learnt
* A: Alphabet




OBSERVATION TABLE

S: Non-empty finite prefix-closed set of strings

E: Non-empty finite suffix-closed set of strings
T. Mapping from finite set of strings to {0,1}
(u) = 1 iff u belongs to U




Which of these sets are prefix-
closed?

» {1110, 10, 1}

» {011, 0, A, 11, 01}

» {110, 1, 0, A, 11}

» {0, A, 10, 010}



Which of these sets are suffix-
closed?

. {1110, 10, 1}

. {011, 0, A, 11, 01}

. {110, 1, 0, A, 11}

. {0, A, 10, 010}
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OBSERVATION TABLE

Rows: Elements of S U S.A

Columns: Elements of E

Entry in row s and column e contains T(s.e)
Initially S=E ={A}

row(s) denotes row of the table corresponding
tos



What Is row(a)? row(A)?

T | A
T
a |0
b | 0




TWO CRUCIAL PROPERTIES

« CLOSED: An observation table is closed if for
all t belonging to S.A, there exists an s
belonging to S such that row(t) = row(s)

« CONSISTENT: An observation table is
consistent if whenever s1, s2 (both belonging to
S) satisfy row(sl) = row(s2), then for all a
belonging to A, row(sl.a) = row(s2.a)



|s this closed?




|s this closed?



|s this closed?
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|s this closed?



Is this consistent?

1 » o Ja o laa  Jaaa
» oy o Jo
o fo fr Jo  Jo



Is this consistent?



Is this consistent?
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Is this consistent?



|s this closed? Is It consistent?

T | A
T
a |0
b | 0




The DFA

» Construct a DFA M(S, E, T) corresponding to
closed and consistent table.

* Alphabet A

e State set Q

* |nitial state g0

» Accepting state set F
* Transition function o



() = {row(s): s € 5}
(o = TOW ()m)

F={row(s): se 5T(s)=1}

d(row(s),a) = row(s - a)



Algorithm L~

—

Initialize S and I to {A}.
Ask membership queries for A and a, Va € A.
Construct the initial observation table (S, F,T').
Repeat:
While (S, I/, T') is not closed or not consistent:
If (S,F,7T) is not -::n::nnaiatent
find 51,82 € S, a € 4 ¢ € IV such that row(s;) = row(ssa)
and T(sl ca-e) ZT(sy-a-e),
add a- e to I,
extend T to (S U S - A)- E using membership queries.
If (S,E,T) is 11-:::1: closed,
find sy € S5, a E A such that row( a) # row(s)Vs € S,
add s, - a to S,
extend T to (S U S - A)- I using membership queries.
Perform an equivalence query with M = M(S, I, 1T").
If answer is “no” with counterexample ¢,
add t and its prefixes to S5,
extend T to (S U S - A)- E using membership queries.
Until answer is “yves” from equivalence query.
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Assume counterexample = bb
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Let counterexample = abb

15 Al oa
A 110
a 0|1
b O] 0
bb 1 [0
ab 0|0
abb 0|1
ada 110
ba O] 0
bba 0|1
bbb 0] 0
aba 0|0
abba | 1 | 0
abbb | 0 | 0
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Algorithm L~

-

Initialize S and E to {A}.
Ask membership queries for A and a, Va € A.
Construct the initial observation table (S, £, 7).
Repeat:
While (S, E,T') is not closed or not consistent:
If (5,F,7T) is not consistent,
find 51,80 € S, a € A ¢ € I such that row(s;) = row(ss)
and T'(sy-a-¢e) # T (sy-a-¢e),
add a - e to E,
extend T to (S U S - A)- F using membership queries.
If (5,£,7T) is not closed,
find s € S,a € A such that row(s; - a) # row(s)Vs € S,
add s; -a to S5,
extend T to (S U S - A)- F using membership queries.
Perform an equivalence query with M = M (S, F,T).
If answer is “no” with counterexample {,
add ¢ and its prefixes to S,
extend T to (S U S - A)- I using membership queries.
Until answer is “ves” from equivalence query.



Construct a DFA to accept all binary
strings divisible by 3
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