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Slides are a visual medium
Build slide visuals incrementally  

Use smooth animations to clarify transitions 
Do not forget about the focus of each slide

A slide does not have to be full

Reveal bullet points one at a time
Add text to be read later

C&P text directly from the paper
Be too precise 



L* - algorithm          [Angluin’87]  
L? LEARNER

1 S,E  {✏}
2 repeat

3 while (S,E) is not closed or not consistent
4 if (S,E) is not closed
5 find s1 2 S, a 2 A such that

row(s1a) 6= row(s), for all s 2 S
6 S  S [ {s1a}
7 if (S,E) is not consistent
8 find s1, s2 2 S, a 2 A, and e 2 E such that

row(s1) = row(s2) and L(s1ae) 6= L(s2ae)
9 E  E [ {ae}

10 Make the conjecture M(S,E)
11 if the Teacher replies no, with a counter-example t
12 S  S [ prefixes(t)
13 until the Teacher replies yes to the conjecture M(S,E).
14 return M(S,E)

Figure 1. Angluin’s algorithm for deterministic finite automata [3]

2. Overview of the approach

In this section, we give an overview of the work developed in the
paper through examples. We will start by explaining the original
algorithm for regular languages over finite alphabets, and then
explain the challenges in extending it to nominal languages.

Angluin’s algorithm L? provides a procedure to learn the minimal
DFA accepting a certain (unknown) language L. The algorithm has
access to a teacher which answers two types of queries:
• membership queries, consisting of a single word w 2 A?, to

which the teacher will reply whether w 2 L or not;
• equivalence queries, consisting of a hypothesis DFA H , to

which the teacher replies yes if L(H) = L, and no otherwise,
providing a counterexample w 2 L(H)4L (4 denotes the
symmetric difference of two languages).

The learning algorithm works by incrementally building an observa-
tion table, which at each stage contains partial information about the
language L. The algorithm is able to fill the table with membership
queries. As an example, and to set notation, consider the following
table (over A = {a, b}).

E

✏ a aa

S
[

S·A

2

4
✏ 0 0 1

a 0 1 0
b 0 0 0

S,E ✓ A?

row : S [ S·A! 2E

row(u)(v) = 1 () uv 2 L

This table indicates that L contains at least aa and definitely
does not contain the words ✏, a, b, ba, baa, aaa. Since row is fully
determined by the language L, we will from now on refer to an
observation table as a pair (S,E), leaving the language L implicit.

Given an observation table (S,E) one can construct a determin-
istic automaton M(S,E) = (Q, q0, �, F ) where
• Q = {row(s) | s 2 S} is a finite set of states;
• F = {row(s) | s 2 S, row(s)(✏) = 1} ✓ Q is the set of final

states;
• q0 = row(✏) is the initial state;
• � : Q ⇥ A ! Q is the transition function given by
�(row(s), a) = row(sa).

For this to be well-defined, we need to have ✏ 2 S (for the initial
state) and ✏ 2 E (for final states), and for the transition function

there are two crucial properties of the table that need to hold:
closedness and consistency. An observation table (S,E) is closed if
for all t 2 S·A there exists an s 2 S such that row(t) = row(s).
An observation table (S,E) is consistent if, whenever s1 and s2
are elements of S such that row(s1) = row(s2), for all a 2 A,
row(s1a) = row(s2a). Each time the algorithm constructs an
automaton, it poses an equivalence query to the teacher. It terminates
when the answer is yes, otherwise it extends the table with the
counterexample provided.

2.1 Simple example of execution

Angluin’s algorithm is displayed in Figure 1. Throughout this
section, we will consider the language(s)

Ln = {ww | w 2 A?, |w| = n}
If the alphabet A is finite then Ln is regular for any n 2 N, and
there is a finite DFA accepting it.

The language L1 = {aa, bb} looks trivial, but the minimal DFA
recognizing it has as many as 5 states. Angluin’s algorithm will
terminate in (at most) 5 steps. We illustrate some relevant ones.

Step 1. We start from S,E = {✏}, and we fill the entries of the
table below by asking membership queries for ✏, a and b. The table
is closed and consistent, so we construct the hypothesis A1.

✏

✏ 0

a 0
b 0

A1 = q0 a/b

q0 = row(✏) = {✏ 7! 0}

The Teacher replies no and gives the counterexample aa, which is in
L1 but it is not accepted by A1. Therefore, line 12 of the algorithm
is triggered and we set S  S [ {a, aa}.

Step 2. The table becomes the one on the left below. It is closed,
but not consistent: rows ✏ and a are identical, but appending a leads
to different rows, as depicted. Therefore, line 9 is triggered and an
extra column a, highlighted in red, is added. The new table is closed
and consistent and a new hypothesis A2 is constructed.

✏
✏ 0
a 0
aa 1
b 0
ab 0
aaa 0
aab 0

✏ a
✏ 0 0
a 0 1
aa 1 0
b 0 0
ab 0 0
aaa 0 0
aab 0 0

A2 =

q0 q1

q2

b

a

a

a

a

The Teacher again replies no and gives the counterexample bb,
which should be accepted by A2 but it is not. Therefore we put
S  S [ {b, bb}.

Step 3. The new table is the one on the left. It is closed, but ✏ and
b violate consistency, when b is appended. Therefore we add the
column b and we get the table on the right, which is closed and
consistent. The new hypothesis is A3.

2 2016/8/31



L* - algorithm          

Teacher

Minimal DFA
build a model

L
<latexit sha1_base64="qJESBg9ds+PIqenDQPrQCnXa3YU=">AAACGnicbVC7SgNBFJ2Nr7i+opZaDAbBKuzGQhsxaGNhEcE8IFnC7ORGB2cfzNyVhGUbv8POxlY/wUbEVhC/wN9w8ih8HbhwOOe+OH4shUbH+bByU9Mzs3P5eXthcWl5pbC6VtdRojjUeCQj1fSZBilCqKFACc1YAQt8CQ3/6njoN65BaRGF5ziIwQvYRSh6gjM0Uqew2Ubo42hP6ssEsrQdMLzkTNLTrFMoOiVnBPqXuBNSPHy2D+K7d7vaKXy2uxFPAgiRS6Z1y3Vi9FKmUHAJmd1ONMSMX7ELaBkasgC0l46uZ3TbKF3ai5SpEOlI/T6RskDrQeCbzuGL+rc3FP/zWgn29r1UhHGCEPLxoV4iKUZ0GAntCgUc5cAQxpUwv1J+yRTjaIL7sYlJ6aX9QWabZNzfOfwl9XLJ3S2Vz5xi5YiMkScbZIvsEJfskQo5IVVSI5zckHvyQB6tW+vJerFex605azKzTn7AevsC+CSlVQ==</latexit>

LearnerL
<latexit sha1_base64="qJESBg9ds+PIqenDQPrQCnXa3YU=">AAACGnicbVC7SgNBFJ2Nr7i+opZaDAbBKuzGQhsxaGNhEcE8IFnC7ORGB2cfzNyVhGUbv8POxlY/wUbEVhC/wN9w8ih8HbhwOOe+OH4shUbH+bByU9Mzs3P5eXthcWl5pbC6VtdRojjUeCQj1fSZBilCqKFACc1YAQt8CQ3/6njoN65BaRGF5ziIwQvYRSh6gjM0Uqew2Ubo42hP6ssEsrQdMLzkTNLTrFMoOiVnBPqXuBNSPHy2D+K7d7vaKXy2uxFPAgiRS6Z1y3Vi9FKmUHAJmd1ONMSMX7ELaBkasgC0l46uZ3TbKF3ai5SpEOlI/T6RskDrQeCbzuGL+rc3FP/zWgn29r1UhHGCEPLxoV4iKUZ0GAntCgUc5cAQxpUwv1J+yRTjaIL7sYlJ6aX9QWabZNzfOfwl9XLJ3S2Vz5xi5YiMkScbZIvsEJfskQo5IVVSI5zckHvyQB6tW+vJerFex605azKzTn7AevsC+CSlVQ==</latexit>

[Angluin’87]  



L* - algorithm          

Teacher

Minimal DFA
build a model

Q: w � L?

A: Y/N

Membership query

L
<latexit sha1_base64="qJESBg9ds+PIqenDQPrQCnXa3YU=">AAACGnicbVC7SgNBFJ2Nr7i+opZaDAbBKuzGQhsxaGNhEcE8IFnC7ORGB2cfzNyVhGUbv8POxlY/wUbEVhC/wN9w8ih8HbhwOOe+OH4shUbH+bByU9Mzs3P5eXthcWl5pbC6VtdRojjUeCQj1fSZBilCqKFACc1YAQt8CQ3/6njoN65BaRGF5ziIwQvYRSh6gjM0Uqew2Ubo42hP6ssEsrQdMLzkTNLTrFMoOiVnBPqXuBNSPHy2D+K7d7vaKXy2uxFPAgiRS6Z1y3Vi9FKmUHAJmd1ONMSMX7ELaBkasgC0l46uZ3TbKF3ai5SpEOlI/T6RskDrQeCbzuGL+rc3FP/zWgn29r1UhHGCEPLxoV4iKUZ0GAntCgUc5cAQxpUwv1J+yRTjaIL7sYlJ6aX9QWabZNzfOfwl9XLJ3S2Vz5xi5YiMkScbZIvsEJfskQo5IVVSI5zckHvyQB6tW+vJerFex605azKzTn7AevsC+CSlVQ==</latexit>

LearnerL
<latexit sha1_base64="qJESBg9ds+PIqenDQPrQCnXa3YU=">AAACGnicbVC7SgNBFJ2Nr7i+opZaDAbBKuzGQhsxaGNhEcE8IFnC7ORGB2cfzNyVhGUbv8POxlY/wUbEVhC/wN9w8ih8HbhwOOe+OH4shUbH+bByU9Mzs3P5eXthcWl5pbC6VtdRojjUeCQj1fSZBilCqKFACc1YAQt8CQ3/6njoN65BaRGF5ziIwQvYRSh6gjM0Uqew2Ubo42hP6ssEsrQdMLzkTNLTrFMoOiVnBPqXuBNSPHy2D+K7d7vaKXy2uxFPAgiRS6Z1y3Vi9FKmUHAJmd1ONMSMX7ELaBkasgC0l46uZ3TbKF3ai5SpEOlI/T6RskDrQeCbzuGL+rc3FP/zWgn29r1UhHGCEPLxoV4iKUZ0GAntCgUc5cAQxpUwv1J+yRTjaIL7sYlJ6aX9QWabZNzfOfwl9XLJ3S2Vz5xi5YiMkScbZIvsEJfskQo5IVVSI5zckHvyQB6tW+vJerFex605azKzTn7AevsC+CSlVQ==</latexit>

[Angluin’87]  



L* - algorithm          

Teacher

Minimal DFA
build a model

Q: w � L?

A: Y/N

Membership query

L
<latexit sha1_base64="qJESBg9ds+PIqenDQPrQCnXa3YU=">AAACGnicbVC7SgNBFJ2Nr7i+opZaDAbBKuzGQhsxaGNhEcE8IFnC7ORGB2cfzNyVhGUbv8POxlY/wUbEVhC/wN9w8ih8HbhwOOe+OH4shUbH+bByU9Mzs3P5eXthcWl5pbC6VtdRojjUeCQj1fSZBilCqKFACc1YAQt8CQ3/6njoN65BaRGF5ziIwQvYRSh6gjM0Uqew2Ubo42hP6ssEsrQdMLzkTNLTrFMoOiVnBPqXuBNSPHy2D+K7d7vaKXy2uxFPAgiRS6Z1y3Vi9FKmUHAJmd1ONMSMX7ELaBkasgC0l46uZ3TbKF3ai5SpEOlI/T6RskDrQeCbzuGL+rc3FP/zWgn29r1UhHGCEPLxoV4iKUZ0GAntCgUc5cAQxpUwv1J+yRTjaIL7sYlJ6aX9QWabZNzfOfwl9XLJ3S2Vz5xi5YiMkScbZIvsEJfskQo5IVVSI5zckHvyQB6tW+vJerFex605azKzTn7AevsC+CSlVQ==</latexit>

A: Y / N 
+ 

L(H) = L?Q:
Equivalence query

LearnerL
<latexit sha1_base64="qJESBg9ds+PIqenDQPrQCnXa3YU=">AAACGnicbVC7SgNBFJ2Nr7i+opZaDAbBKuzGQhsxaGNhEcE8IFnC7ORGB2cfzNyVhGUbv8POxlY/wUbEVhC/wN9w8ih8HbhwOOe+OH4shUbH+bByU9Mzs3P5eXthcWl5pbC6VtdRojjUeCQj1fSZBilCqKFACc1YAQt8CQ3/6njoN65BaRGF5ziIwQvYRSh6gjM0Uqew2Ubo42hP6ssEsrQdMLzkTNLTrFMoOiVnBPqXuBNSPHy2D+K7d7vaKXy2uxFPAgiRS6Z1y3Vi9FKmUHAJmd1ONMSMX7ELaBkasgC0l46uZ3TbKF3ai5SpEOlI/T6RskDrQeCbzuGL+rc3FP/zWgn29r1UhHGCEPLxoV4iKUZ0GAntCgUc5cAQxpUwv1J+yRTjaIL7sYlJ6aX9QWabZNzfOfwl9XLJ3S2Vz5xi5YiMkScbZIvsEJfskQo5IVVSI5zckHvyQB6tW+vJerFex605azKzTn7AevsC+CSlVQ==</latexit>

[Angluin’87]  



L* - algorithm          

Teacher

Minimal DFA
build a model

Q: w � L?

A: Y/N

Membership query

L
<latexit sha1_base64="qJESBg9ds+PIqenDQPrQCnXa3YU=">AAACGnicbVC7SgNBFJ2Nr7i+opZaDAbBKuzGQhsxaGNhEcE8IFnC7ORGB2cfzNyVhGUbv8POxlY/wUbEVhC/wN9w8ih8HbhwOOe+OH4shUbH+bByU9Mzs3P5eXthcWl5pbC6VtdRojjUeCQj1fSZBilCqKFACc1YAQt8CQ3/6njoN65BaRGF5ziIwQvYRSh6gjM0Uqew2Ubo42hP6ssEsrQdMLzkTNLTrFMoOiVnBPqXuBNSPHy2D+K7d7vaKXy2uxFPAgiRS6Z1y3Vi9FKmUHAJmd1ONMSMX7ELaBkasgC0l46uZ3TbKF3ai5SpEOlI/T6RskDrQeCbzuGL+rc3FP/zWgn29r1UhHGCEPLxoV4iKUZ0GAntCgUc5cAQxpUwv1J+yRTjaIL7sYlJ6aX9QWabZNzfOfwl9XLJ3S2Vz5xi5YiMkScbZIvsEJfskQo5IVVSI5zckHvyQB6tW+vJerFex605azKzTn7AevsC+CSlVQ==</latexit>

A: Y / N 
+ 

L(H) = L?Q:
Equivalence query

LearnerL
<latexit sha1_base64="qJESBg9ds+PIqenDQPrQCnXa3YU=">AAACGnicbVC7SgNBFJ2Nr7i+opZaDAbBKuzGQhsxaGNhEcE8IFnC7ORGB2cfzNyVhGUbv8POxlY/wUbEVhC/wN9w8ih8HbhwOOe+OH4shUbH+bByU9Mzs3P5eXthcWl5pbC6VtdRojjUeCQj1fSZBilCqKFACc1YAQt8CQ3/6njoN65BaRGF5ziIwQvYRSh6gjM0Uqew2Ubo42hP6ssEsrQdMLzkTNLTrFMoOiVnBPqXuBNSPHy2D+K7d7vaKXy2uxFPAgiRS6Z1y3Vi9FKmUHAJmd1ONMSMX7ELaBkasgC0l46uZ3TbKF3ai5SpEOlI/T6RskDrQeCbzuGL+rc3FP/zWgn29r1UhHGCEPLxoV4iKUZ0GAntCgUc5cAQxpUwv1J+yRTjaIL7sYlJ6aX9QWabZNzfOfwl9XLJ3S2Vz5xi5YiMkScbZIvsEJfskQo5IVVSI5zckHvyQB6tW+vJerFex605azKzTn7AevsC+CSlVQ==</latexit>

Observation table

[Angluin’87]  



L* - algorithm          

Teacher

Minimal DFA
build a model

Q: w � L?

A: Y/N

Membership query

L
<latexit sha1_base64="qJESBg9ds+PIqenDQPrQCnXa3YU=">AAACGnicbVC7SgNBFJ2Nr7i+opZaDAbBKuzGQhsxaGNhEcE8IFnC7ORGB2cfzNyVhGUbv8POxlY/wUbEVhC/wN9w8ih8HbhwOOe+OH4shUbH+bByU9Mzs3P5eXthcWl5pbC6VtdRojjUeCQj1fSZBilCqKFACc1YAQt8CQ3/6njoN65BaRGF5ziIwQvYRSh6gjM0Uqew2Ubo42hP6ssEsrQdMLzkTNLTrFMoOiVnBPqXuBNSPHy2D+K7d7vaKXy2uxFPAgiRS6Z1y3Vi9FKmUHAJmd1ONMSMX7ELaBkasgC0l46uZ3TbKF3ai5SpEOlI/T6RskDrQeCbzuGL+rc3FP/zWgn29r1UhHGCEPLxoV4iKUZ0GAntCgUc5cAQxpUwv1J+yRTjaIL7sYlJ6aX9QWabZNzfOfwl9XLJ3S2Vz5xi5YiMkScbZIvsEJfskQo5IVVSI5zckHvyQB6tW+vJerFex605azKzTn7AevsC+CSlVQ==</latexit>

A: Y / N 
+ 

L(H) = L?Q:
Equivalence query

LearnerL
<latexit sha1_base64="qJESBg9ds+PIqenDQPrQCnXa3YU=">AAACGnicbVC7SgNBFJ2Nr7i+opZaDAbBKuzGQhsxaGNhEcE8IFnC7ORGB2cfzNyVhGUbv8POxlY/wUbEVhC/wN9w8ih8HbhwOOe+OH4shUbH+bByU9Mzs3P5eXthcWl5pbC6VtdRojjUeCQj1fSZBilCqKFACc1YAQt8CQ3/6njoN65BaRGF5ziIwQvYRSh6gjM0Uqew2Ubo42hP6ssEsrQdMLzkTNLTrFMoOiVnBPqXuBNSPHy2D+K7d7vaKXy2uxFPAgiRS6Z1y3Vi9FKmUHAJmd1ONMSMX7ELaBkasgC0l46uZ3TbKF3ai5SpEOlI/T6RskDrQeCbzuGL+rc3FP/zWgn29r1UhHGCEPLxoV4iKUZ0GAntCgUc5cAQxpUwv1J+yRTjaIL7sYlJ6aX9QWabZNzfOfwl9XLJ3S2Vz5xi5YiMkScbZIvsEJfskQo5IVVSI5zckHvyQB6tW+vJerFex605azKzTn7AevsC+CSlVQ==</latexit>

Observation table

[Angluin’87]  



Slides are a visual medium

(h/t Ranjit Jhala, “How to Design Talks”)

Make the 
focus obvious!



Slides are a visual medium



Slides are a visual medium





Change the focus as needed!



Context



Context

=/=



Context

=/=



Context

=/=

Potentially broader audience
Target audience

vs



Summary



Summary

Speaker Slides Context







Same Ingredients = Many recipes = Personal 
preference




