
HISTORY DETERMINISM

Lecture 1:Introduction toHistory - determinism through examples

Reference:When a little non-determinism goes a long way:
An introduction to history - determinism

Udi Boker & Karolina Lehtinen

ACM Siglog News, Volume co, Issue
1

(2023)

an for the lecture:
-

- Example 1

-Example 2

-Example 3

- Example 4

-

Why is HDinteresting?Whatquestions can one ask about

HD automata?

gested leading:Introduction of the reference given above



Example1:From Karolina's talk titled the same as the

ACM Siglog paper

Consider these two automata:

:-

As: ->⑧
a,b

*tance ation:Both transitions should be of the

same colour

language ofboth automata:Saa, ab, ba,by 3

- Both the automata are non-deterministic. In do, the
non-determinism appears at 91, whereas in do, it

appears in 90.

- In so the non-determinism at 9, can be resolved as

foIIONS:

- If word read so far is 'a, take the blue transition.

Else, take the red

This strategy toresolve non-determinism gives accepting runs on

all the words in the language.



- In do, the non-determinism depends on the "future"

- ifthe second letter is guessed tobe al, take the

blue transition

- else take the red transition

Automaton do is said tobe history-deterministic.

* Intuitively, non-determinism in an HD automaton can be

resolved by looking at the past alone.



ple2:

Consider the following automaton over infinite words.

fa,b
A:+8-

coBrchiacceptance:eventually run should remain in 91.

- 1. What is the language of AI?

- words withfinitely many b

- thatis, (a +b)
*aw

-2. Is Al deterministic?

- No. Atgo, on athere are two possible choices.

- 3. How many accepting runs are possible on the word aw?

-

Infinitely many. Can go from go toaafter the ithal,

for
any

i

Consider a differentautomatoraccepting the same language:

A, 19,6
CoBichi acceptance:eventually run- should remain at91

A, is also non-deterministic. However, here is a strategy to get
an accepting run for words in the language.

At go, onal, always go
to9,



- 1 Will this strategy give an accepting run for words in the language?

Yes. In
any word in the language, there will be a

trailing a suffix. Here the sun remains atqu

-2. Will the strategy make a word notin the language getaccepted?

No! The strategy only carves a specific men among
all

possible runs. For words thatare rejected, all runs

are rejecting.

We say thatautomaton & is HD.

Note: Automaton , is not HD. Later in the course, we will see

how toidentify HD automata.

We will see that, is not up. We cannot find

such a resolver' for al



Example3:

-
As:

,-⑮
r G

.... -
->9
-

..XM

aT -
-a

L

·
- Dotted transitions are rejecting
-coBuchiacceptance condition:eventually, no rejecting transitions

should appear in the run

Language ofA2: Cab + aal*(aw+(ab)")

- He is non-deterministic. Non-determinism
appears only atstate 90.

Here is a resolver for 2:

- at90 alternate between 9, and qu

Exercise:show that this resolver yields an accepting my for
-

every word in the language.

This resolver is a witness thatHe is HD.



amperconsider
a context-free languagein

13 =3 a "$a$$$$ (R :or k=jS

This language cannotbe accepted by an deterministic pushdown automator.

Here is a non-deterministic PDAfor ↳3:

opens
ag
-8

b I pop
a

- The automaton firstpushes all as ontothe stack

- At92 itnon-deterministically chooses to compare
the be

Witheither i (by going topil or j (by going
top23

Here is a resolver for this automation:

-

at92, go tops it isj, else
gotopa

This preserves the language.
The above resolver is a witness tothe

automaton being history-deterministic.



Why is HDinteresting?

-Non-deterministic automata are more succinct, whereas deterministic automata

are better for algorithmic reasoning, withmore efficient algorithms.

History-determinism aims to extractsome of the best from both worlds.

- In some contexts. Asis more expressive than deterministic automata.

- Sometimes, HD does notadd expressive power,
but is exponentially

more succinct.

- HD automata are also well suited for solving game with

w-regular winning conditions (next lecture)

- For some models, HD automata give 'decidable inclusion' whereal

language inclusion is undecidable withnon-deterministic automata

Whatquestions can one askabouthistory determinism?

In thiscourse we will focus on w-automata (coBuchi, Brchi, parity)

- When are HD automata more expressive?

- When are they succinct?

- How toidentifyHD automata?


