DFAs are useful—they’re everywhere!
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Biomolecular logic devices can be applied for sensing and nano- A npuss Automaton
medicine. We built three DNA tweezers that are activated by B ﬂ
the inputs H" /OH—; Hg?" /cysteine; nucleic acid linker/complemen- Y on Il (==
tary antilinker to yield a 16-states finite-state automaton. The tinker

outputs of the automata are the configuration of the respective o
tweezers (opened or closed) determined by observing fluorescence L I::'. ﬂ
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Draw the DFA for L={Q1!}
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Deterministic Finite Automaton (DFA)

Has a finite alphabet (X) of valid symbols.

Has a finite set of states—one initial state and some accepting states.

Has a transition function.
Each configuration has exactly one transition. += f DHR's “configuration”

is its curren)’ s;’o\)'e omcl

Each transition consumes one input symbol. corrent in)ou3r Ssmbo\.

The machine can be in exactly one state at a time.

Given an input string, a DFA operates as follows:

The machine starts in the initial state.

The machine takes the only applicable transition (consuming an input
symbol) until it has read and responded to the entire input string. When
all the input is consumed, the machine halts.

The machine accepts only if it is in an accepting state.



What makes for a
“oood” DFA?
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Given a language L, can we
prove that a DFA for L requires
at least n states, for some n?



Let’s practice!

Show that the DFA for the following language requires at least 3 states:

L = {w | the length of w is divisible by 3}

A 1 11
A 11 1
1 1

11




Distinguishability

of two strings

Two strings w;, w2 are distinguishable if
there is some other string z such that

wl VA L and wZ < % L- ”cjishn\cﬁuis\\ing ex)’ension”

A \1 11
11

A and 1 are cliss'in\cjuisho\)o\e.



Pair-wise distinguishability

of a set of strings
A set of strings S = {wj, wo, ..., wn}is

pairwise distinguishable for a language L it
every pair of strings w; # wj is distinguishable.

A 1 11
A 11 1
1 1

The set {a,1,11} is
)oo\irooise Jis*inguis‘\o\)o\e.



Distinguishability theorem

If a set of strings S ={w;, wo, ..., wy}is
pairwise distinguishable for a language L,
then any DFA that accepts L must have

at least n states.

A 1 11
A 11 1
1 1

11

L = {w | w's length is divisible by 3}
ho\s o) VIR ooi)"h OA‘ \eo\s)' 3 ss'o\)‘es.






http://video.nationalgeographic.com/video/platypus_duckbill

Two unanswered questions

Given a language L...

What is the minimal number of states required for L's DFA?

Given the minimal number of states, how do we construct a correct DFA?



Wouldn’t this be great?

L={w]|wis 01 or the length of wis odd}




Wouldn’t this be great?

L={w|wis 010 or the length of w is even}

Uns’:eciPlecl con-Pn\c)uroA'ions

¥romsi¥ion Yo on Im licit

c‘e{)mecl, re\)ec)’in& s o‘)'e.

com)oqre )"O /Dm

“A transitions” don’t consume input, they just change state.
NFAs can be in more than one state at the same time.



Nondeterministic Finite Automaton (NFA)

Has a finite alphabet (X) of valid symbols.

Has a finite set of states—one initial state and some accepting states.

Has a transition relation. ;
Each configuration corresponds to transitions.

A-transitions change state but do not consume input.

All other transitions consume one input symbol. Uns,oecif’uecl conﬁgurdrions

The machine can be in multiple states at one time. Fransition Yo on implicit
cje{?mecl, re\')ec)'inﬁ s oA’e.

Given an input string, a DFA operates as follows:
The machine starts in the initial state.

The machine takes all applicable transitions until it has read and
responded to the entire input string. When all the input is consumed, the
machine halts.

The machine accepts only if it is in at least one accepting state.



Draw these NFAs

(1)L={w|wis 101 or w contains an odd number of 1s}

(2) L ={w | w starts with 1 and ends with either 00 or 01}

These are some examples you can try

Write test cases first!!l!
At least three strings accepted by the NFA.
At least three strings rejected by the NFA.



Draw these NFAs

(1)L={w|wis 101 or w contains an odd number of 1s}
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Write test cases first!!l!
At least three strings accepted by the NFA.
At least three strings rejected by the NFA.




Draw these NFAs

(2) L ={w | w starts with 1 and ends with either 00 or @1}
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cccccc
cccccc
cccccc
cccccc
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Write test cases first!!l!
At least three strings accepted by the NFA.
At least three strings rejected by the NFA.



