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Today's Topics

* Regex example:
« xkcd simplewriter

* FSA contd.
e formal definition
* Perl and Python implementations
* e-transitions
* single vs. multiple start states



xkcd:simplewriter

https://xkcd.com/simplewriter/

SimpPLE WRITER

X k C White Like AND

-

Putr Worbs HERe

Let me explain why this is a good idea. Writing simpler helps people understand complicated concepts.

\_

You Usep Some Less SimpLE WoRDS

complicated concepts



https://xkcd.com/simplewriter/
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xkcd:simplewriter
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xkcd:simplewriter

Put Worbps HERe

THE present book is intended, as far as possible, to give an exact insight into the theory
of Relativity to those readers who, from a general scientific and philosophical point of
view, are interested in the theory, but who are not conversant with the mathematical
apparatus of theoretical physics. The work presumes a standard of education corresponding
to that of a university matriculation examination, and, despite the shortness of the book,
a fair amount of patience and force of will on the part of the reader. The author has
spared himself no pains in his endeavour to present the main ideas in the simplest and most
intelligible form, and on the whole, in the sequence and connection in which they actually
originated.



xkcd:simplewriter

« grep -0 '|"'" words.js | wc -1
¢ 3633 (3634 words)

SWLNdOW.__WORDS = understandilngslunderstandinglconversationsldisappearinglinio_
rmations | grandmothers | grandfathers|questionings|conversation|information|appro
achinglunderstands | immediately|positioninglquestioninglgrandmother|travellings
|questioners|recognizinglrecognizers|televisions|remembering|rememberers|expre
ssions|discoveringldisappeared|interestinglgrandfather|straightest|controllers_
|controllinglconsidering|remembered|cigarettes|companyingl|completely|spreading
slconsidered|continuinglcontrolled|stationinglcontroller|straighter|stretching
Ibusinesses|somebodies|soldieringl counteringldarknesses|situations|directions|
disappears|younglings|suggestinglafternoons|breathings|distancinglscreeningsl|s_
choolings|especiallyleverythingleverywherel|explaininglexplainers|expression|br
anchings|revealings|repeatings|surprisinglrememberer|somewheres|television|the
mselves|recognizer|recognizes|recognized|belongings|finishings|travellinglques
tioner|beginnings|travelings|questioned|followings|pretendingl|forgettinglforge
tters|forwardinglpositioned|travellers|gatherings|perfectinglunderstand|unders
tood|weightings |approaches|of ficering|numberings|happeningsImentioninglletteri
ngs |husbanding | imaginings | approached|apartments |whisperingl|interested|discover
ed|spinnings|clearings|climbings|spendings|clothings|colorings|soundings|truck
ings | somewhere|troubling|companies | companied|beautiful | computers|confusinglcon
siders|travelers|younglinglcontinues|continued|traveller|travelinglyellowingla_
partment|beginninglwheelings|travelled|sometimes|something|appearinglcornering




Finite State Automata (FSA)

 L={a*b*}can be also be generated by the following FSA
Conventions (used here):

a
> >
b
1. > Indicates start state

2. Red circle indicates end (accepting) state
3. we accept a input string only when we’re in an
end state and we’re at the end of the string




Finite State Automata (FSA)

 L={a*b*}can be also be generated by the following FSA

o @

There is a natural correspondence between
components of the FSA and the regex defining L

Note:
L={a'b"}
L= {aa"bb"}




Finite State Automata (FSA)

 L={a*b*}can be also be generated by the following FSA

Note: multiple exiting
arrows, i.e. two paths,
but still deterministic!

deterministic FSA (DFSA)

no ambiguity about where to go at any given state
i.e. for each input symbol in the alphabet at any
given state, there is a unique “action” to take.

non-deterministic FSA (NDFSA)

no restriction on ambiguity (surprisingly, no increase in power)



Finite State Automata (FSA)

. more formally
« (Q,s,1,2,8)
set of states (Q): {s,x,y} must be a finite set
start state (s): s
end state(s) (f): y
alphabet (2): {a, b}
transition function &:

signature: character x state - state
5(a,s)=x
5(a,x)=x
5(b,x)=y
5(b,y)=y

s N e




Finite State Automata (FSA)

¢ In Perl We can simulate our 2D transition table using a hash table
transition function &: whose elements are themselves also hash tables
- 3(a,s)=x (anonymized; note: {. .} = hashes)
e 5(a,x)=x %transitiontable = (
_ s => {
8(bix)_y a == ||X||
« 3(by)=y },
X => {
Syntactic sugar for a = "x",
%transitiontable = ( b =>"y"
"S", { ||a||’ "X", }' }’
IIXII’ { Ilall' IIXII , Ilbll’ IIyII }’ y => {
IIyII ) { Ilbll , IIyII }’ b => IIyII
)i }
);
Example:

print "$transitiontable{s}{a}\n";



Finite State Automata (FSA)

* Given transition table encoded as a (nested) hash
* How to build a decider (Accept/Reject) in Perl?




Finite State Automata (FSA)

%stransitiontable = ( ° Example runs:

s =>{a = "x"}, « perl fsm.prl abab

x =>{a =>"x", b = "y"}, « Reject

y =>{b = "y"} « perl fsm.prl aaabb
); » Accept

$state = "s";
foreach $c (@ARGV) {

$state = $transitiontable{$state}{$c};
¥
if ($state eq "y") { print "Accept\n"; }
else { print "Reject\n" }




Finite State Automata (FSA)

* Per|l one-liner:

perl _'Le |0/°h:(S:>{a:>||xll}’X:>{a:>||xll’b:>||y||}’y:>{b:>||y||}); $S=IISII;
for $c (@ARGV) {$s=$h{$sr{$c}}; print "Accept" if $s eq "y"'



Finite State Automata (FSA)

* Perl one-liner examples:

gggksﬁkexgﬁh$é (5£ﬂ=§)x{ §§§ﬁi$§ {$c}? prlnf "Aégezt %%;
s eq "y"' a

'L 'L Io/Oh= — — 11 11 , — = II 11 1 ;
%ggga"ajngra$és(éiﬂGv) %sé$ﬁigs {$c}} p¥1%f "Aégezty %%

1%h=(s=>{a=>"x"},x=>{a=>"x",b=>"y"},y=>{b=>"y"}); $s="s"; (PARGV) {$s=$h{$s}{$c}}; i "Accept" i
'%h=(s=>{a=>"x"},x=>{a=>"x",b=>"y"},y=>{b=>"y"}); $s="s"; (PARGV) {$s=%h{$s}{$c}}; i "Accept" i

'%h=(s=>{a=>"x"},x=>{a=>"x",b=>"y"},y=>{b=>"y"}); $s="s"; (PARGV) {$s=$h{$s}{$c}}; i "Accept" i
'%h=(s=>{a=>"x"},x=>{a=>"x",b=>"y"},y=>{b=>"y"}); $s="s"; (PARGV) {$s=$h{$s}{$c}}; i "Accept" i
'%h=(s=>{a=>"x"},x=>{a=>"x",b=>"y"},y=>{b=>"y"}); $s="s"; (RARGV) {$s=%h{$s}{$c}}; i "Accept" i

‘%h=(s=>{a=>"x"}, x=>{a=>"x" , b=>"y"},y=>{b=>"y"}

); $s="s"; (PARGV) {$s=$h{$s}{$c}}; i "Accept" i
'%h=(s=>{a=>"x"},x=>{a=>"x",b=>"y"},y=>{b=>"y"}); $s="s"; (PARGV) {$s=$h{$s}{$c}}; i "Accept" i
)i

'%h=(s=>{a=>"x"},x=>{a=>"x",b=>"y"},y=>{b=>"y"} $s="s"; (PARGV) {$s=$h{$s}{$c}}; i "Accept" i




Finite State Automata (FSA)

function D-RECOGNIZE(1ape, imachine) returns accept or reject |
index— Beginning of tape th iS iS jUSt pSEUdO-COde
;:)c(:l/;'n{-.wu.'vv—Iniliu] state of machine not any real programming |a nguage
if End of input has been reached then but can be easily translated

if current-state is an accept state then
return accept
clse
return reject
elsif iransition-table fcurrent-siate, tapefindex ] | is empty then
return reject
else
current-siate — transition-tablefcurrent-state tape [index] |
index — index + |
end

137 AP]  An algorithm for deterministic recognition of FSAs. This algorithm returns ac-
cept 1f the entire string it is pointing at is in the language defined by the FSA, and reject if the
string is not in the language.



In Python

1# mimick Perl code

2import sys

3tt = {ISI: {Ia|:'x'}’ lxl: {IaI:|xI’ 'bl:lyl}’ IyI: {'bl:lyl}}
4state = 's’

5for input in sys.argv[1l:]:

6 x = tt[state]

7 if input in x: . .

8 state = x[input] 1. Python dictionary = Perl hash
9 else: 1. key:value
10 state = 'reject’ _
11 break 2. sys.argv = @ARGV
12if state == 'y': (but numbered from 1, not 0)
13 print "Accept 3. [1:] slices the command line
14else:

15 print "Reject"




In Python

1# using tuples (state,input) as keys

21import sys

3tt = { (lsl,la'):lxl, ('Xl"al):lxl’ (lxl"bi):lyl’ (lyl’lb'):lyl}
4state = 's'’

5for input in sys.argv[1l:]:

6 if (state,input) in tt:

7 state = tt[(state,input)]
8 else:

9 state = "'reject’

10 break

111if state == 'y':

12 print "Accept"

13else:

14 print "Reject"

* Python has a data
structure called a
tuple: (e,,..,e,)

* Note: Python lists
use [..]

* In Python, crucially
tuples (but not
lists) can also be
dictionary keys

Note: Many other ways of encoding FSA in Python,
e.g. using object-oriented programming (classes)

https://wiki.python.org/moin/FiniteStateMachine#FSA - Finite State Automation in Python



https://wiki.python.org/moin/FiniteStateMachine

Finite State Automata (FSA)

e Practical applications

e can be encoded and run efficiently on a computer

e widely used

— encode regular expressions (e.g. Perl regex)

— morphological analyzers
e Different word forms, e.g. want, wanted, unwanted (suffixation/prefixation)
e see chapter 3 of textbook

e speech recognizers
e Markov models
* =FSA + probabilities

e and much more ...



e-transitions

* jump from state to another state with the empty character
* g-transition (textbook) or A-transition
* noincrease in expressive power (meaning we could do without the e-transition)

qa,b .a!b,
€ b7‘ b
o«

5 what’s the equivalent without the e-transition?

e examples

20



e-transitions

* Can be used to help encode:
1. Multiple start states
2. Multiple end states

* Next time, we'll see:
* Then we can get rid of the e-transition (by construction)



Backreferences and FSA

* Deep question:
* why are backreferences impossible in FSA?

Example: Suppose you wanted a machine that accepted

/ (a+b+)\1/

One idea: link two copies of the machine together

Doesn’t work!
Why?




Backreferences and FSA

« fsa.perl Perl:

1%delta = ( * note line 10: next state is a

2 s={a = "x"}, function of previous state and
3 x={a ="x",b = "y"}, current symbol ONLY

" i;;{{ba = =>=>x§yz}.’}  ~#ofa'sandb'sin the two
TG e ’ halves don't have to match:
7$state = "s"; « perl fsa.perl aabba

8 . :

9foreach $c (split(//,@ARGV[@])) { Reject

10 $state = $delta{$state}{$c}; « perl fsa.perl aabbaaaabbbb
11} » Accept

ot , « perl fsa.perl aabbaaaab
13print (($state eq "y2") ? "Accept\n" : "Reject\n")

» Accept




Multiple start states

* Example: simulate this by using an e-transition:

* Multiple final states vs. a single state:
also same expressive power.

* Doesn't have to have any final states at
all:
L(machine) = {}

* What's the simplest possible FSA?




