Hamming's problem

e his an “Ordered Set”
e 1 eh

e Xeh=2%Xeh,3%eh, 5 € h.

e generate all elements of h < limit
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Let’s solve it

1. Write a test
2. make the test run green

3. clean up the code

= remove any duplication

4. repeat until done
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CS410/510 Advanced Programming
Lecture 7:

Regular Expressions in Smalltalk
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Just Like Haskell

data RE
= Empty
| Union RE RE
| Concat RE RE
| Stor RE
| C Chaor

inztance Show RE where

zhow Empty = "#"

show (C x) = [x]

show (Union = v} = "{"++eshowl ges"+"++showl e "
where showld {Union x ¥) = show x++"+"++showl v

showll x = show x

show {Concat x v¥) = show x++show v

show {Star (=@(Concat _ _3)) = "("++show x+s" E"

show (Star (=@(Union _ _300 = "{"++show xes" "

show (Star x) = show x++"*"

PORTLAND STATE
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Just Like Haskell

data RE
= Empty
| Union RE RE
| Concat RE RE
| Stor RE
| C Chaor

instance Show RE where
show Empty = "#"
show {C %) = [%]
show (Union = ) = "¢"+eshowl xe+"+"++3he
where showld {Union x ¥} = show x++"+"+4
showl x = show x

show {Concat x v¥) = show x++show v

show {Star (x@(Concat _ _3)) = "{"++show
show {Star (=@(Union _ _30) = "{"++show o
show (Star x) = show x++"*"
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(XIE

ConiniectorsBazicDiztro-In: @
CE510ap-RegularExpreszi &

Datidelion-utils
Dandeliofni-exceptions
Datideliotni-event
Dandelion-introzspector
Dandelioni-analveiz-ztors
Dandelion-introspect-air:
Dandelion-analveaiz-ztrat
Datidelion-resolve-ztrate:
Dandelioni-analvzable

T e e A1 - a [ T

a4 '

oo

browrze zetiders

setleft: FE! right: BE=2
left := ELI.
right = REZ.
+ zelf

RB: REConcat

ol -—- all —-
Al private
printing

EEChar

EEConicat

REEmptv

EEStar

EEUnion
EegularExprezzion
EegularExprezsionTest

a4 »

ifnztance 7 clazs

im gl VEra inher hier

4 printO;
Al zetleftiright:




Just Like Has

data FE
Empty
Union RE RE

I
| Concat RE RE <
| Stor RE
| C Chaor
instance Show RE where

show Empty = "#"

show {C %) = [%]

show (Union = ) = "¢"+eshowl xe+"+"++3he

where showld {Union x ¥} = show x++"+"+4
showl x = show x

show {Concat x v¥) = show x++show v

show {Star (x@(Concat _ _3)) = "{"++show
show {Star (=@(Union _ _30) = "{"++show o
show (Star x) = show x++"*"
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(XIE

ConniectorzBasicDiztro-In @
CE510ap-RegularExpreszi &
Datidelion-utils
Dandeliofni-exceptions
Datideliotni-event
Dandelion-introzspector
Dandelioni-analveiz-ztors
Dandelion-introspect-air:
Dandelion-analveaiz-ztrat
Datidelion-resolve-ztrate:
Dandelion-analvezable

T e e A1 - a

a4

ooofho oo an

browrze zetiders

setleft: FE! right: BE=2
left := ELI.
right = REZ.
+ zelf

RB: REConcat

ol -—- all —-
Al private
printing

EEChar
EEConicat
REEmptv
EEStar
EEUnion
EegularExprezzion
EegularExprezsionTest

K | =

ifnztance 7 clazs

im gl VEra inher hier

4 printO;

Al zetLeftiright:

iVar

cWVar

T

S0UrCe

a
Y




Write Tests

=] RB: RegularExpressionTests Lallfe)
CotinectorsBazicDiztro-It® REChar - all - o 2etUp L
CSS10ap-FegularExpressi 4| REConcat & Tests & targetClass Al
Dafidelion-utils REEmpty initializes/releasze teztPrinting
Danidelion-exceptions REStar

Dandelion-event EEUnion

Danidelion-ifitrospector RegularExptession

Dandelion-analyziz-stora | EegularExpreszsionTest

Danidelion-ifitrospect-strs

Danidelion-atialyaiz-atrat v

Dandelion-resolve-sirate: o o |

Danidelion-atialveable } I 5 I 1

a4 I - inztance : clazs C |

browze | senders | impl | werz | inher hier | iVar | cWVar |snurce|
L
A

=1l
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Write Tests

X E RB: RegularExpressionTests e
ConiniectorsBasicDiztro-In® REChar 4 - all -- 4 zetlp s
CESl0ap-EegularExptessi & REConcat & Testz & targetClass -
Datideliofi-utils REEmptv initializesreleaze teztPrinting
Dandelioti-exceptions EEStar

Dandeliofhi-event EEUnion

Danidelioti-inittrospestor EegularExpteszion 1 R u n te StS

Dandelioti-atialveiz-ztore EegularExptreszionTest
Datidelioti-inittrospect-air:
Danidelioti-atialveziz-zirat

Dandeliofi-resolve-strate: 414 - ' 2 t t
Dandeliof- 1 bl g
;Einemn v v | instance | 7 | class . ge message no

browsae zeniders impl vers inhet hier iVar cWar I0UCe u n d e rStO O d

4

setlp
super etlp, .
epsilon := REEmpty. 3. define method
a := REChar with: fa.
b = REChar with: ft.
alPt := BEEDnion with: a with: b,

ab = REConcat with: a with: b. 4 repeat fI’Om 1

abStar = PEStar with: ab

19. get real failure

PORTLAND STATE 5
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Write Tests

=] RB: RegularExpressionTests Lallfe)
CotinectorsBazicDiztro-It® REChar - all - o 2etUp L
CSS10ap-FegularExpressi 4| REConcat & Tests & targetClass Al
Dafidelion-utils REEmpty initializes/releasze teztPrinting
Danidelion-exceptions REStar

Dandelion-event EEUnion

Danidelion-ifitrospector RegularExptession

Dandelion-analyziz-stora | EegularExpreszsionTest

Danidelion-ifitrospect-strs

Danidelion-atialyaiz-atrat v

Dandelion-resolve-sirate: o o |

Danidelion-atialveable } I 5 I 1

a4 I - inztance : clazs C |

browze | senders | impl | werz | inher hier | iVar | cWVar |snurce|
L
A

=1l
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Write

Tests

=] RB: RegularExpressionTests m0o
ContiectorsBasicDiztro-In® REChar W - all -- o zetlp L]
CSSl0ap-EegularExpreszi 4 REConcat & Tests & targetClass Al
Dafidelion-utils REEmpty ifiitialize/releaze teztPrinting
Danidelion-exceptions REStar

Dandelion-event EEUnion

Danidelion-ifitrospector RegularExptession

Dandelion-analyziz-stora | EegularExpreszsionTest

Danidelion-ifitrospect-strs

Dandel@nn—an&lvsis—strat ¥

Dandelion-resolve-strate: . 4 o oE

Dandel;nn—analvzable Al oot I 5 I 1

P inztance : clazs C |
. browss || senders || impl )| vers | inher | hier || iVar || cVar | source|

PORTILAND STATE
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TestBrowser-118: RegularExpressionTests

CE510ap-RegularExpres ® REEmpty - all -- & zetlp
4 REStar & Tests A targetClass A
~ BEUnion initialize/releaze teztPrinting
a4l | EJ!] EegularExpreszion
EezularExpreszionTestz
*Eegular* ¥
all-testz | show/hide  instance | 7 | class v,
failure(z) erroris)

LIE

RegularExpreszion Testa:#testPr o L
A Al

b J

| 3| b

Fail

5 run, 4 pazzez, 0 expected failurez, 1 failurez, 0 errorz, 0

poolDictionaries:

category: 'C3510ap-EegularExpreszions’

ElassTestEase subclazz: ¥RegularExprezzionTestz
inztanceVariabtleNames: 'a b ab abtStar alBEb epzilon’
clazsVariableNamesz: "




(X)[® Welcome to... (B(0)

(X/E) Smalltalkintroduc (=)0
(X)E SqueakMap Package Lo

(XIE=

RE

ConitiectorsBazicDistro-In® REChar
CZ510ap-FegularExpreszzi & REConcal

Danideliofi-utils
Dandeliofi-exceptions
Datidelinti-event
Dandelion-introzpector
Dandelion-analvziz-ztora
Dandelion-introzpect-ztr:
Dandelioni-analvaiz-ztrat
Datidelioti-resolwe-strate:
Dandelioni-analvzable

T e A1 e [T I

o 4 F
browrae zetidets
setlp
super zetlp.

epzilon = REEmpty.
a = REChar with: $a.
b = PEChar with: $t.

REEmpty
REStar

REUTnion
Fegulart
Eezulart

a4

itistatice

impl

alPt = PEOnion with: a with:
ab = PEConcat with: a with: b,
abS5tar = PEStar with: ab

X TestFailure: Assertion failed

RecularExprezsionTestz(TestCaze raignalFailure:
RecularExpressionTestz(TestCaze aszert;
EegularExprezzionTeztz--teztPrinting
RecularExprezzionTestz(TestCaze eperformTest

[1 in RegularExpreszionTestz{TestCasze :runCaze {[zelf zetUp, zelf performTest]}

BlockContext-rensuare:
BlockContext=rsunitEfnizure:
RecularExprezsionTestz(TestCaze runlCase

[1 in RegularExpreszionTestz{TestCase xdetug {[{zelf class selector: teztSelector) runCasze]}

d | 4

apb 4/21/2006 12:02 - initialize/releasze - 5 implementors - onlv in change zet EegEx

Proceed Eeztart Into Ower Through

10

Full Stack Where

testPrinting
zelf azzert: epsilon printString BEEmptvy’ = "#°,
zelf azzert: a printdiring = 'a’,
zelf azzert: b printstritg = "B,
zelf azzert: alREb printsiring = "a+b’,
zelf azzert: ab printSiring = ‘at’,
zelf azzert: ablItar printdString = ab¥®’,

) o

zelf * REEmpty 4 thizContext
all inst wvars Ay “all temp vars
testSelector

a

[

ab
abItar
alRt
ep2ilof

=L

1]

wrira Laersdl
(unig
+ U

PORTLAND STATE

TUNIVERSITY

What'’s the problem?



| need an instance, not the class

 But there need be only one instance of
REEmpty

e Enter: the Singleton pattern.

* make a class instance-variable called uniguelnstance

e make a class-side method named default

dJefault
uniquelnstance ifMil: [uniquelnstance := self basicNew].
+ uniquelnstance

e override new to be an error

PORTLAND STATE 7
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What do we have so far?

Dandelion
Overview

Whole Index

All Classes

All Categories

¢ <>

All Classes

REChar
REConcat
EEEmpty
REStar
REUnion

" ® 8 ® 8 8

EegularExpressic

EegularExpressic

Mop

- made by Dandelion

PORTILAND STATE
TUNIVERSITY

Dandelion
All Categories
CS5510ap-RegularExpressions
All Globals

ActiveEvent

ActiveHand

CustomEventsRegistry

Display

Imagelmports

Processor

ScheduledControllers

Scripting System

Sensor

Smalltalk

SourceFiles

SvstemOrganization

TestConstants

Transcript

4 |


http://web.cecs.pdx.edu/~cs410aph/Lectures/Smalltalk-3-RegEx/dandelionOutput-1/
http://web.cecs.pdx.edu/~cs410aph/Lectures/Smalltalk-3-RegEx/dandelionOutput-1/

Convenience Operations

alpha = Union {C 'a'})
{Union {C 'bB') {C 'c')
digit = Union {C 'B')
{Unhion {C '1'} {C '2'})
key = Union {string "if")
(Union {string "then"
{string "else" )
punc = {C ', '}
ident = Concat alpha
{Stor (Union alpha digit})
number = Concat digit (Stor digit’
lexer = Union ident (Union number {Union key punc)

val rel = Concat{Union {C '+'3{Union (C '-'JEmpty )
{Concat (C 'D'Star (C 'D')

ztring :: 3tring -= RE

string [] = Empty

string [c] = C c

string {c:cs) = Concat (C o) {string cs)

® Write tests:
self assert: $a asRE printString = 'a’
self assert: (a + b) printString = 'a+b’

® VWhy compare printStrings?



Where do the operation methods go!

® |n the abstract superclass RegularExpression

- so that they work for all the subclasses



Where do the operation methods go!

® |n the abstract superclass RegularExpression

L=

TestBrowser-118: RegularExpression

CE510ap-EecularExpres® REEmMptv -
A REStar A
EII RETnion
EecularExpression
Lib] L_= E‘.egularE:-:pressinﬂTestsJ
*Hegcular* b
all-xtezts show/hide instance ] ¢ ] class

-- all --
tecEx opetratiofiz

L
Al

ki

21ar

AL}

L4

failurelz)

errotriz)

= {— ]

star

+ BEStar writh: zelf.




Refactor tests to remove duplication

testPrinting
self assert: epsilon printsAs: '#.
self assert: a printsAs: 'a'.
self assert: b printsAs: 'b'.
self assert: aORDb printsAs: 'a+b'.
self assert: ab printsAs: 'ab'.
self assert: abStar printsAs: 'ab™'.

assert: anExpression printsAs: aprintString
self assert: anExpression printString = aprintString




which brings us to...

DandelionOverview
Whole Index

Dandelion
All Categories
C5510ap-RegularExpressions
All Globals
ActiveEvent
ActiveHand

CustomEventsEegistry

Display

Imagelmports

Processor

All Classes
All Categories 4
§ J )er
All Classes
o REChar
» REConcat
¢ REEmpty
o REStar
« REUnion
[ ]
RegularExpressio
[ ]
RegularExpressio
Mop
- made by Dandelion -
L ) R RE

ScheduledControllers

Scripting System

Sensor

Smalltalk

SourceFiles

SvstemOroanization

[


http://www.cs.pdx.edu/~cs410aph/Lectures/Smalltalk-3-RegEx/dandelionOutput-2
http://www.cs.pdx.edu/~cs410aph/Lectures/Smalltalk-3-RegEx/dandelionOutput-2

meaning1: sets of strings

e Code very similar to Tim’s Haskell version

e Only tricky part is star

e Haskell version:

where zero = [""]
one = meaningl r
two = [X++y | X == ohe, ¥ < one]
three = [X++y | X == one, ¥ < two]

PORTLAND STATE 13
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Smalltalk

REStar
meaningl
| zera arie twa three |
gerg =,
arie = base meaningl,
twa = selfl anv0f: e followedBvAnvyOf: arie,
tliree == self anv0f: arie followedBvAnvOf: twa, .
+ (Set with: zero) addall: one: ® Compllcated
addall: twa;

??doiilélghr‘ee: enOugh tO need
a helper method

RegularExpression

e |sthere a
anyOf: ai! followedByAnyOf: air .
| result | Slmpler Way tO
result = Set new.

ml do: [:1 ] me do: [ | result add: 1, ). calculate * ?

resilt

PORTILAND STATE 14
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Cross tests

testMeaningl AgainstMeaning?
zelf instanceVariableValuesz zelect: [ each | each respondsTo: #meaningl | thenDo:
[ ire | re meaningl do: [ :ztr | self azzert: (re meaning?: ztr) | ]

e Iintrospect on the instance variables of the
test case

e select those that respond to the meaning1 message

* check that for every string str in re meaning

* re meaning2: stris true

PORTILAND STATE I5
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Now RE’s pass the tests

Overview

Dandelion H
Whole Index

All Classes

4 k|

All Categories
O V>

Dandelion

All Categories

C55 10ap-RegularExpressions

All Classes

REChar
REConcat
EEEmpty
REStar
RELUnion

" & 8 & ® 8

RegularExpres

[ ]
RegularExpres
Mop
- made by
Dandelion -
i ) |4 B

PORTILAND STATE
TUNIVERSITY

All Globals

ActiveEvent

ActiveHand

Y

CustomEventsEegistry

Display

Imagelmports

Processor

ScheduledControllers

Scripting System

Sensor

Smalltalk

SourceFiles

SvstemOroanization

TestConstants

M e

4 k|


http://web.cecs.pdx.edu/~cs410aph/Lectures/Smalltalk-3-RegEx/dandelionOutput-3/index.html
http://web.cecs.pdx.edu/~cs410aph/Lectures/Smalltalk-3-RegEx/dandelionOutput-3/index.html

Finite State Machines

PORTLAND STATE
TUNIVERSITY

FINITE AUTOMATA
AND REGULAR GRAMMARS

3.1 THE FINITE AUTOMATON

In Chapter 2,'we were introduced to a generating scheme—the grammar.

Grammars are finite specifications for languages. In this chapter we shall
see another method of finitely specifying infinite languages—the recognizer.
We shall consider what is undoubtedly the simplest recognizer, called a finite
automaton. The finite automaton (fa) cannot define all languages defined
by grammars, but we shall show that the languages defined are exactly
the type 3 languages. In later chapters, the reader will be introduced to
recognizers for type 0, 1, and 2 languages. Here we shall define a finite auto-
maton as a formal system, then give the physical meaning of the definition.

A finite automaton M over an alphabet Z is a system (KX, Z, 8, ¢, F),
where K is a finite, nonempty set of states, X is a finite input alphabet, 6 is a
mapping of K x Z into K, g, in K i1s the initial state, and F < K is the set
of final states. -

Our model in Fig. 3.1 represents a finite control which reads symbols
from a linear input tape in a sequential manner from left to right. The set of
states K consists of the states of the finite control. Initially, the finite control
1s in state g, and is scanning the leftmost symbol of a string of symbols in =
which anpear on the input tane. The interpretation of 8(a. a) = n. for a



The code with NFSM

Dandelion
Overview
Whole Index

All Classes

All Categories 1

W WY

L
{ ) |4 »

All Classes

FSMState
ESMStateSet
NFSM
NESMTests
REChar
REConcat
REEmpty
REStar
RELnion

" 8 8 & 8 8 & 2 B @

RegularExpressi

-

RegularExpressi
Mop

- made by Dandelion

¢ Y™ <>
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Dandelion
All Categories
C5510ap-RegularExpressions
All Globals
ActiveEvent
ActiveHand

CustomEventsRegistry

Display

Imagelmports

Processor

ScheduledControllers

Scripting System

Sensor

Smalltalk

SourceFiles

SvstemOrganization

TestConstants

Transcript

Undeclared

4 |


http://web.cecs.pdx.edu/~cs410aph/Lectures/Smalltalk-3-RegEx/dandelionOutput-4/index.html
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