Data Structur esand Algorithms I
Lecture 10:
Pattern Matching Algorithms
» Motivation
» Representingatterns

» A SimplePatternMatchingAlgorithm.

RepresentingPatterns: Regular
Expressions

Patternscanberepresentedy just usingtwo
specialcharacters:

» |’ representslternaties.
aljcd matchesabor cd.
(a]lbc)dmatchesador bed.

» “*" allowsrepetition(0 or moretimes).
ab* matches, ab,abb,abbbetc.
a(bc)*matches, abc,abcbcetc.

Braclketsmaybeusedasillustrateabove. * has
higherpriority than|. Simpleconcatenatiohas
priority in betweensoalbc meangaor (b followed
by c)) but ab* meangafollowedby (b*)).

Furthercharactersreoftenusedfor conciseness:

» “?" matchesry characteatall.
a?bmatchesababbazhb.

» “+” allows 1 or morerepetitions.
ab+matchesb,abb,abbbetc.

Pattern Matching: Motivation

For mary applicationave wanttoolsto find if given
stringmatchesomecriteria, e.g.,

» Findall filenameshatendwith .cpp

» Checkwhethemword entereds yes,y, Yes,Y,
or variant.

» Searchor aline in afile containingboth“data”
and“abstraction”.

Thesecantypically bedoneby checkingif strings
matcha pattern.

We need:
» A notationto describehesepatterns.

» An algorithmto checkif apatternmatches
givenstring.

Regular Expressions
Giventhefollowing regularexpressionswhich of
the examplestringsdo you think it would match?

» (c|de)*
1. cd
2. ccc
3. cdede

» (a*bjct)
1.b
2. aaaa
3. ccc
4. ab

w ?*(ielei)?*
1. ii
2. piece
3. sheik




Regular Expressionsand Finite State
Machines(FSMs)

» Canrepresentegularexpressionsn termsof a
network of nodesandconnectionbetween
them.

» Thesenodesepresenstatesandthe
connectionsepresentransitionsbetween
them.

Thenodesn our patternmatchercapturethe
state“in which acertaincharactein the pattern
hasbeensuccessfullynatched”.

w» Thenetworkis referredto asafinite-state
machine(andhasmary applicationsn CS).

» In particular it is a non-deterministic finite
statemachineasit will needto have choice
nodes.Youwon't beableto immediately
determinewnhichrouteto take in the network
justby traversingthestring.

Implementing the Machine

» Thefinite statemaching(FSM) suggests good
way to represenpatternssothatpattern
matchingalgorithmscanbe easily
implemented.

» We couldrepresenbur FSMusinga general
graphADTSs (discussediater). But we never
allow anodeto have morethantwo neighbours,
soasimplerdatastructures possible.

» Eachstatehasoneor two successostates. so
useanNx2 arraywhereN is numberof states,
andstorein it theindicesof successostates.

= Also needarrayto storecharacterin nodes
let contentbe“?” for choicenodes.

For theexampleFSMin earlierslidewe’d have:

next[0][0]=1 ch[1]=7
next[1][0]=2 ch[2]=2a’
next[1][1]=3 ch[3]="b’
next[2][0]=5 etc.
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(italicised bitsare just for explanation or referring to it)

Stringmatchesf you cantraversenetwork from
startto finish, matchingall thecharacterén the
string. (e.g.,bcdeeead).

Algorithm

We're now readyfor analgorithmfor pattern
matching.

» We useneeda datastructurethatallows usto
keeptrack,aswe go throughthestring,which
charactersirelegal accordingo the pattern.

» We useaspeciallist structurefor this - it
containghe possiblestatesn the FSM
correspondingo the currentandnext character
in the stringbeinganalysed.

» Thisis updatedaswe simultaneouslgo
throughthe FSM andmove upin thestring-
basedn possiblestatecorrespondingo
currentcharactein string,we candetermine
from FSM possiblestatedor next charactein
string.




» A variantof thestack/queués usedasthe
ADT: double ended queue allows nodesto be
putonfront or endof queue:dq.putaddsitems
to end,while dg.pushaddsitemsto start.

» Splitthequeuen two halveswith special
character
e.g.(12+56)
Statedefore“+” represenpossiblestates
correspondingo currentcharacter
Statesafter+” represenpossiblestates
correspondingo next character

Pattern Matching Algorithm
(j=positionin string)
dg.put (' +); j=0;
state=next[start][0];

While notatendof stringor pattern.

w If (state=="+") {j++

dg.put (" +'); }
(finisheddealingwith charj somaove on..)

welse if (ch[state]==str[j])
dg. put (next[state][0])
(charmatchenein patternsoputnext state
onqueue).

welseif (ch[state]="7")
{dg. push(next[state][0]);
dg. push(next[state][1]);}
(choicenodesoputalternatveson front of
gueue.)

» st at e=dq. pop();
(renove state from dq)
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Outline of Algorithm

Main stepin algorithmis:

» Look atcurrentcharacterandpossiblecurrent
statein FSM.

w If thestatein theFSMis achoicenode that
meanghe currentcharactemight correspond
to eitherof thechoices soputthemonthe
gueueaspossibilitiesfor currentcharacter

» [f thestatein the FSM containsa character
matchingthe currentcharacterthenthe next
characteshouldmatchthe next statein the
FSM - soputthatnext stateonthe (endof) the
queueg(aspossibilityfor next char).

e.g.,
queue = (1 +) str=""ad"’
1 is a choice node
queue = (2 3 +)
2 corresponds to 'a’
state 2 has successor 5
queue = (3 + 5)
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Example

Suppose:

next[0][0]=1 ch[1]=" str=""abd"’
next[1][0]=2 ch[2]=a

next[1][1]=4 ch[3]=b

next[2][0]=3 ch[4]=c

next[3][0]=5 ch[5]=d

next[4][0]=5 node 6 = finish

next [ 5] [ 0] =6

Working throughalgorithmwe have,

dq j state

(+) 0 1

(24 +) O 1 (as ch[1]=7")
(4 +) 0 2 (after dqg.pop)
(4+3) 0 2 (as ch[2]=str[0])
(+ 3) 0 3 (after dg.pop)
(3) 0 + (after dqg.pop)
(3 +) 1 + (state="+")
(+) 1 3 (after dg.pop)
(+ 5) 1 3 (ch[3]=str[1])
(5) 1 +

(5 +) 2 +

(+) 2 5
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(+6)

(6)

(6 +)

(+)

w w NN
o+ + O

.. andwe're attheendof the stringandlaststatein
thepattern sothe matchsucceeds.
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Summary

Regularexpressiong@reequivalentto finite
statemachineswhereeachstatein themachine
represents character

Onealgorithmfor patternmatchinginvolves:

— Tranformingaregularexpressiorinto an
FSM, andrepresentinghis usingarrays.

— Searchinghenetwork usinga search
methodwhich usesa doubleendedqueue,
anddividesit sowe know which states
correspondo optionsfor currentcharacter
andwhich for thenext character

— Thisis afairly simpleandefficient
algorithmfor adifficult problem.Efficiency
O(MN*N) whereM = numberof statesN
= lengthof string.
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