
Scannerssourcecode scanner parser ILerrorstokens
A scanner separates input into tokens based onlexical analysis.Legal tokens are usually speci�ed by regularexpressions (REs).Regular expressions specify regular languages.
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Advantages of regular languagesRegular languages can be recognized bydeterministic �nite automata (dfa).Deterministic �nite automata� have simple implementations� character based transitions are O(1)� word recognition is O(j input j)) dfas can be fast� fast implementations are easy� asymptotic behavior is linear� choices per state is irrelevant) dfas can be built automatically� Desiderata: write speci�cation, not code� Reality: for scanners, this worksCPSC 434 Lecture 4, Page 2



Limits of regular languagesNot all languages are regular.You cannot construct dfa's to recognize theselanguages:� L = fpkqkg� L = fwcwr j w 2 ��gNote: neither of these is a regular expression!(dfa's cannot count!)But, this is a little subtle. You can construct dfa's for:� alternating 0's and 1's(� j 1)(01)�(� j 0)� sets of pairs of 0's and 1's(01 j 10)+
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More regular languagesLet's look at another regular language | the set ofstrings containing an even number of zeros and aneven number of onesStart S1
S2 S3

110 0 11 0 0
The regular expression is(00 j 11)�((01 j 10)(00 j 11)�(01 j 10)(00 j 11)�)�(This is similar to parts of problem 3.6.)CPSC 434 Lecture 4, Page 4



Nondeterministic �nite automataWhat about the regular expression (a j b)�abb ?Start S1 S2 S3 S4� a|b a b b
State Start has � transition to S1.State S1 has multiple transitions on a !) nondeterministic �nite automaton (nfa)Di�erent de�nition for acceptA nfa accepts x if and only if there is some paththrough the transition graph from the start state toan accepting state such that the labels along theedges spell x.CPSC 434 Lecture 4, Page 5



nfas versus dfasWhat is the relationship between a nfa and a dfa?dfa is special case of nfa1. no � transitions2. single-valued transition function
dfa can be simulated on a nfa� obviouslynfa can be simulated on a dfa� simulate sets of simultaneous states� possible exponential blowup
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Constructing a dfa from a regular expressiondfaRE nfa� moves nfa
regular expression (RE) !nfa w/� movesbuild nfa for each termconnect them with � movesnfa w/� moves to nfacoalesce statesnfa!dfaconstruct the simulationthe \subset" constructiondfa! regular expressionconstruct Rkij = Rk�1ik (Rk�1kk )�Rk�1kj SRk�1ijCPSC 434 Lecture 4, Page 7



Converting regular expressions to nfasBuild two-state automaton for atomic regularexpression a, with a as the edge.Compose automata as follows:� Kleene closure
� concatenate
� union
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Converting regular expressions to nfas (cont)Apply subset construction algorithmInput: nfa NOutput: A dfa D with Dstates and Dtran thataccepts the same languageMethod: let s be a state in nfa and T a set ofstates, using the following de�nitionsOperation Description�-closure(s) Set of nfa states reachable fromnfa state s on �-transitions alone.�-closure(T) Set of nfa states reachable from somenfa state s in T on �-transitions alone.move(T,a) Set of nfa states to which there isa transition on input symbol a fromsome nfa state s in T.CPSC 434 Lecture 4, Page 9



Subset construction (cont)state Start = �-closure(s0)add Start unmarked to Dstateswhile 9 an unmarked state T in Dstatesmark Tfor each input symbol a doU = �-closure(move(T,a))if U is not in Dstates thenadd U to Dstates unmarkedDtran[T,a] = UendforendwhileEach state in D corresponds to a set of states in N .Up to 2jN j possible states in D.�-closure(s0) is the start state of D.A state is an accepting state in D, if one or more ofthe states it represents in N is accepting.CPSC 434 Lecture 4, Page 10



Building minimum-state dfasImportant theoretical resultEvery regular language is recognized by aminimum-state dfa that is unique up to statenames.Look for states that can be distinguished from eachother (i.e., end up in accepting/nonaccepting statefor identical input).dfa state minimization algorithm� construct initial partition of states intoaccepting and non-accepting states� successively re�ne partition by splitting a groupG into smaller groups if states in G havetransitions to di�erent groups� update transition edges, remove dead statesSee proof of theorem 3.10, pages 67{71 in Hopcroft and Ullman's bookIntroduction to Automata Theory, Languages, and ComputationCPSC 434 Lecture 4, Page 11



Converting dfas to regular expressionsMethod:For a DFA M = (fs0; : : : ; sng;�; �; s0; F )� LetRkij denote the set of all strings x such that�(si; x) = sj and if y is a pre�x of x then�(si; y) = sl, where l � k.� let Rkij be the set of all strings that take M fromstate si to state sj without going through astate sl where l > k� \through sk" means both entering and leaving skThen, L(M) = [sj2F (M )Rn0jMore formally(1) Rkij = Rk�1ik (Rk�1kk )�Rk�1kj [ Rk�1ij(2) if i 6= j, R0ij = faj�(si; a) = sjg(3) if i = j, R0ij = faj�(si; a) = sjg [ f�gSee proof of Theorem 2.4, pages 33-34 in Hopcroft and Ullman's bookIntroduction to Automata Theory, Languages, and ComputationCPSC 434 Lecture 4, Page 12



SummaryScanners� break up input into tokens� catch lexical errors� di�culty a�ected by language designIssues� input bu�ering� lookahead� error recoveryScanner generators� tokens speci�ed by regular expressions� construct dfa to recognize language� highly e�cient in practiceCPSC 434 Lecture 4, Page 13


