
Automata and Formal Languages Comprehensive Exam (65 Points) - 

F d  2006 

Note: this 1-hour cxmn ia dosed book. 

Problem 1 (20 points) 
For car& of thc following statcmcnts, p r o e c  a high-lcvcl proof or an cxplicit countcrcxamplc. You can 
nssumc that tho various descriptions of regular and contact-frcc lang~agcs arc cquivalcnt. If yo11 providc a 
countcrcxamplc, yo11 do not nccd to prow that it is not rcylar/contcxt-frcc as 10% aa it is concct. 

(a) Thc union of two rcgnlar Ianguagcs is rcgular. 

(b) Thc intcrscction of two rcgnlar languages is rcgular. 

(c) Thc union of two contact-frcc languages is ccmtuct-frcc. 

(d) Thc intcrscction of two contcxt-frcc lanpagcs is contcxt-frcc. 

Problem 2 (12 points) 
Classify cach of thc following languages as bcing in onc of tho following clss~ca of laquagcs: emptg, finite, 
wg?da, contad-fie, recursive, ~ e ~ ~ r s i v e l ~  e n u m d l c ,  dl languages. You must givc thc srndkst class that 
contains every possible language fitting the following detbitiom. For example, the language of a DFA must 
always bc contcxt-frcc, but thc smdlcst class that contains all such lsnyagcs is that of thc &r hguaps.  
Do not provide mphat iom.  Correct a m w s  receive 9 pints, i n e o m t  answers m ~ i v e  -2 points. 

(a) A PSPACEcomplctc problcm. 

(b) A subsot of a rccwsivc language. 

(c) {Onln In 1 1). 

(d) {a" 1 n is primc). 

Problem 3 (18 points) 
Lct L, = {MI L(M) # 0) bc tlic st- that cmdc a Turing machinc that acccpts a non-empty language. 

(a) Givc a high-lcvcl proof showing that L,  is a rccursivoly cnumcrablc Ianysgc. 

(b) Givc a high-lcvcl proof showing that L,, is not rccmivc (i.c., is ~mdccidablc). Assumc that thc 
linivcrsd lanqmgc L, = {(M, w) I M acccpts w) is not rccursivc. 

Problem 4 (15 points) 
Thc wbgmph-isomorphbna problem is thc following: givm graphs G1 and Ga, docs G1 contain a copy of G2 
a s  a subgraph? That is, can we find a subset of the nodes of G1 that, togcthcr with thc a l p s  among thcm 
in GI, forms an cxact copy of Gz? Prow that tho subgraph-isomorphism problcm is NP-hard. 
(Hint: makc usc of thc NP-complctc problcm CLIQUE.] 


