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Figure 1: The Chomsky hierarchy
Ea, L istyed if(THEREIS G coudeck-fiez ¢4 L=4 (),
41 L is 1 ;g'mem 2 G r%g\pr ot. L=KC0).

L = " O.hﬂj we IN 3 %ﬁ?ﬁﬂpﬁﬂﬁﬁfﬁ i

An analysiz of the argument m Example 1.9 shows that of in a grammar all production

riles preserve oddness of length and we can provide a derivation of a***!, then the grammar
will produce the same language. Eg., G) = ({a}. {5}, F, 5] with ?n ‘8 {g_a ulg—a\ mﬂi :,-;
Py :={5 = a5a,5 — a}, -~

Py = {8 = Saa,S =+ a}, c=
Y i={8 = aa8,5 = aaSaa, § = a} I:-“F
YWi=1{8 = qa8,5 — Saa, 5 —» aSa. 5 — al. C-"'P W
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DECISION PROBLEMS FoR SRAMMAAS

Glcf M&W
ﬂm‘“"—m; i BVESTION
WORD PROBLEM G, w “’e‘"(@]?

Poevigw) : W skw
Y= (e 5
) (ES"“'
uum\xiﬁ?_

WoRkDd PR.
EUSTINESE %’6{3@ L mﬂ”ﬂ“ 0



~Ua. wesd. ~“prwblan mma\mﬁ
i m:;m \J.&:l\nbbﬁ%

Corollawy “Tea werd Tmbmfﬁrﬁ?o_ 22,2

ng X 'lhabl..

[':ElLows ':L\QC\Hj %tﬂ-—u"‘“— i@]
SO R ol e

\g we lCS) , 1@ T & o vnahvea

a —
S= e, LA G&_d‘_‘& . —2 oy =W .,
ot ‘u)lau_.,%)\ﬂﬂﬂ- . ouedl l8\=’\_m&

.;m;ﬁkﬂ acr wet
& & Wow—Cp 3 e ax
w  blocks ;g "-""‘“ﬂ o NQ./ SO0G.. ‘“"-’Q“‘--

WA 8

\Q_G’I\_J ST e
Jow © nso. o blocke £



Vi
£
s N
wm*ﬁ:__ .:§ Sren T e

So SRR TEAl devadioug B‘_i_ W o Lon
) a= auelt
lwl=w sve

i Vel
L=A

ALGSRTHM 4 Quen G w, d2tende \_Q_.\)
lo| aud ~ levlede N.

a. (DWW docow. Al ﬂﬁ aE

shidg€ o ia,%ﬂ-f&
MM‘}W ol oede w Ay

Jlgy are. G—deavediong.
\%ﬁun._ 10 et " XES )
LEE@-{- v WO q.e..cﬂ.

2
k.



1.7 Closure properties

There are a number of algebraic operations on languages that allow us to combine languages
to new languages. Let L. M € W* be any languages over an alphabet £

(a) Concatenation. The langua 1sists of words vw such that v € L and w € M.
(b) Union. The language L U M consistangf words either in L or in M.

(¢) Intersection. The language L N M consists of words that are both in L and M.
(d) Complement. The language L := W\ L consistg of nonempty words that are not in L.

(e¢) Difference. The langnage L\M consists of words in™ that are not in M.
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Lemma 1.19. Let C be a class of languages. Then the following implications hold:

(a) If C is closed under union and complementation, then it is closed under intersection.
(b) If C is closed under intersection and complementation, then it is closed under union,

(¢) IfC is closed under intersection and complementation, then it is closed under dilference.

(d) If W* € C and C is closed under difference, then it is closed under complementation,

Proof. These are all set algebra consequences of the definitions and de Morgan's Laws

WNANDB) =W \AUW\B and W\(AUu B) = W"\ANW™\B. Q.E.D.



Let G = (E.V,P.S) and &' = (£, V7, I, §") be two grammars over the same alphabet X,

(a) Concatenation. The concatenation grammar r.r_|lr Gand G 5. VUul'u { f} P*.T) with
a new variable T and P* := {T = SS"}UPU P

(b) Union. The union grammar of G and G" is (X, VUV'OU{T}, P, T) with a new variable

I'and P* i={T' =+ 85T =58uPuU P
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