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Given G CNT
CL\OW\Sky Normal Form e e bl

Every rule 1s of e form: @ N w M&/Q
OY (4 is terminal) G e

S does not appear on dhe right side a A é@
Additional vule, if meeded: S > ¢ < T 110 7

&) H leaf nodes = ¢
(\p) {p H nternal nodes = 9

De N f
The teacher praised @ N\ M}V\]W\U\W\ deP-{»(,\ = 1 + Cﬁ“(‘og V\>
|

the  student MAX.(W\U\W\ deP.{,L\ = n



1. Ensure S does not appear on vight side of any rule L e

2. Remove e=rules "X => " for all X (excep+ S) QD
Find all nullable vaviables. B = CRDA (
A s nullable if flere 1s A rule: A =D e ov <D A\
CAD | D

freve is a vule A -> B1 B2 B3 n wiicl all B ave wullable.
Remove A =) e for all nullable A,
For every rule B->. A . Create A Copy witl, A replaced by e.
3. Remove unit vules: "X => Y Lor all Y (\%@U“&Q\Lﬁgl%z Pr‘ib
B s A-derivable f A->B or flere exists some A-devivable C s.4. - >/Dé /9%}
For all (AB) st A 5% B B is Acderivabie) PO 3 v

Fov every vule non- unit production B - X, add 4 vule A - ¥
ps W

Remove all unit productions
Y. Simplify rule “A > 4142 43 . bt (B could be ferminal or variable)
Rep\ACe: A -> CxB by A -> CXB and X =Y \/

Replace A -> BCD by A => BE E-> CD
N



Convert o CNF
S0 5
S -> ASA
&/S -> a5
A -> B
A->S
&b NN

Fiv\o\\'vxg walloloe Vv ades
N:{xe\/ o X =€ 10 a rulel
do g
for ey vwe X—= Y, Y, e Ve //oy\|y variablec

it Y, o« Y ave &l nullable
odd X {4 N

Luhile (N ic wpdated)

F:\'v\dfv\% A-derivernble  variobleg
N _/%\re\hou‘o\e. X <& A—> X is@q W\J&}

do %4 \Io\r'\o\\o\N
%f 22y un it lamduc)r"\om R—c
TR i A - dexinable
add C +o N
§wlile (N is whdoted)



CYK algorittm

Xij = 1AB-3
WhiCl CAn generate
w’....w}

X2,2 =9

X2,3 =%

Does +1is CFG produce baaba®
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X1, s

X1, 47 X, 5~

Xy, 3= X; 47 X3 5=

X1,2743  X;,37 X3, 4 Xy, 5"

Xy, 1=8 Xy 27~ X337 Xa, 4~ X5 5=
"1 W2 w3 Wy Ws
b A A b A

BC

b
7

Add {0 Xij any V s.4.
V->NZ exists,

Lfor some i, Y n Xik & Z Xij
Look a4 all paivs YZ from

XGi) & XG+1)),
XGi+1) & XG+2,5) -
XGi~1) & X(;)

Add VstV -> VY7



LRV NEOEL S

A-CFG = { Gw> : & genera+es w}
A-CFG s decidable. 6”% sk § G gprndo

_ C
Gt

Lt o&';u@jiai\% G s L0 . MABG(GD) phe cde
LS .
Coi%&%“ﬁee Languages ave Decidable® <o
SV\PPOSQ C 1S A CFL M ij\> :) W&QM
Tuevefore, 4uere exists a PDA / CFG 4o recognize C o SACEOE o)
Construct MC - use PDA / CFG owd o whatestr
MC (w) : // accept if wis n C reject oflerwise , el
1. Run A-CFGKGw>) C oo ¥ §§7¢ |
CM*\W-/ &%W(/ /



L = {<P,q> : Pis a PDA g is s state, 4 15 4 not 4 useless
state (hot involved in Any fransition {or Any nput S‘PY]V\9> 3
Is L rec09vx]zab\e(.7 Ts L decidable

ML<4@)%7>%
7< P o oy ot ¥ mﬂﬂobhﬂ/ww\re.éi“%
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L1 = {(P,q.) : P is a PDA g is s state, g4 15 4 useless
state (not involved in Any transition for Any Mpwf S-Fv]ng) }
Is L1 decidable? Hint: Wiat is complement of L (fvom above )?

EW@/
i acacd A



A-T™ = {(M,w> : TM M accepds w}
Tm. A-TM is vecogwizable. a0 UM o oere™

1936: HALTING (similar) is not decidable (bud re609n}zab\e>.

2 LMWT s T M kb on W

W) ‘

QM\\A aitFs grrele o w@t%‘%ﬂ“w@“

POLYSOL = {P(x’l,xz,...m L p s A polynomial
With mteger SOK&A-F]OV\S}

Ttm. POLYSOL s recognizable.
1970: POLYSOL is not decidable (but reC09n]zAb\e>.



A-T™ = {<M,W> : MM ACCepts WY\

.
Tim. A=T™ 1s undecidable. N\%

Proof{: Proof by contradiction and diagonalization against all ™. Q\%
Let A-TM be decidable by T™M D. |
Proo{ by contradiction: Construct a TM (\As}ng D) and show 444 'H«]S ™

cannot be 1 +he list of all TMs. , i
Mo, WY e et
U(y>= }

My (3 ).
M = “9e+ QV\COd}ng of )’-_'H« TMN gm\h 1 (W>

Run DKM y>)
) %v M_
I‘F D ”\CCQP+S, /l M<y> ACCQP-{»swj Mm S5

U %ﬁ'\w SGWZ;\QJ{V,/
D rejeC-%s, /1 M(}’) does wnot ACCeP-[»@u \k< ,,// 5
U OL/CU?)\{\@V Y) =

TL\W\. U<y> |= My<y> -(:or All 2 -H\ere-(:ore U = My -(:or All y-



