Computer Language Processing

Exercise Sheet 04 - Solutions

November 7, 2022

N.B.: There are many equivalent ways to do step 4) of the conversion to Chomsky normal
form (conversion to binary productions) - our solution shows just one way. For example, P Q
R S can be represented as either X Y, where

X:=PQ
Y:=RS
or it can be represented as P U, where
U:=QV
Vi:=RS

Exercise 1

After step 1) (A is unproductive):
S:=P
P:=B|if BthenPelse P|P;P|¢
U:u=+|-
B ::=true | false | B && B

After step 2) (U is unreachable):
Su=P
P:=B|ifBthenPelseP |P;P|¢
B ::=true | false | B && B

After step 3):
Su=P
P:=B|Tif BTipen PTe P|PT.P |
B ::= true | false | B Tg5 B
Tip == if

Titen := then



T, = else
T ==
Tes = &&
After step 4):
S:u=P
P:=B|I112|PI3]|¢

I1:=T; 14
I2:=PI5
I3:=TP
I4 ::= B Tipen
I5:=T,,P

B ::= true | false | BI6
I6 ::= T&& B
Tif == if

Tihen ::= then

T, = else
T =
T&& n=&&

After step 5):
Su=P|e
P:=B|I112|P13|13

I1:=Ty 4
[2:=PI5|I5
3:=TP|T
14 ::= B Tien,

I5 = Tose P | Totse

B ::=true | false | BI6
I6 :=Tzs B

Tif == if

Tihen := then

T.1se ::= else

T =



T&& n= &&
After step 6):

S:u=true|false |BI6 [I112 |PI3|T.P|;|¢

P :=true|false |[BI6 |I112 |PI3|T.P|;

I1:=TyI4

12:=PI5| T, P | else
3:=T.P]|;

14 ::= B Tipen

I5 = Ty P | else

B ::= true | false | B 16

16 ::="Tzs B
Tif == if
Titen := then
T, := else
T =

Teg = &&

After step 7):
Unchanged.

After step 8):
Unchanged.

Exercise 2

a) Self-describing grammar

[F.R. Sym, NT| | £ ] [P.R. Sym, NT| [E R, Sym, NT] [F.R, Sym %7
[ J PR J
[ 4 | PR ]
[ c J
[ Cy J
PR ]
[ c J
Cy ]
[ c J




b) Function types grammar

o 5 | S | B | G | G | RN | G
2 )| )| | %
[ T )| T I 2 )
3 : | )
[ X s )
: )|
’ )| %
T 1
)
5 ]
G
)
S
r s )
s[ 5o

Exercise 3

a) Conversion to Chomsky normal form

After step 1) (C is unproductive):
Su=P;
P:u=I|I;P
I ::=if E then PR | print E
R:u=elseP|e
W ::= while E do P
E:=L|EorE

L ::= true | false




After step 2) (W is unreachable):
Su=P;
P:=1|I;P
[::=if E then PR | print E
Riu=elseP|e
E:=L|EorE
L ::= true | false

After step 3):

Su=PT

P:=I|ITP

I::= Tif E Typen PR | Typint E
Ru=Ty.Ple
E:=L|ET,E

L ::= true | false

T =
T,-f a=if
Titen := then

Tyrint ::= print
T, = else
T, ::=or

After step 4):

Su=PT
P:=1|IP1
P1:=TP

[:=T¢ 11| Ty E

I1:=EI2

12 ::= T, I3
I3:=PR
Ru=Ty Ple
E:=L|EE1
El1:=T,E

L ::= true | false



T =

Tif == if

Titen := then
Tyrint ::= print
T, := else
T, ::=or

After step 5):

Su=PT
P:=1|IP1
P1:=TP

[:=T¢ 11| Ty E

In:=EI2

12 ::= Tipen I3
[3:=PR|P
R = Te P
E:=L|EE1
El1:=T,E

L ::= true | false

Titen := then
Tyrint = print
T, = else
T, = or
After step 6):
Su:=PT
P =T 11| T E|1P1
P1:=TP
Lu=Tif 11| Ty E
I1:=EI2
12 ::= Tipen I3
I3:=PR|T¢11|T,;, E|IP1



R =Ty P
E ::= true | false | E E1
El1:=T,E

L ::= true | false

Titen := then
Tyrint = print
T, = else
T, :=or
After step 7):
Unchanged.
After step 8) (L unreachable):
S:=PT
P =Ty 11| Ty E | 1P1
P1:=TP
[:=T¢I1| Ty E
I1:=EI2
12 ::= Tipen 13
13 := PR| Ty 11 | Ty E | IP1
R:=T,.P
E ::= true | false | E E1

E1:=T, E
T =
T;f = if

Tihen := then
Tprint ::= print
T.1se ::= else

T, ::=or



b) Parsing and counting the number of parse trees

We will use the notation :n to denote how many times we can produce a non-terminal (that is,

the number of parse trees at that point).

if true then print | true print | false
T.:1 E:l | Tyentl [ Toumeil| E:l Toume:1 | E:l
I:1 I:1
I,:1 I,:1
P:1 P:1
I,:1 S:1 P,:1 S:1
I:1
I:1 P:1
I,:1 I,:1
P:1
S:1 I,:1 S:1
I,:1
P:2
I:1
I,:2
S:2

There are 2 parse trees. Intuitively, one parse tree represents the program where print false
is meant to be part of the then branch of the if, while the second parse tree represents the
program where print false is meant to be completely after the if statement.

c) Counting the number of parse trees

if true or false or true then print true or false or true ;

There are 2 different valid ways to interpret true or false or true. Therefore, in total 4 different
ways to interpret that string.

if true then if false then print true else print false ;

There are 2 valid ways to parse, one which considers the else to be part of the first if, the other
one which considers the else to be part of the second, innermost, if.



if true then print true ; print false ; print true ;
There are 3 valid ways to parse:
1) print true only is guarded by the condition,

2) print true ; print false is guarded by the condition,
3) The entirely of print true ; print false ; print true is guarded.
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