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Question 1.

a) Draw the algorithmic structure of a language processing system. [5]

b) Give answers to the following questions: [6]

1) What does it mean to say that the multiplication operator * has higher precedence
than the summation operator + in a programming language like Java?

ii) When does an operator have a higher precedence than another operator?

c¢) Consider the following simple programming language grammar:
B —> {B}|D
D —- x=T
' - T+F | T-F|F
F—>1|2](T)
Using this grammar develop the parse tree for the expression:

(xi=(1+(2-1)—1}.18]

d) Write the following regular grammar in a more compact form: ((€ | d ) ¢* )*.
Decide whether the string: dcdccdc can be derived from this grammar. [6]
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Question 2.

a) Define recursively the notion of regular expressions over a given alphabet using
values: @, €, symbols: @, b, and the necessary operations. [4]

b) Consider a regular language grammar defined by the expression: (a | (a | b )*).

i) Design a nondeterministic finite state automaton (NFA) for this language
using Thompson’s construction algorithm. [5]

ii) Convert the NFA from part (i) into a corresponding deterministic finite-state
automaton (DFA) using the subset construction algorithm. Demonstrate the

computation of the € -closure and move functions leading to the DFA. [13]

iii) Draw the transition graph for the resulting DFA from part (ii). [3]
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Question 3.

a) Eliminate the immediate left recursions from the following productions: [4]

S — SS | Sda | 4b | a

b) Assume the following grammar for top-down nonrecursive predictive parsing:

S — ASb | Ba
A— Bb | ac
B — cSa | dA | €
i) Compute the functions FIRST and FOLLOW necessary for parser construction. [6]

i) Build the nonrecursive predictive parsing table for this grammar. [9]

iii) Show the stack, the input and the output of the nonrecursive predictive
parsing algorithm on the following input: daca. [6]
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Question 4.

a) Let the following LR grammar be given for bottom-up parsing:
S-S
S — aBc | B
B — cd

i) Develop the canonical collection of items from this grammar. [7]

ii) Construct the DFA whose states are these sets of valid items. [4]

b) Explain the operation of the LR parsing algorithm on the input: acdb$ using the
grammar given below. Show the stack, the input and the output. [14]

o S>> 8
@ S — adb
6o A — cd|c
Action Goto
State a b c d $ N A4
0 sl 6
1 s2 4
2 rd s3
3 r3
4 s5
5 r2
6 acc
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Question 5.

a) Which are the four transformation techniques applied most frequently for code
optimisation at the final phase of compilation? [4]

b) Optimise the three-address code below using an appropriate technique. [4]

t, := 4 % 1
z :=al t;]
t, := 4 * i
ty 1= 4 * j
t, := al t5]
al t, 1:= t4
tg 1= 4 * J
al tg]1:= z

¢) Which two important properties should an optimising compiler provide? [5]

d) The following program segment swaps two integers within an array:
void swap( int A[], int n, int x, int y )
int temp;

if (y <n)

{

temp = Al x]; Al x ] =A[ly 1l; Al y ] = temp;

}

main ()

int al 21 = {1, 2 };
swap( a, 2, 0, 1 );

}

Generate three-address intermediate code for this simple program fragment. [12]
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Solutions CIS324

Question 1.
a) Draw the algorithmic structure of a language processing system. [5]

Source code program

Preprocessor

Source program

Compiler

Target assembly program

Assembler

Library (object) Relocatable machine code

files

Loader

Absolute machine code

b) Give answers to the following questions: [2x3=6]
1) What does it mean to say that the multiplication operator * has higher precedence
than the summation operator + in a programming language like Java?

The operator precedence applies when the order of operator evaluation is not
defined by the explicit use of parentehses.
ii) When does an operator has a higher precedence than another operator?
An operator precedence has a higher precedence than another operator when it
takes its operands before it.
¢) Consider the following simple programming language grammar:
B —> {B}|D
D — x=T
T ->T+F |T-F|F
F—>1]2]|(T)
Using this grammar develop the parse tree for the expression: {x:=( 1 +(2-1))—1}.[8]

d) Write the following regular grammar in a more compact form: ((e | d ) ¢* )*.
Decide whether the string: dcdccdc can be derived from this grammar. [6]

This regular grammar can be rewritten in a more compact form as follows: ( d | ¢ )*.
Yes, the string dcdccdc can be derived from this regular grammar.
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Question 2.

a) Define recursively the notion of regular expressions over a given alphabet using
values: @, €, symbols: @, b, and the necessary operations. [4]

Regular expressions over a given alphabet )’ are defined as follows:

- the value @ is a regular expression which denotes the empty set {}

- the value € is a regular expression which denotes the set {€}

- for each symbol value a from ) it is a regular expression which denotes the set {a}

- if @ and b are regular expressions from the sets P and Q then the three operations
union ( @ | b)), concatenation ( ab ) and closure ( a* ) yield regular expressions
which denote respectively the sets P UQ, PQ and P* .

b) Consider a regular language grammar defined by the expression: (a | (a | b )*).

i) Design a nondeterministic finite state automaton (NFA) for this language
using Thompson’s construction algorithm. [5]

ii) Convert the NFA from part (i) into a corresponding deterministic finite-state
automaton (DFA) using the subset construction algorithm. Demonstrate the

computation of the € -c/osure and move functions leading to the DFA. [4x2+5=13]
e-closure({0}) = e-closure {0,1,3 }=1{0,1,3,4,5,7,10} =4
€ -closure( move( A, a)) = € -closure( move({ 0, 1,3,4,5,7,10 },a))=1{2,4,5,6,7,9,10 } =B
€ -closure( move( A, b)) = €-closure( move({ 0, 1,3,4,5,7,10 },b))=1{4,5,7,8,9,10} =C
€ -closure( move( B, a )) = € -closure( move( { 2,4,5,6,7,9,10 },a))=1{4,5,6,7,9,10 } =D
€ -closure( move( B, b)) = € -closure( move( { 2,4,5,6,7,9,10},b))=C
€ -closure( move( C, a)) = € -closure( move( {4,5,7,8,9,10 },a))=D
€ -closure( move( C, b)) = € -closure( move( {4,5,7,8,9,10},b))=C
€ -closure( move( D, a)) = € -closure( move( {4,5,6,7,9,10 },a))=D
€ -closure( move( D, b)) = € -closure( move( {4,5,6,7,9,10},b))=C

iii) Draw the transition graph for the resulting DFA from part (ii). [3]
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Question 3.

a) Eliminate the immediate left recursions from the following productions: [4]

S — SS | Sda | 4b | a

The left recursions are eliminated by grouping and replacement as follows:

b) Consider the following grammar for top-down nonrecursive predictive parsing:

ii) Build the nonrecursive predictive parsing table for this grammar. [3x3=9]

S — 4bS' | aS'
S'— SS' | 4aS' | e

S — ASbh | Ba
A— Bb | ac

B > cSa | dA | e

i) Compute the functions FIRST and FOLLOW necessary for parser construction. [6x1=6]
FIRST(S) ={a,c,d e}
FIRST(A) ={a,c,d, e}
FIRST(B) ={c,d, e}
FOLLOW (S) ={b,a,$}

FOLLOW (A) ={a,b,c,d} -rules2,3
FOLLOW (B) ={a, b}

-rule 3
-rule 3
-rules 3,2

-rules 1,2

- rule 2

a b c d $
S | S— ASh S— Ba S— Ba
A— ac A— Bb A— Bb
B | B—> e B — € B > cSa | B— dA

iii) Show the stack, the input and the output of the nonrecursive predictive

parsing algorithm on the following input: daca. [6x1=6]

Stack Input Output
$S daca $
$ aB daca $ | S —>Ba
$ add daca$ | B —>dA
$ ad aca $
$ aca aca $ | A —ac
$ ac ca$
$a a$
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Question 4.

a) Let the following LR grammar be given for bottom-up parsing:
S - S
S — aBc | B
B — cd

1) Develop the canonical collection of items from this grammar. [7]

Ip: S7—eS I,: 57— Se I,: S — aeBc
S — eaBc B — ecd
S— B
B — ecd
I;: S — Be I4: B — ced Is;: S — aBec Ie: B — cde I,: B— aBce

i) Construct the DFA whose states are these sets of valid items. [4]

b) Explain the operation of the LR parsing algorithm on the input: acdb$ using the
grammar given below. Show the stack, the input and the output. [7x2=14]

o S-S

@ S — adb

6H A > cd|c

Action Goto

State a b c d $ S A

0 sl 6

1 s2 4

2 r4 s3

3 r3

4 s5

5 r2

6 acc

Stack Input Action

(1 o acdb $ | shifi
2) 0al cdb $ | shift
(3) 0alc2 db$ | shift
4 0alc2d3 bs$ | reduceby A — cd
(5) 0alAd4 b$ | shift
(6) 0al144b5 $ | reduce by S — adb
(7) 0§56 $ | acc
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Question 5.

a) Which are the four transformation techniques applied most frequently for code
optimisation at the final phase of compilation? [4]

The four transformation techniques applied most frequently for code optimisation are:
- Function-preserving transformations;

- Common subexpressions identification;
- Copy propagation;

- Induction

variables and reduction in strength.

b) Optimise the three-address code below using an appropriate technique. [4]

This three-address code can be optimised by common subexpression elimination:

ty := 4 * 1
z := al ti1]
ty, := 4 * 1
ty3 1= 4 * 3
ty 1= al t3]
al ty ]:= tg4
ts 1= 4 * 3
al ts ]1:= z

4 * 1
al t1]

t, :=
zZ :=

¢) Which two important properties should an optimising compiler provide? [2x2.5=5]

An optimising compiler should provides the following two properties:

- the transformations should preserve the semantics of the programs, that is the
changes should guarantee that the same input produces the same outputs;
- the transformations should speed up the compiler;

d) The following program segment swaps two integers within an array:

int y )

void swap( int A[], int n, int x,
int temp;
if (y<n) { temp = A[ x1; A[ x ]
%ain ()
int a[ 21 = {1, 2 }; swap( a, 2, 0, 1);

}

Generate three-address intermediate code for this simple program fragment. [20x0.6=12]

)
)
)
)
)
)
)
)
)

[y
[

[y
Ul
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s := mktable( nil )
push( s, temp, int, 4 )
if y >= n goto (11)

ty =4 * x

ty := A[ t1]

temp := t»

ty 1= 4 * y

ty 1= Al t3]

Al t1] = t,

Al t3 ] := temp
pushproc( s, swap, proc, 1*4 )
m := mktable( nil )
push( m, A, array, 2*4 )
A[ 0] :=1

Al 1] :=2

param A

param 2

param 0

param 1

call swap, 4

12

TURN OVER




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


