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VISION OF THE INSTITUTION

To mould true citizens who are millennium leaders and catalysts of change through excellence in
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MISSION OF THE INSTITUTION

NCERC is committed to transform itself into a center of excellence in Learning and Research in
Engineering and Frontier Technology and to impart quality education to mould technically competent
citizens with moral integrity, social commitment and ethical values.

We intend to facilitate our students to assimilate the latest technological know-how and to imbibe
discipline, culture and spiritually, and to mould them in to technological giants, dedicated research
scientists and intellectual leaders of the country who can spread the beams of light and happiness among
the poor and the underprivileged.
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ABOUT DEPARTMENT
4 Established in: 2002

¢ Course offered : B.Tech in Computer Science and Engineering

M.Tech in Computer Science and Engineering

M.Tech in Cyber Security

¢ Approved by AICTE New Delhi and Accredited by NAAC

€ Affiliated to the University of © A P J Abdul Kalam Technological University.

DEPARTMENT VISION

Producing Highly Competent, Innovative and Ethical Computer Science and Engineering Professionals

to facilitate continuous technological advancement.

DEPARTMENT MISSION

. To Impart Quality Education by creative Teaching Learning Process

. To Promote cutting-edge Research and Development Process to solve real world problems with
emerging technologies.
To Inculcate Entrepreneurship Skills among Students.

. To cultivate Moral and Ethical VValues in their Profession.

PROGRAMME EDUCATIONAL OBJECTIVES

PEO 1: Graduates will be able to Work and Contribute in the domains of Computer Science and Engineering
through lifelong learning.

PEO 2: Graduates will be able to Analyze, design and development of novel Software Packages,
Web Services, System Tools and Components as per needs and specifications.

PEO 3: Graduates will be able to demonstrate their ability to adapt to a rapidly changing environment
by learning and applying new technologies.

PEO 4: Graduates will be able to adopt ethical attitudes, exhibit effective communication skills, Team
work and leadership qualities.
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Free Hand


PROGRAM OUTCOMES (POS)
Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
problems.

Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

Design/development of solutions: Design solutions for complex engineering problems and
design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental
considerations.

Conduct investigations of complex problems: Use research-based knowledge and research
methods including design of experiments, analysis and interpretation of data, and synthesis of
the information to provide valid conclusions.

Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering activities
with an understanding of the limitations.

. The engineer and society: Apply reasoning informed by the contextual knowledge to assess
societal, health, safety, legal and cultural issues and the consequent responsibilities relevant
to the professional engineering practice.

Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need
for sustainable development.

Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

Individual and team work: Function effectively as an individual, and as a member or leader
in diverse teams, and in multidisciplinary settings.

. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and
write effective reports and design documentation, make effective presentations, and give and
receive clear instructions.

.Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and
leader in a team, to manage projects and in multidisciplinary environments.

. Life-long learning: Recognize the need for, and have the preparation and ability to engage in

independent and life-long learning in the broadest context of technological change.

PROGRAM SPECIFIC OUTCOMES (PSO)

PSO1: Ability to Formulate and Simulate Innovative Ideas to provide software solutions for Real-
time Problems and to investigate for its future scope.

PSO2: Ability to learn and apply various methodologies for facilitating development of high quality
System Software Tools and Efficient Web Design Models with a focus on performance
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optimization.

PSO3: Ability to inculcate the Knowledge for developing Codes and integrating hardware/software
products in the domains of Big Data Analytics, Web Applications and Mobile Apps to create
innovative career path and for the socially relevant issues.

COURSE OUTCOMES

To acquire the knowledge on concepts and different phases of
compilation with compile time error handling.

To design lexical analyzer for a language and can represent language
tokens using regular expressions, context free grammar and finite
automata

To acquire the knowledge on top down and bottom up parsers, and can
develop appropriate parser to produce parse tree representation of the
input.

To generate intermediate code for statements in high level language.
To design syntax directed translation schemes for a given context free
grammar

To apply optimization techniques to intermediate code and generate
machine code for high level language program.

MAPPING OF COURSE OUTCOMES WITH PROGRAM OUTCOMES
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Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1
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SYLLABUS

Course Course Name Year of
code ; - Introduction

CS304 COMPILER DESIGN 2016
Prerequisite: Nil

Course Objectives
e To provide a thorough understanding of the internals of Compiler Design.
Syllabus
Phases of compilation, Lexical analysis, Token Recognition, Syntax analysis, Bottom Up and
Top Down Parsers, Syntax directed translation schemes, Intermediate Code Generation, Triples
and Quadruples, Code Optimization, Code Generation.
Expected Outcome
The students wall be able to
.. Explain the concepts and different phases of compilation with compile time error
handling.
Represent language tokens using regular expressions, context free grammar and finite
automata and design lexical analyzer for a language.
Compare top down with bottom up parsers, and develop appropriate parser to produce
parse tree representation of the input.
Generate intermediate code for statements in high level language.
Design syntax directed translation schemes for a given context free grammar.
vi.  Apply optimization techniques to intermediate code and generate machine code for high
level language program.
Text Books
I. Aho A. Ravi Sethi and D Ullman. Compilers — Principles Techniques and Tools, Addison
Wesley, 2006.
2. D. M.Dhamdhare, System Programming and Operating Systems, Tata McGraw Hill &
Company, 1996.
References
1. Kenneth C. Louden, Compiler Construction — Principles and Practice, Cengage Leaming
Indian Edition, 2006.
2. Tremblay and Sorenson, The Theory and Practice of Compiler Writing, Tata McGraw
Hill & Company. 1984,

s s

Course Plan

End

Sem.
Exam
Marks

Module Contents

Introduction to compilers — Analysis of the source program,
Phases of a compiler, Grouping of phases, compiler writing tools
— bootstrapping

Lexical Analysis:

The role of Lexical Analyzer, Input Buffering, Specification of
Tokens using Regular Expressions, Review of Finite Automata,
Recognition of Tokens.

Syntax Analysis:

Review of Context-Free Grammars — Derivation trees and Parse
Trees, Ambiguity.

Top-Down Parsing: Recursive Descent parsing, Predictive
parsing, LL(1) Grammars.
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FIRST INTERNAL EXAM

Bottom-Up Parsing:
Shift Reduce parsing — Operator precedence parsing (Concepts
only)
LR parsing — Constructing SLR parsing tables, Constructing,
Canonical LK parsing tables and Constructing LALK parsing
tables.
Syntax directed translation:
Syntax directed defimtions, Bottom- up evaluation of S-
attributed definitions, L- attnbuted definitions, Top-down
translation, Bottom-up evaluation of inherited attributes.
Type Checking :
Type systems, Specification of a simple tvpe checker.

SECOND INTERNAL EXAM
Run-Time Environments:
Source Language issues, Storage orgamization, Storage-
allocation strategies.
Intermediate Code Generation (1CG):
Intermediate languages — Graphical representations, Three-
Address code, Quadruples, Triples. Assignment statements,
Boolean expressions.
Code Optimization:Principal  sources of optimization,
Optimization of Basic blocks
Code generation:
Issues in the design of a code generator. The target machine, A
simple code generator.

END SEMESTER EXAM

Duestion Faper Pattern
. There will be five parts in the question paper - A, B, C, D, E
Part A
Total marks : 12 b.. Four questions each having 3 marks, uniformly covering modules 1
and II; Allfour questions have to be answered.
Part B
Total marks : 18 b. Three questionseach having 2 marks, uniformly covering modules |
and IL, Two questions have to be answered. Each question can have a maximum of three
subparts.
. Pan C

a. Total marks : 12 b. Four quesiions each having 3 marks, uniformly covering modules
[T and IV; All four questions have to be answered.

5 PanD

a. Total marks : 18 b. Three questions each having ¥ marks, umformly covering modules

I and I'V; Mwo questions have to be answered. Each question can have a maximum of three

subparts

6. PanE

b. Total Marks: 40 b. Six questions each carrving 10 marks, uniformly covering modules 'V
and VI four questions have to be answered.
A question can have a maximum of three sub-parts.
There should be at least 60% analytical’ numencal questions.
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QUESTION BANK

MODULE I

QUESTIONS

Construct a parse tree for position:=initial+rate *100

With neat sketch explain the phases of a compiler.

Discuss in detail about the necessity of compiler writing tools.

With neat sketch explain the working of bootstrapping

Explain the role of lexical analyzer.

Discuss about the functions of lexical analyzer.

Define the terms Tokens, Patterns and Lexemes.

Identify the tokens and lexemes of the given expression.
Printf(“Total=%d\n”, score);

Explain input buffering.

Explain about regular expression in detail.

Explain Regular Definition with notational short hands.

MODULE 11

Define syntax analysis with example

Elucidate in detail about the context free grammar.
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Derive the string —(id+id) from the grammar E->E+E|E*E|(E)|-E|id

Derive the string “aabbabba” for the LMD and RMD using context
free grammar.

Construct a parse tree for the string id+id*id and grammar G is E-
>E*E|E+E[id.

Elucidate in detail about Ambiguity.

E xAMPLE . N
consider Hoe ;&ol!ow‘r’ﬂg gmmmav .’{pr artthmetic
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Discuss in detail about the Recursive Descent Parsing.

Narrate the properties of predictive parser.
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Construct the transition diagram for the predictive parser of the
grammar.

E —>s¢'
E'—> +TE'|€
T — F1'
T]—» %FTWE
F— ()|

Explain in detail about Non Recursive Predictive Parser.

Explain the FIRST and FOLLOW with example

fonstrpck Hoe Pc:rréfwaz Table %ar—f%ue :E_afrawfwgf
6rmmﬂ.r-

S—y Ab
A —> ale
B—rble

MODULE 111

Discuss in detail about bottom up parsing.

Discuss the basic properties of shift reduce parsing.

(onsider e f_L.::rﬂr::m:.-?naA growmmar

E — E+E

g —> E*E

E— (8)

gE— i
']%-,r*[)pvro e achen q sl —reduce parser Lo
e hput 513%8 344 *({d - +ids) -
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Discuss in detail about operator precedence parser.

Copstruck opevator Precedence Irj""f’lr'”?}' lawy,

+or Hhe ~{Jﬂrimwn"nﬂ Jivern gravroar
P—> SR |s
R —> bsR| bs
S = Wbs|w
W—y | »wW I L
L—=id

Discuss in detail about LR Parser.

conslruct -he SLR T/me?-n%—}abla Aor ararrovoer
IR

below) -
F—>E+T
E—>T
T—>T+F
T—>F
F— (B)
F =il

Explain canonical LR parser.

Explain canonical LALR parser.

MODULE IV

Briefly explain syntax directed translation.

Explain the concept of synthesized attribute.

Briefly explain about bottom up evaluation of S-attribute
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definitions.

Describe L-attributed definition.

Explain the working of Top Down Translation.

Explain the basic bottom up evaluation of inherited attributes.

Define type checking.

MODULE V

Describe Runtime Environment in detail.

Explain about Activation Trees.

Write a short note on storage organization.

State storage allocation strategies.

Write about intermediate code generation.

Briefly explain about intermediate language.

What are the main categories of three address code? Explain in
detail.

Briefly explain about Assignment Statements.

MODULE VI

Describe Code Optimization in detail.

Explain about basic blocks and aviation graphs.

Write a short note on function preserving transformation.
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State common sub expression elimination.

Write about copy propagation

APPENDIX 1

CONTENT BEYOND THE SYLLABUS

TOPIC

PAGE NO:

263
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parder o beild e bofom Up pParser.

—> 1 16 used +o detire roaipemalizal operalor-

Ogem&?v §rammars

~» An Operador gronmmas, fe bav?v)g %oi(ow?ma operator
@ No rrs 4 any opemlbr hat €
@ No 4wo mory-——FerM?r)a,Qe are acgfaceml-;'

E XAMPLE S

id

E—>E+E|EXE

COD‘J)OdEi’ +Hoe %rMY)W)cU’ Ef—}EAE“idﬁ%“g 8ywmma)’
A —> +|*

o] () :
S Same as 4he above given example grormmar bat
This 6r0vw)ma.r' 'fg noE an OI)éraﬁ'DY 8m¢mmar“ gbce

EAE has H4wo Consecudive povotermivals. This com be

COY’V‘?V*ed 4o opem—mr ﬁfmvmal’ as

E— 6+E( e*e[ Iq
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T

Am  easy I - fmplemert P""—%'a”% fchnique called

Operator — precedemte Pavsfng.

- In OPcm40v Precedence Pméf”)a, we deffne 3

C‘\o()jo?ﬂL Precedence relahomes, <o ==, ad

betweent Cerdah Paivs q dlevmfrals .
h=> Thece. Prececlemce. \(@Ia-‘.fmf)g %MM& e SQ\GC%IOW
- bhavdles and bhave Ahe ‘“-{)o\loooi’ng, roeanivgs;

RELATION ,E\LﬁANwsL t
a<b ; o yelds Precédence to" b
a=b . pas e Game Precedene

f as” b
L0 a " Hakes Prececdemce over b

—>There. arve 2 (ommor w.afds 0%— 4e~{—erm‘:’r’)l‘03 cobat
Precedemce. relations 4bhould. Wold. blw a palr &

ternimals.
@ Based on e tadiHord vodion a associal-
\/?+rd anct,\®Prececlmce 9 o{;em[fo,,g,
egi- g % Ts bavbrg bigher precedente tooan+
e make —++<s% and X >t

|
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g Rules to Find e Precedence Relation
@ " Ts having highest Precedence than any other

pperator-

egi td >+, id >*, i >¢, >, dod
@\$, fo foavfn% least Precedence .

9 $<- 01 pr 8179

@ 1k O]?emeor 84 has h?abek Precedence %aq,g,ﬂ
make Qg +>8g ard B2<-81 '

@ J % bas Wigher precedence 4pan +, make

% S+ and T< K. These velations ensure fat,

| 1 an exprescion. qHhe 4orm ete xe+tE,
| +e centval EXE 95 Hoe bomdle. oot el be

reduced it
® 4t 84 and B4 are pperators aQ equal Precedence g

Yoo rake 170z ard Ba B4 9% 4he Opevators
ave \e:{)t—aéw(‘faﬁ”ve, or roake B4 <+Ba and 82481

|

?{7 'Hi)eg are r(ogbb—aeéoc?aﬁve.

Qs 15 + and. — are \eqt _ aeeociotive ,Ahen make.
4>ty Ty T and, — 7 1
14 4 Te r%bt—aééocf’a#’va,-r%en make < T

P —

Toose relations ensure thak E—-ETE eAll bave
bardle E-E selected and €AERE Wil Voene e,

lage EAE  Sdected.
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® Make < 1 58,8<C, (<858, B4,
. and $ <8 ov all opevators @

Alao, let

( :;::) ‘,f\ o '( (t’ < '?d-
(< id>s )7
L (el Ay D))

B Operatoy ‘_T‘)(‘(e’_(if:‘n(f’ Relation

Conalder ¢ ;.hfn(} id+ 74 * i 'U)' the fjmmmak
E->E4E

E-rE¥xE

E-rid

Opcrator Pre rr({fw(f relat'o ns (‘%) e above s fﬂa
an be ac gmn below)-

d [+ | »

&
ql-1>>[>
+ < | 7| < |2
RIS
$ ¢ o | < | =]

|

""164 nd ‘?(L 1S s Mot compm(fna.

- id fe hawna h?\]h(’d Precedew o fan any Ol
operator 4o W the Kd vow, {4 S any other.

> 4n 4he. ard row, + &€+ compaifeon -+ >+ Ginte
+ 15 lege assocative:
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1

s dpbe 3 vow0 ¥ €% Compavieon g9 g,
3t fs IE:LE assoclahe.
_y $ince & 7o least precedevxe over WY Dfprer opeva -
C bor 4 <+ any other opevator &, §-4 %, ok
| (oms74V7‘°&.

| Concauct e operator precedemce velaton dable

qor %n%% Ad % (4 A 1d) 4/ o the

l,

; %mmoméw-

E—>EtE Ly 4 Ts g bigber precedemce wod |
e~E—FE right ass0ciatve

c—>FE/€E L % and / are wexe bighest
gz E;:;i Pre cedence @d le1t assoliahve
e Ly + avd — are g lowest prese

| g—z—fc{_ Precedente and iz le#; as<oclalre
I AR R ARG

T 7 7L L LK<l > ]

|- .?_‘, > < Lo < & B < > :> N
R AN RN IR A
Uyl olole e <>

N7 p vy [ele]n ]y
G m o> > ——|>>
1ngé4 4 <]<-;<.f<.’ ..____
AEREEAEI
15 1% Lo b Lo lan s i sland
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L) QJ)em|5r Precedorce “_Paref’wg. Algor ‘."ﬁ'{!b

: lv\r((\ { /\y‘) (‘)P ("’ﬂlf)\/ T')V(’((.}(' 0 (€, m&“f}"/\ ,
Ou{-Put e [avae Jree .
j"??" (ﬂ\‘a stack contamn ‘\3 and -he ‘ mPu[-; ‘QH\)LGY

Ccomlalns he 5~lr?’r)a uS’fr,.

,@ set up 'f[’ 10 POt 1o -ipse At gyrotd 9 Wt

@ Repeat :Lollow%')g 5’4GPS'
©) 3% fF s n top g *f.(’ge clack a'\od P Porml 49

)

‘= $ “en
@ redurn

Clee beai’m

@ let ‘a’ be Hpe A0p roost- Hevimivd éa&bo] o0 e
S gkack ader (1) be e Symbol pofnierd, o b(t]
TP
® 3% a<eb or a%—b hen beg'r’n
@ puch b’ Onto the Slack.
@ AdvVoevoce ffp to the mext ’?hPub @cdnobolr.
oy
@ elce T a>b -thev //Reduce,
@ mpeal:
1) pop +pe Slack

2) Untll Abe. Hop slack d4ermfwmal s K@\;emrelawc(
b% & 40 Hoe Hermival rmost recently popped

@ plee. error (O

Vo |
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|
|
]

:[?XAMPLE

S

(onsiruct +he Parse tree 4or e G4+

|d+!d%7({‘¥ |

uémj Stack. « The sdack coritain $ ar the bottom.
table s as 280w below -

as the Yelation

BN
M= > 515
ol | v <>
Bl B O
z $ 1< <] | =

- Compare é‘F Ve 14 . 9 +he. '"’P“t' 1d % 1d.

fo e b“bbe'" T bav?’ng Io,aber Precederce. , them
pushh on 4o F‘W)e Stack otpervoice. pop T Cp

Soee. 19 ->é'f, _push 1d to stack and reduce P o

Lhs %t fs popped:

¢

i

~> (ompare.

~

14 vg+

2k

- Coropave $ Ve +

K

19

..‘..

dr44]

7d >+ , g0 Popped dnd

|

reduce

7 Q;?A *id ¢/

’w”aﬁwﬁ"{ﬂ
= T

2 | g
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L e

‘%_(‘Oi’r’)]')a\’é/ + Vs 104:

E%\:C{ +|H
~> Compare A Ve ¥,

4]

\

174

74

\

> oo

|

e

pare -+ Vs ¥

K-

P[]+

el
l.', )

)‘-}'

50 Push 14

< 101{,/ ‘

| 3d +4d %14 ¢ |
f {

24 > % , S0 Pop oed

veduce 0 13

e Td éf i'

d

.
1

| m— o

\

Lo Ry So PUSL'L_,

‘u ”d ud%
1d +1d * 1
| o A

E

[ e

)
push Ad

_ so |-
> < 5d

|
l
f
f

*

\

14 L

!

7 Compare .44 vs &

AREIRIREIEAEE

541+

> (ompare ¥ Vg

/

=
v

+

i [ \*]EJ

— e

T+

1d %106{4: |

1

d >¢ , <o Pop wod vedie

+"ld %—M‘{”

|
= E E—‘

|

s> d | o0 pop & reducs
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/\

E E

—a
—“_""'m

\ \
+ 44 * 14 ¢
?

— CO"?PCTV&_.,T__YE__% ;) + >4, o pop £ reduce .

/

- / // -]p/ % ’TA'
a
ElbCihduatt

e —

=3
x L

=
S
(Ad 414 * ‘1@
—> Compare & Ve &4, Accepled .
S0 qwal  Parse dree 15

|
{
|

| /\
=

EXERCISE

(onsider tHhe exanmple for an ?oput- 6’—"7"»73
'Td +"‘lgdt +1°d $ :{)or 1> e \é]fveno @YMDVD(I}"
E—» T+ E \E"’X—Ei"fcl Conshvuctk te Parse

,‘ "* Free.,
= parery gy g T
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EXAMPLE

Constvuck 0P€V4+Ol’ Pr?(é’c,fb(& Parc[nﬁ_ ’"'”‘Jn
tor the Jollowlrg given gramimar

P—> SR |5

R—> bsRk|bs

S = Wbs|w

| W5 | -x-V\I'L.

L=~

;Tke itven - groveomar % oL OP@m{-ob precedence

%7%(6 viond ervni val %’ambof’s are 6? acy’a(%(;.

Foffow‘f"n% ave - e. Ofem-ct)r-ﬂm’mm“‘-’w

Agafm —+ie 6 ot OFe,vaTév ‘f]"mfmmalf

P—%sbP\gbs‘s
g > wbs] W

W= L”“W)L—

L > 4.

f"

/ : \d I‘ * b $ L)% fe rfght associafive
M= > |[>]> Bnce ¥ (6 vight

i % Ve -

< < |5 > € CUrsn
R i W —> L*i
b< | <o (<o .> L 0 o ’
___.2 <.> ~< sany b 13 right assotiadve
FICICINITN G b B right

Vecursnve.

o —>whs P —>P
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VLK« PARSER

LR Parser
LR[%) SLR LALR CcLR
(sirople (Lookahcac{ (Canonfca]
LR LR) LR)

[ =]
> LR Parser s an ebzg"cf’ebb,boﬁom Up feygritax
amltdsf’s 1echrigue that can be useq 4 Parse
a larae, Class q Crg. 1

—7 LR(K

Lelt +o Rf’abt ?rJFul- ééannrng.‘
Cf'ﬂg*ﬂ UC‘H’YJg— Rr"gbb most derfvation
In reverge.

Afom% ?o*rab @8robots c% (oo(iabeqc{
use :Bor Parsfr)a-

7 Whbew (K)'fs omifed , kK B assumed 4o be 4.

> LR Parser Ts e roost general form a
non Ioack%’ad«ﬁo&, ZalEG reduce. Parser.

ﬁé{rwmmar Patsed. with. LR mefhod s 4he
o (2]

Superset %—Woe class @ grammay cobfech 1o

befog parsed ot Predichve Pass. Parsers .

™ LR parser Com defect roore %o‘[ﬁx errors -

S parser:
~> LR Parser (s rmoore Powerydl 4% am- L-

o o ey L(’
—>0ut G 4 LR Parser, cLR 15 Qu%h(%, Power,

M o
-} d ewp enove - )
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—7 SLR —— easy fo f’mplemen{‘, Least Paw(sylul
cLR —> Most powevid , Most €Xpemsiy,,

[ALR — Al ermediate POaJéVng £ Cost.

o DmbObﬂCLL? Too mMmuch- wofkfo‘ (onsw LR,

Pavsey -

' o Pavser s
L5 gcloe/vba-ff’c 'Dm/jrf\:m 3 E_Ef__.,

tpos

- Cackk,
Sr
Km

< LR Pavsfr)% Pmarm —> OwcFut
Sm—4 T '
KN4 r_/\—’_l ] ‘
'&C—H’ow @JofO ]

\:f’auve: Mode| Qg LR farser

—7The LR Pparser (owsicts 9

@) an put

@) an output

& a stack

@ a onamxm,

@ Q Paré?'n% tavle 'wmrSEd% 2 pqytg
(@ acton

® %ot@
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> The ‘Pmﬂmm g The Same. %or.qll LR qugerg,oy,/a
e Pavé?na fable d/mnaes {rom ore parser 4o grpter. |

_yThe Parsing progrom reads chavacler from an anut

pupker once ar a +ime.

— e Program uses a Slack 4o Zove a QM’D% 9 o

qorm S0%4S4%2G - - - X S, wbere Sm Te on 4op
o% +he Stacks
— Eadh @‘GQ a ﬂ_ﬁmmqkl%ﬂ?bd avel éaCW:ga s a
garobol called a otale.
ota

O——

c
—%Vgebx—gﬁn?boi—#qm

—> cach Stale gcdrobol Curomarizes —be Tmormalion condai— |
red Tr Hbe Gack befpco ?6:, and e Corobinalion 2 the
Chaeke Slate Gyrobol on top § the Qack apd He cuvrest

?r;pat, gambog are used o odex #e Pargf’wa table and |
10{){: veduce Paréfog declerom .

‘ t

determie. 4he SP
77T Parsing 4able comslels o 2 parld, o parsfrg adien
:Lmdfm action and A %o&‘; gc/mc#’@'n g&fa.

— The Pmarwm dr?vfna H50 LR Parser bebaves Qg

:Lollooog;
o At dedermines  Smy Ahe. ¢a

o e §4ack) orod

* qp dbe covent nput 2yl

|
| [z currently o fop

Y f 1

= Jt Afen Comsults ac%onfgm,a{],%é Pnréf'”ﬂ ac l:—‘f)
o t : ‘j[’)u
tavle ety 4or glale ‘G’ and Anput Ai’, come
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@\) Shift 6, eheve 8 ‘¢ q Sl

@) reduce ‘%d QL cJva)mm-' Pr(;(luc%"c‘m A~-.>P,
%) aceept am(

@) evvor

1 l_K Parsn alqOVﬂﬁ_“_’b

J_n_pgt‘ : An oput g'\v‘foa W'and an LR P‘W‘GQ’Q”% Jable
CU?—{BL (LLN‘OC—HUO)?S QC'{'IOYL ffDCL 60(»6 %OI’ Q ﬂrqmm%
Gl.
Ouﬁguh j‘E ‘W' o n L&), a bofloro—up parse Tor S5
O-Ffoeuo‘fge, am error 'fnd?’mﬁm/to
Medhods ﬂnﬂfallg,ﬂ%e Pavser bhas 's) on Sl gqqc[,() eobeve,
\s1 o o 0,0 t
$o 1 4be nitial State , ‘and c(9$/‘§,9—}%@ ip bujjer
Set ’TP 10 point 4o e :L?rct— gﬁmbvl % t«9$-
vepeat qorever beafn
lev 's” ke he ctde ox op q e stack and
‘' e éﬂmbo! Poi’n%ec{ Jo -b,d ,‘,’P,,
IF qcﬁ"on[s,a:[ - gﬂ,."%t <! +hen begh
Pusi'a’ “ben s' on 0P @ 4be $iack.
/

advamce "I’P.JCO“ e beoxt 70}%&‘ &Jm’gof
end

e If action[s.d] = redyce A—>B Hhen begin

Fop ‘Q*’Fﬁ] Qﬂmbojs c% e @ack;
let S be e Bate now om fop q the Gack ;
/

Push, A +Hoen goto [S’, Al on op & HHe ;<;+r7£l<‘,’
Outpak te Productioro A—>P |

else IF achon [s,d] - accept +gen
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[ | Cons-)ruc_h'm 0. SLR Parsfng ’raloles

| K (0) Jlems

> An LR(OD I (7} 7] %rmma;— A s a Proclutffm
(z G with. a dot ar some Position 3 e rfgbe

/J)o(‘()_—
— Thus Prcducton A—S Y Z Qj?’elds e 4 3 [&m:

A—>XYZ

| A —>XYZ
A —> RV
A—> XV Ze

—> The preduction A—>& %ebem‘r“s only one
lkem, H—°

Avgroenfed Gparomar:

—> 1% G Ts a gravomar coHh Bart grﬂrobol

A o the %Wr Tréa,’a

. a mewl @lart é/(dmbO s and Produchm

q'.___>g
—> The purpose ¢ this new %arﬁng Product é
Yol
?D(h(’(},"e e 12212248 wﬁem h': g{}bOUJC{— 6'\('0;7 pa nj/

t' F °,
avrd annovmce QCCFP{M& & tHe "”)PGL 14
cohen Ahe. Parser 4

S, ey

on ?6 +D

acce plome cecu!s cufnf"’) and oy

About o reduce bfd 4-—>G.
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The Closurt me\li’fm:

—~> 4k I Yo a set a Hems T = qravormar Gly e,

Closure (I) Yo Ape 4ot Cé tems conelvacded ?)VW:’ E

d

e -loo vules:

, ‘ e 0 . y [
@ ﬂn‘Hna”ga ever %om. 10 T 16 added o closure (1),
; @ j‘f A—>r X Bf Iz 'n closuve Cr) and P"“))} I3 a.

o L )
Preducfion | -hen add -be item BT / to I/

TF Tt Yo »ot a\ve’ad% Hreve .

We q‘PP’g/ A5 rule. cptil M0 rmove  New 1t evos

can be. added 4o closure (T): .

| Closuve COVOFM

SN AN

Cuncion closure (13
bégi’n
Ji=1)
repeat b
For cach et A— ot BP 0 T

Procduchen B —> ’a}% 61 Such Abat
B—%'T/Q s wer i T do

and. eadv

| add g,-—>-~/Q to I
uwti mo more Gtems cam be added 10 j)‘
return T

éend
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[EXELE]
Conatder 1he. rWH«Jnn"H',Ftl (',\:‘P':‘,'./Rl'."'nz. ﬂmmmm;
gl—>E
g —> E+T|T
T—> T»F \F
F—> (B) | 4d |
A O "‘ ) f: =
> fl?)- 1T e cbhe Set 0 one 1 ey ’L E h}'LJ‘I[ hen
cloaune (D) comlames Abe 1 ems
g'—-E
| E — e+T
|
g —>T
. —> TxF
T —>°F
= —> - (E)
(4
= — Id.

The &olo Opﬂ'n\lmo:
—> The 2’74 u:sé’%ul %wocfl-fon 15 {:]OL‘O(I;X) cobere
o be pet Q JHems ard K ig 4be {rovomar

I
@ﬂh’)ioo\ .

B got-o(l‘,ﬂ 15 de’gﬂocd {0 be the closure. 2 +He, set e
Abe. all ftems [A—>a X P Such Ahat [A—> - XP]

s n I.

[ExaMpLE]
S i

R
14T Ts the set @ Awo Troms {Ef'—'? e, e+

hen goto (I, -0 conslst 02—

> E—>&tT F”7'§f
T—> T*F By "
r N oF ___-_
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}—} WC (cmru(c{ gﬂo CI’/‘D '7( ¢ \mmiﬂrnz] 3
| ltema eolth -+ 7“”””’0({'“{0@ to the ”cdh( CE N”(
; 2

dot.
— g'—>E. Ta Mok such. an ftem, bt E— €41
We moved e det over the -+ Lo get

TE__»? F+'T} ard Hhen 100k Hag. closave. qﬁf’ofé 01,

[EXAMPLE %)
Cessee——
_ g ! - : ,
LebI“YE%-F, E—-ExT, E—.T, T %P,
T—>F,F—(8), F—- ?d}

Joto (1,7 = TETe, T—>T- *F
Goto (I,F) - {r—?Fj

| Geto (3,54) =?F——?,d.}

- 90(L,) = TF— (D]

“The Qefé—@— lews * Conslxue iw -

—The a(jon‘ﬂ’a'm To  (omslauck Ahe Cavionical COI)EC‘J'IOYIQ.
‘Se!sq. LR(0) T fevns for om auﬂmer)'féc’ 8

FAYWI U 61 .

Procedure s (&)

begin : }
C: closuve (§ g—» Sl b
o i

for each set @ Homs I nc and. each. §ramm
&gmbol X Such +hat goto (T, %) T ot enply
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and otk » C Ao
add. qoto (IT,x) o C

until no move sefs 4 Tema cam be added o C
end

—> The A%t set o C 15 e closure. (% %[c; _7{}} coheve g

e, 4he &Gart S¢mbol % Orlamq\ Qrovmmar amd S‘ T Hhe.

8larfimg vonderminal o euamenJec{ Gravmar.

> For each Get T v ¢ and each Grovmmar gmbol X
tobere Golo (T,%) fs monevnpty awd not in C add
the Set goto (T,%) o C .

[éwaf\;lPL? '
Consder ‘e auamen QC] ﬂmmmar

E—E
E—>E+T

eE—>T

T— T*F

T—>F

F— (B

F—1d RN

*®’ e y.g | K@ C"O)E) E_>FE- +T

E—> E+T |

E—> T | .
TRF |~ B
g :* @ (2o +—>T*F

T —> -
F —r CE)

F—" 1‘4 () I09> T/‘?F
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T G0t P00 (D3) (1ol
E —>.E+T |I~—7
E— T F— 1d.
T — T %F |
T =2 «F
= s(E)
F—r-id

Ié;@i Pt Eey Bt T ‘1 Tay(T2.9):
T THF | s TF

T —> .F_ | Spun 'CE’)
F'—?'(E’> P"’?’ "\Dd_
F—s.id |
I@\j;@q,eﬁ: F—>(E9 : (&;ﬂzf?:
E7REAT T THF.
Iq) (_I@,ﬂ v E—=E4T @‘: CI%D): '
T =7 Tex%F | |

F—(g):
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T g\,{ﬂf_('?[ffﬁ LD{’&C\,‘VM Q{;_EFA or 4e set & | R (o)

%{H@’WIC) Ccvwowyfcal’:gonec/#OYISg

-

d

‘;38 s—Tramethiom 'Dfagj‘“’w“ g P
(LR (D)

FA Jor +he 5€b~g
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| Conelvuelon.
B

a
|

|
|

GLR Parsim ét_iﬂ_}_ﬂl@f

~=

v \
jY?Ec« s Apb au r«)@rﬂed QYWMC‘Y &1
Ouwpuk + The oLr Pa%?ma Jable. /LuMHf’nn" achon  amel

| Goto 4or §'

Methods

@ Conshruck C=%IO/I:L; e ..)Iﬂ},'ﬁa)e. collecthon, %Z

Sels g L@ Trevs for &

@g—lafé % (199 ’CDnS—JYMC_q(ec{ :Bmvn,_‘f{%e Parécfog

beKoms qor $af { are dedermined as {ollocos -

@ Jr _tA——?pC'Q,IBJ fs in Ijapd goto (I;,a)=T;,
hen set ackon[1,4] to " shfy 1" Here a rust

be o devmind . . S

) (2] [¢] 0 ° C

'» b IF [A%] s T L8, 4Ben. sek action E,aj
t0 reduce A > Jor al '@ ™ rouow["?)}
. heve A may ot be =3

, | o ©
 © [5—=s:]fe ™ Tisthen et ackion 4 §]
to “accepe’,

— d any aon%li’d%og actions qpe ﬁenemled by the above

Veles, woe bayy e rammar.. 15 ok SLR(4).

—>The alaor i
\ﬁon—t%m Jails o predyce. A Parser nhis mSe.
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ANTLR

ANTLR (ANother Tool for Language Recognition) is a powerful parser generator for reading,
processing, executing, or translating structured text or binary files. It's widely used to build
languages, tools, and frameworks. From a grammar, ANTLR generates a parser that can build
and walk parse trees.

ANTLR takes as input a grammar that specifies a language and generates as output source
code for arecognizer of that language. While Version 3 supported generating code in
the programming languages Ada95, ActionScript, C, C#, Java, JavaScript, Objective-
C, Perl, Python, Ruby, and Standard ML, the current release at present only targets Java, C#,
C++,JavaScript, Python, Swift, and Go. A language is specified using a context-free
grammar expressed using Extended Backus—Naur Form (EBNF).

ANTLR can generate lexers, parsers, tree parsers, and combined lexer-parsers. Parsers can
automatically generate parse trees or abstract syntax trees, which can be further processed with
tree parsers. ANTLR provides a single consistent notation for specifying lexers, parsers, and tree
parsers.

By default, ANTLR reads a grammar and generates a recognizer for the language defined by the
grammar (i.e., a program that reads an input stream and generates an error if the input stream
does not conform to the syntax specified by the grammar). If there are no syntax errors, the
default action is to simply exit without printing any message. In order to do something useful
with the language, actions can be attached to grammar elements in the grammar. These actions
are written in the programming language in which the recognizer is being generated. When the
recognizer is being generated, the actions are embedded in the source code of the recognizer at
the appropriate points. Actions can be used to build and check symbol tables and to emit
instructions in a target language, in the case of a compiler.

Other than lexers and parsers, ANTLR can be used to generate tree parsers. These are
recognizers that process abstract syntax trees, which can be automatically generated by parsers.
These tree parsers are unique to ANTLR and help processing abstract syntax trees.

ANTLR 3 and ANTLR 4 are free software, published under a three-clause BSD License. Prior versions were
released as public domain software Documentation, derived from Parr's book The Definitive ANTLR 4
Reference, is included with the BSD-licensed ANTLR 4 source.

Various plugins have been developed for the Eclipse development environmentto support the ANTLR
grammar, including ANTLR Studio, a proprietary product, as well as the "ANTLR 2" and "ANTLR 3" plugins
for Eclipse hosted on SourceForge
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