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¥ The Big Picture

¥ Why are Formal Grammars for Languages Important ?
P Precise, easy-to-understand representations
P Enable the design of compiler-writing tools

P Allow language to evolve “painlessly”

¥ (new statements, changes to statements, etc.) Languages are not
static, but are constantly upgraded to add new features or fix “old”
ones

¥ Examples
¥ ADA — ADA9x,
¥ C++ Adds: Templates, exceptions

How do grammars relate to parsing process ?
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@ Parser’s responsibilities

¥ Syntax Error Identification / Handling
¥ Recall typical error types

b Lexical : Misspellings

P Syntactic : Omission, wrong order of tokens
P Semantic : Incompatible types

b Logical : Infinite loop / recursive call

¥ Majority of error processing occurs during syntax
analysis

¥ NOTE:

P Not all errors are identifiable !!
P Which ones!?
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L Key issues in Error Handling

¥ Detection

P Actual Detection

P Finding position at which they occur
¥ Reporting

P Clear / accurate presentation
¥ Recovery

P How to to continue and find later errors

P Cannot impact compilation of programs
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@ Example

#include<stdio.h>

int f1(int v)

{ int 1,]=0;
for (1=1;1<5;1++)
{  J=v+f2(1) }
return j; }

int f2(int u)

{ int j;
Jj=u+f1lCu*u)
return j; }

int main()

{ int 1,]=0;
for (1=1;1<10;1++)

{ J=J+1*1;

printf("%d\n",f1(3));

return 0;
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As reported by MSVC++

'f2' undefined; assuming extern returning int
syntax error : missing ;' before ‘}*

syntax error : missing ;' before ‘return’

fatal error : unexpected end of file found

printf(“%d\n”,1);




@ Recovery Strategy |

¥ Panic Mode

P Discard tokens until a “synchro” token is found
B Decision of designer

¥ Problems

B skip input — miss declaration — causing more errors
— miss errors in skipped material

¥ Advantages

B simple — suited to 1 error per statement
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@ Recovery Strategy |
¥ Phrase Level

P Local correction on input
P Also decision of designer
¥ Example: if Token is ] and expecting
P Delete
b Insert

¥ Problem

D Not suited to all situations

¥ Advantage

P Used in conjunction with panic mode to

¥ Skip less tokens.
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@ Recovery Strategy |l

¥ Error Productions:
P Augment grammar with rules
P Augment grammar used for parser construction / generation

P Example:

¥ Add a rule for := in C assignhment statements

¥ Report error but continue compile

b

¥ Global Correction:
P Adding / deleting / replacing symbols is chancy

¥ may do many changes !

¥ Algorithms available to minimize changes costly
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¥} Context-Free Grammar Definition
¥ Definition: A CFG is described by

b
P 1: Terminals / tokens of the language
P N'T:Non-terminals

¥ Denote sets of strings generated by the grammar

P 5: Start symbol,S € NT, defines all strings of the language

b PR: Production rules

¥ Indicate how T and NT are combined to generate valid strings
P PR:NT = (T | NT)*

P Like a Regular Expression / DFA / NFA...
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@ Example

assign_stmt - 1id := expr ;
expr — expr operator term

expr — term What Do BLUE symbols represent ?
term — 1id

What Do BLACK symbols represent !
term — real

term — 1integer
operator — +

operator — -

¥ Derivation:

P A sequence of grammar rule applications and substitutions
that transform a starting non-terminal into a sequence of
terminals (tokens).
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@ Derivation Example

¥ et’s derive:

assign_stmt

—

—

—

id
1d
id
1d
1d
1d
id
1d
1d

expr ;

expr operator term;

expr operator term operator term;

term operator term operator term;

1d
1d
id
1d
1d
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operator term operator term,;
+ term operator term;

+ real operator term;

+ real - term;

+ real - integer;

assign_stmt

expr
expr
expr

term

operator

term

operator

term

—

-

-

—

—

— 1d := expr ;
expr operator term
expr operator term
term

1d

+

real

integer

assign_stmt — 1id := expr ;

expr
expr
term
term
term

-

-

-

-

—_

expr operator term
term

1d

real

integer

operator — +
operator — -




@ Grammar Formalism

¥ Terminals a,b,*+,-,0,1,... blue strings
¥ Non Terminals A,B,C,S... black strings
¥TorNT XY, Z

¥ Strings of Terminals uv,...,z in T*

¥ Strings of T/ NT B,y in (T U NT)*

¥ Production rules
Grammar Example

E—EAE|(E)|-E|id
A +|-|* 1|1

b A= al;A- &2;..;A— ok;
DA o |x2 |...| G

¥ Start Symbol
B First NT on left hand side of production #1
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@ Grammar Concepts

¥ A step in a derivation is zero or one action that replaces
a NT with the RHS of a production rule.

¥ EXAMPLE:

P E = -E (the = means “derives” in one step) using the

production rule: E — -E

¥ EXAMPLE:
DE=EAE=E*E=E*(E)
Grammar Example
¥ DEFINITION: E— EAE|(E)|-E|id
P = derives in one step A= +|-|*| /|1

P =+ derives in 2 one step

P =™ derives in 2 zero steps
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L Chaining
¥ Consider:
DaAB= «aypifA— yisa production rule
¥ Then
Paxi=0=...20 2 ="0; ="« forall &

Plfax=*f and B 2 Yy then x =*y
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@ Grammars And Languages

¥ Let G be a CFG with start symbol S. Then S =+W

(where W has no non-terminals) represents the
language generated by G, denoted L(G).

¥ So WeL(G) <« S =+W
W :is a sentence of G

¥ Example
P Id *Id
P Derivation
¥E=EAE=E“E=I|d*E=Id *Id
¥E="Id*Id
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@ Leftmost and Rightmost Derivations

¥ Leftmost

P Replace the leftmost non-terminal first

PDPE=EAE=IdAE=Id+E=Id + Id
¥ Rightmost

P Replace the rightmost non-terminal first

PE=EAE=EAIld=E+Ild=Id +Id

¥ Question
P If BAy = B 0 Y what is true of f under LM reduction?
P If BAy = P 0 Y what is true of Y under RM reduction?
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@ Derivation and Parse Tree

¥ Questions
P What is a parse tree!

P How does it relates to derivations ?

¥ Examples
P Consider the LM derivation of Id * |d
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@ Parse Tree for a Derivation

¥ Program
blid+Id*Id

E=E+E — /l\

id+E=1d+E*E — E
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Grammar Example
E>E+E|E-E|(E)]id

E+E=id+E — E + E

22




@ Parse Tree for a Derivation

¥ Program Grammar Example
blid +Id*Id E—-E+E|E-E|(E)]|id
E
71N
id+tE*E=id+id*E — E + E
| N

id E * E
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@ Parse Tree For

E=E*E
= E *id
= E+E *id
= E +id * id

= id +id * id

Derivation

Grammar Example
E>E+E|E-E|(E)]id

E
1N
E * E
1N |
]|E -+ llE id
id id

Any Problems Here ?

CSE244 Compilers
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@ Parsing Algorithms

¥ Parsing Algorithms

P Two classes

LL(K)
Recursive

AN

N4

Top-Down: Bottom-Up:

expand the parse-tree build the parse-tree
downwards starting from the upwards rewriting tokens into
start NT using lookahead symbols corresponding NTG®

¥ Grammar structure is the driver!
¥ The different approaches will have different grammar needs..

P Typical problem sources

¥ Ambiguities
¥

CSE244 Compilers
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@Ambiguities

¥ Standard example: if-then-else

stmt — if expr then stmt
| if expr then stmt else stmt

| other (any other statement)

¥ What is the problem ?

P Hint: consider the program
if e1

then 1if e;
then si

else s

What is the program’s meaning !

CSE244 Compilers
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@ Parse Tree

¥ Easy case

1f e;
P All conditionals have matching else. then si
else if e;
then S?
else ss3

ANA

ANEVANRIAN
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@ Parse Tree

1 1f e1
¥ Ambiguous case e e o
P # of “if’ exceeds # of “else”. then si
else s;
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¥ Eliminating Ambiguities

¥ How!?

b Fix the grammar!

Starting Point

S = if Ethen S
| if E then S else S
| s

E—a
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Separate
ObalancedO and
OunbalancedO if

statements.

A then contains
a balanced If
=

it is followed by
an else

S—-B|U

B —if E then B else B
| s

U— if E then S
| if E then B else U

E—a
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¥ Eliminating Ambiguities

¥ Introduce new non-terminals.

¥ Narrow recursion appropriately.
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E—>E+E
-+ E*E
= (E)
— Id

4

E—-E+T|T
T>T*F|F
F—=(E)
— |d
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@ Top Down Parsing

¥ Inspired from building the parse tree “by hand”
¥ Basic Idea:

P Begin with start non-terminal

P Consider the leftmost token in the input stream (next Token)

¥ Identify the correct production that should be applied to the start
non-terminal to expand the tree by one level.

P Continue in the same fashion by considering the leftmost
non-terminal in the tree.

¥ Is the above approach suitable for any CF grammar that
has no ambiguities!?
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@ Left Recursion

¥ What is left recursion?

P A left recursive grammar has rules that support

¥A =7 AX, for some X

¥This is at odds with top-down parsing!

PWhy ?
A = Ax = A = AXXX

A— Ax | B
¥Solution!?
Take left recursive grammar: A—-Ax|B
To the following: A - BA’

A — QA | E

CSE244 Compilers
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@ General Rewriting

¥ Follows
Replace
A = Adi |AG2 | ... | AGm | Bi | B2..| Bn
With
A= BIA | BA | ...| BA’
A= o A 0 A ... |G A | €
¥ Rationale?

CSE244 Compilers
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@ How Bad is Left Recursion?

¥ In practice....

P Consider the grammar fragment:
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E>E+E E—-E+T|T
S EXE > TT*F|F
— (E) F—=(E)

— Id - Id

What would the rewrite be ?
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@ Nested Recursion?

¥ It can happen!

P At 2,3, or even deeper levels.
S—Aa|b
A—Ac|Sd|E

S = Aa = Sda

¥ Algorithm

Input: Grammar G with ordered Non-Terminals A, ., A

Output: An equivalent grammar with no left recursion

n

1. Arrange the non-terminals in some order A =start NT,A,,.A
2. for i1 :=1ton do begin
for J ;=1 to1 -1 do begin
replace each production of the form A, — Ay

by the productions A, = &y | &,y | .. | 3y

where A, — 8,15,1..15, are all current A, productions;

end
eliminate the immediate left recursion among A, productions

end

CSE244 Compilers

35




¥ Apply to Ai—Aa|b|e
A2*A2C|A1d

For A, there is no left recursion

forj=1 to | do
Take productions: A, = A,Y and replace with
Ay 20 Y0 Y | ... | Byl
where A, — 0, |0, |...| O, areA, productions

in our case A, > A,d becomes A, = A,ad | bd | d

What’s left: A= A,a|b | E
A, = A, c|A,ad|bd|d Are we done !
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@ Empty Transitions

¥ Are the € transitions problematic ?

¥ Hint

P How to interpret € in a rule ?

¥ Example
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E—->TF
E—->+TF

TFT
T > “FT
-
F—=(E)

— Id

With Input Token Stream
a+tb*c
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@What about cyclic rules ?

¥ Example
PS—SS|(S)]|E

¥ Has a cycle:
BDS=S585=3S
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@ Left Factoring

¥ Problem example

b Consider the grammar

stmt — if expr then stmt else stmt

| if expr then stmt

P When you see the input

if x +y <zthen ..

P How can you tell which production to use ?
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@ Solution

¥ Factorization!

P Pull out the common prefix in a distinct rule

stmt = A else stmt
| &

A — if expr then stmt

¥ General Form

A — af, | xB,  :if expr then stmt
B:elsestmt B,:E
¥ Transform to

A oA
A - BB,

CSE244 Compilers
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@ Language Hierarchy

¥ Question
P How far can we go with CFG ?

P Which classes of errors can/cannot be caught with CFGs?

CSE244 Compilers
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@ Language Hierarchy

¥ Question
P How far can we go with CFG ?

P Which classes of errors can/cannot be caught with CFGs?

¥ Answer
P CFL = Context Language
b Issues that deal with the context cannot be handled

P Example
¥ Typing rules

¥ Declaration before use...

¥ Method overloading/hiding
P All of this is related to CSL = Context Language
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¥ Looking Ahead

¥ Parsing Algorithms

P Two classes

¥ Top-Down
¥ Bottom-Up
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