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BASIC	CONCEPTS



CSc	453:	Syntax	Analysis 3

Parsing:	Top-down	vs.	Bottom-up

S

parse	tree

input	string

top-down	parsing:
• starts	with	the	start	

symbol
• identifies	a	derivation	

sequence	that	produces	
the	input	string

→ grows	the	parse	tree	
from	the	top	down



CSc	453:	Syntax	Analysis 4

Parsing:	Top-down	vs.	Bottom-up

bottom-up	parsing:
• starts	with	the	input	

tokens
• identifies	a	“backwards	

derivation	sequence”	
that	produces	the	start	
symbol

→ assembles	the	parse	tree	
from	the	bottom	up

S

parse	tree

input	string



Why	use	a	bottom-up	parser?

+ Can	handle	some	grammars	that	recursive-
descent	parsers	cannot
– don’t	need	to	rewrite	the	grammar

+ Created	using	parser	generators	(e.g.,	bison)
– speeds	up	parser	creation

‒ Provides	less	control	over	the	parsing	process	
than	recursive-descent	parsers
– e.g.,	error	messages	are	less	helpful



Doing	derivations	backwards

a edcbb

Grammar:
S → aABe
A → Abc
A → b
B → d

Input:
abbcde
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Doing	derivations	backwards

a edcbb

Grammar:
S → aABe
A → Abc
A → b
B → d

Input:
abbcde A

A



Doing	derivations	backwards

a edcbb

A

A B
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B → d

Input:
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Doing	derivations	backwards

a edcbb

A

A B

Grammar:
S → aABe
A → Abc
A → b
B → d

Input:
abbcde

S



Doing	derivations	backwards

a edcbb

A

A B

Grammar:
S → aABe
A → Abc
A → b
B → d

Input:
abbcde

S
Notice	that	we	didn’t	
reduce	this	‘b’	using	the	
rule	A	® b.	
If	we	had,	the	parser	
would	have	gotten	stuck.



SHIFT-REDUCE	PARSING



Shift-reduce	parsing

• An	instance	of	bottom-up	parsing
• Basic	idea:	repeat

1. in	the	string	being	processed,	find	a	substring	α such	
that		A→	α is	a	production

2. replace	α by	A	(i.e.,	reverse	a	derivation	step)

until	we	get	the	start	symbol.

• Technical	issues:	Figuring	out
1. which	substring	to	replace;	and
2. which	production	to	reduce	with.

encoded	in	the	
parse	table



LR	parsing*

parse	
table

$

.	.	.

parser	stack

$

driver

input

*	LR	parsing:	a	particular	type	
of	shift-reduce	parsing



LR	parsing

parse	
table

$

.	.	.

$

driver

input

pretty	much	the	same
for	all	LR	parsers

parser	stack



LR	parsing

parse	
table

$

.	.	.

$

driver

input

Produced	by	the	parser	
generator

Encodes	the	structure	
of	the	grammar

pretty	much	the	same
for	all	LR	parsers

parser	stack



LR	parsing
• Data	Structures:

– a	stack,	its	bottom	marked	by	‘$’.		Initially	empty.
– the	input	string,	its	right	end	marked	by	‘$’

• Actions:	
repeat
1. Shift some	(³ 0)	symbols	from	the	input	string	onto	the	

stack,	until	parse	table	says	to	reduce.
2. Reduce b to	the	LHS	of	the	appropriate	production.
until ready	to	accept.

– Acceptance:	when	input	is	empty	and	stack	
contains	only	the	start	symbol.



Example

Grammar :
S → aABe
A → Abc | b
B → d

Stack (→) Input Action*
$ abbcde$ shift
$a bbcde$ shift
$ab bcde$ reduce: A → b
$aA bcde$ shift
$aAb cde$ shift
$aAbc de$ reduce: A → Abc
$aA de$ shift
$aAd e$ reduce: B → d
$aAB e$ shift
$aABe $ reduce: S → aABe
$S $ accept

*	from	parse	table



PARSER	GENERATORS



Parser	generators

• Constructing	LR	parsers	by	hand	is	painful
– large	no.	of	parser	states

• Parser	generators	(e.g.,	yacc,	bison)	take	a	
specification	of	a	grammar	and	write	out	the	C	
code	for	the	parser
– convenient
– debugging	can	be	tedious



Parser	generators

• Takes	a	specification	for	a	context-free	
grammar

• Produces	code	for	a	parser

Input:	a	set	
of	grammar	
rules	and	
actions

Output:	C	code	
implementing	a	
parser:

yacc

(or	bison)



Using	parser	generators

flex yacc

yylex() yyparse()

lexical	rules grammar	rules

input
tokens parsed	

input

lex.yy.c y.tab.c

“yacc -d”	Þ y.tab.h

describes	
states,	
transitions	
of	parser	
(useful	for	
debugging)

y.output

“yacc -v”
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Using	parser	generators

flex yacc

yylex() yyparse()

lexical	rules grammar	rules

input
tokens parsed	

input

lex.yy.c y.tab.c

“yacc -d”	Þ y.tab.h

describes	
states,	
transitions	
of	parser	
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debugging)

y.output

“yacc -v”

tools



Using	parser	generators

flex yacc

yylex() yyparse()

lexical	rules grammar	rules

input
tokens parsed	

input

lex.yy.c y.tab.c

“yacc -d”	Þ y.tab.h

describes	
states,	
transitions	
of	parser	
(useful	for	
debugging)

y.output

“yacc -v”

generated	
C	code



Using	yacc/bison

Structure	of	input	file:

definitions	(optional)
%%
rules	(optional)
%%
user	code	(optional)

Format	of	rules:
Grammar	rules:

A	® B1 B2

A	® C1 C2 C3

Yacc rules:
A	:	B1 B2

|		C1 C2 C3

You	can	embed	
semantic	actions	
(C	code)	anywhere	
on	the	RHS	of	a	
rule



Example:	parsing	expressions

associativity
+

precedence

Calculator:



Example:	parsing	expressions
AST	Builder:



SOME	NON-STANDARD	PARSERS



1.	Faculty	teaching	evaluations
(circa	2012)

students

TCE

instructor
summary	

data

CS	Dept staff

Excel	
spreadsheet

export

HTML

simple	HTML	
parser

(yacc-based)

web	pages

evaluation



1.	Faculty	teaching	evaluations
scanner	(input	to	flex) parser	(input	to	yacc)



1.	Faculty	teaching	evaluations
generated output



2.	Computing	FIRST,	FOLLOW	sets
A	tool	to	compute	FIRST	and	FOLLOW	sets	for	an	arbitrary	
grammar	[CSc 453]	

gff:	

grammar	in
yacc format

parser
(yacc-based)

FIRST,	FOLLOW	sets
FIRST,	

FOLLOW	
computation



2.	Computing	FIRST,	FOLLOW	sets

yacc specification	for	the	yacc-format	input	grammar:



3.	Parsing	Intel	x86	manuals

• Want	C	code	that	models	the	behavior	of	
individual	x86	instructions
– for	analyzing	executables	for	a	security	project

• Too	many	to	do	manually
– xed reports	1503	different	instructions

Parse	the	x86	Instruction	Reference	Manual



3.	Parsing	Intel	x86	manuals

parser
(yacc-based)

x86
reference
manuals

x86
instruction
models
(C	code)

libraries,
analysis	driver

C	compiler,
linker

security
analysis
application



3.	Parsing	Intel	x86	manuals

want	to	parse	this



3.	Parsing	Intel	x86	manuals

It’s	a	lot harder	than	I	had	thought



3.	Parsing	Intel	x86	manuals

The	input	to	yacc looks
like	this:



3.	Parsing	Intel	x86	manuals

Current	status:	working	on	it



Summary

• Bottom-up	parsers	can	be	an	alternative	to	
recursive-descent
– painful	to	write	by	hand
– much	more	convenient	via	parser	generators

• They	construct	the	parse	tree	bottom-up
– start	at	the	tokens
– work	by	repeatedly	undoing	derivation	steps

• Parsers	also	find	non-standard	applications


