
context free grammars 

CS 119 

  a property can be seen as a  
language defined by a grammar 
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instances of MOP 

MOP 

JavaMOP BusMOP 
today 
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Chomsky’s  
language hierarchy 

http://en.wikipedia.org/wiki/Chomsky_hierarchy 
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a /\ [](a -> o b) /\ [](b -> o a) 

S -> ² | aSb 

the language hierarchy 

regular 

temporal 

a 

true 

1 2 

context free 
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the 4 elements 

context free  
languages 

pushdown  
Automata 
(theoretical 
concept) 

context free 
grammars 

parsers 
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context free languages 
and pushdown automata  

$ 
a 
a 
a 
a 

q1 

q2 

q3 

q4 

S ! ² | aSb 

² 

² ! push($) 

a ! push(a) 

b top()=a ! pop() 
² top()=$  
  ! pop() 

b top()=a ! pop() 

an bn input: aaaa bbbb 

example 
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CFL parsers  

•  top-down parser 
–  expands non-terminals into RH-sides 

•  bottom-up parser 
–  reduces RH-sides to non-terminals 
–  LALR(1) ½ LR(1) ½ DCFL ½ CFL 

S ! Ax ! ax 

ax ! Ax ! S 

S ! Ax 
A ! a 
A ! b 

example  
grammar: 

JavaMOP 

Consider the term: ax 
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structure of a  
table-driven bottom-up parser 

•  an input buffer 
•  a stack of states visited 
•  an action-table giving a 

grammar rule to apply 
given the current state and 
current terminal in input 
buffer 

•  a goto-table describing 
which new state it should 
go to 
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actions 

•  Shift - push token onto stack 
•  Reduce - remove handle from stack and push 

on corresponding nonterminal 
•  Accept - recognize sentence when stack 

contains only the distinguished symbol and 
input is empty 

•  Error - happens when none of the above is 
possible; means original input was not a 
sentence! 
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abstract algorithm 

•  start with an empty stack 
•  a "shift" action corresponds to pushing the 

current input symbol onto the stack 
•  a "reduce" action occurs when we have a 

handle on top of the stack. To perform the 
reduction, we pop the handle off the stack 
and replace it with the non-terminal on the 
LHS of the corresponding rule. 
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the lock/release example 
S ! lock S release  
S ! epsilon 

specification 

() lock lock lock release release release SHIFT 

(lock) lock lock release release release SHIFT 

(lock lock) lock release release release SHIFT 

(lock lock lock) release release release SHIFT 

(lock lock lock release) release release RED(S) 

(lock lock S) release release SHIFT 

(lock lock S release) release RED(S) 

(lock S) release SHIFT 

(lock S release) RED(S) 

(S) ACC 
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expressions example 
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recall structure of a  
table-driven bottom-up parser 
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event lock 
event release  

productions :  
  S -> lock S release | epsilon 

specification 

0 

lock 
lock 
lock 
release 
release 
release 
$ 

input 
JavaMOP 
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event lock 
event release  

productions :  
  S -> lock S release | epsilon 

specification 

0 

lock 
lock 
lock 
release 
release 
release 
$ 

input 

1 

JavaMOP 



18 

event lock 
event release  

productions :  
  S -> lock S release | epsilon 

specification 

0 

lock 
lock 
lock 
release 
release 
release 
$ 

input 

1 
2 

JavaMOP 
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event lock 
event release  

productions :  
  S -> lock S release | epsilon 

specification 

0 

lock 
lock 
lock 
release 
release 
release 
$ 

input 

1 
2 
2 

JavaMOP 
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event lock 
event release  

productions :  
  S -> lock S release | epsilon 

specification 

0 

lock 
lock 
lock 
release 
release 
release 
$ 

input 

1 
2 
2 
5 

JavaMOP 
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event lock 
event release  

productions :  
  S -> lock S release | epsilon 

specification 

0 

lock 
lock 
lock 
release 
release 
release 
$ 

input 

1 
2 
2 
5 

0 
1 
2 
7 

JavaMOP 
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event lock 
event release  

productions :  
  S -> lock S release | epsilon 

specification 

0 

lock 
lock 
lock 
release 
release 
release 
$ 

input 

1 
2 
7 
9 

JavaMOP 
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event lock 
event release  

productions :  
  S -> lock S release | epsilon 

specification 

0 

lock 
lock 
lock 
release 
release 
release 
$ 

input 

1 
2 
7 
9 

0 
1 
6 

JavaMOP 
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event lock 
event release  

productions :  
  S -> lock S release | epsilon 

specification 

0 

lock 
lock 
lock 
release 
release 
release 
$ 

input 

1 
6 
8 

JavaMOP 
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event lock 
event release  

productions :  
  S -> lock S release | epsilon 

specification 

0 

lock 
lock 
lock 
release 
release 
release 
$ 

input 

1 
6 
8 

0 
3 

JavaMOP 
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event lock 
event release  

productions :  
  S -> lock S release | epsilon 

specification 
lock 
lock 
lock 
release 
release 
release 
$ 

input 

0 
1 
6 
8 

0 
3 

JavaMOP 



27 

JavaMOP 
algorithm 

0 
1 
6 
8 
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Within one method invocation, locks should be acquired 
and released correctly (all taken locks should be released 
as many times as taken) 
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DEMO ON SLIDES 
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    END OF 
DEMO ON SLIDES 
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properties of Java library APIs 

R2: An enumeration should not be  
propagated after the underlying  
vector has been changed. 
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CFG specification 
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<v,e> 
v1 

v2 

e1 
e2 

e3 

<v> 

<e> 

e1 

e2 

e3 

v1 

v2 create 

next 

update 

events: 
create<v,e> 
update<v> 
next<e> 

monitor creation 
event 

One index per 
parameter set. 
Weak references. 

indexing works as for regular expressions 
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end 


