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Overview

• Definitions: DFA, NFA and lookahead DFA

• Motivation: automated e‐service composition and delegation

• The NFA delegation model, examples, properties

• Characterization of existence of delegator

• Complexity of finding a delegator for unambiguous and general NFA

• An algorithm for general NFA delegation

• Conclusion, further work



DFA – Deterministic Finite Automaton
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NFA – Nondeterministic Finite Automaton
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k‐symbols Lookahead DFA

0 1 0 0 1 0 1 0
( )0

~

, , , ,

: k

D Q s F

Q Q

δ

δ ≤

= ∑

× ∑ ⎯⎯→

1 010 2 3

4

100

001

101

5

0010

0

3‐symbol lookahead



k‐symbols Lookahead DFA
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k‐symbols Lookahead DFA
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k‐symbols Lookahead DFA

0 1 0 0 1 0 1 0

1 010 2 3

4

100

001

101

5

0010

0

( )0

~

, , , ,

: k

D Q s F

Q Q

δ

δ ≤

= ∑

× ∑ ⎯⎯→



E‐Services Composition and Delegation
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Composition and Delegation Models
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Composition and Delegation
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Composability and Delegation
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Composability and Delegation
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Composability and Delegation
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Nondeterministic Delegator
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k‐Lookahead Delegation Model
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k‐Lookahead Delegation Model

( ) ( )

( )

10

0
~

, , , ,  :  the composite NFA  #...#

                  How can we use M deterministically ?

a  for  is an equivalent -symbol lookahead
DFA  , , , ,

delegato
, with  :   ve i

r
r fy

r

k

Q s F

k
Q s F

M A A A

M k
Q Q

δ

δ δ ≤

= ∩

′ ′ ×Σ ⎯

∑

−

⎯→∑

( ) ( ) ( )1 1 1

ing:

       , ... : , ... , ,  k
i iq a a Q q a a q a i kδ δ≤ ′∀ ∈ ×Σ ∈ ≤



k‐Lookahead Delegation Model
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Example: an unambiguous NFA
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Example: a 2‐delegator
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Example: an unambiguous NFA
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Example: no delegators
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Example: an ambiguous NFA
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Example: a k‐delegator, no (<k)‐delegator
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Example: an ambiguous NFA
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Example: no delegators
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Why Study NFA Delegation

• E‐Service Composition – given some specifications and a set of e‐services, 
implement an application which follows the specifications.

• Deterministic simulation of NFA: alternative to classical subset 
construction to simulate an NFA by a DFA. Linear blow‐up vs. 
exponential blow‐up. 

• A theoretical metric for nondeterminism: if an NFA M has a 3‐delegator 
and M’ does not have a k‐delegator for, say k < 10, then M’ is “more 
nondeterministic” than M.



Language vs. Machine Property

Is delegation a language property or a machine 
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Delegation as a Language Property
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Delegation as a Language Property
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Complexity of Finding a k‐Delegator
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State Blindness
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State‐blindness is computable

Recall that a string w is q‐blind if it is not possible in state q 
to find a deterministic choice given w as the look‐ahead.

Define Bq = { w | w is q‐blind }

Theorem: Let M be a DFA with n states, and over an 
alphabet of size m, and let q be a state of M. The language Bq
is regular, and there is a DFA with at most (4n  + 1)m that 
accepts Bq.



A Characterization for Unambiguous NFA

.

An unambiguous NFA has a -delegator iff none of
its states are -blind.

Consequently, an unambiguous NFA has a delegator
iff all its states have finite blindness.

Theorem

k
k



Problem 1 for unambiguous NFA’s

Theorem: Let k be a fixed integer. There is a polynomial 
time algorithm that given an unambiguous NFA M 
determines if M has a k‐delegator.

Proof (sketch) The problem can be reduced to the 
problem of containment problem for unambiguous 
NFA’s.

From a result of Hunt and Stearns, this problem is 
known to be solvable in polynomial time.



Delegation for Unambiguous NFA
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The proof of co‐NP and PSPACE upper‐bounds for P2 and 
P3 are similar to that of Problem 1. 



Arbitrary NFA

All 3 problems are significantly harder for general NFA:

                 - a delegator for a (trim) unambiguous NFA
                   must use all its states: local properties (blindness)
                   have a global impact;

                 - containment and equivalence problems are
                   decidable in polynomial time for unamb. NFA.



Arbitrary NFA: Forbidden Words

( )

1 2

1 2

1

 is  ... -forbidden if one of the following two conditions
is satisfied recursively    (intuitive def.) :

       1.  is ... -blind;
       2. for every state ,  there exists  such

   

k

k

p

q a a a

q a a a
p q a bδ∈ ∈ ∑

2        that  is ... -forbidden.k pp a a b

q

p

1a

...

1a

r 2... k ra a b

2... k pa a b
[ ]1 2... ka a a



Arbitrary NFA: Forbidden Words

( )

1

1 2

1

2

(intuitive def.)
 is  if one of the following two conditions

is satisfied recursively     :

 

... -forbidden 

blind
       
      1.  is ... - ;

2. for every state ,  there exists  such

   

k

p

kq

q a a a
p q

a

a b

a a

δ∈ ∈ ∑

2        that  is . fo.. - .rbiddenk pp a a b

q

p

1a

...

1a

r 2... k ra a b

2... k pa a b
[ ]1 2... ka a a



Arbitrary NFA: Delegation Characterization
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Delegation for Unambiguous NFA
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Wrap‐up

• NFA delegation is a finite‐state model used in web service applications, task  
scheduling, NFA simulation, measure of nondeterminism, etc.

• NFA delegation is a machine property and its computational complexity is 
machine dependent:
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Direction for future work
Main open problem:

• Investigate complexity matters for other families of NFA. For 
example, study NFA that are a shuffle product of DFA.

• Is delegation decidable for arbitrary NFA? Study the nature 
of .

Other Questions:

• The complexity result for Problem 1 (general case) was 
proven for a 4‐letter alphabet. Can the PSPACE‐completeness 
proof be extended to smaller alphabets? 

• Is problem 2 complete for co‐NP for unambiguous NFA? Is 
problem 3 complete for PSPACE for unambiguous NFA?

0qF
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Design Methodology ‐ Example
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Design Methodology – Step 1
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1 2it represents the shuffle behavior of and eS eS 



Design Methodology – Step 2
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it represents the nondeterministic behavior of the application ( )S



Design Methodology – Step 3

find a delegator :
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