TofEpsilonMovesinSubset

Construction

Gertjan van Noord

�

ϵ

ϵ n

3

∗ A↕{⊣↖⟩\{≀∇⇕⊣⊔⟩⌋⊣ ↘ BCN↙ E↖⇕⊣⟩↕¬ ⊑⊣\\≀≀∇⌈ℵ↕⌉⊔↙∇⊓}↙\↕

⌋◯ ∈′′′ A∫∫≀⌋⟩⊣⊔⟩≀\ {≀∇ C≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ L⟩\}⊓⟩∫⊔⟩⌋∫

⊑⊣\ N≀≀∇⌈ M≀⊑⌉∫ ⟩\ S⊓⌊∫⌉⊔ C≀\∫⊔∇⊓⌋⊔⟩≀\

ϵmoves ϵ

1

ϵmoves▷

Note furthermore that even if our primary motivation is in Θnitestate approx imation the problem of determinising Θnitestate automata with ϵ ϵ

ϵ ϵ ϵ ϵ ϵ

2

Q Q_′ ⊇ Q Q ϵ ϵ ϵ ϵmoves▷ Section 3 deΘnes a number of subset con

struction algorithms which differ with espect to the treatment of ϵ

(Q; Σ, δ, S, F Q Σ Q×⇐± ∪{ϵ}) → ∈^Q S ⊆ Q

F ⊆ Q 3 ϵmove be the relation {(q

i

, q_j

)|q

∈ δ(q i

, ϵ)} ϵreachable is the rand transitive closure of ϵ 2

→ 2 Q

ϵCLOSURE(Q ) = {q|q^′

∈ Q

′(q^′, q↽ ∈ ϵ } ϵCLOSURE

−1(Q^′) q|q ∈ Q^′(q, q^′∈ ϵ }↙ F≀∇ ⊣\† }⟩⊑⌉\ ×\⟩⊔⌉↖∫⊔⊣⊔⌉ ⊣⊓⊔≀⇕⊣⊔≀\ M = (Q, Σ, δ, S, )

M_′

= (2

Q Σ, δ^′∅ {Q_0}∅ F^′)F^′

2^Q M {Q_i 2^Q |q ∈ Q_i , q ∈ F }

M^′

Q^0

M

Q

0 = ϵCLOSURE(S)

δ^′(fq_1, q

2

, . . . , q

i

}, a) = ffl

(δ(q

1

, a) ∪ ∘(q_2 a) ∪ . . . ∪ δ↼q_i , a↽↽

2 According to Derick Wood ↼p▷c▷↽ this approach has been implemented in several systems including Howard Johnsonφs INR system▷ 3 Note that a set of start states is required rather than a single start state▷ Many operations on automata can be deΘned somewhat more elegantly in this way ↼including

subset constr((Q, Σ, δ, S, F ↽↽

index transitions() ; T rans := ∅Finals := ∅; := ∅;

Start epsilon closure (S)

add (Start↽ ∈ States

mark (T ↽

(a, U) ∈ ⟩\∫⊔∇⊓⌋⊔⟩≀\∫(T ) U ./ epsilon closur(U ) T rans [T, a] := {}

add (U )

(States Σ, Trans , {S⊔⊣∇⊔}, Finals ) add (U)

/∈ States U States

U ∩ F

:= Finals ∪ {U}

instructions (P ↽

mer( ⋃ p∈P

transitions (p)) epsilon closure (U ϵ

U

′

2

Q

Q

0

T T

Q → Σ × 2_Q

p (T ) p

merge ({({1,2,4});(b,{2,4}⇒,(a,{3,4g),(b,{5,6})})=

{⇐a,{1,2,3;4}),(b,{∈,4,5,6}⇒} ϵ

ϵ

ϵ ϵ

ϵ ϵ ϵ

M / ↼Q, Σ, δ, S, F ↽ ′ = (Q, Σ; ffi^′, ′ , F^′⇒

S^′

= ϵ () F

′ ℑ ϵ

−∞ (F ) δ

′(a) = {q|′ ∈ δ(p

′

, a), p

′

∈ ϵ

−1

(p); q ∈ ϵ

(q^′)} ϵ ϵ •

t

M^′

= (Q, Σ, δ_′

, S^′

, F )

S_′

= ϵ S) δ

′

(p, a= {q|q^′

∈ δ(p, a); q ∈ ϵ (q

′)} •

s

M^′

= (Q, Σ, δ_′

, S, F^′

) F

0= ϵ_{−1} (F ), and δ^′

(p, a) = {qjq ∈ δ(′

, a), p

′

∈ ϵ

−1

(p)g t

s t,c

s,a

t,c

is employed because states which were not coaccessible ↼in the input↽

are removed ↼this is therefore an additional beneΘt of efree t,c s,a

t

in combination with the subset

construction algorithm generally produces smaller automata than efree s

X

X

ϵ

ϵ

Figure3

Differenceinsizesofdeterministicautomataconstructedwitheither

closure ()

D := ∅ t 2 T t D

∈ D mark (t)

q ∈ δ(t, ϵ↽ q ∈ D q D

D

ϵ

ϵ ϵ

4

epsilon closure (U

memo (

⋃

u∈memo (closure ({ug)))

epsilon closure (U

(closure (U ))

|Q|

2

|Q|

2

|Q|

6

Figure 5

Deterministic transition density versus CPU-time in msec. The input automata have 25 states, 15 symbols, and no �-moves.

ϵ ϵ ϵ

ϵ ϵmoves which leave a given state↽▷ In order to measure the differences between the ee implementations a number of automata has been generated consisting of 15 states and 15 symbols using various transition densities between 0▷01 and 0▷3 ↼for larger densities the automata tend to collapse to an automaton for Σ

∗

t

t,c t

Figure 6

AamountofCPU-timeversusjumpdensityforeachofthealgorithms,andFSM.

Inputautomatahave15states.Absolutetransitiondensities:0.01-0.3.

Figure7 AamountofCPU-timeversusjumpdensityforeachofthealgorithms,andFSM. Inputautomatahave20states.Absolutetransitiondensities:0.01-0.3.

Figure 8

AamountofCPU-timeversusdeterministicjumpdensityforeachofthealgorithms, andFSM.Inputautomatahave25states.Absolutetransitiondensities:0.01-0.3.

Figure9 AamountofCPU-timeversusdeterministicjumpdensityforeachofthealgorithms, andFSM.Inputautomatahave100states.Absolutetransitiondensities:0.001-0.0035.

ϵ

s,a ϵ

s,a

ϵ

• ϵ •

t

ϵ s s,a

t,c • ϵ ϵconnected components ↼the strongly connected com ponents of the graph of all ϵmoves↽ for this purpose▷ We leave this other pos

sibilities to a future occasion▷

Acknowledgments I am grateful to MarkJan Nederhof for support and for providing me with lots of ↼often dreadful↽ automata generated by his Θnitestate approximation tools▷ The comments of the anonymous FSMNLP and CL reviewers were extremely useful▷

References

Aho Alfred VRaviSethiandJeffreyD▷

1986▷