Petri Net Controlled Grammar Systems

Maurice H. ter Beek

Department of Computer Science, Leiden University, mtbeek@wi.leidenuniv.nl

23 August 1998

⇒ joint work with Jetty Kleijn

Motivation Blackboard Systems CD grammar systems

e.g. [Nii89] e.g. [CD90]

knowledge sources n grammars blackboard 1 sentential form control sequential cooperation protocols

AI papers like, e.g., [Cor91] and [CL94] claim:

need for separate control module (CD: hypothesis language, graph control)

problem solving in which multiple (competing, cooperating, independent) lines of reasoning are concurrently pursued (Controlled CD: still sequential) subdivide blackboard into regions of particular kind of info (product of sentential forms) (PC: communication, component language)

Proposed Model

ffl ffl ffl ffl ffl ffl ffl

- - - - - - G_j grammar

- - - - - - G_n grammar

- - - - - -

G_1

grammar grammar

G_2

- - - - - -

Controller

Concurrent

Use concurrent controllers introduced in [Kee96] for controlling sequential components

Proposed Model (continued)

ffl ffl ffl ffl ffl ffl ffl

- - - - - - Gj grammar

- - - - - - Gn grammar

- - - - - - G1 grammar grammar G2 - - - - - -

Petri C Net

Petri Net ; n-dimensional Generalized Individual Token Net Controller Apply controller to grammar systems 4

Example n-GITNC

1

2 • •

Oversimplified situation of diagonally crossing at crossing

Three components:

• two traffic lights with actions red and green and behaviour {r, g}^∗

• one pedestrian with actions stand, walk in direction 1 and walk in direction 2 and behaviour s^∗w2s^∗w1s^∗

Synchronizations:

0
@^gλ_{w1}

  1
  A_,

   0
   @^λg_{w2}

     1
     A_,

       0
       @^gr_λ

        1
        A_,

          0
          @^rg_λ

           1
           A_{and}

               0
               @^λ_s

                1
                A

Example n-GITNC C (continued)

t1 p2

t2

t5 t4 t3 p3 p4 p1

p5

(initial and final) marking, firing sequence t1t3t2t5t1t3t4

Example n-GITNC Grammar System Γ

ffl ffl ffl t1 p2

t2

p3 p4 p1

ffl ffl ffl fflfflffl t^01 t^{00}1

configuration

0
B@

 0
 B@_{vi}

   1
   CA_{, M}

       1
       CA t=_{⇒Γ}

           0
           B@

            0
            B@_v′_i

               1
               CA_{, M} ′

                  1
                  CA_,

vi π=⇒G_i v′i, π production vector language V (Γ) (product of terminal strings, final marking)

Behaviour cf n-GITNC grammar system:

all components context-free grammars

- - - - - -

G_1 grammar

C Controller

Token Net

Individual

Generalized

1-dimensional

V (cf 1-GITNCGS) = L (rC) Corollary: CD(f) ⊆ V (cf 1-GITNCGS), f ∈ {∗} ∪ {≤k, =k, ≥k | k ≥ 1}

Incorporation Lemma reg n-GITNC grammar system: all components regular grammars regular n-GITNC grammar system Γ

;

n-GITNC C such that V(Γ) = V(C)

Use existing theory of n-GITNCs ([Kee96]) Corollary of [KK97]:

V (reg n-GITNCGS) = n − R at

Discussion / Future work

Conflict resolution Degree of concurrency Deadlock Speed-up Delay Safeness Link back to blackboard systems

References

[CD90] E. Csuhaj-Varjú and J. Dassow, On Cooperating Distributed Grammar Systems. J. Inf. Process. Cybern. EIK 26 (1990), 49 - 63 [Cor91] D. D. Corkill, Blackboard Systems. AI Expert 6, 9 (1991), 40 - 47 [CL94] N. Carver and V. Lesser, The Evolution of Blackboard Control Architectures. In Expert Systems with Applications, Special Issue on The Blackboard Paradigm and Its Applications 7, 1 (1994), 1 - 30 [Kee96] N. W. Keesmaat, Vector Controlled Concurrent Systems. Ph.D. thesis, Leiden University, 1996 [KK97] N. W. Keesmaat and H. C. M. Kleijn, Net-based Control versus Rational Control: The Relation between ITNC Vector Languages and Rational Relations. Acta Informatica 34 (1997), 23 - 57 [KKR90] N. W. Keesmaat, H. C. M. Kleijn and G. Rozenberg, Vector Controlled Concurrent Systems, Part I: Basic Classes. Fundamenta Informaticae 13 (1990), 275 - 316 [KKR91] N. W. Keesmaat, H. C. M. Kleijn and G. Rozenberg, Vector Controlled Concurrent Systems, Part II: Comparisons. Fundamenta Informaticae 14 (1991), 1 - 38 [Nii89] P. H. Nii, Blackboard Systems. In The Handbook of Artificial Intelligence vol. 4 (A. Barr, P. R. Cohen and E. A. Feigenbaum, eds.), Addison-Wesley, 1989 11