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Figure 1: Cross Road System XSY ?
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A simulation run generates one possible trajectory of systems’ behaviors.



Figure 2: Simulation Runs ?







Q: How many trajectories should be generated for the complete verification? A: The more, the better.



Reachable Graph based Analysis • The number of states for a DEVS network is infinite because of subcomponents’ elapsed times [Zeigler, 1984].
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• Due to this, DEVS has been generally accepted as a simulation approach because of its analysis way [Ho, 1993]. • However, there has been several papers of DEVS Analysis based on finite-state reachable graphs.
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Previous Research • For Closed Systems
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– Symbolic DEVS [Zeigler and Chi, 1992] – Ordinary DEVS [Hong and Kim, 2005] – Real-time DEVS [Song and Kim, 2005] • For Open Systems with a rational number time schedule
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– Schedule Preserved DEVS[Hwang and Cho, 2004]: closed under the coupling operation using the relative-schedule abstraction (RSA) but there is a so called OPNA problem.



?







– Schedule Controllable DEVS [Hwang, 2005]: non closed under the coupling by RSA. The condition for closed under coupling using RSA was proven.



Approach: DEVS Sub-Classing 8/31
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Figure 3: DEVS Sub-classing for FD-DEVS
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Finite and Deterministic DEVS: FD-DEVS 9/31



Definition 1 (Atomic FD-DEVS) An atomic model of FD-DEVS is a 8-tuple, M =< X, Y, S, τ , δx , ρ, δτ , λ > where • X, Y, S are finite sets of input events, output events, and states, respectively.
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• τ : S → Q[0,∞] is a time advance function where Q[0,∞] is a set of non-negative rational numbers with infinite. • δx : S × X → S is the external transition function. • ρ : S × X → {0, 1} is the reschedule indicating function. • δτ : S → S and λ : S → Y are identical to those of the classic DEVS.



?











State Transition of atomic FD-DEVS 10/31



• The set of total states Q = {(s, ts , e)|s ∈ S, ts ∈ Q[0,∞] , 0 ≤ e ≤ ts } where ts is the life time of s and e is the elapsed time since the last time of updating ts . • Let the total event set Z = X ∪Y ∪{}. Then the total state transition function δ : Q × Z → Q is that: For (s, ts , e) ∈ Q, z ∈ Z, δ((s, ts , e), z) = (s0 , t0s , e0 )



(1)



where
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[External Transition] For z ∈ X,    (δ (s, x), τ (δx (s, x)), 0) for ρ(s, z) = 1   x (s0 , t0s , e0 ) = (δx (s, x), ts , e) for ρ(s, z) = 0    (s, ts , e) otherwise



?







[Internal Transition] For z ∈ Y ∪ {},  (δ (s), τ (δ (s)), 0) for z = λ(s), e = t τ τ s 0 0 0 (s , ts , e ) = undefined otherwise



(1a)



(1b)



Atomic FD-DEVS Example: Toaster 11/31
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?







Figure 4: Toaster



Coupled FD-DEVS A coupled FD-DEVS is a 6-tuple, 12/31



N =< X, Y, D, Cxx , Cyx , Cyy > where • X and Y are finite sets of input and output events, respectively such that X ∩ Y = ∅.
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• D = {Mi } is the finite set of sub-component FD-DEVSs that are atomic FDDEVSs. a S • Cxx ⊆ X × Xi is the external input coupling relation. Mi ∈D



• Cyx ⊆



S



Yi ×



Mi ∈D



• Cyy ⊆



S



S



Xi is the internal coupling relation.



Mi ∈D



Yi × Y ∪ {} is the external output coupling relation.







Mi ∈D a



?







This restriction of only atomic FD-DEVS for sub-components is for the simple explanation. For analysis of hierarchical FD-DEVS networks, we first flatten them, then apply this explanation.



State Transition of Coupled FD-DEVS • The total state is the combination of sub-components’ total states such that 13/31



Q = {(. . . , (si , tsi , ei ), . . .)|(si , tsi , ei ) ∈ Qi , Mi ∈ D} S • Let Z = X Yi ∪ {}. Then the state transition function δ : Q × Z → Q Mi ∈D



δ((. . . , (si , tsi , ei ), . . .), z) = (. . . , (s0i , t0si , e0i ), . . .)
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[External Triggering ] For z ∈ X,  δ ((s , t , e ), x ) for (z, x ) ∈ C i i si i i i xx (s0i , t0si , e0i ) = (si , tsi , ei ) otherwise [Internal Triggering ] For z ∈



S



(2)



(2a)



Yi ∪ {} and λi∗ (si∗ ) = z,



Mi ∈D



?







   δ ((s , t , t ), z) for Mi = Mi∗   i i si si (s0i , t0si , e0i ) = δi ((si , tsi , ei ), xi ) for (z, xi ) ∈ Cyx    (si , tsi , ei ) otherwise



(2b)



Coupled Model Example: Two-slot Toaster 14/31



i P



2 3 L2 3M 33 22 



Figure 5: Two-slot Toaster Q: How can you construct the finite-state transition graph of this toaster? A: Probably, we should find the equivalent class of elapsed times so that we can combined them as one node. See the atomic case 4 ?







Time Abstracting 15/31



Clock Zone • A clock zone[Alur et al., 1992] is a conjunction of inequalities that compare either a clock value or the difference between two clocks to a rational number. • Let’s consider 0 ≤ e1 ≤ 20 ∧ 0 ≤ e2 ≤ 40 ∧ −40 ≤ e1 − e2 ≤ 0.
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?







Figure 6: Clock Zone



Difference Bound Matrix (DBM) [Dill, 1989] • For 0 ≤ e1 ≤ 20 ∧ 0 ≤ e2 ≤ 40 ∧ −40 ≤ e1 − e2 ≤ 0 16/31
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D 0



1



2



0



(0, ≤)



(0, ≤)



(0, ≤)



1



(20, ≤)



(0, ≤)



(0, ≤)



2



(40, ≤)



(40, ≤)



(0, ≤)



• Each entry D[i, j] = (di,j , ≺i,j ) and represents the inequality ei − ej ≺i,j di,j where ≺i,j is either < or ≤ and di,j ∈ Q ∪ {∞, −∞}. • By introducing dummy clock e0 whose value is always 0, we construct a (n + 1) × (n + 1) DBM for a n clock zone. • For i=1 to n, D[i, 0] = (d, ≺) is the upper bound of ei s.t. ei − 0 ≺ d ⇒ ei ≺ d. ?







• Similarly, D[0, i] = (d, ≺) is the lower bound of ei s.t. 0 − ei ≺ d ⇒ −d ≺ ei .



DBM Continued 17/31



• For i 6= 0 and j 6= 0, D[i, j] = (d, ≺) means    e − ej ≺ d   i −d ≺ ei − ej    ei − ej = d = 0



a boundary condition as for i < j for j < i for i = j



D
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0
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(0, ≤)



(0, ≤)



(0, ≤)
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(20, ≤)



(0, ≤)



(0, ≤)



2 (40, ≤) (40, ≤) (0, ≤) 0 ≤ e1 ≤ 20 ∧ 0 ≤ e2 ≤ 40 ∧ −40 ≤ e1 − e2 ≤ 0
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Tightening and Intersection of DBM • Tightening: If D[i, j] + D[j, k] < D[i, k] ⇒ D[i, k] := D[i, j] + D[j, k]. 18/31
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Figure 7: Tightening ⇒ Canonical Form



?







• Intersection: D = D1 ∩ D2 is defined as  D [i, j] for D [i, j] ≤ D [i, j] 1 1 2 D[i, j] = D2 [i, j] otherwise



Resetting and Sliding of DBM 19/31



Figure 8: Resetting Operation
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Figure 9: Sliding Operation ?







DBM Operations for FD-DEVS’s Behavior 20/31



• A Zone v = ((. . . , (si , tsi ), . . .), D) consists of a discrete state vector (. . . , (si , tsi ), . and a clock zone D. 1. D=MakeWidestClockZone((. . . , (si , tsi ), . . .))
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2. MakeClockZoneAt(tsi , ↑ D)



?







3. MakeInvariantClockZone(R, (s,t), ↑ D) 1: For each if tsi = ∞, add Mi to R; 2: D=Resetting(D, R); 21/31



3: DBM D 0 = MakeWidestClockZone((s,t)); 4: D = Sliding(D ∩ D 0 ) ∩ D 0 ;
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?







Reachable Graph of Coupled FD-DEVS 22/31



Give a coupled FD-DEVS N =< X, Y, D, Cxx , Cyx , Cyy >, its reachable graph is RG(N ) =< Z, V, v0 , E >



(3)



where • Z=X



S



Yi ∪ {} is the set of triggering events.



Mi ∈D



• V is a set of zones. A zone v = ((. . . , (si , tsi ), . . .), D) consists of a discrete zone(disc(v) = (. . . , (si , tsi ), . . .)) and a clock zone (clock(v) = D).
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• v0 ∈ V is the initial zone such that v0 = ((. . . , (s0i , τi (s0i )), . . .), D0 ). • E ⊆ V × Z × V is a transition relation: for q = (. . . , (si , tsi , ei ), . . .), q 0 = (. . . , (s0i , t0si , e0i ), . . .) and z ∈ Z, δ(q, z) = q 0 ⇔ (v, z, v 0 ) ∈ E ?







such that v = ((. . . , (si , tsi ), . . .), D), ∀ei ∈ D and v 0 = ((. . . , (s0i , t0si ), . . .), D0 ), ∀e0i D0 (Let D[0, i] = (dl , ≺l ) and D[i, 0] = (du , ≺u ). then ei ∈ D if −dl ≺l ei ≺u du .)



Algorithm of RG(N ) Generation GeneratingReachableGraph(N, ↑ RG) 23/31



1: v0 = ((. . . , (s0i , τi (s0i )), . . .), D 0 ); 2: VT := ∅; Add v0 to VT ; 3: while VT 6= ∅ do 4: 5: 6: 7: 8: 9:
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10: 11: 12: 13: 14: 15: 16:



?



17:







18:



v = pop front(VT ); vn := copy(v); for all x ∈ X do WhenReceive-z(N, vn , x, R := ∅, VT , RG); end for for all i ∈ D do if clock(v)[i, 0] = (tsi , ≤) and tsi 6= ∞ then y = λi (si ); MakeClockZoneAt(tsi , clock(vn )); disc(vn )[i] := (δτ,i (si ), τi (δτ,i (si ))); R := ∅; Add i to R; WhenReceive-z(N, vn , y, R, VT , RG); end if end for end while



Algorithm WhenReceive-z WhenReceive-z(N, v, z, R, ↑ VT , ↑ RG) 24/31



1: for all (z, xi ) ∈ Cyx or (z, xi ) ∈ Cxx do 2: 3: 4: 5: 6: 7: 8: 9:
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10: 11: 12: 13: 14: 15:



?







if δx,i (si , xi ) is defined then if ρi (si , xi ) = 1 then disc(vn )[i] := (δx,i (si , xi ), τi (δx,i (si , xi ))); Add i to R; else disc(vn )[i] := (δx,i (si , xi ), tsi ); end if end if end for MakeInvariantClockZone(R, disc(vn ), clock(vn )); if @v 0 ∈ RG.V s.t. disc(vn ) = disc(v 0 ) ∧ clock(vn ) ⊆ clock(v 0 ) then Add vn to RG.V and VT . end if Add (v, x, vn ) to RG.E;



RG(N) Example of Two-slot Toaster 25/31
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?







Figure 10: Reachable Graph of Two-slot Toaster



Complexity (in terms of |V |) 26/31



Q: Given N =< X, Y, D, Cxx , Cyx , Cyy >, is |V | of RG(N ) bounded?. Let v = ((. . . , (si , tsi ), . . .), D) ∈ V .



Bound of the number of discrete states Recall disc(v) = (. . . , (si , tsi ), . . .). For a Mi ∈ D, the number of (si , tsi ) is bounded to |Si | × |Si | because the schedule tsi = τi (si ) applies 1. not only to si
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2. but also to successors of si for which a continue holds, i.e., ∀sj ∈ Si such that there is an incoming external transition to si = δxi (sj , x) with ρi (sj , x) = 0. In this case, tsi = τi (sj ). Q Thus, |{disc(v)|v ∈ V }| ≤ |Si |2 . Mi ∈D



?







Bound of the number of clock zones D Let g ∈ Q[0,∞) be the greatest common divisor for all τi (si ), si ∈ Si , i ∈ D. 27/31



Figure 11: Possible Clock Zones with two clocks
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Let’s consider the discrete state of i-th component as (si , tsi ). Then, there are tsi /g possible different values can be used for lower bound tl as well as upper bounds tu w.r.t tl 


?







number of possibilities such as tsi /g, tsi /g − 1, . . . 1, 0. Thus the number of possible | {z } tsi /g+1



lower and upper bounds for given tsi is tsi /g+1



b(tsi ) = 1 + 2 + . . . + (tsi /g) + 1 =



28/31



X k=1



(tsi /g)2 + 3(tsi /g) + 2 k= 2



Likely one clock bound, the number of all possible combinations of lower and upper bound for ei − ej is ((tsi + tsj )/g)2 + 3(tsi + tsj )/g) + 2 b(tsi , tsj ) = 1 + 2 + . . . + (tsi + tsj )/g + 1 = 2



i P



2 3 L2 3M 33 22 



Generally, given v = ((. . . , (si , tsi ), . . .), D), the number of possible different clock Q Q zones is bounded by b(tsi ) × b(tsi , tsj ). i∈D



i,j∈D



Bound of the number of zones |V | Thus the number of zones of RG(N ) is bounded by



Q i∈D



?



|Si ×



Q i∈D



b(tsi ) ×



Q



b(tsi , tsj ).



a



i,j∈D



Since the number of zones is bounded, GeneratingReachableGraph’s iteration which tests every single zone until a new zone is generated is terminated. a







|2



The number of edges, |E| is is bounded by |V | × |Z| × |V |.



Conclusion and Further Research 29/31



Conclusion • FD-DEVS that – might have less expressive power, – but has an advantage of the achievability of the finite reachable graph. • Time abstracting reachable graph – Basic operations of DBM [Dill, 1989] were reviewed.
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– DBM Operations for FD-DEVS state transitions were introduced. – Algorithm of reachable graph of N was proposed and its complexity in terms of # of states was examined.



Further Research RG(N ) based verification: qualitative analysis(safety, liveness), quantitative analysis (performance evaluation), increasing its scalability. ?







References 30/31



[Alur et al., 1992] Alur, R., Courcoubetis, C., Dill, D., Halbwachs, N., and WongToi, H. (1992). An implementation of three algorithms for timing verfication based on automata emptiness. In Proceedings of the 13th IEEE Real-Time Systems Symposium, pages 157–166. [Dill, 1989] Dill, D. L. (1989). Timming Assumptions and Verification of Finite-State Concurrent Systems. In Proc. of the Workshop on Computer Aided Verification Methods for Finite State Systems, pages 197–212, Grenoble, France.



i P



2 3 L2 3M 33 22 



[Ho, 1993] Ho, Y.-C. (1993). Forward to the Special Issue. Discrete Event Dynamic Systems:Theory and Applications, page 111. [Hong and Kim, 2005] Hong, K. and Kim, T. (2005). Timed I/O Test Sequences for Discrete Event Model Verification. In 13th International Conference on AI, Simulation, and Planning in High Autonomy Systems, volume 3397 of LNCS, pages 257–284. Springer. ?







[Hwang, 2005] Hwang, M. (2005). Generating Finite-State Behavior of Reconfigurable Automation Systems: DEVS Approach. In Proceed. of 2005 IEEE-CASE,



pages Edmonton,Canada. IEEE.



31/31



[Hwang and Cho, 2004] Hwang, M. and Cho, S. (2004). Timed Analysis of Schedule Preserved DEVS. In Bruzzone, A. and Williams, E., editors, 2004 Summer Computer Simulation Conference, pages 173–178, San Jose, CA. SCS. [Song and Kim, 2005] Song, H. and Kim, T. (2005). Application of Real-Time DEVS to Analysis of Safety-Critical Embedded Control Systems: Railroad Crossing Control Example. SIMULATION, 81(2):119–136. [Zeigler, 1984] Zeigler, B. P. (1984). Multifacetted Modeling and Discrete Event Simulation. Academic Press, London,Orlando, first edition.



i P



2 3 L2 3M 33 22 



[Zeigler and Chi, 1992] Zeigler, B. P. and Chi, S. (1992). Symbolic Discrete Event System Specification. IEEE Transactions on Systems, Man, and Cybernetics, 22(6):1428–1443.



?































[image: A Reachable Graph of Finite and Deterministic DEVS Networks]
A Reachable Graph of Finite and Deterministic DEVS Networks












[image: A Reachable Graph of Finite and Deterministic DEVS ...]
A Reachable Graph of Finite and Deterministic DEVS ...












[image: Reachability Graph of Finite and Deterministic DEVS ...]
Reachability Graph of Finite and Deterministic DEVS ...












[image: Qualitative Verification of Finite and Real-Time DEVS ...]
Qualitative Verification of Finite and Real-Time DEVS ...












[image: Qualitative Verification of Finite and Real-Time DEVS ...]
Qualitative Verification of Finite and Real-Time DEVS ...












[image: Non-Zero Component Graph of a Finite Dimensional ...]
Non-Zero Component Graph of a Finite Dimensional ...












[image: GK-DEVS: Geometric and Kinematic DEVS Formalism ...]
GK-DEVS: Geometric and Kinematic DEVS Formalism ...












[image: Graph-covers and iterative decoding of finite length codes]
Graph-covers and iterative decoding of finite length codes












[image: Reachable for Salesforce.pdf]
Reachable for Salesforce.pdf












[image: Non-deterministic quantum programming]
Non-deterministic quantum programming












[image: A graph model of data and workflow provenance - Usenix]
A graph model of data and workflow provenance - Usenix












[image: A graph model of data and workflow provenance]
A graph model of data and workflow provenance












[image: pdf-1843\a-java-library-of-graph-algorithms-and-optimization ...]
pdf-1843\a-java-library-of-graph-algorithms-and-optimization ...












[image: Reachable for Salesforce.pdf]
Reachable for Salesforce.pdf












[image: WEAKLY CLOSED GRAPH Let k be an F-finite field of ...]
WEAKLY CLOSED GRAPH Let k be an F-finite field of ...












[image: Processing Time Bounds of Schedule-Preserving DEVS]
Processing Time Bounds of Schedule-Preserving DEVS












[image: Deterministic Identification of Specific Individuals from ...]
Deterministic Identification of Specific Individuals from ...












[image: Generating Behavioral Model of Coupled SP-DEVS]
Generating Behavioral Model of Coupled SP-DEVS












[image: Scaling Deterministic Multithreading]
Scaling Deterministic Multithreading












[image: On Deterministic Sketching and Streaming for Sparse Recovery and ...]
On Deterministic Sketching and Streaming for Sparse Recovery and ...















A Reachable Graph of Finite and Deterministic DEVS ...






Toi, H. (1992). An implementation of three algorithms for timing verfication based on automata emptiness. In Proceedings of the 13th IEEE Real-Time Systems. 






 Download PDF 



















 678KB Sizes
 0 Downloads
 236 Views








 Report























Recommend Documents







[image: alt]





A Reachable Graph of Finite and Deterministic DEVS Networks 

Arizona Center for Integrative Modeling and Simulation,. Electrical and Computer Engineering Department,. The University of Arizona, Tucson, AZ 85721, USA.














[image: alt]





A Reachable Graph of Finite and Deterministic DEVS ... 

of qualitative analysis (such as deadlock, livelock, and ... an efficient data structure representing a conjunction of ...... the greatest common divisor such that g âˆ— nsi = Ï„i(si) .... ecutive: A Seamless Realtime Software Development Framework.














[image: alt]





Reachability Graph of Finite and Deterministic DEVS ... 

1Why we introduce the restrictions 1)â€“3) will be explained at footnote 9 in. Section IV-C. ...... Laptop with 1.3 GHz CPU and 1.0 GByte RAM. We consider a ...














[image: alt]





Qualitative Verification of Finite and Real-Time DEVS ... 

Moon Ho Hwang. Arizona Center for Integrative Modeling & Simulation ...... attempts to occupy a station (let's call it A) at the same time, the station prior to A (let's ...














[image: alt]





Qualitative Verification of Finite and Real-Time DEVS ... 

Mar 26, 2012 - 4 Reachability Graph of FRTDEVS ... FRTDEVS. Reachability Graph. Verification ... The infinite length observation language of G is denoted by.














[image: alt]





Non-Zero Component Graph of a Finite Dimensional ... 

May 18, 2015 - We show that the graph is connected and find its domination ... of the graph, and determine the order of the automorphism group and degree of.














[image: alt]





GK-DEVS: Geometric and Kinematic DEVS Formalism ... 

malism satisfying the above two phenomena: the message in- teraction and motion of 3-D multi-components. 3. GK-DEVS: Geometric and Kinematic DEVS.














[image: alt]





Graph-covers and iterative decoding of finite length codes 

ular low-density parity-check (LDPC) codes, which stands in ... called Tanner graph [1,2,4], with a given parity-check ...... able online under http://justice.mit.edu/.














[image: alt]





Reachable for Salesforce.pdf 

Then your contacts. are enriched with information from. Reachable proprietary database. built in partnership with top B2B. data providers to add email, phone.














[image: alt]





Non-deterministic quantum programming 

procedure declaration, proc P(param) Ì‚= body, where body is a pGCL statement ... For the probabilistic combinator pâŠ• we allow p to be an expression whose ...














[image: alt]





A graph model of data and workflow provenance - Usenix 

currency, procedures, service calls, and queries to exter- nal databases. ... in a uniform way. ... tion 3 we describe the structure of provenance graphs and.














[image: alt]





A graph model of data and workflow provenance 

Umut Acar. Max-Planck Institute for Software Systems ... complex object data, by propagating fine-grained an- notations or ... are defined in a common language and data model [8, 6]. ...... storing provenance graphs over nested collections [1].














[image: alt]





pdf-1843\a-java-library-of-graph-algorithms-and-optimization ... 

Try one of the apps below to open or edit this item. pdf-1843\a-java-library-of-graph-algorithms-and-optimization-discrete-mathematics-and-its-applications.pdf.














[image: alt]





Reachable for Salesforce.pdf 

Page 3 of 5. Bombay High Court. cria93.03. 3. some time victim was treated well. In April 2001. victim came to the place of her father,. complainant PW1 Changdeo at Walthan Tanda. She. told her father that her husband is required to go. up and down b














[image: alt]





WEAKLY CLOSED GRAPH Let k be an F-finite field of ... 

[HeHiHrKR] J. Herzog, T. Hibi, F. HreindÃ³ttir, T. Kahle and J. Rauh, Binomial edge ideals and conditional independence statements, Adv. Appl. Math., 45 (2010), ...














[image: alt]





Processing Time Bounds of Schedule-Preserving DEVS 

This paper proposes a class of discrete event system specification (DEVS), called schedule-preserving DEVS (SP-DEVS), .... Let's consider a controller for a crosswalk light system shown in Figure. 2(a). In the system, there are two traffic ...... In 














[image: alt]





Deterministic Identification of Specific Individuals from ... 

Jan 27, 2015 - Vjk also follows the asymptotical Ï‡2 distribution, with degree of freedom 1. .... jk are available. When the published statistics are exact, all values of Ms can be ..... In Table 1, we list the abbreviation, the target disease and th














[image: alt]





Generating Behavioral Model of Coupled SP-DEVS 

Our hardware platform was Presario, X1000, Com- paq with 1 GHz Intel centrinoTM CPU and 1 .... Systems. Academic Press, London, second edi- tion, 2000. 97.














[image: alt]





Scaling Deterministic Multithreading 

Within this loop, the algorithm calls wait for turn to enforce the deterministic ordering with which threads may attempt to acquire a lock. Next the thread attempts to ...














[image: alt]





On Deterministic Sketching and Streaming for Sparse Recovery and ... 

Dec 18, 2012 - CountMin data structure [7], and this is optimal [29] (the lower bound in. [29] is stated ..... Of course, again by using various choices of Îµ-incoherent matrices and k-RIP matrices ..... national Conference on Data Mining. [2] E. D. 


























×
Report A Reachable Graph of Finite and Deterministic DEVS ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















