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Recap
1. Places P
2. Transtions T
3. TxP=Pre: T —2F
4. Px T =Post: T —2F
5. Marking M: P - N
6. Firing Condition Vp € Pre(t), M(p) > 0
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Timed Petri Nets

1. Add time to tokens

2. Label each arc by intervals, Multiple intervals possible



Formal Definition

A timed Petri net (TPN) N = P, T, Pre, Post, \) where:
» P is a finite set of places,
» T is a finite set of transitions with PN T = ¢

> Pre, Post : T x P — (%) ! where T is set of intervals
(closed integral bounds, right-unbounded)

A: T — X U/{e} is a labelling function

v

'The operation A® is called Bag. Bag: A — N
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Semantics and BQOs
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Semanti
Marking

Marking M : P — (RZ,)
Alternatively we can also write it as M € (P x Rx()®?
We say M < M’ <= Vg € P x Rxo, M(q) < M'(q)

2We will abuse the notations indicating M((p,x))=M(p)(x)
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Delay Transitions

For 0 € R>g and M = ((p1,x1), (P2, %2), ..., (pi, xi))
Mz M e M =

((p1,x1 +6), (P2, x2 4+ 0),..., (i, Xi + 6))
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Discrete Transition
At
For t e T, M 2 pp

3The time of the new token after the transition is fired is selected
non-deterministically
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Discrete Transition
At
For t e T, M 2 pp

» Condition (Informal): Consider 2 minimal bags Bi, B,
» By < M ie. every (token timestamp) in B; must be in M

3The time of the new token after the transition is fired is selected
non-deterministically
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Discrete Transition
At
For t e T, M 2 pp

» Condition (Informal): Consider 2 minimal bags Bi, B,
» By < M ie. every (token timestamp) in B; must be in M
» B; = Pre(t) Each (token,timestamp) in B; must satisfy
a distinct interval in the Pre(t)

3The time of the new token after the transition is fired is selected
non-deterministically
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Discrete Transition
For t e T, M 2 pp

» Condition (Informal): Consider 2 minimal bags Bi, B,
» By < M ie. every (token timestamp) in B; must be in M
» B; = Pre(t) Each (token,timestamp) in B; must satisfy
a distinct interval in the Pre(t)

» B, denotes the new tokens after transition.
B, |= Post(t)3

3The time of the new token after the transition is fired is selected
non-deterministically
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Discrete Transition
At
For t e T, M 2 pp

» Condition (Informal): Consider 2 minimal bags Bi, B,
» By < M ie. every (token timestamp) in B; must be in M
» B; = Pre(t) Each (token,timestamp) in B; must satisfy
a distinct interval in the Pre(t)

» B, denotes the new tokens after transition.
B, |= Post(t)3

» Thus, M =M —B; + B;

3The time of the new token after the transition is fired is selected
non-deterministically
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Semantics (contd...) T 8008
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Semantics

Firing Sequence

Thus it will be (tl, 7'1), (tg, 7'2) ...

The transition sequence Which ouccurs is:
Min 25 My 2 My 275 My



Coverability

» Can we use Karp-Miller trees on markings?
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Can we use Karp-Miller trees on markings?
No! Because infinite branching factor
We need a compact representation for a set of markings
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An existential zone Z is a triple (m, P, D), where

» m € N denoted the minimum number of tokens Exirancillzones
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An existential zone Z is a triple (m, P, D), where
» m € N denoted the minimum number of tokens TR

» P:mt — P called a placing, which maps each token
to a place

nt ={1,2,...,n}



Existential zones

An existential zone Z is a triple (m, P, D), where
» m € N denoted the minimum number of tokens

» P:mt — P called a placing, which maps each token

to a place

» D:m* x m* — NU {oco} called a difference bound
matrix, defines restriction on the ages of the tokens
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> Marking M = ((p17X1)7 s (pnaXn)) S
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> Marking M= ((p17X1)7 ) (pnaXn)) ——

» Injection h: m™ — nT (called a witness)
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> Marking M = ((p1, 1), - (P xn))
» Injection h: m™ — nT (called a witness)

» M satisfies Z with respect to h, written M, h E Z, if the
following conditions are satisfied.

Existential zones.
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» P(i) = Ph(i), foreach i: 1 <i<m
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Relating existential zones with markings

> Marking M = ((p1, x1), .., (Pn; Xn))
» Injection h: m™ — nT (called a witness)
» M satisfies Z with respect to h, written M, h E Z, if the
following conditions are satisfied.
» P(i) = Ph(i), foreach i: 1 <i<m
> Xp(j) — Xn(iy < D(j, i), for each i, j € m* with i # j
> xp() < D(i,0) and —D(0, i) < xu(;y, for each i € m™*
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Marking M = ((p1,%1), - (pn, xn))
Injection h: m* — n™ (called a witness)
M satisfies Z with respect to h, written M, h E Z, if the
following conditions are satisfied.
» P(i) = Ph(i), foreach i: 1 <i<m
> Xp(j) — Xn(iy < D(j, i), for each i, j € m* with i # j
> xp() < D(i,0) and —D(0, i) < xu(;y, for each i € m™*

M satisfies Z, written M E Z, if M, hE Z for some h.
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Marking M = ((p1,x1), -, (Pn, Xn))

Injection h: m* — n™ (called a witness)
M satisfies Z with respect to h, written M, h E Z, if the
following conditions are satisfied.

» P(i) = Ph(i), foreach i: 1 <i<m

> Xp(j) — Xn(iy < D(j, i), for each i, j € m* with i # j

> xp() < D(i,0) and —D(0, i) < xu(;y, for each i € m™*
M satisfies Z, written M E Z, if M, hE Z for some h.
[Z] ={M;ME Z}
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Marking M = ((p1,x1), -+, (Pny Xn))
Injection h: m* — n™ (called a witness)

M satisfies Z with respect to h, written M, hE Z, if the
following conditions are satisfied.

» P(i) = Ph(i), foreach i: 1 <i<m

> Xp(j) — Xn(iy < D(j, i), for each i, j € m* with i # j

> xp() < D(i,0) and —D(0, i) < xu(;y, for each i € m™*

M satisfies Z, written M E Z, if M, hE Z for some h.
[Z] ={M;ME Z}
[Z] is upward closed
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Existential zones

(27 P = (p17 p2)7

M such that:
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Existential zones.

0 ) represents all markings

-]o 1 2
0ol- -2 —
14 -
215 2 -



Existential zones T B0
Parosh Aziz
Abdulla and
Aletta Nyl “en
-]o 1 2
(2,P = (p1, p2), (1) Z __2 _03 ) represents all markings e 2o
2|5 2 —

M such that:
» M has a token at p; with age x; in [2,4]
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(2,P = (p1, p2), (1) Z __2 _03 ) represents all markings e 2o
2|5 2 —

M such that:
» M has a token at p; with age x; in [2,4]
» M has a token at p; with age x2 in [3, 5]
> x1 —x0 <0
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-]0 1 2
= 0o|— —2 -3 .
(27 P - (p17 p2)7 1 4 _ 0 ) represents a” marklngs Existential zones
215 2 -
M such that:
» M has a token at p; with age x; in [2,4]
» M has a token at p; with age x2 in [3, 5]
> x1 —x0 <0
> xo —x1 < 2



Lemma 1

For an existential zone Z and a marking M, it is decidable
whether M E Z
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Existential zones.

» An existential zone Z is said to be normal if for each
i,j,k € m*, we have D(j,i) < D(j, k) + D(k, ).
» An existential zone Z is said to be consistent if

2] # .



Entailment

Given zones Z; and Z,, we say that Z; is entailed by 2o,
written 71 <X 2o, if [[22]] - [[Zl]]
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Given zones Z; and Z,, we say that /; is
written 71 <X 2o, if [[22]] - [[Zl]]

» < is a quasi order

entailed by 25,
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» < is a quasi order

» Is < a well quasi order?
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» < is a quasi order
» Is < a well quasi order?

> Yes it is!
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Given zones Z; and Z,, we say that Z; is entailed by 2o,
Written Z]_ j Z2, |f [[22]] g [[Zl]] Existential zones

» < is a quasi order
» Is < a well quasi order?
> Yes it is!

» To prove this we prove that it is a better quasi order
(bgo).
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» 3 C N<¥ js called a barrier if

Better quasi orders

Examples
» {(a,b)|b > a}
» {(a,b,c)lc > b > a}
» {(a,b)|b>a>1}U{1l}
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» 3 C N<¥ js called a barrier if
» There are no s1,s € 8 such that s; C s

Better quasi orders

Examples
» {(a,b)|b > a}
» {(a,b,c)|c > b > a}
» {(a,b)|b>a>1}U{1}

IN<* is the set of all finite strictly increasing sequences over N
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» 3 C N<¥ js called a barrier if

» There are no s1,s € 8 such that s; C s
» For each s, € N¥
there is 51 € 8 with s < s TgrIatT

Examples
» {(a,b)|b > a}
» {(a,b,c)lc > b > a}
» {(a,b)|b>a>1}U{1}

IN<* is the set of all finite strictly increasing sequences over N
251 T s 1 s is a proper subsequence of s,
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» 3 C N<¥ js called a barrier if

» There are no s1,s € 8 such that s; C s
» For each s, € N¥

there is 51 € 8 with s < s

Better quasi orders

Examples
> {(a,b)[b> a}

» {(a,b,c)lc > b > a}
» {(a,b)|b>a>1}U{1l}

IN<* is the set of all finite strictly increasing sequences over N
251 T s 1 s is a proper subsequence of s,

3N is the set of all infinite strictly increasing sequences over N
*s) € s 1 s is a proper prefix of s
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» A mapping f : 5 — A where 3 is a barrier and (A, <) is
a wqo
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» Definition A-pattern
» A mapping f : 5 — A where 3 is a barrier and (A, <) is Better quas orders
a wqo
» Definition Good A-pattern

» There are 51,5, such that tail(s;) < s, and
f(Sl) j f(SQ)

tail(s1) : sequence after deleting first element of s,
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Definition Better quasi orders

» (A, X) is a better quasi order if every A-pattern is good.
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Properties of Better quasi orders

» Each bqo is wqgo.
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Properties of Better quasi orders
» Each bqo IS qu Better quasi orders
» If Ais finite, then (A, =) is bgo.
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Properties of Better quasi orders
» Each bqo is wqgo.
» If Ais finite, then (A, =) is bqo.
» If (A, =) is bqo, then (A, <) is bqo.
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Properties of Better quasi orders
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Each bqgo is wqo.
If Ais finite, then (A, =) is bqo.
If (A, <) is bgo, then (A, <) is bqo.

If (A, <) is bqo, then (AB <5} is bqo.
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Properties of Better quasi orders
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Each bqgo is wqo.

If Ais finite, then (A, =) is bqo.

If (A, =) is bqgo, then (A, <) is bqo.

If (A, <) is bqo, then (AB <5} is bqo.
If (A, =) is bgo, then (P(A),LC) is bqo.
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» But what's the intuition?
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» But what's the intuition?

» How is it different from wqo?
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» But what's the intuition?

» How is it different from wqo?
» Example of wqgo that's not a bqo:

(X, =) where
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Better quasi orders

» But what's the intuition?

» How is it different from wqo?
» Example of wqgo that's not a bqo:
» X=(a,b)la,beN;b>a
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Better quasi orders

» But what'’s the intuition?
» How is it different from wqo?
» Example of wgo that’s not a bgo: (X, <) where

» X=(a,b)la,beN;b>a
» (m,n) X (m',n")iff( m=mAn>n)vm >m

IXCY <= ¥xeXIycVY: x=<y
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Better quasi orders

» But what's the intuition?

» How is it different from wqo?

> Example of wgo that’s not a bgo: (X, <) where
a, b)|a beN;b>a

> (

= (
>()(

m
X,

<)isa qu

n)iff (m=m' An >n)vm >m
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Better quasi orders

» But what's the intuition?

» How is it different from wqo?

» Example of wgo that’s not a bgo: (X, <) where

v

v vy

X = (a,b)la,beN;b>a

(myn) 2 (m',n)iff (m=m'An">n)vm >m
(X, =) is a wqo

But (P(X),C) is not a wqo
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Better quasi orders

» But what's the intuition?

» How is it different from wqo?

» Example of wgo that’s not a bgo: (X, <) where

v

vV vy vy

X = (a,b)la,beN;b>a

(myn) 2 (m',n)iff (m=m'An">n)vm >m
(X, =) is a wqo

But (P(X),C) is not a wqo

Infinite antichain: X; = {(i,j)|j > i}
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An existential region is a:
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Existential region

An existential region is a:
» A list of bags (By, Bi, .., Bnt1)
» where each B; is a bag over P x N

» Tokens in the same bag have the same fractional part
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Existential region

An existential region is a:
» A list of bags (By, Bi, .., Bnt1)
» where each B; is a bag over P x N
» Tokens in the same bag have the same fractional part

» Tokens in By have fractional part zero
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Existential region

An existential region is a:

>

v

v

v

v

A list of bags (Bo, B, ..., Bnt1)

where each B; is a bag over P x N

Tokens in the same bag have the same fractional part
Tokens in By have fractional part zero

Fractional part in B;j;1 > Fractional part in B;
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Existential region

An existential region is a:
» A list of bags (By, Bi, .., Bnt1)

where each B; is a bag over P x N

v

v

Tokens in the same bag have the same fractional part

v

Tokens in By have fractional part zero

v

Fractional part in B;j;1 > Fractional part in B;

v

B+1 contains tokens with age larger than m

1m is the largest constant appearing in the intervals

Timed Petri Nets
and BQOs

Parosh Aziz

Abdulla and
Aletta Nyl “en

Better quasi orders



(Z,<) is a bgo

25/40



(Z,<) is a bgo

> (P,

) is a bgo
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=) is a bqo
=) is a bgo
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(Z,<) is a bgo

» (P,=)is a bgo
» (N,=) is a bqo
» (P x N,=) is bgo
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- Timed Petri Nets
(Z,=) is a bqgo and BQOS
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» (P,=)is a bgo

» (N,=) is a bqo e
» (P x N,=) is bgo

> (P x N)B,=B) is bgo

» Existential regions (R = ((P x N)B)*,(=8)*) is bqo



(Z,=) is a bqgo

>

>

v

v

v

v

(P,=) is a bgo
(N,=) is a bqo
(P x N,=) is bgo

(P x N)B,=B) is bqo
Existential regions (R = ((P x N)B)*,(=8)*) is bqo
Set of upsets on markings ([Z] = R, C) is a bqgo
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(Z,=) is a bqgo

>

>

v

v

v

v

v

(P,=) is a bgo
(N,=) is a bqo
(P x N,=) is bgo

(P x N)B,=B) is bqo

Existential regions (R = ((P x N)B)*,(=8)*) is bqo
Set of upsets on markings ([Z] = R, C) is a bqgo
([Z], <) is bgo
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» Pre[Z] is the set of markings from which a marking in
[Z] is reachable in a single step

Timed Petri Nets
and BQOs

Parosh Aziz
Abdulla and
Aletta Nyl “en

Better quasi orders



Computing Predecessors

» Pre[Z] is the set of markings from which a marking in
[Z] is reachable in a single step

> Pre[Z] = UgpirelZill where Z; are existential zones
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Computing Predecessors

» Pre[Z] is the set of markings from which a marking in
[Z] is reachable in a single step

> Pre[Z] = UgpirelZill where Z; are existential zones

» Pre = Prep U Pres where
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» Pre[Z] is the set of markings from which a marking in

[Z] is reachable in a single step e e
> Pre[Z] = UgpirelZill where Z; are existential zones
» Pre = Prep U Pres where

» Prep = UteT Pre; corresponds to firing transitions
backward



Computing Predecessors

» Pre[Z] is the set of markings from which a marking in
[Z] is reachable in a single step

> Pre[Z] = UgpirelZill where Z; are existential zones

» Pre = Prep U Pres where

» Prep = UteT Pre; corresponds to firing transitions
backward
> Pres corresponds to running time backwards
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Computing Predecessors

Computing Pres
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Computing Pres

> Intuitively, remove the minimum age requirements
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Computing Pres
> Intuitively, remove the minimum age requirements
» For Z = (m,P,D), Pre;(Z) = Z' = (m, P, D') where
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Computing Predecessors

Computing Pres
> Intuitively, remove the minimum age requirements
» For Z = (m,P,D), Pre;(Z) = Z' = (m, P, D') where
» D'(0,/)=0
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Computing Predecessors

Computing Pre;s
> Intuitively, remove the minimum age requirements
» For Z = (m,P,D), Pre;(Z) = Z' = (m, P, D') where
» D'(0,/)=0
» D'(j,i)=D(j,i)if j#0
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Computing Predecessors

Cﬁo 3 (34) 4?

[2,3)[2] ]
1.2

Figure 3: Mutual Exclusion
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> Example Z =
“lo 1 2 3 a4
U I R p— p—
11 - o o o
4P ol 1 o — 0o o
301 0o o — o0
41 o o o —
—lo 1 2 3 4
o - 0 0 0 0
11 — 0o o o
4P ol 1 0o 2 0 o
301 0 0o — o
41 o o o -




Computing Predecessors

Computing Pre;
» Conjunction Z ® (Z, )
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Computing Pre;
» Conjunction Z ® (Z, )

» Restricts age of token i in Z
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Timed Petri Nets
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Computing Pre;

» Conjunction Z ® (Z, ) e
» Restricts age of token i in Z
» Example:-

- ]lo 1 2 3 4 —|lo 1 2 3 a4

0 — 0 0 0 0 0 - -1 0 0 0

1 2 - 0 0 0 . 1 2 - 0 0 0

202 o — o o @EBY= 515 5 2 0 o

3 2 0 0 — 0 3 2 0 0 — 0

4 2 0 0 0 - 4 2 0 0 0 -



Computing Predecessors

Computing Pre;
» Addition Z & (p,Z)
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Computing Pre;
» Addition Z & (p,Z)
> Adds a token to p with age in Z

Timed Petri Nets
and BQOs

Parosh Aziz
Abdulla and
Aletta Nyl “en

Better quasi orders



Computing Predecessors

Computing Pre;

» Addition Z & (p,Z)

> Adds a token to p with age in Z

» Example:-

5,(A, B,D, D, A),

-0 1 2 3 4

0 — 0 0 0 0

1 2 — 0 0 0

4(ABDD), 51 5 o 2 o o

3 2 0 0 — 0

4 2 0 0 0 —
— 0 1 2 3 4 5
0 — 0 0 0 0 -1
1 2 — 0 0 0 [eS)
2 2 0 — 0 0 [eS)
3 2 0 0 — 0 [eS)
4 2 0 0 0 — [e)
5 2 e} oo oo oo —

®(A:2) —

Timed Petri Nets
and BQOs

Parosh Aziz
Abdulla and
Aletta Nyl “en

Better quasi orders



Computing Predecessors

Computing Pre;
» Abstraction Z'\ i
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Computing Predecessors

Computing Pre;
» Abstraction Z'\ i

» Removes token i

Timed Petri Nets
and BQOs

Parosh Aziz
Abdulla and
Aletta Nyl “en

Better quasi orders



Computing Predecessors

Computing Pre;

» Abstraction Z'\ i

» Removes token i

» Example:-

4,(A, B, D, D),

BwnNvRO|

3,(A, B, D),

wNRol|

= wh||o

oo | &R

o | owlNn

| corlw

N N Wwhr||o

coo | MK

oo | owlNn

o oo NWw

| ococor|s

\3—
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Computing Predecessors

Computing Pre;
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Computing Predecessors

Computing Pre;
> ln(t) = {(plazh (P27I2)7 ceey (Pk,Ik)}
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Computing Predecessors

Computing Pre;
> In(t) = {(p1, 1, (P2, I2), .-, Pk, Zk) }
> Out(t) = {(q1, J1. (92, J2), s (ak, T1)}
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Computing Predecessors

Computing Pre;
> ln(t) = {(plazh (P27I2)7 ceey (Pk,Ik)}

» Out(t) = {(q1, J1, (92, J2), .-, (Gk, T1) }
> Pre/(Z) =

Timed Petri Nets
and BQOs

Parosh Aziz
Abdulla and
Aletta Nyl “en

Better quasi orders



Computing Predecessors

Computing Pre;
> In(t) = {(p1.Z1, (p2, Z2), -, (Px, Tk) }
> Out(t) = {(q1, J1, (g2, P2), ---, (ak, T1)}
> Prei(Z2) =
» VZ’ such that
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Computing Predecessors

Computing Pre;
> In(t) = {(p1.Z1, (p2, Z2), -, (Px, Tk) }
> Out(t) = {(q1, J1, (q2, J2), -, (qk, T1) }
> Pre/(Z) =
» VZ' such that

» T partial injection m* — IT with domain {i, iz, ..., i
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Computing Predecessors

Computing Pre;
> In(t) = {(p1.Z1, (p2, Z2), -, (Px, Tk) }
> Out(t) = {(q1, J1, (q2, J2), -, (qk, T1) }
> Pre/(Z) =
» VZ' such that

» T partial injection m™ — [T with domain {1, i, ...

» 1 existential zone Z;
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Computing Pre;
> ln(t) = {(plazh (P27I2)7 ceey (Pk,Ik)}
> Out(t) = {(q1, J1, (q2, J2), -, (qk, T1) } e e
> Pre/(Z) =

VZ' such that

3 partial injection m™ — [t with domain {i1, ip, ..., in}

3 existential zone Z;

Z @ (Tn(iy» 1) @ (Th(in» 2)-+- @ (Tn(iy» in) s consistent
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Computing Predecessors

Computing Pre;
> ln(t) = {(plazh (P27I2)7 ceey (Pk,Ik)}

» Out(t) = {(q1, J1, (92, J2), .-, (Gk, T1) }
> Pre/(Z) =

v

vV vy vVvYy

VZ' such that

3 partial injection m™ — [t with domain {i1, ip, ..., in}
3 existential zone Z;

Z @ (Tn(iy» 1) @ (Th(in» 2)-+- @ (Tn(iy» in) s consistent
Zi=27Z\ir\ 2. \ g
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Computing Predecessors

Computing Pre;
> ln(t) = {(plazh (P27I2)7 ceey (Pk,Ik)}

» Out(t) = {(q1, J1, (92, J2), .-, (Gk, T1) }
> Pre/(Z) =

v

vV vy vy VvYy

VZ' such that

3 partial injection m™ — [t with domain {i1, ip, ..., in}
3 existential zone Z;

Z @ (Tn(iy» 1) @ (Th(in» 2)-+- @ (Tn(iy» in) s consistent
Zy =27\ i\ e \ in

=71 (Pl,Il) S5, (pz,Ig)... S5 (pk,Ik)
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Coverability and Termination

» Thus ({Z}, <) is a well quasi order

> Pre is effectively computable
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Coverability and Termination

» Thus ({Z}, <) is a well quasi order
> Pre is effectively computable

> Hence we can use backward coverability algorithm
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Thus ({Z}, <) is a well quasi order

Pre is effectively computable

Hence we can use backward coverability algorithm
What about termination?
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Thus ({Z}, <) is a well quasi order

Pre is effectively computable

Hence we can use backward coverability algorithm
What about termination?

For termination, we need effective Post computability
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Coverability and Termination
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Thus ({Z}, <) is a well quasi order

Pre is effectively computable

Hence we can use backward coverability algorithm
What about termination?

For termination, we need effective Post computability

Post computability can be proved similarly
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Coverability and Termination

» Thus ({Z}, <) is a well quasi order

> Pre is effectively computable

> Hence we can use backward coverability algorithm
» What about termination?

» For termination, we need effective Post computability
» Post computability can be proved similarly

» Hence termination is decidable
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Timed Petri Nets

Fast Growing Hierarchy and BQOs
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Recap

Gregorczyk Hierarchy: fxi1(n) = f"(n)
fu(n) = fa(n)?*

Fast Growing Hierarchy
We construct the hierarchy as follows:

> w4+ w=w.2, Similarlyw + w.(n —1) =w.n

» w.w = w?. Applying finite times: w.w"! = w"
> WY = wwaw. ...

-
» w¥  and so on

*w is like infinity(smallest supremum over natural numbers)



Timed Petri Nets

Length Function Theorem and BQOSs
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Let g be a smooth control function eventually bounded by a
function in Iy, and let A be an exponential nwgo with
maximal order type < w?*t1. Then L(a,g) is bounded by a
function in

» Fgif v <w (e.g. if g is primitive-recursive) and > w,

» Frigify>2,8<w

Definitions



- Timed Petri Nets
Maximal Order Type and BQOs
Parosh Aziz
Abdulla and
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Definition
Longest linearization of a bad sequence isomorphic to an
ordering
> O I’k) =k
> 0 rg) = CL)O Definitions
k
Mhp1) =

(
(
> of
(
(



Computing Complexity:L 4,

» o(P) = |p|

(
(
(
(

v
Qo

v
°)

» Thus o(2)

= wY

N<m)=m = o(P x
Bag(P x [m])) =
> o((Bag(P x [m]))") =
> o(U(Bag(P x [m]))") =

wlplm

[m]) =
(Ip\ )

w*(\p|m)

oW (|p|m)

lp|m
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Computing Complexity: Predecessor

» Calculation of Predecessor: For time lapse move, the
Pre calculation is just updating the markings which can
be done in 'y

» For discrete transition: Even for that, the steps required
will be the number of tokens which is still in F;
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Final Complexity

> We see that the complexity of the algorithm is thus
dependent mainly on the maximum length of the bad
sequence.
» By Length-Function Theorem, we get the complexity is
F [pIm
ww

> Generalising we get, the complexity as F .« .
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Conclusion

» Existential zones of timed petri Nets form BQO

» BQOs are WQOs thus timed petri nets are WSTS over
existential zones as the states and transition as that of
the timed petri nets

» Coverability and Termination are Decidable

» Complexity of the Coverability and Termination
algorithms is I«

Timed Petri Nets
and BQOs

Parosh Aziz

Abdulla and
Aletta Nyl “en

Conclusion
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