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Embedded System Design
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Playing the “token game”
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(1) »So3uzm JUwo
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Thalys trains between Cologne, Sresels
Amsterdam, Brussels and Paris.
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[http://www.thalys.com/be/en]

Kazim Fouladi. School of Electrical and Computer Engineering, University of Tehran. Fall 2006




Embedded System Design

(¥) s¥oduzu Jlo

%Amsterd am % Cologne

:0dubosln (S5 A5l ‘B
23 5 lwpllen | \r- I
Paris s Brussels )@
S oSl )l oslaiwl b 9 @ ConnectmgGD
9 “Gare du Nord” (5 I Brussel
“Gare de Lyon” Disconnecting
Paris s ¢ ¥

e Jcly

d Gare du Nord
l/. O \ﬁa I—. Paris

I'\_I n 2 ,';i
(Zre de Lyon

Kazim Fouladi. School of Electrical and Computer Engineering, University of Tehran. Fall 2006



Embedded System Design

3339, /o yub (S ASais

S11oas 5 551 35 50 03uols a8l 5 NG E F) 1t p23
33bb | jxo s@acgozme E 5 C .\
b (Ol ddasl)) 939 sakul) L FC (CXE)U(EXC) Y

X € (CU E) 5 auib aSub 5 Nas auiS (6 58 1y ya3

(preconditions) Josl yub yins sacsoxe *X:={)| ¥y F X}
(postconditions) Joslyub s sacsexe X = {) | X F )}

train wanting train going
to go right to the right

~~~~~~~~ @ track available
g
\—y

train going
to the left

Kazim Fouladi. School of Electrical and Computer Engineering, University of Tehran. Fall 2006




Embedded System Design

02J (sladsub 9 Laddls

bl (C,6) € CX E 3uiS (16 8 1y a3
CFe A eFc )31 laas 5 )31 59 50 03wl Al 5 (G, €)

O—=_ =0

XN1s)ls ol (pure) yad& N=(CE, F) sasiis 1 y23
bl slagls ma Jolds £

Kazim Fouladi. School of Electrical and Computer Engineering, University of Tehran. Fall 2006



Embedded System Design

odlw sl asuuwi

5 17 )35 55 mud )51 59 50 0340l (SIMPIE) 03w asiss X, 1y po5
Sbl aublas Hluss (293 963909 ol Acgoxo 2
(s odlw (saSuh SO) JUs

Sl 93=xe (2l jxe juaic zud Ol 03 A slosln laasub JEC TPV 1)
231 0B 3139 /o pubd (SLASIUD (S s0s Sl ) S8l

condition/event nets (C/E nets)
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(Place/transition nets) »35/olla (slaasuuds

Def.: (P, 7, F, K, W, M) is called a place/transition net iff
7. N=(P, T,F)is anet with places pe Pand transitions fe 7

2. K P— (N, v {m})\{0} denotes the capacity of places
(o symbolizes infinite capacity)

3. W. F—(N,\{0}) denotes the weight of graph edges
4. M; P— N, v {0} represents the initial marking of places
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(Segment of some net)

defaults:
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£ K=o
T™EY W= 1
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(Mmarks) eswele el yuuss (sauwlxo

“Firing” transitions fgenerate new markings on each of
the places p according to the following rules:

MEp%—WE % i?pe 'tir'
/ +W ifpe *\ °t
Mi(p) = (ﬁ)—W( AW (p). ifpe *n

M(p) otherwise
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Transition fis “activated” iff
(Vpe *t:M(p)>W(p,t))N(Vpet®:M(p)+W(t,p) <K(p))

N 20 i 2O
e T e

io))] A Lol a3 gl Sy b ¢ty Flasly ail 93 50 cdubJled sl )3s

.ro._gifuao.iwul.o)' S)go ) (5 i SlaaSul s )
(el uyJaS).A.c)\_xuu.»hub odubJled sl AT ) auh Sk NEVEE

Kazim Fouladi. School of Electrical and Computer Engineering, University of Tehran. Fall 2006




Embedded System Design

(Mmarking) eswele ol juuss sl e angioligs

( M(p)_W(pat)a 1fp€ .f\ t®
Mf( ): < M(p)+W(tap)a 1fp€ t.\ .t
PI= M(p)—w(p)+w(t,p), ifpe *tne
. M(p) otherwise
[—W(p,1) ifpe*t\t°
+W(t, p) ifp et % SR
tp) = —W(p,t)+ W(t,p) ifpet®n*t
O otherwise
Vp € P: M'(p) = M(p) + t(p)
M = M + é SIS o oD 1t
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Matrix Ndescribing all changes of markings

(—W(p,1) ifpe )\t
+W (t, p) ifpet®\ *t

tp) = —W(p,t)+ W(t,p) ifpet®n*t
gO otherwise

Def.: Matrix NV of net Nis a mapping
N. PxT — Z (integers)
such that Vv te 7: N(p,t)=t(p)

Component in column fand row p indicates the change of
the marking of place p if transition ftakes place.

For pure nets, (N, M,) is a complete representation of a net.
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Place - Invariants

Standardized technique for proving properties of
system models

For any transition £/, € 7 we are looking for sets R c P of
places for which the accumulated marking is constant:

th(p):O

peR

3 },O
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Characteristic Vector

= D t(p)=t;-C Zt (p) . (p)=0
: Scalar I)roduct
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Condition for place invariants

Dt (p)=t;-ce = t;(p)c_(p)=0

PeR peP

Accumulated marking constant for all transitions if

t,-Cg 0

0

t -Cq

th' ¥

Equivalentto AN c,=0 where N’ is the transposed of N
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More detailed view of computations

(t(py)--t,(P,) Y Cr(py)) (O
t,(py)--1(P,) | Cr(P2)| | O

\’gm(p1)...'gm(pn )}\QR(pn )} \O)

System of linear equations.
Solution vectors must consist of zeros and ones.

Equations with multiple unknowns that must be integers called
diophantic (= Greek mathematician Diophantos, ~300 B.C.).

Diophantic linear equation system more complex to solve than standard
system of linear equations (actually NP-hard))

Different techniques for solving equation system (manual, ..)
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Application to Thalys example

§1 52|53 S4|S5 S| St S8 | S9 S10|S11 S12] S13
t1 |1 -1 -1 1

A/TQR: 0, with A/7_= is 1 1 -11 1 |
. |-

ZI‘OWS=O :> 1
Dimension of solution space = 13 - rank = 4

4 components of (6, 11, 12, 13) of ¢ are independent
=> set one of these to 1

and others to 0 to obtain a basis for the solution space
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15t basis
S1 82|83 S4|S85 Se6|S7 S8|S9 Si10|S11 S12|S13
t |1 -1 1 1
ts 1 -1
Set one of components 2 1 -11 1 1
t -
(6, 11,12, 13) ti i !
to 1, others to 0. ts | -1 |
— 1st basis b;: tr L1
_ _ t 1 1
b1(56)=1, by(541)=0, t :
b1(512)xﬁ0, b;(513)=0

All components € {0, 1} —
Cr1 = by
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Interpretation of the 1st invariant

_ (1 11111000000 O) /Amsterdam 3] Cologne
; o ' \3 ,1

Characteristic vector Brussel
describes places for | :
Cologne train. ’ "I
We proved that: é\ I
the number of trains = Gare du Nord
along the path remains I e b
constant. B s :

: Py

Gare de Lyon
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2nd ba.S|S S1 S2|83 S4|S5 Se|S7 Sg|S9 S10|S11 S12 | S13
ty |1 -1 -1 1
ts 1 |-1
ts 1 -1

Set one of components ; 111 1

6, 11, 12, 13) to 1, . Lol |

others to 0. +o 1 o1 1

) 6

— 2nd basis b,: t 1 -1

b(56)=0y by(549)=1, s : R

05(812)=0, bx(813)=0 tg N
t1o 1 -1 1

* {0(S10) &
— b5(S10)

* [5(Sg) D,(Sy)
— b,(S5)=1

S10) t Lo(S11) Do(Syq) + £0(S13) ba(Sy3) = 0
1
+ 13(S10) Bx(S1) =0

b, not a characteristic

o vector, but ¢,,=b,+b6, is
b, =(0,-1,-1,-1,0,0,0,0,1,1,1,0,0) - — Cpy =

by =(1,1,1, 1,1,1,0,0,0,0,0,0,0) (1,0,0,0,1,1,0,0,1,1,1,0,0)
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Interpretation of the 2"d invariant

10NAmsterdam Cologne
Cr, =(1,0,0,0,1,1,0,0,1,1,1,0,0) /7 "\ P\

‘BB o] [ !I i/ IS
Cr2 2 -
We proved that: ’ &
. ~ 4)
None of the Amsterdam trains onnecting
gets lost (nice to know ©). (5 I Brussel

6 '.!!

Gare du Nord
? I—. Paris

i

e Gare de Lyon
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Setting b5(s,,) to 1 and b (513) to 1

e~ ] IAIAA

lAam~AlA £+ A ~ ~~l Al i~ o~
icadls O aAdll dUUIlIUIIdI 4 IlIVcllIclIIlb

10}, Amsterdam 3) Cologne
=(1111110000000) i WE D DR
=(1000110011100) B

CR,Z CR,7
=(0000000011001) )
~(0000001100010) TR

e
-

Gare du Nord

We proved that:

» the number of trains serving
Amsterdam, Cologne and Paris
remains constant.

 the number of train drivers
remains constant.

Paris
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Changes can be explained by folding and unfolding C/E nets,
% semantics can be defined by C/E nets.
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03392 sl IAgumulud (saJlwwe 1 U

n>1 philosophers sitting at a round table; '

n forks, @ FNW @

n plates with spaghetti;
philosophers either /0 \\>\
thinking or eating spaghetti @
(using left and right fork). '

How to model conflict for forks?
2 forks

needed! | How to guarantee avoiding starvation?




Condition/event net model

the dining philosophers

Let x € {1..3}

t.: X is thinking

e X Is eating

f.: fork x is available

Model quite clumsy.

Difficult to extend to Dcl

more philosophers. O
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Predicate/transit' model

~f ta A Aliimtima~n ma il A A A~ am ammm~lal Aimaas 1)\

of the di lllllg [JIIIIUbU[J ersS prooiem (1)
Let x be one of the philosophers, Tokens: individuals.
let I(X) be the left spoon of X, Semantics can be
let r(x) be the right spoon of x. defined by

t replacing net by
equivalent
condition/event net.
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Predicate/transition model
~f ke A Alriartiman malaitl A A ARl AvAaA mm Al A aa 7NN\
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Model can be extended to arbitrary numbers of people.
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Summary

Petri nets: focus on causal relationships
Condition/event nets
— Single token per place
Place/transition nets
— Multiple tokens per place
— Place-invariants provide means for proving properties
— Thalys used as an example
Condition event nets
— Tokens become individuals
— Dining philosophers used as an example
Extensions required to get around limitations
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