IST / DEEC / API

Industrial Automation
(Automacao de Processos Industriais)

Analysis of Discrete Event Systems
Running a Petri net with 1/0O

http://users.isr.ist.utl.pt/~jag/courses/apil617/api1617.html

Prof. Jose Gaspar, rev. 2016/2017

Page 1



IST / DEEC / API

Running a Petri net with HW inputs and outputs

_ _ PN output
PLC implementing —[— (PLC %0Q0.4.X)

abN @ state to output

PN actuation

(PLC %0q0.4.x)
HW to b state to actuation
0 be
controlled
Main systems: Interface functions, run in PC or PLC:
(a) Petri nei run in PC or PLC (1) state/places to actuation,
(b) Hardware to be controlled (3) state/places to output
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Example 1: Philosophers Dinner

This PN has inputs “Philosopher 1 wants to eat”.
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Example: Philosophers Dinner — input / events

% first column = time in seconds
6 ¥ next olumns = want to eat flags at time
%
S5+ tu= .
0.0 want to eat( [] 1 7 ...
1.0 want to eat({ 1 )
'%\4_ 2.0 want to eat( 2 ]
o 3.0 want to eat| [] 1 :
E 4.0 want to eat( [1 31 )
g 3l 5.0 want to eat( [2 4] )
‘;’ 6.0 want to eat( [3 5] )
o 7.0 want to eat( [4 11 )
w 5.0 want _to eat( [5 2] |
2r 5.0 want to eat( [1 2] )
1+
functicocn y= want_ to eat (kid)

v= zeroc=s(l,5);:
for i=l:lengthi(kid)
vikid(i) )= 1:

time

end
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Running a Petri net with HW inputs and outputs

want/got dinner

Example: Philosophers Dinner — simulation

I

L]
T

1-2
T

Requestto eat  Request served

L
B R

Request to eat

[] [—\ \ not served

0 2 4 6 8 10

time

Note: See complete demo in the
webpage of the course.

Note2: Modern operating
systems must work better than
failing early like in this PN
simulation. E.g. two programs
requiring simultaneously much
CPU and memory, the O.S. has
managers that hold the
resources (CPU, memory, etc),
queue the requests and in most
cases even preempt the
resources (CPU).
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Running a Petri net with HW inputs and outputs

kunctiun [tSav, MPSawv, youtSav]= PN sim(Pre, Post, MO, ti tI)

%

% Simulating a Petri net, using a S5FC
% See book "Automating Mamufacturing 5
% (chiZ0. Sequential Function Charts)

%
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are NxM matrices,

% state MO

%
HP=M0O ;

ti=ti T©f( }:
HESawv= zeros=s|

TSav=
length (HMFP)

tf=ti tf(Z):
length(tiawv),
voutSawv= zeros( length({tSawv) .,

for i= _:length{t3awv)

= - -

%2 1. Check tran=sitions
Tme= tSaw(i):

gk= PN tfire(MF, tm).
gkd= filter possikle firings (MFP,
IHF= HF + (Foztc-Fre) *fgk:

activities
vouat (MFE) ;

% Log a2l1ll results
HESaw(i,:)= HP";
gkZSawvi(i, )= gkZ";
=

voutSawv (i, vout ;

encd

meaning

(Ci:Se-=C

(update state)

Fre,

simulation

=Tt
y

by Hugh Jack, 2008

:tf) !

b e fonction gk2= filter possible firings (MO,
length (P s2yout (ME) )

)y z

wverify Pre® g <= M

methodology. Runnlng a

generic Petri net

N places and M transitions

i

v to fire all gk entries

M= MO:

for

ak(:)):

enc

mask= zero=s(size({gk))

i=l:length{gk)

= TIw

cry accepting gk(i)

maski{i)= _:

if anv(Frev(mask.*gk) > M)
% exceeds availabkle markings
mask(i)=

end

gki= maszsk.*gk:

Pre,
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Example 2: Keyboard Reading

output = columns power
iInput = lines read

1. state to actuation:
power kb columns

2. signals to transitions:
wait signal on kb lines

l
(.)

é 3. state to output:
key X is pressed

s2yout (keys)
PN
s2act
(power
keyboard cols)

Code template (Matlab):

Main systems
a) PN_sim.m
b) PN _device kb 10.m

Interface functions
1) PN_s2act.m
2) PN _tfirem

3) PN_s2yout.m
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IST / DEEC / API Running a Petri net with HW inputs and outputs

kunctiﬂn lines= PN dewvice kb TO(act, t}

% Define 4x3-keyboard output line-—-values given actuation on the 3 columns=

% and an (internal) time tabkle of kevyvs pressed

% Input

¥ act: 1x3 column actuation wvalues

A Keyboard simulator:
+ o eypoard simulator.
¥ 1lines: 1x4 : line output

' generate line values
T R given column values

% first column = time in seconds
% next 12 columns = keys pressed at time ©
keys pressed= [...
mk _kevs([1) : mk _kewvs(l)
mk keys([1) ¢ mk keys(:)
mk kewvs([1) : mk kewys(2) P ..
mk _kevs([1}) : mk_kevs([ 1y & ...
mk_keys(1Z2Z) ; mk kevs([1) : ... kuﬂﬂtiﬂn v= mk_ keys (kid)
1 v= zeros(., )
for i=_:length{kid)
vikid(1i))=

end

% pressed keys yes/no

ind= find(t>=keys pressed(:,1)): end
if izemprtv(ind)

lines= [ ] % default line=s output for t < 0

return
end

keys t= keys pressed(ind(end), :):

£ if actuated column and key pressed match, than actiwvate line
lines= sum( repmat{act>0, e L)

lines= (line=s > O} "': Page 8

& reshape (kevs_t(Z:end), f2Y Y, |



IST / DEEC / API Running a Petri net with HW inputs and outputs

Prototypes of the interfacing functions The implementation

of these functions is to
function act= PN _ sZact (MP) be done by each
_ group in the
T Create 4x3-kevboard column actuation
1 laboratory.

T HMFP: 1xM : marked places (integer wvalues >= 0)

= — n h T - —n — - T .- oy ol — -
® act: 1Xs ! column actuation wvalues (U or 1 per entcry)

kunctiﬂn k= PH tfire(MHMEF, t)
Poszsible-to—-fire tran=sition=s given PN =tate (MP) and the time t©
HMP: 1xM : marked places [(integer wvaluss >= 0)

1x1 : time

gk: 1xM : possikle firing wvector (to e filtered later with enakbled

o ol g W G G

transitions=s)

Eunctinn yout= PN s2yout (MF)

L

how the detected/undetected kev(=) given the Petri state

||||II ||||II ||||II

MP: 1xM : marked places (integer wvalue= >= 0)
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Laboratory assignment: detect keys pressed by the user and just accept
those keys when there are not multiple keys pressed at the same time.

Keys pressed Keys accepted

key 12 T keylp—————
eyl mmimrm—————————————————— key 11
key 10 fey T e
kecy 9 . S A key § f———————————
key 8 |_| key 8 ..ot
key & T R R key &
S T T kS —
key 4 " key Hp—m ———————
ey 3 |—|I_l Rop s e
hey 1 ey} o e

01 23 456789 1010 121314151617 18 Emmn[ﬁiié-:;?'é‘*;lllulllllzlﬁllatlljllﬁllﬂli

time[s) time[s]
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