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Running a Petri net with HW inputs and outputs

PLC implementing  [re——)p (PPI\II_(OZU‘;Eug‘lX)
a PN it

@ State to output

PN actuation

(PLC %0q0.4.x)
HW to b state to actuation
0 pe
controlled
Main svstems: Interface functions, run in PC or PLC:
(2) Pyetri 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 i wants to eat”.
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IST / DEEC / API Running a Petri net with HW inputs and outputs

Example: Philosophers Dinner — input / events

£ first column = time in seconds
6 $ next 5 columns = want to eat flags at time
%
5k tu= [..
0.0 want_teo_eat( [I )} & ...
1.0 want_to =at( 1 )} ;7 ...
§§‘4_ 2.0 want to eat| 2 |
o 3.0 want to eat( [] o
g 4.0 want to eat( [1 3] )
g 3l 5.0 want to eat( [2 4] )
:: 6.0 want to eat( [3 5] )
= 7.0 want_to _eat| [4 11 )
= 8.0 want_to_eat( [5 21 )
2r 9.0 want_to_eat( [1 2] )
l_
function ¥y= want to eat (kid)
I I L ! ! !

v= zeros(l,5):
for i=l:length(kid)
vikid(i))= 1:

0 2 4 6 8 10

end
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Running a Petri net with HW inputs and outputs

Example: Philosophers Dinner — simulation

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

Eunctjnn [t5awv, MPSav, wyoutSav]= PN sim(Fre, Post, MO, ti tIf)

:'5- °

%2 S5immlating a Petri net, using a 5FC/Grafcet simmlation methodology. I{]JIlIllllgg El

% See book "Automating Mamafacturing Swyvstems=s", by Hugh Jack, 2008 . .

%2 (ch20. Sequential Function Charts) generlc Petrl net
%

net model:

yd
1w
m
it
I

T M{k+1l) = M(k) 4+ (Po=t-Pre)*=g(k)
¥ Pre and Post are HxM matrices, meaning N places and M transitions

% 0. Start PH at =state MO

i

MP=M0O ;

Ci=ti tf(l}: tf=ti tf(2): tiav= (Tci:Ze=e-Z:tTf)":

MPFSawv= zeros( length(tSav), length(HP} )}: fonction gkZ= filter possible firings (MO, Pre, gk}

voutSav= zercs|( lengthitiav), length (PN s2youc (ME)) ) % werify Frerg <= M

e

try to fire all gk entries
for i= _L:length(tSav)
M= MO :
% 1. Check transitions (update state) mask= zeros(size (gk)):
tm= t3awv(il): for i=":length (glk)
gk= PN tfire(HMF, tm): % try accepting gk(i)
gkZd= filter possible firings(MP, Fre, gk(:})}:
MP= MFP 4+ (Po=t-Pre) *gk2:

mask(il= _:
if anv(Fre* (mask.*gk) = M)

% exceeds availakble markings
T 2. Do place activities
yout= PN _sZyout (MF)

mask(i)=
end

o . i end
% Log 2ll resultcs

HMESaw(i,:)= HE";
gkSaw(i,:)= gk2";

gki= mask.¥gk:

yvoutSaw (i, )= wvout:;

end Page 6



IST/DEEC / API

Example 2: Keyboard Reading

s2yout (keys)
output = columns power PN
Input = lines read
s2act
(power
keyboard cols)
1. state to actuation:
power kb columns Code template (Matlab):
2. signals to transitions: Main systems
wait signal on kb lines a) PN sim.m
l b) PN device kb 10.m
(..) |
é 3. state to output: Ill;teglt;?cezfurictmns
key X 1s pressed —Scact.m

2) PN_tfire.m
3) PN s2yout.m
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IST / DEEC / API Running a Petri net with HW inputs and outputs

kunctjmn lines= PN dewvice kb TO({act, T}

Define 4x3-keyboard output line-wvalues given actuation on the 3 columns
and an (internal) time tabkle of kevs pressed

Tnpuat:

act: 1x3 @ column actuation walues

I Keyboard simulator:
T generate line values

glokal keys pressed .

if isempty(keyvs pressed) g;l\/f?Il (:()lllIIlIl \/Eilllf?S

% first column = time in =seconds

ol o o oo G0 oo oo

T next 12 columns = keys pressed at time ©
keys pressed= [...
mk kewvs([1) : mk kews(l)
mk kev=([1) : mk _kews(3)
mk kew=([1) : mk kevys () R
mk kews([]1)} : mk _kevs ([ 11} .
mk_kevs(12) mk_kewvs([1) ; ... &nnctinn y= mk keys(kid)
1: v= zeros(l, |

end for i=l:length{kid)

% pressed keyvs ves/no vikid(1))=
ind= find(t»>=keys pressed(:, )} end
if izemptyv(ind)
lines= | ]: & default lines output for t© 0
return
end
kevs t= keys pressed(ind(end), :):

% if actuated column and key pressed match, than actiwvate line
lines= sum( repmat{act>l, L) & reshape(keys_t(Z:end), -3 )
lines= (line=s > O}°
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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 (MF) be done by eaCh
group in the

% Create 4x3-kevboard column actuation | b t

- aboratory.
F HFP: 1x¥ @ marked places (integer wvalues >= 0]

F act: 1x3 : column actuation wvalue=s (0 or 1 per entry)

Eunctiun gk= PN tfire(MP, t)

Fos=sible—-to—-fire transition=s given PH =s=tate (HP) and the time t©
MP: 1xMN : marked places [(integer wvalues >= 0)
1x1 : time

gk: 1M : po=s=zikle firing wvector (to be filtered later with enabkbled

F LI LU U LR LR

Lran=sitions)

Eunctiun yvout= PN sZvout (MF)

T Show the detected/undetected kevi(=) given the Petri =tate
T MP: 1xM : marked places ([(integer walues >= 0]
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IST / DEEC / API Running a Petri net with HW inputs and outputs

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 I —
eyl key 11
key 10 i) ENPURVIRE S T S S L S
ey 9 . S key g ———————

key 7p—— by e e
key 6 R S R key 6 p———————

hey S gy i —
ey 4 key s o —
key 3 |—||_l Boy thooee e e
hﬂ—leiiiiéeeiiifff::f key 2 —
ey If ————— wtf b
01 23456789 10111213141516 17 18 Em:lﬂi][i_';-;té-r;T:'é.‘;llli]llllllll_'il;tlljl:bll?l:'i

time[s) timie[ 5]
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Example 3: Busy Beaver FSM as PN

s2yout
PN EEENE I>
s2act
(L, R, write)
tape
Code template (Matlab):
outputs = tape left, right, write Main systems
input = tape read (one bit, i.e. 0 or 1) a) PN_sim.m (as before)
. /1 . b) TM tape.m (see Turing)
/O/I\RA‘ 0/1,L Interface functions
1) PN s2act.m
0/1,L VLR 2) PN tfire.m

1/1 R Halt 3) PN_s2yout.m
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Turing machine, Beasy-Beaver 3states 2symbols,
graph vs table, see input / output :

outputs = tape left, right, write (1)
Input = tape read (one bit, i.e. 0 or 1)

Current Input Action Action Next state
state R/W L/RIN
1/ 1.L
A 0 write1 right B
O/ 1.R A 1 write1 left C
O/ 1.L
B 0 write1 left A
B 1 write1 right B
1/1,R
()/ I.L C 0 write1 left B
1/ I.R Halt C 1 write1 null halt
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FSM PN each arc of the FSM completed with 1 place and 2 transitions
1/1 L &)
0/LR
@”“0 T o 0tor
0/1 L VLR O
1/1 R Halt @
1. FSM table 2. PN incidence matrix, see transitions 2x  Halt
0 1 0A_ 1A 0B 1B oc__ic_ number of places A, B, C
A B C A -1 -1 +1
B A B B +1 -1 -1+1 +1
C B H C +1 -1 -1
H - - H +1
3. FSM table + outputs 4. PN incidence matrix with outputs at the arcs
0 1 Output 0A 0Ax 1A 1Ax OB 0Bx 1B 1IBx 0C 0Cx 1C 1Cx
A |[B/1,R C/1,L A - -1 -1 +1
B A/1,L B/1,R A0 1,R +1 -1 +1 -1
c |B/IL HIR Al 1L
H B - +1 -1 -1 +1 +1
BO 1,L +1 -1
B1 I,R +1 -1
C = +1 -1 1
Co I,L +1 -1
Cl1 1,N +1 -1
H +1
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1/1,L L L

///,,——-————~\\\\N 2 A0

1 : 0/1.R 3 Al

Turing-Machine Busy-Beaver: \CA) 0/1.L oo

. . . <+— 5 B

PN shown 1n previous slide, v\_/U ?1 np EEEE
1 0/1,L ’

here implement Input / Output YR Han s o

—
S

H

% TM_tape.m : left, right, read, write /I_‘-I-\
% at A,B,C, read bit & activate transitions \51

» at AO,B1 move right @ 9
®

» at A1,BO,CO move left

act= TM_tape(“read”); Halt

XX

function act= PN_s2act( MP )

if max(MP([2 3 5 6 8 9]))>0 function gk= PN_tfire( act, t )

™ tape("write®,1);
end gk= ones(1,12);
if MP(3)>0 || MP(5)>0 || MP(8)>0 iIf act % read E from tape
T™M_tape("left"); ak([1 5 9])—_0,_
elseif MP(2)>0 || MP(6)>0 k(I3 7 11]D= 1;

- - Ise
T™M_tape(“right®) e
else gk([1 5 9= 1;

% do nothing ak([3 7 11])= 0;
end end
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Turing Machine Busy Beaver: simulation results

3-state Busy Beaver:
a0 ->b1r al1->hir
b0 ->cOr b1->bir
cO->cl1l c1->afl

halts after 21 time steps
fills 6 ones

time

»

tape positiz)n
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