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Running a Petri net with HW inputs and outputs

] . PN output
PLC implementing |_> (PLC %q0.4.x)
a PN
@ State to output
PN actuation
(PLC %¢q0.4.x)
state to actuation
HW to be
controlled

Interface functions, run in PC or PLC:

Main systems: (1) state/places to actuation,

(a) Petri net, run in PC or PLC

(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 column=s = want to eat flags at time
%
5t tu= [..
0.0 want_to_eat( [I ) :
1.0 want_to eati( 1 )} ;...
E§4ﬁ 2.0 want_to_eat( 2 ]
o 3.0 want to eat| [] | -
E 4.0 want_to eat( [1 3] )
§ 3l 5.0 want to eat( [2 4] )
:: 6.0 want to eat( [3 5] )
=0 7.0 want_to eat( [4 1] )
= 8.0 want_to_eat( [5 2] )
2r 9.0 want_to_eat( [1 2] )
1+
functicn y= want to eat (kid)
L ! ! ! ! !

0 2 4 6 g 10 v= zeros(l1l,5):
for i=l:length (kid)
vikid{i))= 1:

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

Example: Philosophers Dinner — simulation

Request to eat  Request served Note: See complete demo in the
webpage of the course.
[ Illr
5t | \ : \ Note2: Modern operating
| J systems must work better than
-'j ‘—\ failing early like in this PN

simulation. E.g. two programs
|\ Jr—\ requiring simultaneously much

CPU and memory, the O.S. has
,Ilr_-\ fr_-\ | managers that hold the
Request to eat resources (CPU, memory, etc),

| [ R f—\ not served queue the requests and in most
cases even preempt the
0 2 4 6 8 10 resources (CPU).

time

I

want/got dinner
(o)

12
T
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IST / DEEC / API Running a Petri net with HW inputs and outputs

kunction [cSavw, MPSawv, wyoutSav]= PN =sim(Fre, Post, MO, ti tf)

=
= L]

% Simmlating a Petri net, using a SFC/Grafcet simulation methodology. I{llllrllllg; El

% See book "Automating Manmumfacturing Systems"™, by Hugh Jack, 2008 . .

% (ch20. Seguential Function Charts) generlc Petrl net
%

i net model:

i
i
m

1
H

i

'

~ T
=

|

= M({k) +(Post-FPre)*=gik)

o

Pre and Post are HxM matrices, meaning N places and M Cransitions

% 0. S5tart PH at =state MO
%
MP=HD ;
ti=ti tf(l); tf=ti_ tf(Z); tiav= (ci:Se-3:tf)":
MPSawv= zerco=| length(tSaw), length(MP)} }: foneotion gkZ= filter possikle firings (MO0, Pre, gk)
voutSav= zercs( length(tZav), length (PN s2youtc (ME)) ): % werify Prewg <= M B B
% try to fire a2ll gk entries
for i= _:ilength(tSav)
M= HMO;
%2 1. Check transitions (update =tate) mask= zeros(size(gk)) :
tm= t3av(i): for i=I1:length (gk)
gk= FN _tfire(MF, tm): % try accepting gk(i)

L L

gkZ= filter possible firings(MFP, Pre, gk(:}): mask(i)=

MP= MP 4+ (Post-Pre) *gk2: if any(Prex(mask.*gk) > M)

% exceeds available markings
F 2. Do place activities
vout= PN _ =Zyout (HMFP) ;

nmask(i)=
end

o . . end
3 Log all results

HESaw(i,:)= HEF":
gkSawvi(i,:)= gkz2":;

gki= mask.¥*gk:

yvoutSaw (i, )= wvout:
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Example 2: Keyboard Reading

s2yout (keys)
output = columns power PN
input = lines read
s2act
keyboard (IZ,ZZ)W
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
b) PN device kb 10.m
(..) |
é) 3. state to output: Ill;telilf\?czzfgicions
key X 1s pressed - '

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

kunctinn lines= PN dewvice_ kb TIO({act, T}

e .

% Define 4x3-keyboard output line-wvalues given actuation on the 3 column
% and an (internal) time takble of keys pressed

% Input

¥ act 1x3 column actuation values=

T 0t : 1x1 : time

%

%

. Keyboard simulator:
T generate line values

glokal keys pressed .

if isempty(kevs_pressed) glVen COlumn ValueS

% first column = time in seconds
% next 12 column=s = keys pressed at time ¢
key=s pressed= [...
: mk keyvs([1) ; I mk keys(l)
2 mk _keys([1) ; = mk _keys(I)
2 mk keys([1) : = mk_keys=(2)
& mk keys([]) : 7 mk keys([1 12])
& mk kevs(lZ) ; 2 mk kevs([1) 5 ... Eunﬂtiﬂn yv= mk keys(kid)
1: v= zeros(l,12):
snd for i=I:lencth (kid)
vikid(i))= _:

% pressed keys vyves/sno
ind= find(t»=keys pressed(:,1)): end
if isenpty({ind)
lines= [0 © O 0]; % default lines output for £t < 0O
return
end
kevs t= keys pressed(ind(end), :):
% if actuated column and key pressed match, than actiwvate line

lines= sum( repmat{act>=0, =,l} & reshape(keys_t(Z:end), 3,2)", Z

lines= (lines > 0)"; ]?age 8



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) lwzdonelnzeach

group in the

T Create 4x3-kevboard column actuation

) laboratory.
%

T HFP: 1% : marked places ([(integer wvalue=s >= ()

=

— n o=, L — — - T - ' o — -
act: 1x3 ! column actuation values (U or 1 per entry)

kunctinn gk= PN tfire(MP, t)

% Possible-to—fire tran=sition=s giwven PH =tate [(HP) and the time t©

%

T HP: 1xM : marked places ([(integer wvalue=s >= 0}

F L @ 1xl @ time

g gk: 1xM : possikle firing wvector (to be filtered later with enabled

o

transzitions=s)

kunctinn yvout= PN sZvout (MP)

Z Show the detected/undetected kevi(=s) given the Petri state
%
e

MF: 1xN : marked places [(integer wvalues >= 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 key 12
eyl m/—/m————— key 11
key 10 key 10
e 9 T ey 9
fh —
S k:]-"b
oy S s al
1::}.4....-- J{:}'q- e I+, 1" ek e -k e oSt e I
=
key 3 S k!
kﬂ_l:;;;;i!_!§§§55555? :;
o 2 =
.................. | [

01 23 4 5 6 78 9 1011121314 1516 17 18 Bmom =233 4 5 & 7 % 0 1011 1213 14 15 16 17 18

F

tim:[s] 1i:mt[s]
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Example 3: Busy Beaver FSM as PN

s2yout
PN EEEN I>
s2act
(L, R, write)
tape
Code template (Matlab):

m Main systems

a) PN sim.m (as before)
/LR b) TM tape.m (see Turing)
Halt

Interface functions
1) PN _s2act.m
2) PN _tfire.m

outputs = tape left, right, write
input = tape read (one bit, 1.e. O or 1) 3) PN s2youtm
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Turing machine, Busy-Beaver 3states 2symbols,
graph vs table, see input / output :

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

Current Inout Action Action Next state

1 /1L state P RIW L/R/N

A 0 write1 right B
O/ 1.R :

0 /1 L A 1 write1 left C
@ B 0 write1 left A
1/1 R B 1 write1 right B
0/ 1,L C 0 write left B
1/1 R Halt C 1 write1 null halt

Busy-Beaver is a FSM with outputs in the arcs (not the “places”), hence it is a
Mealy machine (not a Moore machine). How to represent as a Petri net just
with outputs in its places?
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FSM

PN each arc of the FSM completed with 1 place and 2 transitions

1/1L
0/1.R

®/"\4. 0/1,L

2. PN incidence matrix, see transitions 2x

~

®

®
(5)+«—HH—
©)

(&9
(&)

Halt

1c_ number of places A, B, C

1/1,R
O/lL
1/1R Halt
1. FSM table
0 1 0A_ 1A 0B IB_ 0C
Al B C Al a1
B | A B B | +1 4 a4+l
c| B H C +1 11
H | - - H +1
3. F'SM table + outputs
0 1 Output 0A 0Ax
A [BAR CIL A - -1
B |A/LL B/LR A0 LR |+ -1
C |B/AL HIR Al 1L
H - - B - +1
B0 1L
Bl 1R
C -
o 1L
Cl 1N

4. PN incidence matrix with outputs at the arcs

IAx 0B O0Bx 1B 1Bx 0C 0Cx 1C 1Cx

+1
-1

-1 -1 +1 +1

+1 -1 -1
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Turing-Machine Busy-Beaver:
PN shown in previous slide,
here implement Input / Qutput

o\®

TM tape.m : left, right, read, write

at A,B,C, read bit & activate transitions
at AO,Bl move right

at Al,BO0,CO move left

0 o°

o\®

function act= PN_s2act( MP )
act= TM tape('read');

if max(MP([2 3 5 6 8 9]1))>0
TM tape('write',1);
end

if MP(3)>0 || MP(5)>0 || MP(8)>0
™ tape('left');

elseif MP(2)>0 || MP(6)>0
TM tape('right")

else

% do nothing
end

1/1,L 1

2

¢ 0/1.R 3
0/1,L 4

© (D) 5
6

— 1/1.R ;

0/1,L .

1/1,R Halt 9

10

R o

A
A0
Al

B
BO
B1

C
Co
Cl

H

®
@@

()

function gk= PN_tfire( act, t )
gk= ones (1,12);

if act % read 1 from tape

gk ([1 5 9])= 0;

gk ([3 7 11])= 1;
else

gk ([1 5 9])= 1;

gk ([3 7 11])= 0;

Halt
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Turing Machine Busy Beaver: simulation results

4

“CPU”

J

time

3-state Busy Beaver:
a0 ->b1r al1->h1r
b0 ->cOr b1->b1r
cO->c1l c1->alfl

halts after 21 time steps
fills 6 ones

»

tape positibn
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Example 4: PN to PLC
P

function PN= define_petri_net

t3 % tl t2 t3 t4 t5
D= [- +1 -1 +
t, .
+_
+1 =117
Pre = -D.* (D<0) ;
Post= D.*(D>0) ;
MO = [ 1';

o\

Petri net structure:
0.5 sec from pl..p3 to trans tl..t3
col?2=place, col3=trans

o\

o\

T = ;

tt= [T ;T ;7 T 1;

PN= struct('pre',Pre, 'pos',Post,
"ttimed',tt);

"mu0', MO0,

See complete code in http://users.isr.ist.utl. pt/~jag/course utils/pn_to plc/pn_to plc.html

function tstl blink

PN = define petri net;
input map define input mapping;
output map define output mapping;
ofname = ;
plc_make program( ofname, PN,

input map, output map )

function inp map= define input mapping
input0 fires transitiond

negative inputO fires tb5

inp map= {

o
°
%

_(+ )r ’
};

function output map= define output mapping
% map PN places 1..3 to the first output
bits
zCode= plc z code helper('config get');
output map= {

, zCode.outpMin ;

, zCode.outpMin+! ;

, zCode.outpMin+” ;

};
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Example 4: PN to PLC o cert et oo cone - )

IF *MW101>0 AND *MW201>=

(* ——— PNC: Petri net initialization --- *)
THEN
IF $MW100= THEN SMW201 :=5MW201 - ;
SMW201:=1; %MW202:=0; *MW203:=0; *MW204:=0; SMW202:=5MW202+1;
SMW100:=1; END IF;
END IF;
- IF >MW102>0 AND SMW202>=
(* -——— PNC: Map inputs --- *) THEN
SMW202 :=5MW202-1;
SMW104 := BOOL TO INT( %iO. ) ; SMW203:=MW203+1;
$MW105 := BOOL TO INT( NOT(%iO. ) ) END_IF;
(* ——— PNC: Timed transitions --- *) IF SMW103> AND SMW203>=
THEN
MY TON 1(IN := INT TO BOOL(3MW201) (*BOOL*), JMW203:=5MW203~1; . , . .

PT := t#500ms (*TIME*), SMW201:=5MA201+1; (7 77T PNCs Output bits == )

Q => timer output flag (*BOOL*), END_IF; .

BT o> my timo 1 (FTINEY)) IF TNT_T0_BOOL(140201)
$MW101l:= BOOL TO INT(timer output flag); IF °MW104>0 AND 2MW201>= L RESE;?O-O ,).
MY TON 2(IN := INT TO BOOL(3MW202) (*BOOL*), THEN i Y- ’

PT := t#500ms (*TIME*), SMW201 :=5MW201 - ; END_IF’ 5

Q => timer output flag (*BOOL*), “MW204 :=°MW204+1; IF INT—TO;BOOL(Eszoz)

ET => my time 2 (*TIME*)); END_IF; Eggg iggé;f?-o )’)_
SMW102:= BOOL TO_ INT(timer output flag); END IF: - !
MY TON 3(IN := INT TO BOOL(:MW203) (*BOOL*), IF “MW105>0 AND =MW204>= - )

PT := t#500ms (*TIME*) THEN IF INT_TO?BOOL(GMW203)

Q => timer output flag (*BOOL*), MW204 :=MW204-1; THEN SET(Oq?‘ )i .

ET => my time 3 (*TIME*)) ; SMW201 :=5MW201+1; ELSE RESET (%q0. )

NT (tim END IF; END_IF;

SMW103:= BOOL TO INT(timer output flag);

See complete code in http://users.isr.ist.utl. pt/~jag/course utils/pn_to plc/pn_to plc.html Page 17



