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The PetriDotNet modeling tool

e Features
— Graphical editor + token game + simulation
— Easy to use, many convenience functions
— Extensions: inhibitor arcs, timings, colored nets
— Supports hierarchical Petri nets
— Supports plug-ins, e.g. analysis modules
— Dynamic properties, CTL model checker
— Coloring, rotating elements, displaying arc weights
— Standard PNML format, with INA export

e Developed by us: petridotnet.inf.mit.bome.hu
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PetriDotNet screenshot
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PetriDotNet analysis features

Properties of Net AlierBit
Dynamic Properties
Mumber of states: 108
Boundedness: Bounded

1-bounded (=afe net)

Deadlock freedom: Deadlock free
Reversibility: Reversible
Persistency: Non-persistent
Static Properties
Most specific subclass: Petri Met
Furness: Mot Pure

Reachahility check; CTL check; Save the reachability graph;

Save adiacency matrix;

Search T-invanants; Search P-invarnianis;

Display token bounds of places;

rdata(x,0)

(0.1.0.1,0,0.0.0,1,0,0,0,1,0,0,0,0.0)

(0.0,0,1,1.0,0.1.0.0.0.0,1.0,0,0,0,0)

lose(x)

(0,1.0,1.0,0,0,1,0,0,0,0,1,0,0,0,0.0)

‘data(x,0)

P CTL Expression Editor
e

Land | [ &F | [ EF |

Lo J[ a6 [ EG ]
[Lneo | AU | [ EU |
L) [ax ] [ B¢ ]

T — T—— —lwEl g‘
e 3
AlterBit buffer x -

= [ Irrsertfullf:xpressinn]

]

AF(AlterBit.wfa_0>0&EX(AlterBit.buffer_x>0))

_EL

CTL MODEL CHECKING

a Expression: AF(ARerBit.wfa_0=>0&EX(AlterBit.buffer_x=0])

Model: AlterBit
Result: True
Runtime: 0,01 =




PetriDotNet invariant analysis

| put_x_.  queue_x saata_x.u_ | — | ]".,
a! Show invariants on the net - B a Show invariants on the net - O

{1xack_0, 1xack_1, 1 xempty_ack_} v — = v

| L1 L}

ol T-lnvariants - O
List of P-Invariants calculated by Martinez-Silva algorithm List of T-Invariants calculated by Martinez-Silva algorithm
ack_0 - . . .
= r-alculation finished in 2,00 ms. (places=18, Calculation finished in 1,00 ms. (places=18, h
e transitions=27) transitions=27)
| {1 xack_0, 1 xack_1, 1 xempty_ack_} flose x_, sdata x0  tout x
{1 = data_x, 1 xempty_data_, 1 = data_y} ﬂnse:v:: sdata:v:'l:: ‘tCILI‘t:‘f:}}
lose 0. I::l-f'- ? wrts a1 ;:queue_x. T1xwia_0 1 =ns_y, 1 =wfa_1, {rack_1_,put_x_.sdata_x.0_. rack_0_, sdata_y.1_.
/ * queue_y put_y_, drop_y_, sack_0_, drop_x_, sack_1_}
/ i1 xwait_0, 1 xbuffer x. 1xok_x 1xok_y 1x Ylose_1_. sdata_y.1_.tout_y_. drop_y_, sack_1_}
buffer_y, 1 xwait_1} {drop 1 sdata vl tout v drop v . sack 1}
b flose_y_ rack_1_, put_x_, sdata_x.0_ rack_0_,
empty_ack_| W, sdata y.1_,put v _.tout v  drop v, sack 0 . drop x_,
sack 1}
flose_0_, sdata_x,0_, tout_x_, sack_0_, drop_x_}
/ {sdata x,0 tout x ,drop 0, sack 0 , drop x }
flose_x_ rack_1_ put_x_, sdata_x0_, tout_x_,
lose_t_[_] rack_0_, sdata v 1_, put_y_ drop_w_ sack 0,
drop x_, sack 1 }
flose_x_, lose_y_ rack_1_, put_x_, sdata_x,0_, tout_x_,
rack_0_, sdata_y,1_ put_y_ tout vy  dop y .
e sack_0_ drop_x_ sack_1_} W
ack_1

— ra




Basic principles of modeling



Purpose of system modeling

e IT systems are usually well decomposed

— Building systems by integrating components

e Steps, processes, threads, ...

— Relationships between basic components:
e Explicit logical relationship: order, causality
e Implicit dependency: e.g. using shared resource

e Model-based analysis: qualitative and/or
guantitative
— Qualitative: proving logical correctness

— Quantitative: performance analysis, reliability,
availability, safety analysis
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Building a model

e Three main model element categories:
— Processes, containing activities
— Resources (including: data, messages, channels)
— Interactions between processes and resources

e Modeling: hierarchical and functional

— Bottom up:
Basic activities -> (Composite activities ->)
Subprocesses -> Composite processes
o Steps:
— Building individual model elements
— Integration
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Typical steps of system modeling

1. The process model (without detailed resource
usage and communication)

2. The resource model
— A finite automaton part with busy/idle/... states
— Message queue (if needed)
3. Integration: Fusion of corresponding transitions in
the process and resource models
— E.qg.: Occupying fused with transition Idle — Busy
— E.g.: sending message puts message into queue
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Modeling activities in Petri nets

e Basic activity: firing a transition
e Resources used: input / output places

e Execution time —>I—> deterministically timed transition

— deterministic
—>|]—> exponentially timed transition

Y

— stochastic )

Questions regarding enabledness:
e Untimed transitions fire first (higher “priority”)
e What happens with time after becoming disabled?

— Restarts (new random): “restarts” activity
— Remains (previous time): “continues” activity
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Example: Modeling resource allocation

Process Resource

e Allocation of required resource
e Mutual exclusion
e Using limited resource

Modeling mutual Reading state
exclusion Variable

__J,_,/ \,_L @g Modeling

limited

i : resource
Q @'— capacity.
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Example: Relationships between processes

e Parallelism .

— Fork and join

e Synchronous communication
— Wait for the other

e Asynchronous communication C{]}m

— Like a mailbox

Synchronous : : Asynchronous
communication communication
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Example: Modeling a production cell



Processors

e Sequential processors:

start Activityl Activity2 End

O——O——O—+]—0O

e Parallel processor:

| »O—>U—>Q—>_
(O—> ()
| —( )—»I:I —>O—>_

o Alternative processor:

Start End

F=0—] »c%—[}\
S
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Interactions

e Synchronization:

L@»j-O?»O{

r@—»j——o—»_—@—{

e Shared resource:
Other Waiting for Process with
Activities Resource Resource

pl
-

L@»ﬂ-@»ﬂ»@
e

D

OO0,

D

23



Containers for processors

e Bounded capacity container:

pv
Part arrival
: Part request
pb

e FIFO container:

D—O—MCPD

24



Using machines

e Process with dedicated machine:

TGt

e Process with shared machine:

aal
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Assembly
e Assembling parts:
> 0O~
IO

e Failure during process:

Input buffer

pw pb

pr
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Robot cell

Activities |
Containers (bounded capacity) +—>©—\; )
Resources | 1
Cyclic behavior

1 T
R
! 7 Q
% Cg P
Robot 1
M2 t 4 MZ
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Example Petri net:
Alternating bit protocol



The modeling task

Alternating Bit Protocol

e Transmission protocol for faulty channels

— Messages can get lost (a finite number of times)
— Contents of messages cannot change

e Goal: the protocol should ensure (with a bounded
number of steps) that the message is transmitted
to the receiver
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Sender process

e Attaches a checking bit to the message

e Received messages are confirmed by the receiver,
with the same checking bit

o If the bit attached to the message is b?, then

— if the message is lost, the sender detects the lack of
confirmation with a timeout — sends again

— if the sender receives a confirmation with a bit b® (which
is expected), then a negated bit is attached bt = - b° to
the next message

— if the sender receives a confirmation with a bit bt = - b°
(despite expecting b9), then the confirmation is discarded

(and a timeout will occur due to the lack of confirmation)
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Receiving process

e Confirms receiving the message by sending back
the same checking bit

o If @ message with checking bit b? is received, then
it is confirmed by sending b° back, then

— If the bit of the next message is b! (correct), then sends
b! back to acknowledge

— If the bit of the next message is b? (incorrect), then the
message is discarded, but sends a confirmation

(assuming that it was a repeated message due to the
lack of confirmation)
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L =

Steps of building the model

Decompose the task to actors and resources
Determine the states of actors

Determine states of resources and message buffers
Create Petri net models from state-based models
Integrate actor and resource models

Check integrated model

Use the model to solve the task
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Components and states

e Components (subsystems)
— Actors: sender process, receiver process
— Resources: data channel, confirmation channel

e Each components have its own state

— State graph: states are circles, events are arcs

e Same events happen at the same time:
synchronization
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State graph of sender process

-y N

. Cf Discard

IMEOUL 101" || arroneous
confirmationj

[Wants to send }{Puts m1 with bit 0 | confirmation
m1 message into the channel
’ tout{m,) drop(a,1)

put(m,) sdata(m,
rack(a,1) rack(a,0)

sdata(m,, 1) put(m,) X M
S- )= /@< @ Correct
confir-

drop(a,0)  tout(m,) _mation

34




State gra

[Received m1l

message with bit 0

g
Process
 message ml

ph of receiver process

/Send A

confirma-
tion with

bit 0

rdata(m,,0) proc(m,)
G - (D

sack(a,1)

s

drop(m,,1)

proc(m;)

drop(m,,0) sack(a,0)
- A
rdata(m,, 1) - Discard with A
bit 0
(then send

onfirmation) y
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State graph of data channel

rdata(m,,0) @ sdata(m,,1)

|

Lost
message m1 < '|data(m,) Idata(m,)

sdata(m,,0) rdata(m,, 1)
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State graph of confirmation channel

rack(0) sack(1)

|

Lost
confirmation lack(0) lack(1)

@ sack(0) rack(1) e
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Petri net model of sender process (main loop)

tout(m,) [I(

tout(x)
put(m,) sdata(m;,0) M
rack(a, 1) rack(a,0) ms_X Q 1 L wia_0
put(x) queue X sdata(x.0)
sdata(m,,1) put(m,)
2 /54\ 2
tout(m,)
g;] rack(1) rack(0) C'j
sdata(y,1) queue_y put(y)
wia_1 D( D( C) rts_y

tout(y)

{]
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Petri net model of receiver process (main loop)

rdata(m,,0) proc(m;)
® O,
sack(a,1) sack(a,0)
()
r r. r
> proc(m,) g% rdata(m,,1) @
wait_0 rdatai(x,0) buffer_x procx) ok x
e [ ] S [ ] J
3 '-\.\__\_'_,.-'I -'I—l E ."'\-.\_,.-"II -"I—l E -"'\-.\_,.-"II
sack{1) [_ sack(0) Ijr:l
£y [ ] Ty [ ] 7
I'x .__-"F u . I'x J u . I'x J
ok vy proc(y) buffer v  rdata(y.1) wait 1
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Data channel and data transmission (main loop)

J)/ tu:uub[:]
J_/ ‘X) wia_0

put[x} qu&ua ¥ ataf:( aj

;g racki1} rack(0) Ej

la_x
Sda’tif%:' queus_y put[',-'} H
wia_1 e O sy

jbse[x]
Laut{y) /
A
L
# |ampiy{dala;
walt 0 relatalx 0] buﬂar ¥ pro-:[x} ok x

O)

I

sack(1) [g sack(0) If(:I

o)

P
LI M L}K\ T
ok_y prociy) buffer v  rdataly 1) wait_1

Q)
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Confirmation channel and confirmation (main loop)

ack_0

lose{0) [ ]

empty(ack) vl

lose{1) ]

ack_l

L
2 \
tout{x)

S

ris_x @

L

J]
R /d;‘d_l
putix} queus_x atalx,0)

[ Jracki1} rack(0) ]
sda’tié] queue_y put(y})
ot O ? T—Cre
toul{y) /
J ]
U
wall_0 r%i{‘x.ﬂj buffer_x procix) ok_x
s Y 7 I
S ‘I_\ A U I
sack(1) [g sack(0) Ijj
e [ e \_L ¢ e
e L p
ok_y pracly}

L
buffer vy rdata(l 1) wait_1

j lose(x)

« jempty(data;

;| lose(y)
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_ _ )\ Discard incorrect
[Dlscard Incorrect .~ confirmation

CO nﬁ m at| on rts_x @ i;ix ] q,u.;é_x /Zu:;:{ dro\:\:m

\\

Vo

\

Voo

\

|;;| rack(1) rack(D) Ijj Ill'\
\
H\
m ack_D ’_M ll" a_X
sdata(¥, 1) fqueue_y put(y)
C drop(® -@ x ? (O
-9 lose(d) A lose(x)
m tout(y) /
- 1]
L
q.) empty{ack) & | empty(data)
)
x wait_0 rdafalx,0)  buffer_x proc(x) ok_x
I I I lose(1) O \_\ ol \_\j glnse[y]
ack_1 ta_y
sack[1]|:;| 5ack|:D]|j

. . \/ __— Iféropw. drnpml:g I . .
Discard incorrect ~{_ Discard incorrect
message ¥ /
s M N . ~, {

message
N Lr o wa f
ok_y procly) buffer_y rdﬂ{;&\1 ) wait_ J."l 42
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Example Petri net:
Alternating bit protocol



PetriDotNet: Dynamic properties of the model

Properties of Net AlterBit
Dynamic Properties
Mumber of states: 108
Boundedness: Bounded

1-bounded (safe net)

Deadlock freedom: Deadlock free
Reversibility: Reversible
Persistency: Mon-persistent

Static Properties
Mast specific subclass: Petri Met

Purness: Mot Pure

Reachsbility check; CTL check; Save the reachshility graph;
Save gdigcency matrie; Search T-invariants; Search P-invariants;
Display token bounds of places;




PetriDotNet: Reachability graph (GraphViz)

(0.0,0.1.1.0.1.0.0.0.0.0,1,0,0,0.0,0)

>

g

(0,1,0,1,0.0,0.0.1.0,0.0,0,1,0.,0.0,0)

put(x)

(0,0,0.1.1.0,0.1.0.0.0.0.1,0,0,0,0.0)

sdata(x.0)
(0,1,0.1,0,0,0,0.1 .0,0,0.1.0.0.0.0.0) lose(x)
tout(x)
(0.1.0.1,0.0,0,1,0,0,0,0,1,0,0,0.0.0)
data(x.0)
rdata(x.0) (0.0.0.1.1.0.0.1.0.0.0,0.0.1 .0.0,0.0)
I
tout(x)

S

(0,0,0,1.1,0.0.0,1.0,0,0,0,1,0,0,0,0)

\

(0,0.0,1,1,0,0,0,1,0,0,0.0,0.1.,0.0.0)

proc(x)




PetriDotNet: CTL model checking

' CTL Expression Editor —— l = | (=] |dhl1 LK

I and I l AF I I EF I AlterBit buffer_x - | Insert | CTL MODEL CHECKING

l — ] [ AG ] l EG I >—'| 0 = I Insertfullexpression] Egaeglsiglrl;giiﬁ;lterElit.wFa_ﬂ:-U&E}{I[Alterﬂit.buffer_x:-U]]

Lea) (200 (1) s

(0] (] (] B

e | (fse) —

‘AF(AIterBit.wfa_O}U& EX(AlterBit.buffer_x>0))
AF(AlterBit.wfa_0>0 & EX(AlterBit.buffer_x>0)) = True
AG(AF(AlterBit.buffer_y>0)) = False
AF(EG(AlterBit.buffer_x=0)) = True
EF(AlterBit.wfa_0>0 & AlterBit.data_x=0) = True

AF(AlterBit.queue_x>0 & AX(AlterBit.wfa_0>0 & AlterBit.data_x>0)) = True
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PetriDotNet: Invariant analysis

1l | A 1

o

| Halé tulajdonsagai = == 2|l o T-Invariants
o= Showlnvariants = s— | = | (= X4 | List of T-Invaniants calculated by Martinez-Silva algonthm
Calculation finished in 15,60 ms. {places=18, transitions=22)|

|lose), sdatage,0), tout{x)} ~| [ Show ]‘

{loset), sdatab:,0), tout{)}
{osely), sdataly. 1), toutiy)}
e s 5 {rack(1), putfe), sdatafe.0), mck(0), sdataly,1). putfy). dropfy). sack(l), dropfx), sack(1)}
ot Showlnvariants = | = 52| {lose(1), sdataly, 1), toutly), droply), sack(1)}
{drop(1). sdatafy. 1), toutfy), dropfy), sack(1)}

{osefy), mcki1), put(), sdatafc,0), rack(D), sdatafy, 1), putfy), tout i), droply), sack(l), dropt),
|{ack_0, ack_1, emptylack)} ][ Show | sack(1)} 3

{loze(), sdatabe,0), tout(x), sack(l), dropfd}
{Edatax0), touts), drop(D), sack(D), dropé)}

¢ {oset), mck(l), putéx), sdatab,0), tout{x), rack(D). sdatafy.1). putly). droply). sack(l), dropée),
[ H p-I iant | = =] X4 h SEICk{'I]}
s ML= = {loset), losely), rack(1), puté), sdatabe, ), touté), rackil), sdataty, 1), putfy), toutly), dropéy),
sack(D), dropé), sack(1)}}
List of P-Invariants calculated by Martinez-Silva algorithm frack(1). putbe). sdatafx.0), rack(0). sdatafy.1). putfy). rdataix.0). procic). sack(0). procty).
jj | Strukd Eldatahr'u'fﬁ{min datafe,0). toutfx), rack(0). sdatafy. 1), putfy). rdatage,) ck
Legzzik Calculation finished in 0,00 ms. {places=18, - {ﬁ?iﬁ}éﬁ]. rtl:l[a?t':‘:lif.'ltf.}é:d{{?l% ). tout). rack(0). sdatay.1). putfy). rdatate. ). prock). sa
transitions=22) {rack(1), putf<). sdatafe.0), mck(0), sdataly.1). putly). rdataf.0). prock), droply), sack(D), drop
_ ! {x), procty), rdatafy, 1), sack(1)}
Tisztasdl | {ack_0.ack_1, emptylack])} {ose(0). rack(1), putfx), sdatabx.0), toutéx), rack(0). sdataiy, 1), putiy). rdatate.0), procic), sack
idata_x, empty(data), data_y} (D). dropéx). prociy), rdatafy, 1), sack(1)}
{rts__x, gueus_x, wia_0, is_y, wia_1, queu!e_',.r} {rack(1), putfx), sdatafe. ), toutéx), rmckil), sdatafy, 1), putfy), dropi0), rdatabe,0), procid), sack
dwait_D, buffer_x, ok_x. ok_y, buffer_y, wait_1} {0), dropix), prociy), rdatafy, 1), sack{1)}

Josel), mck(l), putix), sdatatc,0). tout{x), rack(0), sdataly.1). putfy). rdatafe.0), proctx), drop
i), sack(0), dropfe), procty), rdataly, 1), sack(1)}

Josefd). rmck(1). putfc), sdatafx,0). toutfx). rmck(l). sdataly. 1), putly). rdatafe,0). proc). drop
f). sack(0). dropfx). procfy), rdataly, 1), sack(1)}

m {osefx), losely). rmck(1), putix). sdatate,0), toutfe), mck(l). sdataly. 1), putfy), toutfy). rdatabe.0),
ElérhetdsSmyrarmersss, o eSS e eI eSS, prockx), droply). sack(0), dropix). procly). rataly. 1), sack(1)}
T-invarignsok keresése;  P-invarignsok keresese; {osefx), lose(1), rmck(1), putf), sdatafe,0), touté), mck(l), sdatafy, 1), putfy), tout i), rdatafx, 0), 1

Helvek tokenkorldtizinsk kiirgss;




PetriDotNet: P-invariants (examples)

ack_0

lose_0_

empty_ack_

lose_1_

ack_1

rts_x Q "l.]
put_x_ QUELE_X ata_x,0_

|;;| rack_1_

rack_0_ Ej

State machines

sdata_ g, 1_ qUEUE_Y put_y_

@

yi

tout_y_

sack_1_ E:

sack_0_ Ej

|j drop_y_

drop_x_[_

[ Y
ok_y proc_y_ buffer_y rdata_¥ 1_ wait_1

\
\
drap_1_
\ O components
\'\
VA
w2 O——O
put_x_ queUE_x ata_x,0_
|:);| rack_1_ rack_0_ Ijtl
ack_0' a_x
sdat#_ queue_y - put_y_
drop_0_ -@ /_F 7/ G \5 rs_y
lose_0_ lose_x_
empty_ack_ empty_data_
wait_0 r%}c 0 buffer_x proc_x_ ok_x
lose_1_ \c 'I_\ ,D o lose_y_
ack_1 ta_y
sack_1_ [;| sack_0_[_
/
I:\ drop.y_ drop_x_[_
i
|
ok_y proc_y - buffer_y rdata ¥, 1_ wait_1




PetriDotNet: T-invariants (examples)

rts_x @ :l

Cyclic behavior (here:

correct, data |OSS)
* rack_1_ rack_0_ ﬁ ﬁ\
\
rts_x G\ :l A [ ] dro\ij_
put_x_ QUEUE_X \
\
ack_{ \ \
sdata g, 1_ queve_y  puty_ Voo
drop_0_ (e l< Q sy \\
7r/ B rack_1_ rack_0_ [ \\
lose O \
- \
ack_0 \‘\ data_x
empty_ack_ sdata . 1_ queuey  puty_ \
drop_0_ (e l: \_‘D s_y
wait_0 rdata_x,0_ buffer_x proc_x_ ok_x 7/
lose_1_ .-’\'::j\ O I Q lose_0_ lose x_
empty_ack_ # |empty_data_
ack_1 wait_0 rdata_x,0_ buffer_x  proc_ ok_x
sack_1_ — sack_0_ * lose_1_ (o D)
ack_1
sack_1_
If drop.y_ drop_x_|:<
drop_y_
l )
ok_y proc_y . buffer_y  rdata_¥,1_ wait_1
O
ok_y procy_  buffer_y rdata_¥,




