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We overview the main
challenges that arise when analysing
BPMN diagrams with Petri nets

Ch.5.7 of Business Process Management: Concepts, Languages, Architectures
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BPMN Diagrams



Business process diagrams

BPMN defines a standard for
Business Process Diagrams (BPD)
based on flowcharting technique

Four categories of elements
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BPMN vs EPC (roughly)
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BPMN Semantics



BPMN formal semantics?

Many attempts:
Abstract State Machines (ASM)
Term Rewriting Systems
Graph Rewrite Systems
Process Algebras
Temporal Logic

Petri nets

(Usual difficulties with OR-join semantics)



Sound BPMN diagrams

We can exploit the formal semantics of nets
to give unambiguous semantics to
BPMN process diagrams
BPMN collaboration diagrams

We transform
BPMN process diagrams to wf nets
BPMN collaboration diagrams to wf systems

A BPMN diagram is sound if its net is so
We can reuse the verification tools
to check if the net is sound
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Translation of BPMN
to Petri nets



From BPMN
o0 Petri nets
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Simplified BPMN

a start / exception event has just one outgoing flow
and no incoming flow

an end event has just one incoming flow
and no outgoing flow

all activities and intermediate events have exactly
one incoming flow and one outgoing flow

all gateways have either
one incoming flow (and multiple outgoing)
or one outgoing flow (and multiple incoming)
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Simplified BPMN
The previous constraints are no real limitation:

events or activities with multiple incoming flows:
insert a preceding XOR-join gateway

events or activities with multiple outgoing flows:
insert a following AND-split gateway

gateways with multiple incoming and outgoing flows:
decompose Iin two gateways

insert start / end events if needed
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Pay attention to gateways

:5){ stands for M
:;:—l{ stands for M
E E stands for E @ E



My suggestions

X stands for M
:;—l{ stands for %
% stands for @



Simplified BPMN

Avoid OR-gateways @
(all problems seen with EPC apply to BPMN as well)

Limited form of sub-processing

No transactions and compensations




The twist!

BPMN object net fragment

Q event transition
- activity I:> transition

sequence flow
message flow

place

?
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Roughly

A place for each arc
one transitions for each event
one transition for each activity
one or two transitions for each gateway

with some exceptions!
(start event, end event, event-based gateways, loops, ...)

no dummy objects!
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The strategy

From BPMN process diagrams to wf nets in three steps

Travel

[ Travel request ]

l l Step 1 Step 2 Step 3

[ Book flight ] [ Book hotel ] convert convert enforce
sequence flow flow objects initial place
l message flow final place

Travel planned




Step 1. convert flows

We insert a place for each seauence flow and message flow

Travel request ]

r@w =

sequence flow
Book ﬂtght B°°k "0“" message flow

Travel planned




Step 2: convert flow objects

Then insert transitions

(Travet request i
b D =

fl '
[ Book flight ] [ pook hotel ] sequence flow ow objects

message flow
: ;Travel planned

Book flight Book hotel

Travel planned




Step 2: gateways

BPMN object net fragment

<—|> AND split / join transition
@- XOR split I:> transition |>

'Q(>' XOR join transition q
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Step 2: event-based

BPMN object net fragment
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Step 3: add unique start

XOR start

start start
®© e o P9 o §F
Steps 1+2 Step 3
unique start




STCP 3: add uniqUQ end

Steps 1+2

Step 3
ique start

XOR end

(sometimes AND can be preferred)
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Example:
Order process



Order' process

Order process
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Or'der process: sTep 1
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Order process: step 2
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Order process: (desugar)
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Order process: step 3
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Soundness analysis

4

* Semantical analysis B
Wizard Expert

v @ Qualitative analysis
v @ Structural analysis

' » @ Net statistics
O S O u n L] Wrongly used operators: 0

& Free-choice violations: 0
@ S-Components
» @ S-Components: 1

4

v () Places not covered by S-Compc
t5 }O o p4
p8 e p6
p3 | t6 v @ Wellstructuredness
» @ PT-Handles: 1

t3 check credit card  p5 » @ TP-Handles: 1

v @ Soundness
@—) t1 HO—» t2 p7 N » & Workflow net property
» @ Initial marking

Pt P2 9 v (@ Boundedness

. Ll JUnbounded places: 2
p4 —»O—» t7 *bO—b —bO—» t10 t11 O p4
© pb

t4 prepare products p6 p9 t8 ship products  pl0 pl1

v

@ Liveness
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Soundness analysis
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Soundness analysis
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Soundness analysis
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Example:
Travel itinerary



Travel itinerary

Travel itinerary
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Travel itinerary: step 1

Travel itinerary
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Step 1
sequence flow
message flow
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Travel itinerary: step 2

Discuss

O~0



Travel itinerary: (desugar)
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Travel itinerary: step 3
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Soundness analysis

AO

O

t2 draft itinerary

pl10

p3

®

t11 confirm itinerary
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" Semantical analysis

t1o

t8

Not sound!

Wizard

v © Qualitative analysis

v © Structural analysis
» © Net statistics
@ Wrongly used operators: 0
@ Free-choice violations: 0
v © S-Components
© S-Components: 0
» @ Places not covered by S-Comp
v © Wellstructuredness
» © PT-Handles: 1
@ TP-Handles: 0
v © Soundness
» @ Workflow net property
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» @ Boundedness
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v o
O t13
O t12

» © Non-live transitions: 13



Soundness analysis
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Example:
Always sushi



Always sushi

[

(]

Sound?

Oh no,
sushi again

~_"
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Sushi lover

ushi lover
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Sushi lover: step 1

™M

O—E —@ O— =

Sushi lover

Step 1
sequence flow
message flow




Sushi lover: step 2

sushi
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Sushi lover: (desugar)

no

sushi

sushi




Sushi lover: step 3

send
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Soundness analysis

pl

t2 send sushi

t1
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t10
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t4 get Thai
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v @ Qualitative analysis
v @ Structural analysis
» © Net statistics
@ Wrongly used operators: 0
@ Free-choice violations: 0
v @ S-Components
» © S-Components: 1
@ Places not covered by S-Compc
» @ Wellstructuredness
v o
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Sushi doomed

Sushi doomed

lndl
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Sushi doomed: step 1

Sushi doomed
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Sushi doomed: step 2
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Sushi doomed: (desugar)
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Sushi doomed: step 3
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Soundness analysis
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v @ Qualitative analysis
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» © S-Components: 1
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» @ Boundedness
» @ Liveness



Sushi system
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Sushi sysTem step 1
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Sushi system: step 1+2+3
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Soundness analysis
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Soundness analysis
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Example:
Buyer - Reseller



Buyer 3 and Reseller 2

O Q % {% eeeeee
: ,[ } T }—O

!; ________ Sound?

__________




Buyer 3 sound?

|

Receive
Products

Buyer 3

=

Receive Invoice

[~

Settle Invoice

— — — — — — — -

- - = — == = =D

Step1+2+3
start p2 place order p3 AND split p4 recelve products p6
p5 recelve Involce p7 AND join p8 settle Involce p9 end p10
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Buyer 3 soundness analysis

00 = Buyer3.pnml

Process Resources  BPEL preview

-

" Semantical analysis
Wizard Expert
@ Qualitative analysis

@ Structural analysis
© Net statistics

®_,, A,O_. HQ—E *.,O_., @ Wrongly used operators: 0
@ Free-choice violations: 0

pl start p2 place order p3 AND split pé receive products p6

@ S-Components
@ Wellstructuredness
@ Soundness
A,O_., A,O_, A,Q_,, 4@ @ Workflow net property
@ Initial marking

pS receive invoice  p7 AND join p8 settle invoice  p9 end p10 @ Boundedness

@ Liveness

Horizontal Zoom: 90% 9, & Not saved

Safe and sound!
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Reseller 2 sound?

Send Invoice Rl Ship Products
Payment

Reseller 2

Step1+2+3

p2 recelve order p3 send Involce p4

recelve payment p5

67

ship products p6 end



Reseller 2 soundness analysis

e

= Reseller2.pnml

Process Resources BPEL preview

RoS

pl

Horizontal

start

RO

RO

O

4O_>

p2 recelve order p3 send Involce p4 recelve payment pS

Zoom: 100%

Safe and sound!

68

ship products p6

end

p7

-

" Semantical analysis
Wizard Expert
@ Qualitative analysis

@ Structural analysis
© Net statistics

@ Wrongly used operators: 0

@ Free-choice violations: 0
@ S-Components
@ Wwellstructuredness
@ Soundness
@ Workflow net property
@ Initial marking
@ Boundedness
@ Liveness

= Not saved



Buyer 3 + Reseller 2: sound?

=
O_' Receive
Products
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3 O—> Send Invoice Recelve Ship Products

] Payment

&

start p2 plage order AN spllt recelv@ products p6
z:elve Involce p7 AND join p8 setflle Involce p9 end p10|
Y
: p20
p18 t15 p22
pl1 start pl2 recelve order p13 send Involce pl4 recelve paympa ship products pl6 end p17 t16 p1s
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Buyer 3 + Reseller 2: analysis

(o0 @ | Buyer3Reseller2.pnml

Process  Resources BPEL preview

<

" Semantical analysis

Wizard  Expert

© Qualitative analysis
@ Structural analysis
© Soundness

@ Workflow net property
A’Q_’ ’( ) > )( ) > @ Initial marking

start p2 plage order p3 AND split  p4 recelvA products p6 ?Bf’““ded"ess
& Liveness

(Sl Dead transitions: 8

© receive payment

( > < ) © AND join
© ship products
AND join p8 setfle Involce  p9 end p10| © receive products
© end
© settle invoice
© end
O t16
@ Non-live transitions: 16
© place order
© receive invoice
© receive payment

© AND join

\
© ship products
© AND split
pl1 start pl12 recelve order p13 send Invoice pl4 recelve paympat ship products pl6 end p17 ti6 p19 o end
© settle invoice

© start
© end

Not sound! i

© receive products
© receive order
© send invoice

p5 elve Involce p7

p2
p18 t15
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Buyer 3 + Reseller 2: analysis

(918)

|

t15

/ \

start start

-

(p1p12) (p2p11)
start stariplace order
(p2 p12) (p3 pi1 p20)

/|

place order start AND split

!

(P3P12P20) (P4P5P11020)]

AND srecelve ortstart

L

[(p4p5p12p20) (p3pl3)}

receive order AND ssend |nv0|ce

iy

(p4p5p13) (p3 p14p21)

send invoice AND spllt

W Not sound!

(p4 p5 p14 p21 )

I

receive invoice
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Step O: preprocessing
BPMN diagrams



Overview
o O O

start start message message timer error end message end
Start Event Intermediate Event End Event
ACTIVITY [:] @
Task Sub-process Activity Multiple

Invocation Activity Looping Instance

C
GATEWAY @—» @ @»
~C

Parallel Fork Parallel Join  Data-based XOR XOR Merge Event-based XOR
Gateway Gateway Decision Gateway Gateway Decision Gateway

receive

OR Decision
Gateway

EQUENCE
° gI?OWC
[ Note ]:
Normal Flow E ion Fl 1. Apart from intermediate error events,
xception Flow intermediate message or timer events
may also be the source of exception
- flows.
8
o 7 2. A message flow may link task to task,
MESSAGE o — — > | end event to task, task to start event,
FLOW ~ and end event to start event.
Message Flow g

Interacting processez3



1
......

Activity looping

_ActivityType: Task c

LoopType: Standard
LoopCondition: ¢

| TestTime: Before

(a) “while-do” loop

Task T¢

xy ::>

.| ActivityType: Task
__| LoopType: Standard
LoopCondition: ¢

| TestTime: After

(b) “do-until” loop
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Multiple instances
(design-time bounded)

Task Tm

>| Tm =1
XA’[ J_by Tm
—— = xa<+§_>©2 {%—w
i | ActivityType: Task .

' | LoopType: Multilnstance

MI_Condition: n
|_MI_Ordering: Parallel




G1

Sub-processes

—{ g}

Subprocess
invocation

activity S|
- ~.

e ~
.~ calls subprocess P "~

, - . ‘_:';‘
/ \
! 1 . " = =
\ !
AP

P(\)E;Sl) t(s,call) Ps
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Exception handling:
single task

y PT){ ——»T > IP(TY)

::> \ — P (Ex, Tx)
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Exception handling:
sub-processes

accounts for
separate execution
of multiple instances

Ca" Sprrocess P .........................................................................................................................................................................
.
. ] Sa] e <

P (P, enabled)

te Pe

..................................................................................................................................................................

t(p excp)

P (Ex, Tx)

P (P, excp)
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