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We study suitable soundness properties
of Workflow nets

Ch.6 of Business Process Management: Concepts, Languages, Architectures
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Bondedness, liveness
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Soundness
informally



Example: Reseller

Send Receive
Invoice Payment
Archive
Order
Ship

Products

Reseller

e

p2 send Involce p4 recelve payment p5

OO OO

start recelve order pl AND split ANTD join p7 archive order end

p3 ship products p6

Send invoice ——> Receive payment \c/. VisualParadigm

Receive order —>» AND AND —>» Archive order ———> End

» Ship products

M. Weske: Business Process Management,
© Springer-Verlag Berlin Heidelberg 2007



Diagram verification

start / end O
join / split <>
tasks { }

links >




Workflow net: idea

work

start end
O



Workflow net

Definition:
A Petri net (P, T, F') is called workflow net if:

1. there is a distinguished initial place i € P with ei = ()
2. there is a distinguished final place o € P with oe = ()

3. every other place and transition belongs to a path from 7 to o



WF nets as business
processes

Process instance,

Process
. case
activity
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Place can hold
tokens that
represent cases
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Transition realised by
another workflow net



Structural analysis

Qf/{%* -0

n t1 p2 t3

No distinguished entry / exit point

no entry: when should the case start?
no exit: when should the case end?
not a workflow net!



Structural analysis

e
]

O =010
Multiple entry / exit points

multiple entries: when should the case start?
multiple exit: when should the case end?
not a workflow net!



Structural analysis

Tasks t without incoming and/or outgoing arcs

no input: when should t be carried out?
no output: t does not contribute to case completion
not a workflow net!



Structural analysis

Wrong decorations of transitions

split with only one outgoing arc

p2 pl t1 p2

join with only one incoming arc

OO OO

pl t1 p2 pl t1 p2

non-sense: left to designer responsibility



Structural analysis

The definition of Workflow nets is purely structural
but already rules out many erroneous models




Structural properties

All the properties we have seen so far are
structural (or static)
(.e., they depend on the shape of the graph,
on its connectivity or topology,
but NOT on the initial marking and enabled firings)

We also care about behavioural properties
(e.g., how the system can evolve,
which firing sequences will be possible,
which markings will be reachable)



A matter of terminology

To better reflect the above distinction, it is frequent:

to use the term net system for denoting a Petri net
with a given initial marking
(we study behavioural properties of systems)

to use the term net for denoting a Petri net
without specifying any initial marking
(we study structural properties of nets)

even If, in the case of workflow nets, the initial
markings will consist of one token in the initial place
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Behavioural analysis

Structural correctness cannot rule out many other

problematic issues...

@_,tu H@

| \(D/L "
p3




Behavioural analysis

Structural correctness cannot rule out many other
problematic issues...

/@\dead!

Q_,tu 4,,©

| \(ftz "
p3




Behavioural analysis

Structural correctness cannot rule out many other
problematic issues...

/@\dead!

O O
o1 t \D(D/tz p4
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3
2

=
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0




Behavioural analysis

Structural correctness cannot rule out many other
problematic issues...

/@\dead!

O O
o1 t \D(D/tz p4
AN

3
2

=
3

0

1 \G>/t2 p4
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Behavioural analysis

Structural correctness cannot rule out many other
problematic issues...

/@\dead!

@_,tu _,,@

| \@/tz "

p3

p2
pl t

1 ’t2 p4
\Gﬁnding tokens

*upon completion!
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Behavioural analysis

Structural correctness cannot rule out many other
problematic issues...

pl t

N

/@\dead!

0

p3

p2

2

p4

e

2

Mﬂding tokens

p4

*upon completion!

On
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Behavioural analysis

Structural correctness cannot rule out many other
problematic issues...

pl t

N

/@\dead!

0

p3

p2

2

p4

e

2

Mﬂding tokens

p4

*upon completion!

N
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Behavioural analysis

Structural correctness cannot rule out many other
problematic issues...

pl t

N

/@\dead!

0

p3

p2

2

p4

e

2

Mﬂding tokens

p4

*upon completion!

N
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Behavioural analysis

Structural correctness cannot rule out many other
problematic issues...

pl t

| \C/vu

/§>\dead!

0

p3

p2

p4

IS0

\(Dénding tokens

p4

*upon completion!

N

25

pending tokens and activities

upon completion!

1 pz;i; t2

p3 t3
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

HQ—’

o @

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

O

p2

ending tokens

*upon completion! t4 » t6
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

H@—’

o @

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

N

p2

ending tokens

*upon completion! t4 » t6
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

HQ—’

o @

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

N

p2

ending tokens

*upon completion! t4 » t6
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

HQ—’

o hég

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

N

p2

ending tokens

*upon completion! t4 » t6
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

HQ—’

5 : 4,,@ looks fine but...
\G/tz p4 t2 p t3
0 <_<5Q

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

N

p2

ending tokens

*upon completion! t4 » t6
30
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

HQ—’

5 p t1 pzi
5 , O let's roll
back in time
t2 p4 t2 p t3
ot e

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

N

p2

ending tokens

*upon completion! t4 » t6
31
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

H@—’

o @

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

N

p2

ending tokens

*upon completion! t4 » t6
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

HQ—’

o @

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

N

p2

ending tokens

*upon completion! t4 » t6
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

HQ—’

o hég

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

N

p2

ending tokens

*upon completion! t4 » t6
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Behavioural analysis

Structural correctness cannot rule out many other
problematic issues...

pending tokens and activities
o dead! upon completion!

O B Oeo{FO{1H6
HQ—>

p1 t1 \C/tz p4

p3

pending tokens
., Q—> and activities
p2 ! s P t1 [ upon completion!

pl t1 \G/tz p4 t2 p t3
ending tokens
. P g «—( > —>(o:)

upon completion! t4 p4 t6
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Behavioural analysis

Structural correctness cannot rule out many other
problematic issues...

pending tokens and activities
o dead! upon completion!

O B Oeo{FO{1H6

p1 t1 \CD/‘Q p4

p3

pending tokens
., Q—” 4’9—> 4@ and activities
by i t5 2 t 2| upon completion!
@_) u ,, @ let's roll
back in time

pl t1 \G/Q p4 t2 p t3
ending tokens
. P g «—( > —>(o:)

upon completion! t4 p4 t6
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

HQ—’

5 p t1 p2
i we could have
: : 4,,@ prevented the
\G/tz pa 2 p t3 problem...
P

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

N

p2

ending tokens

*upon completion! t4 » t6
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

HQ—’

5 p t1 p2
i we could have
: : 4,,@ prevented the
\G/tz pa 2 p t3 problem...
P

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

N

p2

ending tokens

*upon completion! t4 » t6
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

HQ—’

5 p t1 p2
i we could have
: : 4,,@ prevented the
\G/tz pa 2 p t3 problem...
P

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

N

p2

ending tokens

*upon completion! t4 » t6
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Behavioural analysis

Structural correctness cannot rule out many other

pl t

HQ—’

5 p t1 p2
i we could have
: : 4,,@ prevented the
\G/tz pa 2 p t3 problem...
P

problematic issues...

pending tokens and activities
o dead! upon completion!

p3

N

p2

ending tokens

*upon completion! t4 » t6
40
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Behavioural analysis

Structural correctness cannot rule out many other
problematic issues...

pending tokens and activities
o dead! upon completion!

p1 t1 \ACD/‘Q p4 p3

p3 we could have

Q_” prevented the

° | - 91 . C‘sz problem...

P2 but we want to
p

@—» : : —»@ make sure it

p1 t1 \GD/‘Q p4 t2 t3 cannot happen
pending tokens 4),@

*upon completion! t4 » t6
4]




Livelock

A case Is trapped in a cycle with no opportunity to end

t3

®_>

I tl p2 t2 p3

@

t4 0

can arise in workflow nets
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Livelock

A case Is trapped in a cycle with no opportunity to end

t3

(y— .

I tl p2 t2 p3

@

t4 0

can arise in workflow nets

43




Remark

All the previous flaws are typical errors that
can be detected
without any knowledge about the actual goal
of the Business Process

44



System validation and
verification

Validation is concerned with
the relation between the model and the reality
How does a model fit log files?
Which model does fit better?

Verification aims to answer qualitative questions
|s there a deadlock possible?
Is it possible to successfully handle a specific case?
Will all cases terminate eventually?
Is it possible to execute a certain task?

45



Language of a workflow net

O

The language of a workflow net is the set of
firing sequences that lead from marking ¢ to marking o

L(N)=1{o]|i > o}

L(N) defines all the admissible traces of the workflow

46



Question time: L(N)

L(N) = { ABCE , ADE }



Question time: L(N)

OO
AT
¥

LIN)=0




Question time: L(N)

T

Joo
s

L(N) = { ABCDE , ABDCE }



Question time: L(N)

O\

—(O-1 PO~ PO

B D E

L(N) = { ABDE , ABD E,ABD CBDE,
ABD CBDCBDE , ABD CBDCBDCBDE, ... }

L(N) = { ABD(CBD)E | k > 0}

50



Question time: L(N)

e

L(N) = {A (BRL R2)* C |k >0} No
LIN)={A(BRLR2B* C|k>0' No
LIN)={AB(RLR2B)* C|k >0} Yes
L(N)={A (BRLR2)*BC|k>0} Yes

51



Question time

Consider the workflow net below

How many times can A be executed?
How many times can B be executed?
Can a firing sequence contain two As in a row?

Can a firing sequence contain two Bs in a row?

Can a firing sequence contain more Bs than As?
52




Question time

Consider the workflow net below

How many times can A be executed? 1 or more
How many times can B be executed? 0 or more
Can a firing sequence contain two As in a row? yes

Can a firing sequence contain two Bs in a row? no

Can a firing sequence contain more Bs than As? no
53
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Simulation

Test analysis
Try and see which firing sequences are possible

Using WoPeD:
Play (forward and backward) with net tokens
Record certain runs (to replay or explain)
Randomly select alternatives

Problem: how to make sure that all possible runs have
been examined?

54



Reachability analysis

All possible runs of a workflow net are represented in its
Reachability / Coverability Graph

Using WoPeD:
all reachable states are shown
(a single run does not necessarily visit all nodes)
End states are evident (no outgoing arc)

Useful to check if dangerous or undesired states can arise
(e.g. the green-green state in the two-traffic-lights)

Problem: state explosion

55



Reachability analysis




Reachability analysis
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Exercise

Do you see any problem in the workflow net below?

/ \
t1

L

o
(O~ ~O—1 [~O—

i t1 p2 t2 p3 t3

Deadlock
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Exercise

Do you see any problem in the workflow net below?

tl/ \tl
[\
C) ol

t'z pd

(O~ 8~ )—

i t1 p2 t2 p3 t3

Some tokens left in the net after case completion

59



Exercise

Which problem(s) in the workflow net below?
_ How would you redesign the business process?

Record claim
*- Check poli nd lett
Check Check claim: Check policy m ' w se e e r

T( ré (me Py

Zal [N '\

Check policy seniCheck claimcChe Check send I

send lett
(op7) (o

Check

p i ck claim letter
(p4p7) (p6p7) (opl) (P5p6) (p4p5) (op2)
/ /
letter pay Check policyiend letterheck csend letter! letteiCheck claim
) Gors) | [Lcopt) (0p5)

pl

i Record claim

pb6
p2 Check claim\bo/v pay



Exercise

Which problem(s) in the workflow net below?
How would you redesign the business process?




Exercise

Which problem(s) in the workflow net below?
_ How would you redesign the business process?

Record claim
(p1p2)
Check Check claim: Check policy

(p1p7) (p1p5) (P2 p6) (p2p4)
Check Check policy senCheck claimcCheck claim Check send letter l
(p4p7) (p6p7) (opl) (P5p6) (p4p5) (op2)

letter pay Check policyiend letterheck csend letter! letteiCheck claim

o) (op6) (op4) (op5)

pl

Check policy send letter

| Record claim

p2 Check claim pay



Exercise

Which problem(s) in the workflow net below?
» How would you redesign the business process?

Record claim

Check policy send letter

i Record claim

p2 Check claim pay

Some tokens left in the net aftér case completion
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Exercise

Which problem(s) in the workflow net below?
» How would you redesign the business process?

Check policy send letter
(p6p7) (opl) (p5p6) (p4p5) (op2)
I \ Che}k policyiend \e/tterheck csend letter] Ie(tencheckéa\m
(op6) (op4) (op5) pl
send lettersend letter
20)

( ) : ‘ p5

- - o

| Record claim

p2 Check claim pay

Some tokens left in the net aftér case completion

64



Exercise

Which problem(s) in the workflow net below?
» How would you redesign the business process?

Record claim

Check policy send letter
p4
pl
( ) : ‘ p5
o
i Record claim
pb
p2 Check claim pay

Some activities take place aft&r case completion

65



Exercise

Which problem(s) in the workflow net below?
How would you redesign the business process?

e ”“cv/vo\f""
p4
p5

/(pl
: 0
i Record claim\

Check claim pay

Additional transmons needed
(dealing with all check fallétéjres)




Exercise

Which problem(s) in the workflow net below?
How would you redesign the business process?

c
/ cl check polcy "
c4
register
t7
c5
c2

check dama

pay damage

67



Soundness



Soundness
of Business Processes

A process is called sound if
1. It contains no unnecessary tasks
2. every case, once started, can always be completed in full

3. no pending items are left upon case completion

69



Soundness
of Business Processes

%w _’Q
i 0




Soundness
of Workflow nets

A workflow net is called sound if

1. for each transition ¢,

there is a marking M (reachable from i) that enables ¢

2. for each token put in place 7,

one token eventually appears in the place o

3. when a token Is In place o, all other places are empty

71



Fairness assumption

Remark:
Condition 2 does not mean that iteration must be forbidden or bound

It says that from any reachable marking M

there must be possible to reach 0 in some steps Q/”
> }

Fairness assumption: - OK
A task cannot be postponed indefinitely ]\

shutelule

t1 p2 t3

72



Soundness, Formally

A workl3ow net Is calledound if

no dead task no transition is dead
t" T.#M " [iS M %

option to complete  placeo is eventually marked
IM"[I$#M'" [MSM'(0) &1

proper completion  wheno is marked, no other token is le
I'M" J[IEM((0)&1'" M=o

73



1: no dead tasks

Reaghabléjmarking that enables the
transition \ .

_,O_,.

c12 ti1 c13 12
‘end
Y
cl1

®

o v/




1: no dead tasks

The check must be repeated for each task

75



2: option to complete




2: option to complete

The check must be repeated for each reachable marking

77



3: proper completion

We must show that it is
not a reachable marking




3: proper completion

The check must be repeated for each marking M
suchthat M > o

79



Brute-force analysis

First, check if the Petri net is a workflow net
easy "structural” check

Second, check if it is sound (more difficult):
build the Reachability Graph
to check 1: for each transition t there must be an arc in the
RG that is labelled with t
to check 2&3: the RG must have only one final state (sink),
that consists of one token in o
and is reachable from any other state,
and no other marking has a token in o

80



Some Pragmatic
Considerations

All checks can better be done automatically
(computer aided)

but nevertheless RG construction...

1. can be computationally expensive for large nets
(because of state explosion)

2. provides little support in repairing unsound processes

3. can be infinite (CG can be used, but it is not exact)

81



Advanced support

Translate soundness to other well-known properties that
can be checked more efficiently:

boundedness and liveness
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N*
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Play once

Business

Process



Play twice

reset

: ﬁi Business
Process ?

S =

85



Play any nhumber of times

reset

: ﬁi Business
Process ?




From N to N*

O—0—0 c/ O

| N Y o

Let us denote byN 1! o0 a work3ow net
with entry placel and exit placeo.

Let N' be the net obtained by adding ther€3etO transition toN
reset:o! |I.
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MAIN THEOREM

Theorem:
N is sound!i N’ is live and bounde



MAIN THEOREM

Theorem:
I

N 1s sound! N iIs live and boundet

1 no dead tasks 3 = atany reachable marking, every transition can fire in the future
2 option to complete « ! and
3 proper completion 2 », for some k, every place will contain less than k tokens

89



Proof of MAIN
(<) THEOREM (1)

N* live and bounded implies N sound:
SinceN' is live: for eacht! T thereisM ! [i". M #

Take anyM ! [1" enablingreset: o# 1, henceM $ o
LetM %8 M". ThenM ! [i"andM"$ |

SinceN"' is bound, it must beM =i (and M = 0)
Otherwise all places marked By %i = M %o would be unbounde

HenceN' just allows multiple runs oN :
Ooption to completeO and Oproper completionO hold (see above

Ono dead taskO holds becabée is live
90



A technical lemma
Lemma:

If N is sound,M is reachable ifN i! M is reachable irN°

| ) straightforward

") Let #$ M in N’ for! = t;t,...t4

We proceed by induction on the numberof instances ofeset in !
If r =0, then reset does not occur i1 and M Is reachable I'N
If r > 0, let k be the least index such thdaf = reset

Let! = | "tk T with 17 = t115.. tk#l breable NN

SinceN is sound:i #$ o0 and | #EB M
Since! ~ containsr # 1 instances ofeset:
by Inductive hypothesi$/1 Is reachable I'N
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Proof of MAIN
(=) THEOREM (2)

N sound implies N* bounded :
We proceed by contradiction, assumimNy is unbounded

SinceN' is unbounded:
IM,M suchthati® "M " 'M withM# M
letL=M $ M %&

SinceN Is sound: |
Il * T!' suchthatM " o

By the monotonicity LemmaM " " o+ L and thuso+ L ' [i (
Which Is absurd, becaudd Is sound
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Proof of MAIN
(<) THEOREM (3)

N sound implies N* live:
Take any transitiont and letM be a marking reachable iN°
By the technical lemmaM Is reachable I'N

SinceN is sound:!! " T' with M # o
SinceN is sound:!!"" T! withi # M andM " &
Let! =1 reset! ', then:

M #'EB M inN' andM" $

93



A theorem on strong
connectedness
(whose proof we omit)



Paths and circuits

(P, T,F)

A path Is a non-empty sequence of nodesx,...Xx such tha

(Xi,Xj+1)! F foreveryl! 1! Kk

and we say It leads from; to Xk

A path x1X»...Xk Is called acircuit If

all its nodes are distinct an@xy,xy) ! F

since there is no node with (X,x) ! F, any circuit has at least two nod
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Paths and circuits

(P, T,F)
An undirected path Is a non-empty sequence of nodesx,...Xx S.t.

(Xi,Xi+1)! (F" F'1) foreveryl! il k

(denotes the inverse of a binary relation)

FPr={,x) | (xy)! F}

(a path where we disregard the orientation of arcs)
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Connectedness

A net (P, T,F) isweakly connected Iif
there I1s an undirected path between any two distinct nc

A net (P, T,F) is strongly connected If

there Is a path between any two distinct no¢
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Connectedness, again

A net (P, T,F) is weakly connected
Iff
it cannot be splitted in separated components

A weakly connected net is strongly connected
iff
for every arc (x,y) there is a path from y to x

98



Examples

prodl busy
rod1 s:,rt\C>&/

prodl e

eeeeeeeeee

ccccccccc

weakly connected

not strongly connected
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Examples

prodl start

prodl busy
prodl er /Q\
1l |  conslfree
P ee c

ccccccccc

not weakly connected
not strongly connected
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Examples

prodl busy

rod1 s?art\O/Droal en
prodl free

IIIIIIIIIII

sssssssss

weakly connected

strongly connected
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Question time

IMPOSSIBLE !!!

not weakly connected
strongly connected
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A note

In the following we will consider (implicitly) weakly
connected nets only

(if they are not, then we can study each of their
subsystems separately)
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Question time

Is the net strongly connected?

O

<

"]

ps t4

H@

t1
p3 t3

e—

p2
p4

pl;i; t1
——
t2

017

|04

pS t4

G

pl ’ tl

t2 T
ps;i; t6
t4



Question time

Is the net strongly connected?

oo o
Ed

YE

T ES
: 4& T

t2 T 3
pS t4 p4 1 p2 I ps;'; t6

S Y
YES “_< - «
AS OTHO  No

105
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Strong connectedness
theorem

Theorem: If a weakly connected system is
live and bounded then it is strongly connected
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Consequences

If a (weakly-connected) net is not strongly connected
then
It is not “live and bounded”
If it is live, it is not bounded

If it iIs bounded, it is not live
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Example

It is now immediate to see that this system
(weakly connected, not strongly connected)
cannot be live and bounded
(it is live but not bounded)

prodl busy

A

prodl s?att\ prodl end 4/®\
consl free
prodl free ) ¢cons 1 staxt
consl end
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Example

It is now immediate to see that this system
(weakly connected, not strongly connected)
cannot be live and bounded
(it is bounded but not live)

t2
pl t1 p2 p3

t3
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Example

It is now immediate to see that this system
(weakly connected, not strongly connected)
cannot be live and bounded
(it Is neither bounded nor live)

t2
pl t1 p2 p3

O

t3 p4
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Strong connectedness
of N*

Proposition : Take two nodes ofx,y) ! Fn:,
N' is strongly connected. we want to build a path fromy to x

If X,y £ reset, then
y lies on a path "

y " ° 0, becauseN is a work3ow ne

x liesonapath " ' x|" * o, becauseN is a workBow ne
we combine the pathg " * o" reset" i" ' X
If X = reset,y = I, then
_ _ take any pathi ! ' o,
ITx = o0,y= reset then we build the pathi ! ' o! reset

take any pathi ! ' o,
we build the pathreset! i! ' o



Strong connectedness
of N*: example

eeeee
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Exercise

Use some tools to check if the net below is a sound
workflow net or not

OO IO
p1 t1 \ t2 4 p3 t4 p4

t3 p5
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Exercise

Use some tools to check if the net below is a sound
workflow net or not

OO OB O
t \ t2 A p3 t4 n4

t3 p5
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Exercise

Use some tools to check if the net below is a sound
workflow net or not

®>3_>Q>. > O

t1 \ t2 4 p3 t4 p4

t3 p5

Deadlock
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Exercise

Use some tools to check if the net below is a sound

workflow net or not

t1 \

t3

Deadlock
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Exercise

Use some tools to check if the net below is a sound

workflow net or not

pl t1 p2 t3 p6 t5

p3 t2 . :

p5 t4 p7 té
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Exercise

Analyse the following net
v

begjn
registpr simple
cl classify

complex

c2 phone garage c5

AND spli

1

G

c3 check insurance cb

U

)

AND jeoin

%

_>Q_>

check insurance c4

check history c7

phone garage

/" 0K pay

decide

cS

NOK

send letter

O

end
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Exercise

Analyse the following net
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Exercise

Analyse the following net

send c3 ! timeout cS>
rec

Some tokens left in thernet after case completion
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Exercise

Analyse the following net

Deadlock  «~
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Design and analysis of
WF-nets

The workflow of a computer repair service (CRS) can be described as follows.

A customer brings in a defective computer and the CRS checks the defect and hands out a
repair cost calculation back.

If the customer decides that the costs are acceptable, the process continues, otherwise
she takes her computer home unrepaired.

The ongoing repair consists of two activities, which are executed sequentially but in an
arbitrary order.

One activity is to check and repair the hardware,

whereas the other activity is to check and configure the software.

After both activities are completed, the proper system functionality is tested.

If an error is detected the repair procedure is repeated,

otherwise the repair is finished and the computer is returned.

Model the described workflow as a sound workflow net.
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Design and analysis of
WF-nets

The workflow of a computer repair service (CRS) can be described as follows.

A customer brings in a defective computer and the CRS checks the defect and hands
out a repair cost calculation back.

If the customer decides that the costs are acceptable, the process continues, otherwise
she takes her computer home unrepaired.

The ongoing repair consists of two activities, which are executed sequentially but in an
arbitrary order.

One activity is to check and repair the hardware,

whereas the other activity is to check and configure the software.

After both activities are completed, the proper system functionality is tested.

If an error is detected the repair procedure is repeated,

otherwise the repair is finished and the computer is returned.

Model the described workflow as a sound workflow net.
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Design and analysis of
WF-nets

The workflow of a computer repair service (CRS) can be described as follows.
A customer brings in a defective computer and the CRS checks the defect and hands
out a repair cost calculation back.

pl p2 p3

O O O

i receive defective computer check defects estimate cost
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Design and analysis of
WF-nets

If the customer decides that the costs are acceptable, the process continues, otherwise
she takes her computer home unrepaired.

p2 p3 p4

i receive defective computer check defects estimate cost give computer back 0

w pS

@

acceptable cost
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Design and analysis of
WF-nets

The ongoing repair consists of two activities, which are executed sequentially but in an
arbitrary order.

One activity is to check and repair the hardware,
whereas the other activity is to check and configure the software.

-O-

"
W p5 check hw repair hw pl3

O -

acceptable cost start repai repair done

208

p8 chedck sw p9 configure sw pl2

pb pll
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Design and analysis of
WF-nets

The ongoing repair consists of two activities, which are executed sequentially but in an
arbitrary order.

One activity is to check and repair the hardware,
whereas the other activity is to check and configure the software.

pb p7 pll
W p5 check hw repair hw pl3
—>Q—h 3 _>©7
acceptable cost start repai p10 repair done

8

p8 chedck sw p9 configure sw pl2
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Design and analysis of
WF-nets

After both activities are completed, the proper system functionality is tested.
If an error is detected the repair procedure is repeated,

pll

p7
: test ok

check hw repair hw pl3

W p5

pb
3 @% pl4
acceptable cost start repét(' p10 repair done test

p8 check sw p9  configure sw p12

error detected
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Design and analysis of
WF-nets

otherwise the repair is finished and the computer is returned.

pl p2 p3 p4
i receive defective computer check defects estimate cost too expensive give computer back 0
p6 p7 pll
: test ok
W p5 check repair hw pl3

3 ﬂQ—b p14
acceptable cost start repai p10 repair done test

p8 check sw p9 configure sw pl12

error detected
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Design and analysis of

WF-nets
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