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Workf3ow Equivalenc




Equivalent work(l3ows

When Are Two Workflows the Same? Jan Hidders, Marlon Dumas, Wil M.P.»
der Aalst, Arthur H.M. ter Hofstede, CATS 2005

¥ Many formalisms to specify workRows:
¥ Petri nets, Pi calculus, Process algebra, Finite automata, ....

¥ often bringing their own semantics

¥ OWhen debne two workl3ow specibcations the
same workf3ow?0

¥ Which semantics? Trace semantics? Bisimulation semantics?
bisim.? Branching bisim.? Why?

¥ Required for: optimization, workf3ow search, expressive power,
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Fundamental notions

¥ WorkRow: (informal) Finite set of activities with some ki
of control [3ow.

¥ WorkRBow Management System behaviOffer a task list /
set to a user; user picks a task and performs it, possibly
Inputting some data, repeat.

¥ Formally we describe a workRow as a possibly inbnite
rooted transition tree( V, E, r) with edgesk ¢ VxXxV

labeled form a Pnite alphabet with each leaf at a Pnite
depth.




Trace Semantics?

Why not simply trace semantics?
Because OMoment of choiceO sometimes matt

Abstract
Work(3ow

Concrete
Work3ow

Def. A concrete
workf3ow Is said to
be aninstanceof an
abstract work3ow If
without the input
labels it Is bisimilar.

Def. A concrete
work3ow Is called
completeif in every
state where a certal
activity is possible it
allows the same set
of Inputs.




Observational Equivalenc

Traces of concrete workl3owdrnite sequence over x> x D
where D is the input value domain.

{ALAY) ; ({B}LBY) ; ({C},C,-; ({ALAY) ; (1B}.B.y) ; ({C.D}.C.-

)
({ALAY) ; ({B}.B.n) ; {C}.C,- ({ALA)Y) ; ({B}.B,n) ; ({C,D},D,-

({ALAn) ; ({B},B.y) ; ({D}.D,-) ({ALAN) ; ({B},B.y) ; {C,D},C,-)
({ALAn) ; ({B},B,n) ; ({D}.D,-) ({A}LA.n) ; ({B},B,n) ; ({C,D},D,-)

Def. Two concretework3ows Def. Two abstractworkl3ows are said to be

are said to beobservationally observationallyequivalenif for each complete
equivalentf they debne the Instance of one there is an observationally equivalent
same set of traces. complete instance of the other and vice versa.
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Bisimulation!

Theorem. Two abstract workl3ows are observationally equivalel
they are bisimilar.

Proof: (Sketch)

If: Follows from symmetry and transitivity of bisimulation.

Only-if: Key insights:

¥-rom an abstract workl3ow we can construct a deterministic complete instance by a
Inputs and duplication subtrees. The abstract version of the result will still be bisimile
the original.

¥A concrete workf3ow that is deterministic up to bisimulation can only have the same
trace set as another concrete workf3ow If that is also deterministic up to bisimulatior

¥A concrete work3ow is deterministic up to bisimulation iff it is bisimilar to a determin
concrete workf3ow.

¥f two concrete workl3ows are bisimilar then they have the same trace set.

¥Every concrete workf3ow that is deterministic up to bisimulation has the same trace
as some deterministic concrete workf3ow.

Mf two deterministic concrete workf3ows have the same trace set then they are
iIsomorphic.




Silent transitions

¥ What if we also allow silent transitionst/steps?
¥ Often used in Petri-net style semantics.
¥ Assumption Is usually branching bisimulation. Is that justiped?

¥ We compared several bisimulations and observational equivalences:
Weak bisimulation

Branching bisimulation

Full semantics: The steps are visible in the trace

Change semantics: Ontysteps that change the offer are visible

Non-empty semantics: The steps with empty offers are not visible

Eager semantics: Do not make offer until no marsteps

Far-sighted semantics: Offers contain tasks reachable through zero ormsieps

1.
2.
3.
4.
o.
6.
7.
8.

Near-sighted semantics: Offers contain only tasks available in current state
¥ All these debPne different equivalence relationships!




Scientibc workf3ows?

¥ What these systems do differently:
¥ No work-list is offered
¥ Functions / Services are called with arguments
¥ These calls may or may not be observable
¥ Aresultis returned
¥ So what changes?

¥ traces are now Pnite sequences 0W&x Dx D
(function, argument, result) for the observable calls

¥ completeness should hold for the result of the calls, not the
arguments

¥ So is bisimulation then still the same as observational equivale
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Outline

¥ Motivation

¥ Workf3ow nets

¥ Jackson types

¥ Jackson nets

¥ Relationships between J. types and J. nets

¥ Characterization of Jackson nets




Motivation

¥ Storing all information that is involved in a complete run of th
workl3ow

¥ For eaCh StepZ expert damage report

- inputs from preceding steps Claim assessment 4>§D
. /
- any external inputs

client record o
decision

_ oroduced Outputs insurance claim

¥ What would be a convenient and intuitive data structure for
storing (and querying etc.) this?

- ODossier data structuresO
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A few Easy Cases

o —(E) (A, B, C, D, Ewhere(..) denotes
ordered tuple type

(0 —
>@ (A, <B, C>, D)where<..>

denotes labeled union type

(A 8

e

<© L ; (A, {B, C}, D)where{..
(O—lc 18>E - denotesunorderedtuple type
( E) (A, [B], C)where]..]

—( denotes a list type




Research questions

¥ How can we generate for Work(l3ow nets such types
consisting of

- ordered tuples,
- unorderd tuples,
- labeled unions and

- lists?
¥ For which class of Workf3ow nets is this possible?




Workf3ow Nets (1/3)

¥Workl3ow nets are subclass of Petri nets:
pecialnput placep’ with no incoming edge
neclabutput placep® with no outgoing edges

- strongly connected if edge froptto p'is added

¥ In addition places and transitions are labeled
- label represents here the data structure of event/product

¥ Runs are debned as usual
- Initial markingl token inp'
- Pnal markindl token inp°
- full run: run fromp' to p°




Workf3ow Nets (2/3)

¥ Soundness:

- from all markings reachable from initial marking we can reach the pnal
marking

- all transitions are bred In at least one full run

¥ Trace set:

- labels are assumed to be atomic types / events

- associated nes net where places are replaced with transitions with the
same label

- trace consists of the sequence of labels of bring transitions in a full run
associated net




Workf3ow Nets (3/3)

workRow net:() (A)— —(F)

associated nef)’ (- % 3 E

trace setTr(()) = { ABCDEF,ABDCEF }

Alternative formulation:

- tokens can be either inactive or active

¥ inactive right after production, active after activation

¥ event is either bring of a transition (event is label of transition) or
activation of a token in a place (event is a label of place)

- transitions can only Pre if all required tokens are active
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Types

¥ General types:
-J=ALGHIAIND TG+ U#))
¥A Is postulated set of atomic types
¥:1s ordered tuple constructor / concatenation
¥|| is unordered tuple constructor / parallel
¥+ Is labeled union constructor / choice
¥# Is separated list constructor / iteration
- A#B = A;(B;A)*
¥ Trace set of type ffr(t)
- strings of atomic types, in obvious way
¥ Trace equivalence:
-t =t ffTr(ty) =Tr(t,)



Jackson Nets (1/3)

R1: Sequential place split: R5: OR split:

Somel S w3

L) = (1R 5 (M () ;1 (Ry) ) ) H(t) = (1 () +1(ty) )

R2: Sequential transition split: R4:AND split:

o e -

L) = () (TP 5t () ey = (1) 11! (py) )

R3: Loop addition:

4 > Reducing WF net to a single place
generates a type
o ><-<
Rules independently established by

L (p) = (! (p) # ! (1)) Piotr Chrzastowski-Wachtel et al, BPM 2003




Jackson Nets (2/3)




Jackson Nets (3/3)

Process can be reversed:
¥start from a single place labeled with a type
¥apply rules until all labels are atomic types
Works for subset of types calledackson types

¥ =A| (A(A))

¥ o=A (R T
¥po=A 1P PP | (P

Generates always a workf3ow ndtckson nets
¥other types may also generate workf3ow nets

¥but Jackson nets are those WF nets with atomic labels for which
can generate a type with the given rules

Then J. net is said to l@essociated witld. type
¥many-to-many relationship




Properties of Jackson Nets

Theorem |
All Jackson nets are sound workf3ow nets, but not all sound workf3ow nets
Jackson nets.

proof sketch: with induction, if we apply a rule to a sound net we obtain again a sounc

Not Jackson nets:

Pl o
A Rt

If a Jackson nédd is associated with Jackson typéhenTr(Q)) =Tr(T)

establishes correctness of generated type
proof sketch: generalizing notion of trace set for nets labeled with non-atomic types




Jackson nets and J. types (1/.

To what extent is the generated type determined?
Algebraic equivalence: t t,

(t15t) t3 =gqt1 5 (5 1)

(t, +1,) +t; =t +(t, +t)! t,+t, =, +1

1 Ealg

alg alg

(t, # 1)) # 15 =alg 1 #(t, + ty)!

Theorem 3 If a Jackson néb is associated with Jackson typeandt, then

tl Ealgtz

proof sketch: use algebraic rules to OnormalizeO type and show that
associated normalized type is unigue




Jackson nets and J. types (2

To what extent is the Jackson net determined by the Jacksor
type?

Theorem 4 If " and " , are associated with  # and #,

respectively, and  #$,, # then "  and " ,are isomorphic

proof sketch: Show with induction that abstract syntax tree of the type
determines which nodes and edges there are. Show that algebraic rewrite
does not change this.

Corollary If " ;and " , associated with # and #, respectively, then the
following are equivalent:

¥" ,and " , are isomorphic

¥ Tl Ealg T2




Conclusion

¥ Jackson nets are interesting subset of sound WF nets for
generation of dossier data types

- One-to-one relationship between J. nets and J. types, up to ¢
algebraic equivalence

¥ Algebraic identities axiomatize trace equivalence on Jackson t
where every atomic type appears at most once

¥ Characterization of Jackson nets as nets with trace set of a Ja
type where every atomic type appears at most once.




Petri Net Provenance




Basic Petri Nets

Def. A Petri Net is N=(P,T,F) such thatPnT=2 and F<(Px T)u( Tx P).We
let ot andte denote the input places and output places, respectively, of a
transitiont.

Def. A marking m Is a bag ovelP. We let mieomz andmi®ms denote bag
subtraction and addition.

Def. A Petri run of a Petri netV = (P, T, F) is a bnite sequence of marking
(mi)i—1..n» SUCHh that there is a sequence of transitidmns.—i1....1 and for each; it

holds that
(1) moet;is debPned and

(2) M= ( m;,oe ti) D1M2.




Run graphs

Petri net Petri Run graph

Def. A Petri Net homomorphism from Ni=(P1,T1,F1) to No=(P», T2, F>) is a function
h : PiuTi — PouTy such that (Lh(P:)C Po, (2) h(T7)C T> and (3)h( F;)C Fo.

Def. A Petri run graph of a Petri neV=( Py, T, Fv) is a pair(R,h) with a Petri net
R=(Pg,Tr,Fr) such that

(1) Fr debnes an acyclic graph, {25 a Petri net homorphism fronk to N,

(3) for everyte Tr and(q,h(t))eFvthere is exactlyl edge(p,t) € Fr such thati(p)=q,

(4) for everyte Tr and(h(t),q)€ Fn there is exactlyl edge(t,p) € Fr such thath(p)=q, and
(5) for everype Pr and all edgesép,?),(p,s)e Fr there it holds thatt=s.
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Run Graphs and Rur

¥ A run can debne several run graphs:

¥ different transitions may cause a similar change in the
marking

¥ A run graph can debne several runs

¥ we sometimes can pick several brings with which to
proceed

¥ Soundness check for the preceding debnition:

¥ Theorem:in each direction there is at least one




DFL2

Basic idea: allow transitions to produce and consume multiple
tokens in one place, to model iteration over collections.

DFL net  (a)+a B [»(c )}"m C

@
DFL run (o= (o)

B *

This requires that tokens are annotated with admesting history that

identiPes to which sub-thread they belor~- (AL (AL, B

; °

A list of (%,5,k) where t is the transition that ®_> O
started the threadj the number of times that . .

t has bred and is the index of the sub-thread. C C o

E g [(A 1 1) (B 1 2)] [] [(A!1v*)] [(A!1:*)! (B’1!*)]

Tokens of different sub-thread may not be combined by a bring.The history
IS extended when sub-thread are started, and shortened when combined.
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Synchronization edge

Problems: How does the collecting transition know that all suk

threads have arrived? How does the collection transition know
it should proceed because zero sub-threads where started?

Solution: Introduce special tokens that carry synchronization
Information and are generated by special synchronization edge

We now distinguish two types of tuples in the histories of tokens:
- I(t,5,k) that are generated/removed by iteration / * edges

- §St,7,q) that are generated/removed by synchr./ # edges

Recallf andj are a transition and the number of times it had pPred when
It started the sub-thread, anklis the index of the sub-thread angthe

total number of sub-threadddr is the set of histories forT.
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DFL Nets

Def. A DFL Net is a Petri NetN=(P, T, F) such thatF'is
partitioned into £, I and F#, respectively the normal edges, th

iteration edges and the synchronization edges, and it holds for
transitiont in T that

(1) either there are no incoming edge ifiuF# or there is exactly
one incoming edge iA” and one inf# and

(2) either there are no outgoing edges #fiu F# or there is exactly
one outgoing edge id” and one inf*%.

Note that the syntactic restrictions (1) and (2) make it clear whi
F" edge andF” edge go together.




DFL Run

Def. ADFL run of a DFL netN=(P,T,F) is a bnite sequence of markings
(ms)i—1..» With each marking a bag ovérx Hr such that all histories imy
are empty, and there is a sequence of transitiof)s-1..,.1 and for each,
there is a historyH in Hr, a transitiont’, a number;, numbersg: and g2 such
that if m andm ™ are debned such that=u{ m-, : pcet } where
my ={ (p,H) } if (p,t)el”

={ (p,H-[I(¥,5,k)]) : k=1..q1 } if (p,t)eF"

= { (ISt G0)]) } f (p,t)e P
andm™=u{ m”, : pete } where
m'y ={ (p,H) } if (t,p)el

={ (p,H-[I(ti,7,k)|) : k=1..q0 } if (t,p)eF”

= { (pH[St:70)]) } f (t,p)e F*
where 5’ is the number of times that; appears in#):-1.;, then it holds that
(1) moet; Is dePned and
(2) mir1=(m0et;) ®mo.




DFL Run graph

Def. A DFL net homomorphism from Ni=(P1,T1,F1) to No=(P»,T>,F>) is a Petri net
homomorhpism fromN; to N» such that (Lh(F!;)C Fls, (2) h(F")CF"2 and (3)
h(F#J)QF#z.

Def. A well-bracketed path in a DFL netP, T, F) if the associated string is well-

bracketed, where this string is debned such that edgé¥ iare associated with O-O
edges inf"n( T'x P) with O(O, edges Fin(Px T) with O)O, edges if¥n( Tx P) with
O[O and edgesiirtn(Px T) with O]O.

Def. A DFL run graph of a DFL né¥=( Py, Ty, F) is a pair( R,h) with a DFL net
R=(Pr,Tr,Fr) such that

(1) Fr debnes an acyclic graph, (25 a DFL net homorphism fromk to N,

(3) if NI*7=(Pn, Tn,F'nuF7y) and R**7 similar then(R!*7 h) is a Petri run ofN'*7#
(4) for everype Pr and all edgesép,t),(p,s)e Fr there it holds thatt=s and ....




DFL Run Graphs
(218 (e

(5) if a transition has two different incoming edgedgirthen either there is a place from which

there are two well-bracketed paths to these edges or there are two distinct places that h:
no preceding transition that have such paths to these edges, and

for all transitionst andtO with a pattx-B-y from ¢ to tO withx andy single edges % and
B a well-bracketed path, it holds that

(a) if there exists a patlxO that is a single edgefitx starting fromt then there is a path
axOBOYO front to tO witBO a well-bracketed path ay® a single edgefify and

(b) if there exists a patlyO that is a single edgéfity arriving int then there is a path
axOBOYO front to tO witBO a well-bracketed path am® a single edgefi.

Conjecture: For each DFL run there is at least one DFL run graph, and vice vel
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Thank you.



