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Abstract. We provide a novel explicit annotation of a process model
by way of accumulating effects of individual tasks specified by analysts
using belief bases and computing the accumulated effect up to the point
of exemon of the process model in an automated manner. This tech-
nique permits the analyst to specify immediate effect annotations in a
practitioner-accessible simple propositional logic formulas and generates
a sequence of tasks along with cumulative effects, called effect logs. Fur-
ther we propose and solve an effect mining problem, that is, given an
effect log discover the process model with effect annotations of individ-
ual tasks which is close to the original annotated process model.

Keywords: Business process modeling + Semantic annotation - Effects -
Belief bases - Annotated processes - Effect logs - Effect mining

1 Introduction

In this work we describe a technique for a explicit semantic annotation of
process models. We require practitioners to provide a deseription of the imme-
diate effects of each task. An effect of a task becomes true when the latter gets
executed. These effects are propagated across diﬂ‘e@t nodes (tasks and gate-
ways) in the process model and then accumulated in a context-sensitive man-
ner automatically, such that the cumulative effect annotation associated with
any task in a BPMN process model' would describe the effects achieved by the
process as if the process were executed up to that point [3]. The cumulative effect
description of a task might be non-deterministic, this non-determinism may be
caused by the execution of parallel gateways 1'951119; in interleaving of paths
in the process model, and belief update leading to multiple alternative means of
resolving inconsistencies generated by the “undoing” of effects. Our effect anno-
tation borrows ideas from Semantic Business Process Validation (SBPV) which
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combines concepts from the workflow [6,8,13] and AI action and changes [4,15].
While we adopt the token semantics from workflow literature [14,15] for deter-
mining execution traces of processes we use belief operator from [5,7] for
updating the effect and their accumulation on enabling of nodes. By this way we
are able to compute an effect trace of the process which is a sequence of pairs
consisting of task and the cumulative eff t this node.

Next we consider an inverse problem: given an effect log, i.e., a set of effect
traces, how one can determine the original effects at the tasks? We call this
effect mining problem, aka process mining problem [11,12]. Although process
designers take utmost care in designing process models there is no gultee
that they indeed reflect the correct models under consideration. The goal of
process discovery is to derive some sort of model that describemle process
as aceurately as possible. Similarly, the goal of effect discovery is to generate a
semantically annotated process which is close to the original semantic description
of the process model. As one solution approach for this effect mining problem we
puse a modification of process discovery algorithm, #iz., a-mining problem

nd out a process model along with the effects associated with each task.

Related Work. There is a rich body of work on semantic annotation for web
services. In one of them Weber et al. proposed an approach, Semantic Business
Process Validation (SBPV) [15], in which axiomatic task descriptions are anno-
tated and propagated acmprc:-cess models. The SBPV approach requires the
user to completely specify pre-conditfihs and post-conditions that are context
sensitive. In another approach Hinge et al. [3] proposed a technique for obtain-
ing semantic effect descriptions of BPMN process models, without requiring the
analyst to express excessive formal specification. Using an approach similar to
SBPV in [4] affmem et al. proposed a framework of annotating processes for
capturing the semantics of task execution in which compliance is checked against
a set of constraints imposed on process states. Motivated by SBPV [4,15] and
the annotation method suggested in [3] we lift ideas from AI and use belief bases
to annotate the tasks with effects, propagate these effects across the nodes auto-
matically in a context sensitive manner, and compute the accumulated effects of
each task up to the execution point.

There is not much work on effect mining we could find. In [10] Santiputri
et al. present a data-driven approach for mining semantically annotated busi-

processes describing both task execution events (found in process logs) and state
update events {1‘ded in effect logs) at disposal and mine for immediate effect
annotations for each task in the process model to be edited and refined by ana-
lysts. In our work we only consider effect logs which is a collection of pairs
consisting of tasks and accumulated effects, and discover the process model with
effect annotations for each task. While in the previoumork the authors use a
variant of sequence mining algorithms for effect mining we use a modified process
mining algorithm for effect discovery.
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The paper is organized as follows. We introduce a semantic annotation of
process models in Sect. 2 EL]DI!@;h an example of effect annotation. The prob-
lem of effect mining is defined in Sect. 3. Finally we conclude in Sect. 4.

2 A Semantic Annotation of Processes

We introduce an annotation framework for business processes where tasks are
annotated with effects. An effect of a task is some fact whicﬂmaterialize&; when
the task is executed. It is captured by analysts providing a description of the
immediate effects of each prcn::e task, i.e., a context independent specification of
the functionality of each task. For the sake of easier readability we first introduce
a simpl@process graph without annotation. We use a formalism of a business
process which bears close resemblance with those described in [1,4,15] and that
of woﬂﬂws 8].

A BPM process is a graph (also called a process model graph) P = (N, F)
where N is a finite set of nodes which is partitioned into the set of tasks 7, the
set of gateways G, and the set of events &, i.e., NN = TWGWE; G can be further
partitioned into disjoint sets of decision merges, Gy (Gf{}‘d (synchronizer) a

2or (merge)) and decision splits, Gg (G&"? (fork) and GZ°" (choice)); a set € of
events which is a disjoint union of two sets of events &, and &, where &, is the
set of start events with no incoming edges, £ is the set of end evdplds with no
outgoing edges; and F C (M\EXN\E)J (£, x NM\E) U (M\E x &) corresponds
to sequence flows connecting tasks with tasks, tasks with gateways, gateways
with tasks.,BWart nodes with tasks and tasks with end nodes.

Let in(n) (out(n)) be the set of incoming (outgoing) edges to (out of)
node n € N. We impose the following c:mations: Yn, € &, linin,)| = 0,

and |out(n,)| = 1; VYny € &, lin(ng)| = 1, and |out(nyf)| = 0; for every
n € T,|in(n)| = |out(n)| = 1; for every n € Gg, |in(n)| = 1 and |out(n)| > 1;
for every m € Gy, lin(n)| > 1 and |out(n)| = 1; any outgoing edge out(n) from

a fork node n gg:-'"f will have a task node t appearing immediately after n:
(n,t) € F, and every node is on a path from some start node to some end nd/@.
If these conditions hold then we say the business process to be well-formed. We
sh nsider only well-formed business processes henceforth.

et us now specify the semantics of control elements of a business process.
Given a process F@ (N, F), a state of P is a marking pu : F— N, also called
a token mapping. The number of tokes m n:l'nge during the execution of the
process, when the transitions are enab A state u' is reached from state
via node n, written as g — y', when n can be a task, AND-split, AND-join or
XOF}split or XOR-join, for details see [9,15].

The tial state is given by a marking o where ug(es) = 1, for all e, € &,
and pg(e) = 0 for all other edges e. A node n is said to be activated in
a state p if there exists state g’ such that u — u’. A state u’ is reach-
able from a state ju, denoted as u — p' if there exists a (possibly finite)
path, p : ns,ny,....,ny € (N) and a finite sequence of markings gy, ...y

such that p is activated in ns and u =4 13} 2 s 2 ur and g = pp.
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For a path p we denote RN projection of p on set of tasks T as p,.
A complete tmce%so called trace) of @siness process P is a sequence of tasks
b=t ity , 1 <1 < 1) such there is a path p = Tls,ﬂlr.,.,ﬂfﬁ in
P and 7 = p|,.. The set of all traces of a process P is denoted as Tp. For the
remainder of the paper we assume our process to be sound [2,15].

For annotating processes with effects we shall use logical npm-;itions and
assume the existence of a countable set P of propositions. The set of all literals
over P is denoted as £p. A belief base B is a conjunction of literals in P which is
logically r:on:-‘.i:-;. It can be written using set-theoretic notation. For example,
if a belief base B = a A b A ¢, where a, b, ¢ € P then BB {a,—b,c}. A theory
T over P can be taken to be any propositional theory. A knowledge base K is a
pair (P, T), where T can be assumed to consist of rules and facts. Wlog we can
assume T to be the conjunction of those rules and facts.

We define an annotated process model/graph as Gp = (N, F, K, A)%, where
P = (N, F) is the underlying process model as before, K = (P, T) is the under-
ng knowledge base annotation, A is a partial function mapping n € 7 to
eff(n) € B(P), and mapping e € out(n) for n € G&°" to (con(e), pos(e)) where
con(e) € Lp and pdfef) € {1,..., |out(n)|}’. The following technical conditions
need to be imposed: there does not exist an e such that T Acon(e) is unsa,tisfale;
there do not exist n, e, and e’ so that e, e’ € out(n) (e and e’ being distinct), A(e)
and A(e') are defined, and pos(e) = pos(e’). Moreover, the cardinality @Jthe set
of reachable states immediately preceding a choice gateway must be bounded
from below by the number of outgoing edges from the gateway.

In an execution of process we shall assume the effects of the activities of the
process will be dynamically changed with the corresponding knowledge envi-
ronment. Let us assume the current available information be represented by
an a-priori available knowledge base K; and an accumulated effect By that we
assume to be true {zﬁm'a persist) until the next task has been executed. Sup-
pose that a task t in a process is executed in an instance of a process whose
effect can be captured by the belief base B = eff(t). What would be our knowl-
edge after ¢ is executed? Borrowing concepts from artificial intelligence [5,7], we
revise our knowledge using belief update to capture the changing scenario (we
treat belief revision and belief update as same). This can be achived using an
update oj ors A details of which can be found in [9].

Let us now formally define semantics of an annotated process gl‘?ﬂl, a similar
semantic annotation for business processes is provided in [4,15]. A state s of
G is a pair ¢+ = (p,&,) where p is a token mapping as defined before, and
£, : 27 — 2(P) ig a cumulative effect accumulation function. Assume that the
current set of tasks for which the effects are accumulated till date is 7. and its
accumulated effect is £,(7.). The updated set of tasks will be 7 when a new
task is executed. The initial state is tg = (up,Eq9) where 7. = (. By default,
we assume £,,(0) = 0. The effects across the tasks/gateways are going to be
2 we shall drop the subsecript P when it is clear from the context.

3 For the sake of rigor P can be partitioned into two sets P = P, & P,, where tasks
are annotated with symbols from P, and conditions on choices come from P..
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accumulated in a recursive manner; the acmunated effect will be denoted as
E'.(T)). Let ¢ and ¢’ be two states. A state ¢’ is reached from state ¢ via node
n, written as ¢ — ¢/, if and only if n € (T U g) and (ni,n) € F. We consider
different cadf of n being an task, a split gateway, a join gateway etc. in [9]. As
before for a given a business process P we consider a trace P to be a sequence of
tasks 7 = t1,...t;, where t; € T, 1 < i < [. Similarly an effect trace is defined to
be a sequence € : (t1,€a1), (t2,€a2)s- - ., (m, Eam ), Where ¥ = t1,.. .t is called
the underlying trace of =. Given an annotated process model we denote &g to be
the set of its effect trac

Figure1 depicts Table 1. Effect annotations for process model in Fig. 1
an example of a sk Effects
business process for  Order (A) ordered A received
. s i Reject order (C rejected
iltustr d't'_ulg Eﬂ-e(_:t Fu:ﬁll order |[|:B]|JI ft::ft'!!ed
annotation. This Send invoice (D) invoiceSent A payment Expected
process diagram is “Ship order (E) shipped

drawn lli-iiﬂg BPM Receive payment (F) | payment Received
n{:-.tati{:-n. We 1se gr;:':azlf&::iment (G) :ﬁ)g;:z;nt.‘icccpted M =payment Expected A paid
this process graph
as the running exam-
ple throughout this paper. This process contains a start and an end node, and
rious tasks, such as “order”, “reject order”, “fulfill order” etc. It also has a
numb@of routing constructs such as an XOR-split after the task order and an
AND-split after fulfill order. Only one of the branches after the XOR-split is
executed depending on the condition (approved or fulfilled) which is true.
In Fig. 1 the semantic annotation of each task is given in Table 1. The knowl-
edge base is given by K = {P, T}, where

P = {ordered, received, rejected, ful filled, invoice Sent, payment Expected, shipped,
payment Received, payment Accepted, closed, approved, cancelled; and
T = {closed — —(ordered A received A ful filled);

(cancelled A rejected) — —(ordered A received)}.

Assuming an initial state to be tg = (o, Eap) where T. = () and £,4(0) = 0 we
can compute the cumulative effect on the execution of each task/gateway. The

e B Cl
oL} ;

appehad
Y i
Fulfil .
e <+ Ship gm‘er
e
Send | Receive
Invoice . Payment

Fig. 1. An example of a process using BPM notation
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Table 2. Accumulated effect annotations for process model in Fig. 1

Task ' Accumulated effects
Order {ordered, received}
| Reject order :.;{"U‘J"d:’:‘l"{:‘d.;.TEKJE?:UEIIi;-{.:ﬂ.n{:EE led, rejected}
Fulfill order Hordered, received, approved, ful filled}
Send invoice ; {ordered, received, approved, ful filled, shipped, invoiceSent,
payment Expected}
I {ordered, received, approved, ful filled, invoiceSent,
- payment Expected}
Ship order E {ordered, received, approved, ful filled, shipped}

Hordered, received, approved, ful filled, invoiceSent,
- payment Received, payment Accepted, paid, shipped}
Receive payment | {ordered, received, approved, ful filled, shipped, invoiceSent,
payment Expected, payment Received }

Hordered, received, approved, ful filled, invoiceSent,
payment Expected, payment Received}
Accept payment | {ordered, received, approved, ful filled, shipped, invoiceSent,
- payment Received, payment Accepted, paid}
{ordered, received, approved, ful filled, invoiceSent,
- payment Received, payment Accepted, paid}
Close order | {eancelled, rejected, closed, — ful filled}
{ordered, received, approved, ful filled, invoiceSent,
payment Received, payment Accepted, paid, shipped, closed}

effect accumulation corresponding to the execution of each node is given in the
Table 2. The accumulated effect is computed by finding the maximal consistent
set computed out of the union of individual effect of the node and the current
accumulated effect [9].

3 Effect Log Mining
11
%e log ent®s that we consider contain event of one type (viz., completion of
the event), hence we dropflent from the log entries in subsequent discussions
and consider only taskg/Ssimilar convention is followed in ProM-framework).
Let T to be the set of tasks/activities. We denote a.ce as ¢ € T*, where
g = tg,t1,...th_1, such that {; € 7,0 < ¢ < n— 1. A process log is a deﬁn
as a set of traces, denoted as W € P(7T*). An effect log @ C P(T x B(P)) is
defined as a set of effect traces. 32

The problem of process miningnakes process log as input and produces
process models as output. That is given a process log W € P(7 @ver a set
T of activities, find process model P = (A, F) such that Tp = W. In this work
we propose a variant of process mining problem which we call effect log mining
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(also called effect discovery). It says, given an effect log @ C P(T x B(P)) find
annotated process model G = (N, F, K, .A) such that £ = O.

We made some simplifications of our effect mining problem. We assume our
knowledge base K is a pair (P,T), and T is empty, that is, it contains no facts
or no rules. Further we make the unique name assumption for tasks, i.e.. a task
appears only once in the process model, which is just a matter of renaming. Next
we propose an algorithm for effect discovery using log abstractions [12] based
on log-based ordering relations. Our log-based ordering relation is defined on
annotated task nodes (pairs of tasks with accumulated effects). We also define
an edge relation between annotated nodes based on the above ordering relation
as part of our discovery algorithm. Using this algorithm it will be possible to
discover the process and find effect for each individual task in the discovered
process. In this work we choose to use a modified a-algorithm to discover our
process model [11] (in spite of its inability to address loops, non-free-choice
structures, and limited ability to address variability and closed path). For the
details of the algorithm the reader is referred to [9].

We employ our process discovery technigque on our example where we assume
the knowledge base to be K = {P, 0}, where P is defined before. We consider the
effect log £ of the process model in Table 3. The workflow Wp discovered thus
is shown in Fig. 2. Using our technique we can only recover gross annotation of

Table 3. Effect traces and its underlying trace of the process model

Effect trace = The underlying trace

((start, @), (A, {ordered, received}), (A,{ordered, received, cancelled}), | (start,A,C.H.end)
(C.{ordered, received, cancelled, rejected}), (H,{ordered, received, can-

celled, rejected, closed}), (end,{ordered, received, cancelled, rejected,

closed})) .

((=tart, @), (A, {ordered, received}), (A, {ordered, received, approved}), | (start,A,B.E.D.F,G.H.end)
(B, {ordered, received, approved, fulfilled}), (E, {ordered, received,

approved, fulfilled, shipped}), (D, {ordered, received, approved,

fulfilled, shipped, inveiceSent, paymentEzpected}), (F, {ordered,

recetved, approved, fulfilled, shipped, inveoiceSent, paymentEz-

pected, paymentReceived}), (G, {ordered, received, approved, fulfilled,

shipped, invoiceSent, paymentReceived, paymentAccepted, paid}), (H,

{ordered, received, approved, fulfilled, shipped, invoiceSent, paymen-

tReceived, paymentAccepted, paid, closed}), (end, {ordered, received,

approved, fulfilled, shipped, inveoiceSent, paymentReceived, paymen-

tAccepted, paid, closed}))

((start, @), (A, {ordered, received}), (A, {ordered, received, approved}), | (start,AB,D,F,G,EH,end)
(B, {ordered, received, approved, fulfilled}), (D, {ordered, received,
approved, fulfilled, invoiceSent, paymentEzpected}), (F, {ordered,
received, approved, fulfilled, inveoiceSent, paymentErpected, paymen-
tieceived}), (G, {ordered, received, approved, fulfilled, invoiceSent,
paymentReceived, paymentAccepted, paid}), (E, {ordered, received,
approved, fulfilled, invoiceSent, paymentReceived, paymentAccepted,
paid, shipped}), (H, {ordered, received, approved, fulfilled, invoic-
eSent, paymentReceived, paymentAccepted, paid, shipped, closed}),
(end, {ordered, received, approved, fulfilled, invoiceSent, paymentRe-
ceived, paymentAccepted, paid, shipped, closed}))
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individual task instead of exact effect, however the satisfiability of the former
implies that of the latter.

1

Fig. 2. Discovered workflow Wg

Conclusion

Our semantic annotation of process models can E&lp bridge between the high-
level process and the actual IT infrastructure as support functions like discov-
ery, composition, mediation can be implemented with concrete services using
Semantic Web formalisms. Given an implementation of services and observed
snapshots, we shouldfgfll able to discover the process with its effect annotations
using our algorithm. In future we plan to integrate our effect mining technique
with data-driven approach to mining effect annotations (and specifically post
conditions) from event logs arising in process execution histories [10].
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