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ABSTRACT

Workflows are logical abstraction of processes widely adopted
in several contexts. Design and operation of workflows are
critical stages where issues not manifested by the single
block arise from compositions. To deal with such issues,
proper techniques and tools should be implemented as sup-
port for workflow designers and operators. This paper pro-
poses a solution for the evaluation of the workflow perfor-
mance starting from the components’ ones. Based on the
stochastic characterization of the workflow tasks, phase type
distributions and stochastic workflow reduction rules, our
approach allows to overcome the limits of existing solutions,
considering general response time distributions while pro-
viding parametric analysis on customer usage profiles and
design alternatives. To demonstrate the effectiveness of the
proposed solution an example from literature is evaluated.
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1. INTRODUCTION

A workflow is usually composed of tasks or activities or-
chestrated through connectors specifying the process logic.
The process design is therefore usually split in two phases: i)
workflow logic specification and ii) task selection. Once de-
fined, the workflow management system (WEMS) is in charge
of setting-up, executing and monitoring the workflow based
and acting on its components [22].

For a workflow development and operation both func-
tional and non-functional requirements and properties are
of strategic importance. This is particularly challenging be-
cause of the properties of a system usually emerge from those
of its components, often providing functionalities not imple-
mented by any component itself and manifesting behaviors
that are not just the summation of components’ ones. From
a functional perspective this is the “added value” but, from
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a non-functional perspective, it introduces uncertainty and
complexity to deal with. To investigate on workflow non
functional properties is therefore a quite challenging goal.
This is highlighted by the scientific literature, where differ-
ent solutions are available. Related work mainly focuses on
mathematical models such as Queueing Networks [7], Petri
Nets [11], simulation [24], UML-based [9, 18], and graph-
based [5] ones.

Focusing on performance, a solution should properly take
into account the behavior of the system in time, conse-
quently characterizing tasks in statistical-stochastic terms
through adequate service time distributions (in general non-
Markovian). To support the enforcement of service level
agreement policies, it should also be able to deal with dif-
ferent classes of end users-customers (multi-class). Further-
more, different design alternatives have to be taken into ac-
count to support the design phase.

In this paper we propose a methodology to support a
designer in workflow design and operation. The proposed
framework allows to take into account different design al-
ternatives and customer classes, providing a proper model
able to deal with general distributions expressed in form of
phase types. To the best of our knowledge, this is the first
attempt in providing a framework for parametric workflow
design. Other works mainly address these issues separately.
For example, in [8], different customer classes have been
considered in a service oriented computing context. On the
other hand, in [13] a technique for dealing with different de-
sign alternatives in software families and software product
lines is proposed. None of them deal with general, non-
Markovian, distributions, mainly providing solutions in the
Markovian case. However, starting from these approaches,
here we propose to relax this assumption while merging their
goals. We base our solution on the lightweight stochastic
workflow reduction approach [5], characterizing the service
time through distributions dealt with by the phase type ex-
pansion, then reduced through random variable algebra and
related properties. This way a parametric phase type is ob-
tained for the overall process, which could provide insights
on it by posing and solving specific optimization problems
targeting optimal design, deployment and operation.

The paper is organized as follows. In Section 2 the ratio-
nale and the related work are discussed. Then the proposed
technique is presented and detailed in Section 3. Its effec-
tiveness is demonstrated by a case study reported in Section
4 while conclusions are in Section 5.

2. PROBLEM STATEMENT
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2.1 Rationale

To characterize the problem in formal terms, we start from
an abstract workflow considered as a set of activities, inter-
connected through directed arcs.

DEFINITION 1. A generic workflow W is a bipartite, con-
nected, directed, rooted graph represented by the tuple

W ={Tw,Cw,Ew}
where:

e Tyw C T is a non-empty set of tasks, and T is the task
space set.

e Cyw C C is a set of workflow connectors, and C is
the connector space set. At least two distinguished el-
ements belong to Cw, Cs and C.. They represent
the W initial and final connectors, respectively, cor-
responding to the graph root and sink.

e Eyw C (CwXCW)U(CwXTw)U(TWxTw)U
(Tw X Cw) = & is a set of directed arcs connecting
workflow elements, and £ is the arc space set.

Task nodes have indegree 1 and outdegree 1. On the other
hand, workflow connector nodes may have either 0, 1 or
greater indegree and outdegree. Indeed, the root Cj is the
only node with indegree 0 and outdegree 1 while the sink C.
has indegree 1 and outdegree 0. After the above definition,
we have to characterize workflow elements in terms of per-
formance. To this purpose, considering a workflow W, we
define a task 1" as follows:

DEFINITION 2. A generic task T € Tw is represented by
its service time distribution

T ={Fr}
where:

e Pr:R" = [0,1] C R is the cumulative distribution
function (CDF) of the T service time.

Workflow connectors are logic elements that can be con-
sidered instantaneous. Thus, they can be formally repre-
sented as follows.

DEFINITION 3. A generic workflow connector C € Cw
can be represented by the tuple:

C = {Id,In,Out, Class,Op,I1}
where:

e Id € INT is the connector unique identifier;

e In C Tw UCw U is the set of input tasks and/or
connectors such that VIn; € In = (In;,C) € Ew;

e Out C Tw UCw U is the set of output tasks and/or
connectors such that YOut, € Out = (C,Out,) €
EW;

o Class € {Start|End|Split|Join} identifies the specific
connector type among the 4 here defined;

e Op € {AND|XOR|0} specifies the operation applied
to connectors;

o II is the weight vector, which generic element II[h]
characterizes the h-th input or output in case of mul-
tiple inputs or outputs.

Given a connector, its In and Out sets are such that
In N Out = . A connector of type Start has no input
arcs (In = @) and only one output arc, while connectors in
the class End have only one input arc and no output arcs
(Out = @). We denote such kind of connectors with Cj
and C,, respectively, and they are characterized by OP = (.
Split and Join connectors are associated with logical op-
erations: AN D represents concurrent executions of all the
multiple branches while X OR represents the ezclusive choice
of just a branch among the available ones. A connector in
class Split is characterized by one incoming arc and multiple
outgoing arcs, while a connector in class Join has multiple
incoming arcs and just one outgoing arc. The weight vec-
tor IT is related to the set In for Join connectors and to
the set Out for Split connectors. In the case of conditional
patterns (XOR split and join), IT of the XOR split corre-
sponds to a probabilistic choice and its elements must sum
to 1. For parallel patterns (AN D split), IT of the AN D split
is a vector of 1 IT = {1,..,1}. In the case of loops (XOR
split and join), the XOR split IT is the same of conditional
choices, while the XOR join includes the information of the
matching split in II[0] = XORS.Id. Furthermore, if the
loop has fixed number of iterations » € INT, this parameter
is specified in the XOR join II[1] = r, while all the other
elements of the XOR join IT are 0. In all the other cases
the join IT = {0, ..,0}.

2.2 Parametric workflow

To ensure a proper quality of service able to satisfy SLA
constraints, it is often required to discriminate among cus-
tomers. In terms of the overall process, this implies an
in depth investigation on its workflow aiming at charac-
terizing the usage profile of a class of customers knowing
the corresponding workload. This means to identify the
paths, the alternatives selected by the customer of a class,
by mainly quantifying and stochastically characterizing con-
ditional choices and branches. This way the usage profile of
a customer class can be specified by a vector composed of
the probabilities associated with all the conditional patterns
in the workflow.

It could also be of interest to include possible design op-
tions or alternatives. Typical examples are software families
and software product lines, where specific variability mod-
eling solutions are used to perform parametric evaluations.
Such alternatives can be included on a workflow as a spe-
cial kind of conditional statements, which branches represent
the design choices available thus turning the workflow into
a parametric one. Also in this case the design parameters
can be represented by a vector composed of the parameter
associated with the design alternatives in the workflow.

An interesting feature of the proposed technique is the
possibility of performing parametric analysis, taking into
account both the usage profile of customers and different,
alternative options in the workflow design. These options,
identifying alternative workflow solutions for the compos-
ite process or parts of it, can be represented through extra
exclusive choices and thus included in the main workflow
containing the process choices characterizing the usage pro-
file thus obtaining a single, parametric model. The multiple
exclusive choice XOR — Split/ XOR— Join pattern is there-



fore the key pattern for expressing both usage and design
alternative parameters into the workflow.

To this end, a parameter vector can be associated with a
XOR— Split/ XOR — Join connector of the workflow, char-
acterized by the IT; weight vector of the ith XOR — Split.
This way, a parameter set V = {IL;} is specified. Such
parameters can be categorized into two groups, the usage
profile and the design alternative ones, thus identifying a
partition of V into two subsets U and Z, respectively, such
that V.= U U Z. In the case of a design alternative pa-
rameter the weight vector associated with the XOR — Split
of the corresponding exclusive choice is a binary stochastic
vector where the element related to the selected branch (e.g.
the jth one with 1 < j < m) is 1 and the others are 0, i.e.

I = {0,..,0,1,0,..,0}.
J— m—3

2.3 Related work

Several methods have been proposed in the literature to
evaluate workflow performance, including simulation [24],
process calculi [18], queuing networks [7], Petri nets [11] and
graphs (DAG, workflow graphs, control flow graph, process
flow graphs) [5]. However, the most widely adopted for-
malism for workflow performance evaluation is queuing net-
works. In [7], workflow performance requirements and spec-
ifications are expressed by P-WSDL (Performance-enabled
WSDL) and then QoS parameters such as average response
time and utilization are evaluated by a layered queueing net-
work (LQN) model generated by the proposed tool. Simi-
larly, in [15], the performance of a Web service workflow
are evaluated through bound analysis, while [14] performed
bottleneck analysis of a personnel application modeled as a
LQN with three different customer classes, thus allowing to
take into account different usage profiles.

Even if less investigated than others, there are some in-
teresting work on design alternatives available in literature.
In [20], a delta-oriented approach is adopted to deal with
variants in a software product line model. This technique is
also applied to the performance evaluation of workflows ex-
pressed as performance annotated activity diagrams in [13].
However, most of the above referred techniques, and in par-
ticular those based on state space models, have the prob-
lem of state space explosion, thus limiting the applicability
of related techniques to low complexity problem. To relax
this restriction, workflow reduction techniques, sometimes
combined with simulation, have been proposed in [5,10] to
estimate WS workflow QoS parameters.

The main problem to deal with in the above mentioned
work is related to complexity and state space explosion. Fur-
thermore, one of the goal of this work is to take into account
both usage profiles and design alternatives altogether, which
introduce further complexity on the overall model. To this
purpose a solution should base on workflow reduction, which
anyway does not allow to represent workflow performance
with stochastic behaviors and related quantities such as cu-
mulative distribution functions. The main goal of this pa-
per is therefore to relax these assumptions, allowing, on the
one hand, to deal with complex problems including usage
profiles and design alternatives through workflow reduction
while, on the other hand, taking into account the stochastic
behavior of a system not limiting to Markovian/exponential
distributions.

3. WORKFLOW REDUCTION AND EVAL-
UATION

Since the model we are dealing with is in general non-
Markovian, we approach the problem by using phase type
distributions (PHs); we assume that the CDFs in F are ap-
proximated by the corresponding phase types through spe-
cific fitting algorithms. When PHs are obtained, we apply
a reduction step in order to obtain a PH distribution repre-
senting the whole process in a parametric form.

After introducing symbols and definitions used in the rest
of the paper, we give the algebraic expressions describing all
the possible patterns defined; they are used to perform the
reduction step.

3.1 PH expansion

Let us consider a continuous time Markov chain X with
v + 1 states, of which states 1,--- , v are transient and state
v+1is absorbing. Let us suppose 7 (0) = [a1, -+, w, Quyi]
is the Markov chain initial probability distribution. Let & de-
note the random variable that gives the time until absorption
of X. Then we say, according to the definition given in [17],
that & has a phase-type distribution. More formally:

Definition 1. A continuous PH distribution (CPH) [17]
is defined as the CDF of the time till absorption of a con-
tinuous time Markov chain (CTMC) with v transient states
and one absorbing state (v + 1), given an initial probability
vector.

More specifically, we say that & is distributed according
to a phase type distribution with representation (o, G) and
order v, where @ and G are defined as follows:

e let w(0) = [, aw4+1] be the (v + 1) initial probability
(row) vector, then the following holds: ay+1 = 1 —

> i

o let G (of dimension (v + 1) x (v + 1)) be the infinites-
imal generator matrix of the CTMC X. G can be
partitioned in the following way:

|

where, G is a (v X ) matrix that describes the transient
behavior of the CTMC and B is a (v x 1) column
vector grouping the transition rates to the absorbing
state. Since the matrix G must be stochastic, we have
B = —G - e, where e is a (v x 1) column vector with
all the entries equal to 1.

Definition 1 implicitly assumes that the system is ab-
sorbed (i.e. reaches state v+ 1) with probability 1. This can
be guaranteed irrespective of the value of av if state v 4 1
is reachable from every other state. Using this notion and
the basic properties of the matrix G = [gs;] (i.e. gi < 0,
gi; > 0 for i # j, and |gis| > Z#i gij), it can be showed
that G must be non singular [12]. This means that all the
eigenvalues of G must be non positive [16].

Given a CPH with representation (o, G), its CDF is F'(t) =

1-— thl, and its £k moment is written as
E(E") =k a(-G) 1.

Other relevant properties involves operation among CPHs;
in particular, in the following of this paper, we exploit sum-



mation, mixture, maximum and minimum, thus we briefly
recall the related expressions.

Let us consider two CPHs, X; and X5, with representation
(a1, G1) and (a2, G2) respectively and such that the initial
probabilities to the absorbing state v;11 are null; thus the
following properties hold:

1. the summation Xs = X; + X3 is a CPH with repre-
sentation (as,Gs), where as = (a1,0) and Gs =

Gl B1a2 .
0 Gy |’
. o X1 with probability p
2. the mixture Xr = { X2 with probability (1 — p)
is a CPH with representation(ar, Gr), where ar =

(pos, (1 — p)az) and G = [%’GLQ}

3. the minimum X,, = min(X1, X3) is a CPH with repre-
sentation (am,Gm), where atm = a1 @ ap and G, =

G @ Ga;

4. the maximum X = max (X1, X») is a CPH with rep-
resentation (o, Gar), whereoyy = [ cn ® az [0 | 0

GidG: | BioI |I® B>
and GMI 0 Gz 0
0 0 G

In the expression above, we used the symbols ® and & to
denote the Kronecker multiplication and Kronecker sum re-
spectively.

The use of CPHs is justified because most of generally
distributed continuous r.v. can be approximated by a CPH
distribution by using appropriate fitting algorithms [2,3,21].

3.2 Reduction rules

The evaluation performed at this step has to deal with the
high complexity of the process, especially when its workflow
has branches and nesting that can also represents alternative
design choices as discussed above. The evaluation technique
is based on well known aggregation-reduction techniques [5,
6]. This section deals with the analytic formulas expressing
the service time of each workflow basic pattern in terms of
those of its tasks. Both one branch and multiple branch
patterns are investigated. In the latter case, for the sake
of readability and clarity, we just consider two branches,
Ty = {Fr,,Cr} and To = {Fp,,Cn,}, characterized by
the corresponding service time random variable (r.v.) Xi
and Xo with their CPH distributions Fr, = (a1, G1) and
Fr, = (a2, G2) and costs, respectively. Anyway, complex
multi-branch patterns with more than two branches can be
easily decomposed into 2-branch nested patterns and thus
reduced by iteratively applying the following rules.

In the following, we evaluate the aggregation reduction
formulas for the main process workflow single and multi-
branch patterns W = {Tw,Cw,Ew} in terms of the in-
volved T} and T3 task service time CDFs and related kth
moments E(XF) and E(X5).

3.2.1 Sequence

Considering a workflow composed of the sequence S =
{Ts,Cs,Es} of two tasks 71 and 7%, such that Tg =
{T1,T>} (where Ti and T> are the same above specified),
Cs ={Cs,C.}and Es = {(Cs,Th), (Th, T2), (T>,C.)}. Since

[—

S returns control when the tasks complete following the se-
quence order, we have that

Xs=X1+X>2. (1)

The sequence pattern S CPH representation (ag, Gg) can
be thus expressed as:

as = [a1,0], Gs=— [ G; Bia: ]

0 G2 (2)

3.2.2  Multi branch patterns

According to the definitions of Section 2.1, three possi-
ble combinations are meaningful for split/join multibranch
patterns: XOR/XOR, AND/AND, AND/XOR, while the
XOR/AND configuration is semantically wrong.

XOR/XOR.

XOR/XOR patterns implement conditional exclusive choices
among alternative paths each associated with the correspond-
ing task or subworkflow. The 2-way XOR/XOR exclusive

choice XOR/XOR = {TXOR/XOR7 CXOR/XOR: EXOR/XOR}
is expressed as

Txor/xor = {T1,12},Cxor/xor = {Cs,Cxors,CxorJ, Ce}

and

Exor/xor = {(Cs,Cxors),(Cxors,T1),(Cxors, T2),
(T1,CxoRrs), (T2,CxorJ), (Cxors,Ce)}.

If the X, r.v. identifies the selected branch and thus
X. € {1,2}, the service time r.v. of the XOR/XOR pat-
tern Xxor/xor can be expressed as follows:

X;iftX.=1

Xoif Xe =2 (3)

XXOR/XOR = {
Assuming that all such random variables are statistically
independent and also that the probability to choose T} is
given by IIxors[l] = Pr{X. =1} = p. while the T one is
I xors[2] = Pr{X. =2} = 1 — p. the CPH describing the
XOR/XOR multiple branch (aXOR/XOR, GXOR/XOR) is

G 0
XXOR/XOR = [pcoéh (l_pc)OfQLGXOR/XOR = [ 01 G, }
(4)

The XOR/XOR pattern could also have a null task of one
its branches. In this case the CPH associate is smaller since
it is defined by the transient behavior of the non null task
that is executed with a given probability. Let us suppose
X7 is the r.v. associated to the non null task, thus the
representation is:

()

We point out that the non null activity modifies the struc-
ture of the resulting CPH that does not start from a tran-
sient phase with probability 1.0 because the v+ 1-th element
of its initial probability vector is (ozXOR/XOR)V+1 =1-pc#
0.

A null task is instead semantically without sense for the
other multi-branch patterns.

axor/xor = pc1,  Gxor/xor = G1

AND/AND.
The AND/AND pattern is the simplest concurrent pat-
tern splitting the main flow into parallel threads and finally



synchronizing them through the join. It thus terminates
only when all the parallel threads return control regard-
less the order. The 2-way AND/AND concurrent pattern
AND/AND = {Tanp/anD,Canp/anp,Eanp/anp} is
expressed as Tanp/anp = {I1,T2}, Canpjanp = {Cs,
Canps,Canps,Ce} and Exnpanp = { (Cs, Canps),
(Canps,Th),(Canps,T2), (T1,Canpy), (T2,Canpys),
(Canps,Ce)}. The service time r.v. of an AND/AND
concurrent pattern X np,anp with 2 parallel branches 71
and T» characterized by the X; and X» service time r.v. is
therefore identified by the maximum among such random
variables. Let XANP/AND be the set or the largest order
statistic

XaND/aAND = XééVD/AND =max{X1,X2}.  (6)

Then, the AND/AND CPH with representation
(OCAND/AND7 GAND/AND)

is expressed as:

QAND/AND = [ ar®az, 0, 0 ] (7
and
Gi®dG: Bi®I, I,® B>
GAND/AND = 0 Go 0 (8)
0 0 G,
AND/XOR.

Another concurrent pattern is the AND/OR one, where
all the threads concurrently start and the first completing
closes the pattern. The 2-way AND/XOR concurrent pat-
tern AND/XOR = {Tanp/x0or,Canp/x0or, Eanp/x0R}
is expressed as Tanp/xor = {11,122}, Canp/xor = {Cs,
Canps,Cxors,Ce} and Eanp/xor = {(Cs,Canps),
(Canps,T1),(Canps, T2), (T1,Cxory), (T2,CxorJ),
(CXORJ,CE)}. This way, if XAND/XOR r.v. is the ﬁrst or-
der statistic (or smallest order statistic), i.e. the minimum
between X and X3, we can describe the AND/XOR pattern
service time r.v. by the following formula:

AND/XOR

Xanp/xor = X(y = min{X1, Xo}. (9)

Then, the AND/XOR CPH (aanp/xor, Ganp/xoRr) 18
expressed by:

asNp/xor =01 ® a2, Ganp/xor=G1®Gz2 (10)

3.2.3 Loop

According to the usual notion, we define the Loop pat-
tern as a structure able to execute a number of iterations.
The number of performed iterations could be either fixed or
undefined and probabilistically controlled. In the following,
the rules for both cases will be introduced.

Fixed number of iterations.

The loop pattern is composed of the body task 7' that
has to be executed a r times. It is therefore represented
as a sequence of the task 7" and the following loop condi-
tion, and can be unrolled into a sequence of task 7" repeated
r times. Formally, the loop pattern L = {T.,Cr,EL} is
composed of just one task to be iterated, and thus expressed
as Ty = {T}, Cr = {Cs,Cx0rs,Cx0rs,Cec} and Ep =
{(Cs,Cxors), (Cxors,T), (Cxors,Cxory), (T, Cxory),

(Cxors,Ce)}. Thus, assuming the iteration service times
Xr r.v. are independent and identical distributed, the loop
CPH (o, GpL) can be iteratively described by

ap = (a,0,..,0) (11)
M
and
GT71 Br72a
G = [ 5o } (12)
where:
S G272 B1-73a
Gr = { 0 G2
and

Q_GBCK
-] &)

for » > 1, while if » = 1 then o = @ and G = G,
corresponding to the T CPH distribution attributes.

Probabilistic iterations.

In the general case the loop pattern is composed of the
body task T} followed by the loop condition characterized by
the iteration probability p;'. When the random choice se-
lects a new iteration, another task 7, could be eventually ex-
ecuted. It is therefore represented as a sequence of the task
Ty, the following loop condition and the task Te. It can be
considered as a sequence of tasks repeated a random number
of times. Formally, the loop pattern L = {T1,Cr,Er} is
composed of two tasks to be iterated, and thus expressed as
T, = {Tv,T.}, Cr = {Cs,Cx0rs,Cxors,Ce} and E, =
{(Cs,Cx0rs), (Cxors,Tv), (Tv,Cxors), (Cxors,Te),
(Te,Cxo0rs), (Cxors,Ce)} If no task has to be executed
when a new iteration starts the task T, could be considered
null.

Let X, and X, the service time r.v. of T, and T, tasks;
the loop L service time r.v. is distributed according to a
CPH computed as a sequence of X, followed by X. with
probability pr after which it start again; the task L com-
pletes with probability (1 — pr). Thus the loop service time
is expressed by a CPH with representation (ar,Gr) where

Gy, prByoe

Be Qp Ge (13)

ar = [ab70]7 Gr =

The representation of X become simpler when the task

Te is null. In fact, in that case, after the probabilistic selec-

tion the task Tj starts again with probability pr, thus ar
and G, are:

ar=ap, Gy+pLByoy (14)

3.3 Reduction algorithm and evaluation

The formulas thus obtained in eq. (1)-(14) can be applied
to a complex structured workflow hierarchically combining
and nesting the above patterns into an ordered rooted tree
as detailed in the Algorithm 1. It assumes a workflow W is
specified as an ordered workflow tree, W F'T', where tasks ap-
pear only on leaves and connectors are internal nodes [4,23],
removing Start and End connectors. This way the reduction

'In this work, we assume the iteration probability is not de-
pendent on the number of the already performed iterations.



algorithm mainly consists in a left to right in-order traversal
of WF'T to preserve the workflow connector order, resulting
in the reduced workflow phase type distribution (Gw, aw)
representing the W service time. Function ReduceW F' is
invoked to apply the formulae above specified to the corre-
sponding patterns, thus returning the corresponding CPH
distribution (step 6). In the leaf case, CW FT]] is an empty
vector and ReduceW F' returns the task CPH.

Algorithm 1: WFTSWR

input : a tree WFT corresponding to a non-null
workflow

output: reduced workflow CPH (Gw, aw)

local : the CWFT]] vector storing partial reduction,
index 4 initialized to 0

1 begin

2 if WFT is not a leaf then

3 foreach C € {the ordered set of children of
WFT} do

4 CWEFT[i] «+— WFTSWR(C);

5 P — i+ 1;

6 return ReduceW F(WFT,CWFTY]),

This way, the workflow service time CPH (Gw,aw) is
obtained as a function of its task parameters (G;, ;) and
C; Vi= 1, 1, ie.

Gw = fGW(Gl,“:Gn) = fGW(Z>U)

aw = faw (aly -~7an) = faW (ZvU)

which can be expressed in parametric form in terms of U
and Z parameters.

The reduction algorithm together with the reduction rules
(2)-(14) generate a block matrix representing an irreducible
Markov chain with one absorbing state whose evaluation
gives the CDF of the workflow response time. Due to the
structure of the stochastic process a semi-symbolic analysis
algorithms [19] can be used and an expression giving the
completion time probability could be obtained as a function
of usage and design parameters. Generally speaking the re-
sult of the evaluation is a function F(t;u,z), with u € U
and z € Z, and the F(¢;u, z) has the shape of an expolyno-
mial expression.

4. AN EXAMPLE

In order to explain the proposed technique and demon-
strate its effectiveness, we applied it to an example taken
from literature [13]. A high-level representation of the ex-
ample workflow through activity diagrams is shown in Fig-
ure 1. It represents a logical workflow, composed of a do
while loop iterating a sequence of three tasks where a con-
ditional choice identifies the second one (Figure 1a). There-
fore, in the main workflow there are two conditional choices
C1 and C2, the former associated with the loop while the
latter with the inner condition, which characterizes its usage
profile. After performing the process design the designer has
to select tasks and orchestrate the overall workflow. In this
stages, starting from functional properties, but also based
on non functional ones, tasks are selected and eventual pos-
sible project alternatives identified. The resulting workflow

is thus reported in Figure 1b, including 2 design alternatives
D1 and D2. As highlighted in this figure they are correlated,
since branches associated with the same letter (a or b) cor-
respond, thus identifying in total two possible combinations
among the four available.

Par. i 1 2 3 4 5
Yi 0.5775 | 0.4331 | 0.2887 | 0.2475 | 0.8663
B 2.0 2.0 2.0 2.0 2.0

Table 1: Distribution associated with the ith task (i =
1,..,5) of the example workflow.

The completion time distributions associated with the five
tasks composing this workflow are reported in Table 1. These
are all Weibull distributions in the form F;(t,vi:,5:;) = 1 —

e_(“”/””)ﬁi7 where +; is the scale parameter and (3; the shape
one, with i = 1,..,5. These parameters have been specified
according to the [13] ones, preserving the mean completion
time but considering here non exponential distributions.

The distributions thus identified in Table 1 have been then
represented by a 2-stage CPHs in canonical form CF-A [1]
as the one showed in Figure 2a, whose representation is
(ovi, Gi). This means that each of such distributions are
characterized by the three parameters Ais, Ais, A35, whose
numerical values are reported in Table 2.

Par. i 1 2 3 4 5
A12 3.986494 | 5.315632 | 7.974369 | 9.301820 | 2.657509
A13 0.000923 | 0.001230 | 0.001845 | 0.002153 | 0.000615
A23 3.964869 | 5.286798 | 7.931112 | 9.251362 | 2.643094

Table 2: CPH rates associated with the ¢th task of the work-
flow example.

After that, we have to specify the workflow tree corre-
sponding to the example workflow. By applying the rules
discussed in Section 3.3 the workflow tree shown in Fig-
ure 2b is obtained. In particular, since conditional con-
structs needs at least two branches, a null fictitious task is
inserted in the conditional choice D2. The loop is composed
by two branches: the direct branch made by a sequence of
composed tasks and the reverse branch containing two tasks
depending on the design alternative. We used a null task to
model the design alternative a in the reverse task.

Given that we can obtain the full matrix representing the
whole process by just apply the workflow reduction rules
identified in Section 3.2. Starting from the leaves of the tree
in Figure 2b, the matrices characterizing the CPHs of the
XOR/XOR pattern Cz and D; are built:

Qacy, = [p02a27 (1 7])02)043], Ge, = |: 0 G;

and
ap, =pyas, Gp, =Gs

where pc, is the probability that the task 2 is selected in
the branch Cs (pc, € U), and py, € Z is the binary quan-
tity used to select the design alternative b. We point out
that when the alternative b is under evaluation p, = 1 and
correspondingly p, = 0; at the opposite when the design
alternative a is evaluated p, = 1 and pp = 0, thus the vec-
tor ap, will be null deselecting the corresponding branch.



D2J

(b) With design aternatives

Figure 1: The example workflow.

i
13

i b3
Q; = [1,0}
[ 1M =
G, = 0
(a)

Figure 2: The example CPH (a) and workflow tree (b).

Iteratively visiting the tree toward the root node, the block
matrices of the global CPH are similarly obtained:

G1 B1aD1 0

Q. Direct = [a1707 0], GDirect = 0 GDl BD1 (e %]
0 0 Gy
G 0
ap, = [paas,ppac,], Gp, = [ 03 Ge }
2

o = [aDirect7 0],

G _ GD'L"rect + PaPcC BDirectaDi'rect PvpPcCy BDi’V‘ECtaS
Bsapirect G5

The parameter sets of the workflow are U = {pc,, pc, } and
Z = {pa,ps}.

[ User class | pc, | pcy, |

Ul 0.5 0.3
U2 0.5 0.7
U3 0.2 0.3
U4 0.2 0.7

Table 3: User classes definition.

Given the matrices G and o, we evaluated the response
time distribution of the considered workflow, Fw(t), assum-
ing four different classes of users characterized by the values
as in Table 3. The user class Ul is the same evaluated
in [13]. We evaluated the different classes with respect to
the two design choices also. Other interesting measure could
be derived, but we omit them for lack of space.

The resulting CDF's are depicted in Figure 3. The graph
in Figure 3a shows the CDF's for the users classes considered
in the case of design choice a. As clearly shown the param-
eter pc, does not affect the behavior of the system because
the C pattern is not used in this design choice while p¢, is
the same for U1l and U2, as well as for U3 and U4, respec-
tively, thus identifying just two curves. When the design
choice b is considered the parameter pc, has some effect
slightly worsening the performances by increase as shown
in Figure 3b. At the opposite, the analysis reveals a great
impact of the parameter pc, on both the design choices: re-
sponse time increases when the value of pc, increases. This
is due to increased number of iterations in the loop.

5. CONCLUSIONS

Workflow design and orchestration are critical phases where
issues may arise from task composition compromising the
overall process. Modeling and evaluation technique can be
a valid support to reduce the impact of such issues in early
stage, predicting design flows or defects.

In this paper a technique for dealing with performance
evaluation of workflows is proposed. It allows to take into
account different customer classes, characterized by their
usage profiles, and design alternatives as well. These are
probabilistically characterized in a parametric workflow by
conditional choices, which analysis parameters are the split
probabilities. The proposed technique also allows to take
into account the full stochastic characterization for the time
behavior of components considering generic distributions.
Based on stochastic workflow reduction rules, phase type
distributions and related properties, it is able to provide
parametric analyses of the worklow on different usage pro-
files and design choices.
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