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Abstract—In a highly competitive environment, it becomes more
important to shorten the whole business process while delivering or
even enhancing the business value to the customers and suppliers.
Although the workflow management systems receive much attention
for its capacity to practically support the business process enactment,
the effective workflow modeling method remain still challenging and
the high degree of process complexity makes it more difficult to gain
the short lead time. This paper presents a workflow structuring method
in a holistic way that can reduce the process complexity using
activity-needs and formal concept analysis, which eventually enhances
the key performance such as quality, delivery, and cost in business
process.
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|. INTRODUCTION

As the business environment are getting globally
competitive, myriads of companies are facing a great
demand for ways to develop the product or services in less time,
at lower cost and with higher quality. These companies have
also numerous business processes and the effective
management of core business is a key success factor in
competition and it delivers value to their customers and
suppliers. Business process is a set of one or more linked
procedures or activities which collectively realize a business
objective or policy goal, normally within the context of an
organizational structure that defines functional roles and
relationships. Moreover, many companies have witnessed the
emergence of an internet-based business environment where
engineers, designers, and manufacturers are collaborating
through the internet to participate in various business activities.
This collaborative environment increases the degree of process
complexity, which involves the barrier to enhance the key
performance, especially the short lead time.

The purpose of this paper is firstly to present the workflow
modeling method to show the how the control flows are defined,
and secondly, to explore the opportunities to gain the short lead
time by workflow restructuring method based on the
activities-needs analysis.

1. WORKFLOW MODELING

The Workflow Management Coalition defines a workflow as
“the automation of a business process, in whole or a part, during
which documents, information, or tasks are passed from one
agent to another for action, according to a set of procedural
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rules [1].” Conventionally, workflow models are activity-based,
and these activities are connected by two types of directed
dependency — control flow and data flow [2], [3]. The control
flow defines the execution sequence of various activities while
activities are defined as the tasks that need to be carried out as
part of a workflow. The data flow links output data of an
activity to input data of one or more activities. This section
focuses the control flow, and the data flow is secured by the
activity-needs analysis in Section I1I.

A. Workflow Control Flow

Control flow is about the activities sequences, which can be
specified in several ways: two activities can be directly
connected, which means that the successor is ready for
execution as soon as the predecessor is completed. In all other
cases, connections among activities are represented by
special-purpose routing rules, that is, splits and joins.
Compositions of splits and joins may be used to represent
iterations or other complex routing structures.

Definition 1. (Serial). After the predecessor is completed, the
successor is to run. No split or join conditions occur during
serial flow.

Definition 2. (And-Split). After the predecessor is completed,
all successors are to run.

Definition 3. (Or-Split). Each successor is associated with a
branch condition, and after the predecessor is completed,
conditions are evaluated and only successors with a true
condition are to run.

Definition 4. (And-Join). Only after all predecessors are
completed, a successor is to run.

Definition 5. (Or-Join). The successor is to run every time
whenever a predecessor is completed.

B. Workflow Matrix

Given a business process which consists of n activities,
X; (i =1,2,...,n), the workflow matrix W is defined as a square
matrix with n rows, n columns, and k markings, where n is the
number of activities and k is the number of routings as depicted
in (1) and Definitions 6~9. If there exists control flow from
activity; 10 activity;, then the value of elements mj;is marked
with one of the routing operators. Otherwise, the value is left
empty.

my; My Mipn-1 Myn
My1 My ™ Mypq Moy

w= |2 : : 1)
Mp1 My Mun-1 Man

More definitions are given below to specify the W
completely.
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Definition 6. (Starting node). Given the W, starting nodes are
such activities as s = {j | v;, my; is null}.

Definition 7. (Ending node). Given the W, ending nodes are
such activities as t = {i | v;, my; is null}.

Definition 8. (Cyclic- ). If there is neither starting node s
nor ending node t in the W, such W is called cyclic-W.

Definition 9. (Routing operators). There are five types of
routing operators as shown in Fig. 1 such as:

- S: Two activities are said to be serial if one activity follows
the other directly, and it is depicted in the W by an S mark.

- Ag: And-Split denotes a point where a single thread of
control is split into two or more parallel activities, and it is
depicted in the W by an A mark.

- A;: AND-Join denotes a point where two or more parallel
activities merge into a single common thread of contro, and
it is also depicted in the W by an A mark.

- O,: Or-Split denotes a point where a single thread of
control makes a decision upon which branch(es) to take
when it encounters with multiple activity branches, and it
is depicted in the W by an O mark.

- 0;: Or-Join denotes a point where one or more alternative
activities remerge into a single common activity as the next
step, and it is also depicted in the W by an O mark.

X X
B e

<Serial> <And-Split> <And-Join>
X X X X X X X X X
Xy X X
X | s X3 | 4 X3
X N 2| 4 X; | 4 4
©) ©)
<Or-Split> <Or-Join>
X X X X X X5
Xq X;
Xl o X3
X | 0 X | 00

Fig. 1 Routing and Workflow Matrix Representation

Note that Split and Join are distinguished by their positions
marked in the W. The marks in the same column mean Split and
the marks in the same row means Join.

Now we assume that there are 12 activities (X, ~ X;,) and
some routings as depicted in Fig. 2. Then, the network
representation of example workflow (note that routing S’s are
omitted for the simplicity) can be converted from the workflow
matrix as shown in Fig. 3.
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Fig. 3 Network Representation of Workflow

1. ACTIVITIES — NEEDS MATRIX

Given a set of activities A and a set of deliverables D, we can
consider Activities-Needs Matrix (ANM), which provides a
conceptual framework for structuring, analyzing and
visualizing the relations between activities and deliverables in
order to make them more understandable. We will also
introduce two vectors (2)-(3), the row vector AM and the
column vector NM in ANM as follows:

AM(X)) = (di1,diz, ..., din), djj € [0,1]. (2)
NM(IVJ) = (d1jrdzj: ...,dnj), dl] € [0, 1] (3)

For instance, we have the set of activities
A = {Xy, X5, X3, X4, X5, X6, X7, Xg, Xo, X10, X11, X12} @nd the set of
business needs N = {Ny, N,, N3, Ny, N5, Ng, N7, Ng, No, Nyo} @S
shown in Fig. 2. In Fig. 2, AM(X,) = (0.9, 0.1, 0.3, 0.2, 0.0, 0.0,
0.0, 0.1, 0.0, 0.7) represents that activity A; has the
relationships with business needs N; to N, with the degree of
strength d, ; respectively, and the value of d,;indicates how
strongly X, influences N;, where j = 1, 2, ..., 10. Ifd;; = 0,
then there is no relationships between X; and N;. In a similar
way, NM(N;) =(0.9, 0.8, 0.5, 0.0, 0.0, 0.0, 0.5, 0.1, 0.4, 0.0, 0.0,
0.0) represents that business needs N; are fulfilled by activities
X, to X;, with the degree of strength d;;, wherei=1,2., ..., 12.

3676



International Journal of Business, Human and Social Sciences
ISSN: 2517-9411
Vol:8, No:11, 2014

Business Needs
Ny | Ny [Ny | Ny | Ng | Ng | N | Ng [Ny | Nyy
X, |09 010302000000 01]00]07
XI 0810410800100 [00(00]0.5(00] 0.0
XJ O5(00107(00100(00]000.2(00] 0.0
X, [00]os|os]02]00]00]00]03]0s]00
XS QO[04 105(03100(09]07 000700
X, [0.0]0.0[03]00][00]00]0s]00]06]00
X‘.’ O05(00109(06100100]06|00(00] 0.6
X [0.1 000903 03 00 00 04]00]00
X, 0400080909 00 01]00]03]05
X, ] 000503 02000000 00]09]00
Xu 00100102100 ]00[00(03]00/(06]0.5
X, | 0000 0103 ]04]01]04]00]00]04]

ANM

SMANDY

Fig. 4 Activity-Needs Matrix (ANM) example

For a mathematical theory of concepts and concept
hierarchies, a well-structured approach is the computation of
the concept lattice using Formal Concept Analysis (FCA) [4].
The idea behind this FCA is that the more properties are
constrained, the fewer concepts satisfying the constraints.
There are several algorithms for computing Galois Graph (Fig.
5), a partially ordered set, which can be constructed from the
given Activity-Needs Matrix (Fig. 4) [5]. Borrowing FCA
approach, we can define the coupled activities which are
equivalence to the meaning of formal context in FCA.

Fig. 5 Activity-Needs Graph (ANG) example

Definition 10. (Coupled activities). Let A is a finite set of
activities, N is a finite set of business needs and R is a relation
between Aand N, i.e., RE A x N, and given two sets P = A and
Q = N, we can consider the dual sets P’ and Q' such as the sets
defined by the business needs applying to all the activities
belonging to P and the activities having relations with all the
business needs belonging to Q, respectively, that is P’ =
{qeN|VpeP:(p,g) eR}and Y ={pe A|Vq € Q:(p,q) €R}.
Then a coupled activities is a pair (P, Q), where P’ =Qand Q'=
P.

The coupled activities have two parts, the extension and the
intention from a philosophical point of view. The activities
cover all business needs belonging to the coupled activities,
while the business needs comprises all needs for all those
coupled activities. We can find some coupled activities, for
instance, from the Activity-Needs Graph as follows:

({Xs' Xo, X11}, {N3. N, Ng}). or
({X9, X113, {N3, N7, No, N1o}), or
({X4, X6, X9, X113, {N3, No})

We observe that the main idea of coupled activities is that
enlarging the set of activities will reduce the set of business
needs involving with all these activities, whereas a smaller set
of activities will meet a larger set of business needs. We also
note that all of activities, X, Xo, and X;;have the relationships
with the business needs, N5, N, and Ny, and vice-versa N, N,
and Nyapply to no other activities other than X, Xo, and X;;.

Considering this running example, we suppose that all
non-null strength value d;; between activities and business
needs are assumed equal to 1. In the case of considering
relationship strength d;;in coupled activities, then the coupled
activities above is, for instance, the pair:

({X6! X9' Xll}! {(N3' 02), (N7! 01)! (N9! 03)}), or
({XQ'Xll}' {(N3r 02)' (N7' Ol)! (NQJ 03)' (Nw: 05)})1 or
({XALVXGrXQerl}! {(N3' Ol)r (Ng, 03)})

Definition 11. (Strength intersection). The intersection of
related activities X; (i=1, 2, ..., n) for the business need Ny, with
respective strength dj, the strength intersection is defined as:
dok = min (dlk' de! ey dik' ey dnk)

We can observe that the strength intersection can be
computed on the basis of the fuzzy-like set intersection [6]. For
instance, the coupled activities,
({X6, Xo, X113, {(N3,0.2), (N5,0.1), (No,0.3)}) is computed from
the followings:

(X6, X9, X113, (N3,0.3)) N ({X4, X9, X11}, (N3,0.8)) N
({stX9vX11}v (N3, 0-2)) - ({Xsrxgrxu}, (N3, 0-2)) and
({X6, Xo, X113, (N7,0.8)) N ({X6, Xo, X113, (N7,0.1)) N
({X6;X9;X11}; (N5, 0-3)) i ({stxgrxn}r (N3, 0-1)) and
({Xs, Xo, X113, (N5, 0.6)) N ({Xe:X9:X11}: (N9'0-3)) n
({X6’X9'X11}r (Ng, 0-6)) - ({X6:X9'X11}: (Nt;: 0-3))-

IVV. HoLisTic WORKFLOW

In this section, we show how to effectively improve the
business process with the help of holistic workflow model and
activity-needs analysis, which is a technique for understanding,
representing, and restructuring the current workflow. The first
step to construct the holistic workflow is to identify the
interaction between activities. We need to ask the agent who is
responsible for each activity when we build up the control
flows. The flows are marked in the W based on the routing
operators. Consider our running example, for instance, we get
an unordered or unstructured illustrative W in Fig. 6.
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Find starting nodes and ending nodes in the W
J
Reorder starting nodes ahead in the W
and remove that nodes from further consideration
!
Reorder ending nodes behind in the W
and remove that nodes from further consideration

W is a cyclic-W ?

Coupled activities exists?
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We have
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Merge the coupled activities having the
— maximum number of activities into one
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Fig. 6 Procedure to get the holistic workflow
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Fig. 7 Holistic Workflow

After some reorder iteration of procedure in Fig. 6, we can
get the cyclic-W consisting of eight activities:
X1, X5, Xs, Xg, Xo, X10, X11, X1 . We also get the some coupled
activities with strength intersection threshold, 0.2.

We can find the coupled activities which have the maximal
activities, i.e., three, with higher strength, 0.3, such as:

({X2, X5, X103, {(N3,0.4), (N3, 0.3)}).

Now we merge the above three activities, X,, Xs, X, into
one composite activity group, for instance, X, s 1o. Keeping the
procedure to get the holistic workflow, we can find the coupled
activities which have the maximal activities, i.e., two, with
higher strength, 0.2 such as:

({XlJX‘)}' {(NlJ 04)' (N3' 03)1 (N4r 02)' (N10J 05) })

We also merge these X;and Xqinto the other composite
activity group, for instance, X; . Now we have the holistic
workflow as shown in Fig. 7, which avoids the large scope
iteration and reduces the process complexity as well.

The important feature of reengineering policy is to make
good decision at earlier time where committed costs are
relatively low [7]. Therefore, all factors on the downstream
should be considered at earlier time, so that the potential
problems can be handled as early as possible. The concurrent
engineering is a well-known approach to handle this problem,

and has been studied and used in various fields. The iteration of
activities, however, is needed to achieve the goal of concurrent
engineering. We have overcome this iteration challenge by
presenting the holistic workflow concept. Consider our running
example, it is highly recommended that the coupled activities,
X,, X5 and X;,, should be performed by some cohesive agents
or team, both physically and organizationally, to facilitate
communication. In a similar way, the other coupled activities
X;and Xqare also can be performed by another cohesive agents
or team.

V.CONCLUSION

In restructuring business processes, some attempts to reduce
the lead time may cause another problem that increases the
business processes complexity, which makes it more difficult to
manage them effectively or efficiently. In this paper, a novel
workflow reengineering method for organizing business
processes is developed to reduce the complexity and generate
the holistic workflow in which we avoid the large scope
iteration.
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