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Abstract
For many organizations, reacting to fast changes in
customers’ requirements becomes keys to maintain the
competitive edge in the market. However, developers
must locate business logics manually in source code in
order to add new requirements. This problem has caused
maintenance costs to escalate while budgets and the
corporate spending are shrinking. In this paper, we
propose an automatic approach that extracts workflows
from sources code and utilizes control structure
information in as-specified workflows to refine the
recovered as-implemented workflows from source code.
By using the as-specified workflows to guide our
extraction, we can limit the searching scope for business
logics and locate explicit associations between artifacts
in the as-specified and as-implemented workflows.

1. Introduction
Business logics can be considered as requirements
and conditions on how to manipulate data in information
systems [3]. As an example of business logic, a bookstore
may have different rules to calculate the price of books
sold based on a variety of coupons and special sales
conditions. A business process communicates the
knowledge of organizational structures, business policies,
and business operations. For instance, when a book is
ordered, the business process consists of checking the
availability of the books, restocking the inventory if
needed, and validating the buyer’s credit card. Typically,
a workflow is a computerized representation of a business
process that consists of a sequence of tasks that
implement business logics (rules), control/data flows that
link through tasks, participants, and resources required by
tasks.
In order to achieve dramatic improvements in critical
measures of performance, such as cost, quality, and speed
[7], organizations change continuously and constantly to
reflect the rethinking and redesign of business logics and
organizational structures in business processes.
Information Technology (IT) departments are faced with
the growing challenges of supporting frequent requests
for changing business logics. For many IT departments,

the challenge is compounded by complex architectures
and distributed computing infrastructures that were
developed over the last 10-20 years. In particular,
business logics are often hard-coded in such systems. The
documentation of workflows is often lost, obsolete or
never existed. Therefore, it is a challenging job for
developers to manually locate the code blocks that
implement business logics, and to modify the code to
meet new requirements. This situation has caused system
maintenance costs to escalate while budgets and corporate
spending are shrinking.
In this context, a number of research has been carried
out to recover business processes from source code
[2…6]. However, most of the proposed approaches focus
on extracting business logics without generating the
workflows (the underling structure) implemented by
applications. Consequently, the as-specified workflows
(i.e., documented business processes) cannot be updated.
Moreover, these approaches either analyze the code
syntactically or require significant human intervention to
identify the semantic meanings of business logics during
the extraction process [6]. In our previous work, we
proposed an approach to identify business logics from the
source code based on code heuristics and to extract asimplemented workflows from the source code using
Abstract Syntax Trees (ASTs) [1]. Unfortunately, the
extracted business logics vary in the level of granularity.
For example, some identified business logics may need to
be further decomposed into multiple business logics,
while others may require to be merged.
The objective of this paper is to improve the precision
of the workflow extraction and to reduce the requirement
of the human intervention by utilizing the design
information from the as-specified workflows, which serve
as guidance to refine the extracted as-implemented
workflows. A behavioral model is proposed to compare
the structural and functional behaviors of these types of
workflows (i.e., as-specified workflows and asimplemented workflows). The similarities in structures
and behaviors of both types of workflows can indicate
relevant code segments where business logics may be
missing or over-identified.

Figure 1 - The recovery consists of two major stages, information parsing and business logic refinement

2. Approach for Structure Guided
Workflow Extraction
2.1 A Framework for Workflow Extraction
In most e-commerce systems, the workflows are
implemented and executed without interacting with
workflow engines and involving few human tasks. In
such systems, software developers implement the
workflow processes and their sub-processes in one system
[1, 10]. Specifically, tasks are implemented as classes and
methods. The business rules are hard-coded as the control
and data flows in the source code. When updates are
required, developers have to inspect the source code and
determine the locations where changes must be made; it is
our objective of this research to extract the workflows
and business logics from the source code of the ecommerce systems to facilitate code updates for changing
business requirements
Conceptually, workflows convey the execution of an
application. An as-specified workflow can be considered
as a high-level description of the control flow inside an
application. On the other hand, an as-implemented
workflow is extracted from the low-level implementation
that realizes the as-specified workflow. Therefore, we can
leverage the control structures of as-specified workflows
to derive more precise as-implemented workflows at the
appropriate abstraction. We proposed an approach that
uses structural information for extracting workflows. The
overall steps are illustrated in Figure 1.
In information parsing, we gather structural
information from two artifacts – the as-specified
workflows and the source code, as illustrated in Figure 1.
First we generate the as-implemented workflows from the
source code. Second, we raise the abstraction level of the
generated as-implemented workflows by filtering
programming specific features that are not in the business
domain (e.g., checking object initialization). Third, we

translate the workflows described by workflow
description languages to as-specified workflows. Last, we
convert both of the as-implemented workflows and asspecified workflows to an abstract behavioral model,
which represents the control flow artifacts at an
intermediate abstraction level and bridges the gap of the
difference between the two artifacts.
In the stage of business logic refinement, we compare
the behavioral models from as-specified and asimplemented workflows. We consider control constructs
that affect the execution path of a workflow as critical
nodes .e.g., Loop, Choice and Parallel). We collect a set
of semantic equivalent critical nodes, compare their
structural similarities, and establish the synchronization
between the as-specified workflow and the asimplemented workflow in terms of segments.
To this extent, we can refine the extracted business
logics within the scope of each synchronized segments.
We can decompose coarse-grained business logics, or
encapsulate a set of fine-grained business logics.
Moreover, the precision of the extraction can be enhanced
by the assistance of the data information collected from
both types of workflows. In particular, we utilize the
input and output data information in the as-specified
workflows to determine the boundaries between business
logics in source code
2.2 As-Implemented Workflow Extraction
Generating a complete trace record would produce a
workflow graph that contains a large number of entities
that are outside our interests. As a result, we adapted
static tracing to identify business logics from source code
using a set of heuristics to prune the number of code
entities in the trace records. As discussed in [1], the
heuristics include: 1) Utility code, 2) Java objects 3)
Exception objects that should be filtered and 4) Data
objects, 5) Task objects 6) User-defined class objects that
are part of the business logics.

While code-heuristic recovery can be effective,
various programming styles and the use of the
encapsulation principle in software design has limited its
usefulness to particular domains, and created challenges
to extract business logics in an appropriate level of
granularity. Therefore, we also apply the software metrics
and documentary structure of the source code.
As discussed in [8] and [9], the documentary
structures, such as the comments and white spaces, are
arranged by programmers to differentiate the distance
between different concepts. In practice, developers focus
on a single task at a time and group the related statements
into a code segment. They insert comments and white
spaces between each function, (i.e. business logic). As the
result, comments and white spaces are at the positions
that separate different functions to help the developers
understand and locate the code segments of their interests;
especially the comments that occupied one or more lines
in the source code, i.e. the comments that are not inside or
after a statement. Therefore, documentary structures can
be considered as candidates to separate the business
logics in sequences. To refine a segment that represents
on business logic, we further measure the properties of
the separated segments using the software metrics, such
as line of code in the segment, number of input and
output, cohesion and coupling metrics, and name
similarity. Since business logic is a function that
computes the output based on the input and conditions,
the statements that belong to the same business logic
should be highly dependent on each other. These metrics
check the interdependency between the adjacent
segments. According to the outcomes of the metric
measurements, the segments can be merged into a single
logic if the segments are highly interdependent; else they
will be left as it-is and treated as separate logics.
2.3 Intermediate Behavior Model for As-Specified
and As-Implemented Workflow
An as-specified workflow has a higher level of
abstraction than an as-implemented workflow. it is
necessary to bring the both types of workflows to a
common ground in order to perform the comparison
between the two. In our research, we have developed an
abstract behavioral model to represent control structures
and their execution behaviors of as-specified and asimplemented workflows in a unified form.
As shown in Figure 2, there are three types of entities,
namely Control, Task and Data to capture the control
flow, the business logic or process, and input and output
in the workflows, respectively. Each type contains the
concrete entities for the low level behaviors in the
workflows; for instance, ControlEntity contains Choice
that models the alternatives in as-specified workflow and
if-else statements in source code, and DataEntity can be

either Input or Output of a task or a (sub)proess, as
depicted in Figure 2. We aim to identify the concrete
entities that represent the direct realization (e.g.,. a Logic
is a task in the as-specified workflows) or indirect
realization (e.g.,. a Parallel is implemented by threads in
Java) in either as-implemented or as-specified workflows.
This abstract behavioral model allows us to effectively
compare both types of workflows.

Figure 2 – Intermediate Abstraction Behavior Model
2.4 Comparison Algorithm
In our research, we developed an algorithm to
compare the as-specified workflows with as-implemented
workflows. Specially, the comparison algorithm attempts
to match control nodes in the as-implemented workflows
to the control nodes in the as-specified workflows into
pairs of the matched critical nodes. The algorithm walks
through both types of workflows (presented in
intermediate model) until it matches the candidate critical
nodes with the highest similarity. We measure the
similarity of the critical nodes by the following
properties:
1) Type: Are they the same type, ex. Choice nodes?
The matched nodes must be the same type.
2) Order: Are they following or followed by the same
types of control nodes? The nodes are more similar if
their neighbor nodes are also related.
3) Depth: Does a critical node in the as-implemented
workflow is equal or deeper in the nested scopes than the
ones in the as-specified workflow? Since the abstraction
level of the as-implemented workflows are lower than the
level in as-specified workflows, the as-implemented
workflows should contain more details and thus more
nested scopes.
4) Inner contents: Do they have the same types of
control or task nodes as children nodes? Two nodes are
more similar if they both contain the same types of the
control or task nodes
The pairs of the matched critical nodes serve as the
boundaries of the business logics. Inside the matched

critical nodes, we map task nodes in as-implemented
workflows to the task nodes in as-specified workflows,
based on names, order and input and output of the tasks.
Some business logics in the as-implemented workflows
can be merged to increase the abstraction level. In some
cases, business logics, which were not recognized in the
requirement or newly added to the source code, can be
identified from the comparison algorithm because no
corresponding ones will be found in as-specified
workflows.

3. Conclusions and Future Work
Currently, most research has focused on single source,
i.e. source code, for extracting workflows from source
code. In this paper we propose an approach to perform
the workflow extraction by incorporating as-specified
workflows modeled by business analysts. By extracting
control constructs from the two artifacts and modeling
them in a unified manner, we are able to measure the
similarity between the as-specified workflows and asimplemented workflows. Based on this measurement, we
are able to validate the conformance of the extracted asimplemented workflows, refine the abstraction without
human intervention, and generate the updated as-specified
workflow documents.
In the future, we plan to generalize the framework and
to test it on systems in different domains. We are also
interested in developers’ mental models during the
development and other software metrics that computes
the similarity between code segments. These models and
metrics will help us separate and merge the business
logics from the source code with better accuracy.
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