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Abstract: Traditional workflow research focuses on process-based workflow property, modeling technology
and verification technology. The authors find that there are deficiencies in dealing with the knowledge or data
representation capabilities of these process-based workflows. Although workflow can fulfill many requirements
for customizing process design and execution, researchers have yet to reach a common view on how to model
the dataflow conveniently and legibly, as well as how to verify the correctness of these data-sensitive work
flows efficiently. In this work, a novel method is introduced to define a workflow with restricted dataflow and
a verification methodology is provided to identify format, syntactic, logic and data semantic errors in this
workflow. A Workflow-based Knowledge Service (WKS) system is also constructed to provide a graphic
design tool and executing engine of restricted dataflow based workflow. Experiments on WKS demonstrate the
capability of this method to model knowledge applications to executable workflows as well as the efficiency of

its verification algorithm.
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INTRODUCTION

Workflow technology, which has the capability
to model and execute processes in a  specific
business domain, is becoming a very important
practical method in many research and business
areas. The most important property of workflow is
its capability to describe process order. Another
important property is its capability to describe dataflow
(Mei et al, 2008). Traditional workflow research has
focused on the control flow facet, such as process
modeling technology and process verification technology
(Yueral, 2012).

In recent years, researchers have expanded their
works to apply workflow technology to more practical
applications, such as agricultural or knowledge grid
applications (Zhang, 2006). These practices have brought
forward the requirements for handling the dataflow in
workflow. It 1s difficult to use one model to map both
control flow and dataflow of workflow. Hence, one
solution proposed solution is to use different models to
describe different flows, such as an activity or status
graph m Unified Modeling Language (UML), Other
proposed solutions use one model to contan both the
process flow and dataflow, as dual workflow (Fan et al.,
2007). However, these methods have convenience or
legibility deficiencies.

In the agricultural domain, workflow technology can
help solve problems, such as those in plant guides.
Agricultural domain experts are supposed to build a plant
guide workflow that allows agricultural users to utilize the
workflow to acquire the knowledge they need in planting.
Moreover, modeling the process of workflow requires the
capability to model data representation and data transfer
in topical agricultural applications.

The background of owr research is an agricultural
project called massive agricultural knowledge and
resources management system, which aims to integrate
massive data from various agricultural knowledge systems
and resource databases into one portal for a more efficient
use. The Agricultural Ontology Service (AOS) developed
by the Food and Agriculture Organization (FAQ) is used
to integrate and build the relationship among these
massive data. The core requirements include the
following:

+  Knowledge from different sub-domains (plant/animal)
requires different representations

s Different  users (decision-makers/technicians/
farmers) use different operation processes and

¢ Onespecific user may want to obtain different
knowledge with different preferences (grow/gain)

To fulfill the requirements of the system, the authors
introduced a novel method to define a workflow with
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restricted dataflow. A single model is proposed to
describe both control flow and dataflow, which mamtains
the convenience and legibility by restricting the dataflow
hierarchy. To check the cormrectness of workflow, a
verification methodology is also introduced, through
which workflow designers can easily know the format,
syntactic, logic and data semantic errors through this
checker. Thus, a Workflow-based Knowledge Service
(WKS) system, which provides a graphic design tool to
build, verify and execute the workflow, is constructed.
Expermments on the WKS show that the restricted
dataflow method has the advantages of efficiency and
usability compared with the traditional dataflow process
method; i addition, its verification algorithm has a
marked improvement in precision and efficiency.

RELATED WORKS

Traditional workflow approaches: Recent approaches to
modeling dynamic behavior of process in workflow can be
divided mto three kinds: Umfied Modeling Language
(UML), Petri Nets and others.

The Umfied Modeling Language (UML) 15 a
general-purpose  object modeling language, which
provides capabilities to build several diagrams for process
modeling. These diagrams nclude sequence diagrams,
collaboration diagrams, state diagrams and activity
diagrams. UML sequence diagrams are used to visualize
specific instantiations of a UML use-case. UML
collaboration diagrams visualize the flow of control
through a numbering scheme in the context of classes and
their static relations in structure diagrams. UML state
diagrams are used to describe the lifecycle of a specific
system or subsystem in a reactive manner. UM, activity
diagrams comprise a combination of states and Petri nets
that are made more expressive to match most of the
requirements of modeling the process perspective of
workflows (Weske, 2012).

On the other hand, Petri Nets are based on a strong
theoretical foundation and focus on properties of
workflows and the application of inheritance. A Petri net,
which models the control-flow dimension of a workflow 1s
called a Workflow Net and has one sowrce place and one
sink place because any case handled by the procedure
represented by the Workflow net is created when 1t enters
the workflow management system (Van der Aalst et al.,
2011). The case 18 then deleted once it iscompletely
handled.

In addition to the
other workflow modeling

methods,
mainly

two  previous

approaches serve
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the TBM
MQ Workflow, 13 a topical commercial workflow
management system supporting business process
workflow modeling. Another approach 1s the WASA,
which is a workflow prototype for scientific database

specific  applications; for instance,

application modeling.

Dataflow support in workflow: Although, the workflow
modeling methods of UML and Petri Nets are mature in
modeling the control process of a workflow, dealing with
the dataflow remains a problem (Storrle, 2005). Some
researchers have added an extension on Petri Nets called
Colored Petri Nets in order to add dataflow information to
workflow (Marir and Ndeta, 2013). However, this method
only supports very simple dataflow check function, such
as nput/output verify and does not support the complex
data type and data expressions.

The most recentproposal is the Dual Workflow Nets
method (Trcka et al., 2009), which has been proposed to
explicitly model the control flow and dataflow of workflow
processes and can capture control/dataflow interactions.
This method extends the traditional Workflow Net and
control flow and dataflow
complex-value token. After giving the formal definition
and its verification algorithm, the Dual Workflow Nets
show its capability in performimng dataflow support. The
main problem of this method is its lack of experiments and

combines the mto a

supporting tools.

Workflow verification methods: Workflow verificationis
concerned with the logical correctness of workflow
process definitions. Depending on the workflow language
used, there may be different properties that have to be
satisfied. For example, potential deadlocks, never-ending
loops and mconsistencies are some of the potential errors
of a workflow that have to be identified during verification
(Meixner and Sorin, 2007).

The most traditional verification methods include
UML
Logic-based verification and Petr1 net-based verification
(Ciesielski et al., 2002; Kovacs and Gonezy, 2008). The
UML verification method focuses on the correctness of
the diagram and mteraction between diagrams, such as
the use case in use case diagram and sequence diagram.

verification, 3XML-scheme-based verification,

The XML-scheme-based verification method focuses on
the correctness of XML format of workflow files using the
XML-scheme technology, such as DTD or XSL. On the
other hand, logic-based verification uses formal logic to
represent the workflow and then verifies the logical
expression by logic check tools. Most popular methods of



Inform. Techrol. /., 13 (4): 624-633, 2014

logic-based verification include Computational Tree Togic
(CTL) and Linear Temporal Logic (I.TC), both of which
have mature tools, such as SPIN to verify the logic
correctness (Haq et al, 2009). The Petr1 net-based
verification method uses the theoretical foundation of
Petri net, which defines live, bounded, strongly connected
and sound properties. Using these properties and the
check algorithm, the verification method can be easily
done by workflow formalization.

Ontology-based verification method (Yang et al.,
2010) 13 a new research topic in the field of workflow
verification. The mam idea for this method 1s to use
ontology to represent the semantic of process and data
and then check the connected flows to verify if their
semantic contexts match.

Traditional verification methods provide centrol
verification of the workflow, but lack dataflow verification.
The new ontology-based verification method provides
both overall functions; however, the workflow implement
method 13 different from the traditional method and its
efficiency is somewhat lower than the ontology search
method. The agricultural project requires
verification method to check both control flow and
dataflowand must be compatible with the workflow
description method we want to use.

a nNnew

WORKFLOW WITH RESTRICTED DATAFLOW

In a topical agricultural application, such as planting
guide, the user goes through the growth periods during
sowing time. In each growth period, the user can view
detailed information and notes, ask questions and
search the knowledge database for solution. Our
restricted dataflow based workflow can represent this kind
of application in the following definitions.

To represent such a knowledge application, we define
the corresponding workflow as a triple tuple.

*  Definition 1: WF=<N, F,D>>, where N represents the
nodes, F represents the control flows and D
represents the dataflows

Node definition: Here, N 15 a set of nodes including:

Definition 2: N = CUV|S, where C represents the
Coordinator nodes, V' represents the Variables nodes
and S represents the service component nodes

Coordinator nodes C are used to control the
executing logic and order, mcluding {(Start), (End), (If),
(Else), (EndIf), (Whle), (EndWhile), (Case), (When)
and (EndCase)}. (Start) 1s the process entry and (End) 1s
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the exit. (Tf)/(Else)/(EndIf) and (Case)/(When)/(EndCase)
are the branch flow coordmators with branch condition
expressions.  (While)/(EndWhle) 15 the loop flow
coordinators with loop condition expressions.

Variable nodes V delegate the variables contaning
three options: define, get and set.

3 refers to the service component nedescontaining
built-in knowledge retrieval, personality management and
external services. A detailed definition of S is presented
below.

S is a set of service components that processes the
main operations of the workflow. Tts types include:

Html output component, which indicates wher, how
and what to show on the web browser

Knowledge retrieval component, which 1s established
to retrieve knowledge from the distributed massive
knowledge database

Personality management component, which supports
the user personality catch and use as well as
provides the set/get interface

External knowledge service. In addition to the
previous three build-in service components, external
services are often required as supplements to
accomplish some functions (for instance, query
weather, crop price)

These service components are to be called when the
applications are executed. The S 1s defined as:

Definition 3: S = <U.T1/0>, where U 1s the service
URL indicating how to call the service, T is the
type and 1/O
representthe input and output mterfaces of the

service as mentioned above

service functions, respectively

Control flow definition: F represents a set of control flows
defined as:

»  Definition 4: FN=N, where N represents the nodes
The most important property of control flow 1s
comnectivity. Hence, for each two nodes of workflow
beside V, there must be a control path connected with two
nodes. The isolated node is not allowed except in
variables nodes. We then define each element of N to
have multiple entries and one exit control flow property
except the (If), (Case) and (End) coordinators in our
workflow model. It can be concluded as:

*  Definition 5: Multi entries and one exit
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¥ neN-{ (If), (Case), (End)}, there is no more than
one neNnxneF, where N represents the nodes and F
represents the control flows.

Dataflow definition: The last part of WF 15 D, which
means a set of dataflows. Although, dataflow also links
two nodes, 1ts properties vary hugely from the control
flow. First, dataflows only occur in the 1/O of services and
variables. The detailed definition of D is:

Definition 6: Dc(SIxS.0)(VxS.0), where S
represents the service components and V refers to
the variable nodes pre-defined as ontology instances

Next, we define each element of N that can have
dataflow to have both multiple entries and exits dataflow
property. The last dataflow property 1s the data type
match rule, which means either side of the dataflow must
have the same data type.

We must point out that this definition restricts the
hierarchy of dataflow to a single level. Given that there is
no isolated node in the control flow except for V and
dataflow does not include the definition of (V=V), it means
that the max length of dataflow link without orthogonal
control flow is 1. Figwe 1 shows two different cases, the
left one 1s correct and the right one has an error due to its
unconnected node “S: Output”. This feature gives us the
ability to handle the most convement and efficient
dataflow for the venification algorithm design.

Workflow operation: We then provide definitions for WF
operations:
*  Definition 7: WF operations:
Pre(n) = {¥(n, n)eF} indicates all control flows with
the prefix n.

PreD(n) = {¥(n, n,)eD?} indicates all data flows with
the prefix n.

Suf(n) = {¥(n, n)eF} indicates all control flows with
the suffix n.

SufDin) = {¥(n, n)eF} indicates all data flows with
the suffix n.

Des(n) = {neN|(n, n)eF} indicates the direct
descendant of N.

Asc(n) = {neN|(n, n)eF} indicates the direct
ascendant of N.

AD(n) = Des(n)u {ncNn,c AD(n), (n, n)cF} indicates
all the descendants of N.

AA(m) Asc(n) U {neNnsADm), (o,
mdicates all the ascendants of N.

nyel}
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Fig. 2: Workflow example

These operations can be used in the following error
definition and verification algorithm of the workflow.

Example: We provide a simple example of this workflow
with restricted dataflow (Fig. 2). The solid line refers to the
control flow and the dotted line refers to the dataflow. The
process of this sample involves the branch process on
different temperatures. The workflow first defines the
variable temperature and then calls an external service to
obtain the temperature and send the value to the variable.
After being determined using the temperature range, the
workflow outputs the “all normal” messages or shows the
knowledge on high temperature planting guide.
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WORKFLOW VERIFICATION

Correctness of workflow: To verify the workflow, we
must first define the correctness of workflow. To define
the correctness, we need to identify the error. In this
workflow, errors are defined as follows:

¢ Definition 8. Format error

Format error refers to the error of workflow file. It also
includes the following states:

¢ |Suf( (Start))| >= 1, which means (Start) is not the first
node

*  |Pre( (End))| =1, which means (End) is not the last
node

¢ |Suf( (Tf))| != [Pre( (EndIf))|, which means that there is
a mismatch on (If)

¢ |Suf( (Case))| = |Suf( (EndCase))|, which means that
there 1s a mismatch on (Case)

o |Suff (While))| = |Sufl (EndWhile))|, which means that

there 1s a mismatch on (While)
¢ Definition 9: Syntactic error

Syntactic error refers t1 the flow error of the workflow.
It mcludes the following states:

IneN-{(If), (Case), (End)}, [Pre(n)[1, which refers to
multiple exits.

(AD( (Start)) I= N) € (AA( (End)) 1= N, which means
that there are isolated flows or the node does not connect
with any flow.

dn, n,eN-{ (If), (Case), (End)} | ncAA (n)ene A
(ny), refers to the latency deadlock.

*  Definition 10: Logical error

Logical error refers to errors 1dentified on the logic
level. This error can often take place in the actual
execution. Logical errors include condition expression
error, inaccessible path on branch condition, latency
deadlock on branch/loop condition and wnset variable
access.

In addition to the normal process logical error i the
workflow, this restricted dataflow-based workflow focuses
more on dataflow errors. The logical error of process flow
mainly contains an inaccessible path which means some
path of workflow can never be visited and latency
deadlock, which means some loop can never stop under
specified conditions. The logical error of dataflow mainly
focuses on the unset variable access error, which means
a variable access action cannot access the required data

or the variable cannot initialize correctly. We must point
out that this workflow uses restricted dataflow because
such dataflow can fulfill most of the function requirements
we meet; in addition, the design tool and the logical error
check algorithm are moreefficient and usable than the
unrestricted one.

By defining these workflow errors, we can give the
correctness of workflow as follows:

s  Definition 11: Correct workflow

A correct workflow i1s a workflow that does not
contain any format, syntactic and logical errors.

Verification algorithm: We also utilize owr algorithm to
verify the workflow. Most of the old methods follow the
same path: for each error condition, the workflow 1s
checked to determine whether it occurs, or a simple format
checker such as DTD/XSL 1s used. For our definition,
there are various errors in the workflow and some
errors only take place during specific steps. We give a
multi-dimension verification method, which contains four
steps.

Step 1: XMIL-based scheme check

In this step, we use a pre-defined XSL checker to
check the node definition and relation. Tt can also filter
some format emrors. Part of our checker is shown below:

<xs:element name="WorkFlow">
<xs:complexTy pe
<Xs:sequence>

<xs:element name="variables">
<xs:complexTy pe
<Xs:sequence>

<xs:element name="variable">
<xs:complexType>

<xs:atlribute name="name" />
<xs:attribute name="type" /=
<fs:complexType=
</xs:element>

</xg:sequence
<fs:complexType=
</xs:element>

<xs:elernent name="sequences’" >
<xs:complexTy pe
<Xs:sequence>

<xs:element name="sequence” />
<xs:element name="while">
<xs:complexType>
<xs:simpleContent>
<xsextension base="xs:string'>
<xs:atiributename="condition" /=
</xs:extension=
<fxs:simpleContent>
<fxs:complexType>
</xs:element>

</xg:sequence
<fxs:complexType>
</xs:element>
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Step 2: Workflow parameter verification

In this step, we checked the variable defined and
used states, TF/Case/While condition expressions, validity
of the external service and output format. The main goal
for this step 13 to ensure that the following check steps
runwith no parameter errors.

Step 3: Logic check

In this step, we begin the main verification operation
of owr algorithm; here, all flow errors and some logical
errors should be found m this step except for the
inaccessible path and latency deadlock. These are to be
solved in the step automatic execution.
The main algorithm is as follows:

Algorithm 1: Optimized model verification with dataflow(OMVY)
Input: XML Structure M of workflow

Return: isCorrect refers M is logic comrectmess and other results contain the
error nodes.

0 Place all nodes of the Afinto collection N, all control flows into collection
F, all data flows into collection D,then create four empty collections N,
N2 N3,and NErr and a flag stack NStack.

1 add (start) to N1, N3;

2 While (true)

3 begin

4 Remove all elements in N1 from N

5 Tor each element nin N1 do

6 il typeofin)e C-{ (If), (Case), (End)}

7 lor each flow f has f startnode— in F do

8 begin

91l checkflow(f) not is true

10hegin

11 add f'to Nerr;

12 f.endnode not in N3

13 add f.endnode to N3

14 end;

15 add f.endnode to N2

16 end;

17 elseil n is the begin tag of (If), (Case), (End)

18 add (n, IFFlag/CaseFlag/WhileFlag) to NStack;

19 elseil n is the end tag of (If), (Case), (End)

20 remove top TFFlag /CaseFlag /WhileFlag from NStack;

21 elseil neSuV

22 loreach flow f has fstarmode= or fendnode=n in PreéD(n) or SufDi(n) do
23 il checkdataflow(t) not is true

24 put f'to Nerr;

25 elseil typeofin) is (end)

26 bhreak;

27 clear N1,

28 move all element from N2 toN1;

2% end;

301l N, Nerr, Nstack not empty

31 isCorrect=false;

32 else

33 isCarrect=true;

34 return isCorrect N Nerr, Nstack to caller;

The main part of our verification algorithmis the logic
check algorithm. Tt starts from the Start nodes, literally
checking whether or not all workflow paths from this node
are correct. When control nodes, such as (If)/(Case)/
(While) are encountered, the algorithm places the start
flag to the stack and waits for the nearest (Endlfy
(EndCase)/(EndWhile) to clear this flag. When nodes with
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dataflow are encountered, the algorithm also checks the
logical correctness of the data flows using ontology
reasoning. Through these steps, the algorithm can find
most of the workflow logical errors and data errors in the
restricted dataflow.

Step 4: Automatic execution

In this step, the execution engine checks the branch
point of workflow, generates related variable and service
list using branch testing case generator, sunulates the
execution the workflow and then marks the node cover
status. After fimishing the execution of the testing case,
the latency deadlock and inaccessible branch are also
found in this step.

EXPERIMENT AND EVALUATION

Experiment: The research topic belongs to an agricultural
project called the massive agriculture knowledge and
resource management system. The main purpose of this
project is to integrate massive data from various
agricultural knowledge systems and resource databases
into one portal to make it more user-friendly. Using the
system, domain experts can build some customized
agriculture applications flexibly and each kind of user
uses these applications to acquire the knowledge they
need.

For an experiment using this approach and an
infrastructure of the agricultural project, the authors
provided the design tool and executing engine, which we
call the Workflow-based Knowledge Service system or
WEKS. Using this system, the authors built several actual
agricultural applications, including a cucumber planting
guide and a decision-maker on regional crop selection.
The verification method was also applied to these
applications in order to check its capability and efficiency.
The details of the experiments are presented in the next
seclion.

The authors of the current work developed WKS by
Eclipse 3.4 Galileo using Java 1.5 and MySQT 5.0. The
design tool was built using a GMF framework and then
distributed 1 Eclipse RCP package. The executing engine
was a Java web application hosted by Tomecat 6.0. Web
and the database server was conducted on an Intel
Pentium 4 1.8 GHz PC with 2 GB RAM, runming Windows
Server 2003, The client was conducted on Intel Centrino
Duo T2400 1.83 GHz PC with 2 GB RAM, running
Windows XP sp3, which ran the design tools or web
browser.

Domain experts used the design tools to design
agricultural applications and then used the system release
function to deploy the application to the executing engine

(Fig. 3).
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Fig. 4: WK executing result

After completing the application, farmers or other
users can access the application using a web browser
(Fig. 4). The executing engine was designed for the use of
an actual Chinese farmer and the web page on Fig. 4
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shows the growth stage and possible diseases from a
cucumber planting guide. All of the visible and invisible
contents on this web page are related to the HTML
output nodes in the workflow file. The region R1 lists in
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Table 1: Properties on comectness of workflow files
Error count in

Error cownt in

draft one manual checked
Error type (759 total lines) (781 total lines)
Format error 12 0
Syntactic error 26 0
Logical errors
Tnaccessible path 5 0
-Deadlock 8 0
-Datatlow error 19 0
-Others 11 0
Total 71 0

Table 2: Verification results (FE: Found error, UF: Unfound error,
IF: Incorrect found)

Error found in Error found in
draft one manual checked
Error type FE UF IF FE UF IF
Format error 12 0 0 0 0 0
Syntactic error 24 2 0 0 0 0
Logical emors
-Inaccessible path 5§ 0 1 0 0 0
-Deadlock 8 0 0 0 0 0
-Dataflow error 18 1 2 0 0 1
-Others 9 2 0 0 0 1
Total 66 5 3 0 0 2
14001 —e— One level
12004 Five level
P —&— No data flow
81000
£ 800
é 600
L
£ 400
2004
0 T T T 1
1 2 3 4
Steps

Fig. 5: WKS running time analysis

detail the basic information of the workflow user, which
wasgenerated from the enviwonment variables, user
perscnalities and external services by the workflow file.
On the other hand, region R2 lists possible diseases
generated from the agricultural knowledge retrieval
components call by the executing engine.

Capability of verification algorithm: Tn order to check the
capability of the verification method, the authors used
two workflow application files: a draft workflow of
cucumber planting guide, which contains several kinds of
errors and a manually checked version of previous one,
which contains no error. The authors used the verification
method step by step to check the workflow error. The
properties of these two workflows are listed in Table 1.
The verification result can be found in Table 2.

When processing the first draft workflow, the
verification algorithm found 93% errors, with 100% format
errors, 92% syntactic erors and 91% logical errors. In

particular, it found 95% dataflow errors, which the other
workflow verification method could not provide. Tt also
found three incorrect results, contaimng a path check
question and two dataflow questions. Most of these
errors were caused by the data type mismatch when
conducting the branch test and dataflow check. When
processing the next manual checked workflow, the
verification algorithm found two incorrect results,
containing a dataflow question and an expression check
question.

From these two experiments, we found that our
algorithm verified the workflow with restricted dataflow
with an acceptable precision and recall rate.

Efficiency: We compared the efficiency of the method
with a different workflow defimtion with no limited
dataflow hierarchy. The main difference can be found in
Step 3. This algorithm does not need to conduct a
recursion search in line 22 for dataflow validation. In
additior, when faced with no limited dataflow hierarchy,
a recursion algorithm must be used to find the entire
mistake data mapping.

Another method, which was compared withthe
traditional greatest
difference between these two methods was whether to
perform the work in line 23.

The details of the running time analysis can be found
in Fig. 5. The first result with the round node is the time
cost of the method. The second result with square nodes

no dataflow verification. The

refers to the time cost of the multi-luerarchy (as a test, we
changed the dataflow to five levels in the workflow)
dataflow check method and the last result with triangle
nodes 1s the time cost of the no dataflow check. From the
experiment, it can be concluded that the workflow with
restricted dataflow lost little efficiency with no dataflow
check, but a non-restricted one may lose much more.

CONCLUSION AND FUTURE WORK

In this study, the authors introduced a novel method
to define a workflow with restricted dataflow.It utilizes a
single moedel to describe the control flow and dataflow. It
15 also convement and legible because it restricts the
dataflow hierarchy.

We found this method to be efficient in modeling and
executing agricultural applications. First, the method 15 a
workflow-based logic control system in a functional
perspective, which supports different operations of a
service. The process support of the workflow contains an
implied sequence process, (If) (Case) for branch process
and (While) for loop process. Tt does not support the
parallel process because it nearly never occurred in this
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project. Tt also has a scene-based knowledge
representation that uses the html output node to support
the different representation of knowledge. The workflow
definition supports the mnternal and external services to
perform the knowledge operation of the system. Next, to
ensure operational capability, we developed the design
tool and executing engine to support this workflow. From
its practical use, the workflow has high operational
capability and the restricted dataflow method is also
found to be efficient. Fmally, considering the flexibility,
the work flow supports the condition expression and
provides the defimition and set/get functions of the
variables, as well as supports the external services of the
systemn.

From these properties of the workflow with
constricted dataflow, we conclude that tlus workflow
method fulfilled the project requirements of massive
agriculture knowledge and resources management system.
However, this mechanism still has some problems. The
most important problem of this approach 1s its capability
to support multiple hierarchy dataflow. Through actual
usage, most domain users view the disadvantage as a big
problem. Ancther problem is the automatic error
modification proposal. This 18 a difficult problem in
workflow verification and validation. The last problem is
how to make the design tool user-friendly as well as to
create an execute engine with a more user-friendly access
method. Currently, it is a big problem for training domain
experts who are learning the system. End users also
encounter confusions on the operation of a generated
web page when executing the workflow.

In our future research, we intend to focus on the
following topics:

*  Automatic error moedification after verification and
validation and
A more efficient verification and validation algorithm
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