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Abstract: In order to solve the dynamic modification problem of workflow model in product development process,a method of dy-
namic workflow modeling is presented based on product structure tree (PST).In the method, a dynamic node was introduced into a
workflow template, and the refinement rule of a dynamic node was proposed. Through mapping the components of PTS onto the work-
flow template,the component instances and their affiliation used as refinement input elements,then the dynamic workflow nodes were
refined. Validation in the actual engineering case of large-scale antenna development shows that the workflow instance was constructed
dynamically at run-time.
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1. Introduction

Product development process (PDP) is one of the most im-
portant business processes for enterprises but it has diffi-
culty in workflow management because of the uncertain
and dynamic characteristics. Thus, even though there have
been many workflow modeling and management methods,
they have limitations to deal with the special characteris-
tics of PDP[1]. For example, utilizing Workflow Manage-
ment System the large-scale antenna development should
integrate hundreds of design links and tasks such as struc-
ture design,electrical properties simulation,servo-control,
etc.,and achieve real-time transmission of design state and
data for the demand of product collaborative design.

Up to the present,most of workflow management sys-
tems(WFMSs) are difficult to meet the demand of PDP,
and dynamic workflow modeling has been one of the bot-
tleneck problems. At present, there are two main ways for
modeling in WFMSs: the first way uses manual model-
ing, which the workflow activities and their relations are
modeled manually. Another way uses automatic model-
ing with workflow template, which the workflow templates
of general business were constructed by administrator of
WFMSs and stored in database in advance. When users
executed a task, the workflow model was constructed auto-

matically through selecting the workflow template for the
task. This way was adopted in the field of office automa-
tion(OA) and product data management (PDM), such as
render an account in financial system and design approval
in product development.

However, the above-mentioned methods cant meet the
demands of workflow modeling in PDP compared with
OA and PDM, the workflow models for PDP are more
complicated. Firstly, the workflow of product development
is very complicated. The development of complicate prod-
uct has hundreds of participants and can produce thou-
sands of design tasks. The relationship between tasks is
very complicated. Obviously, the workload of manual mod-
eling is extensive, so it has not engineering feasibility. Sec-
ondly, the workflow of product development is a dynam-
ic model. The model is closely related with the product
structure which was gradually designed and achieved in
PDP. Therefore, the workflow model of product develop-
ment should be gradual made and refined, it is a dynamic
model. So the static workflow template cant meet the dy-
namic demand.

In fact,much work has been carried out on dynamic
workflow modeling [2–9]. The literature[3–5] proposed var-
ious methods for flexibility workflow modeling with dy-
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namic refinement, but didn’t involved the problem product
structure influencing on model flexibility, and didn’t in-
volved the process knowledge maintenance and reuse. The
literature[6–9] proposed automatic generation of workflow
processes based on BOM or Product Data Model. Howev-
er, the workflow model is not available on product devel-
opment in fact, is a theoretical model.

The above research indicated the method of dynamic
workflow modeling, but in practical application, the rules
and input elements for model refinement must be formulat-
ed. Obviously, there are various rules and input elements
in different applying fields. The reports of refinement rules
and input elements for workflow modeling in PDP are un-
known so far. The aim of this study was to develop a method
that would addressed these two problems.

A dynamic workflow modeling method based on prod-
uct structure tree(PST) is proposed in this paper. In the
method, the component instance and their affiliation used
as refinement input element, through mapping the PST on-
to the component workflow template, the dynamic work-
flow node was refined, then the workflow model for prod-
uct development was accomplished.

2. Overview of the approach
The workflow instance is changing with the product struc-
ture in PDP, the model cant be constructed with static work-
flow template in advance. However, the frame of PDP and
the workflow of basic component are relatively fixed; the
changing factors can be encapsulated with the dynamic n-
ode. Then through refinement for the workflow frame con-
taining the dynamic node based on the PST, the workflow
instance of the whole product development can be dynam-
ically constructed at run-time.

The method process was shown in Fig.1 The design
workflow template repository(DWTR) is a set of work-
flow model constructed in advance. There are two kinds
of workflow template in DWTL, one is general workflow
template for basic components, which was stored by the
structure and design characteristics; another one is design
frame template for the whole products or their complex
components, which contained the dynamic node needing
be regenerated at run-time. W0 is a workflow frame tem-
plate for product C0,W1, ...,Wn are general workflow tem-
plates, their definition can be seen in section 3.1. The PST
is a composite of the part and assembly instance(C0, C1,
...,Cn),instance type and their affiliation. In PDP, the DWTL
is static, but the PST is dynamically changing.

3. Constructing dynamic workflow template

3.1. Workflow template definition

Workflow representation can take a number of forms, the
models include Petri nets, Unified Modeling Language (UM-
L), Business Process Modeling Notation (BPMN), Direct-
ed Network Graph (DNG) and their extension forms [10].The

Figure 1 The basic ideas

workflow templates for special product components were
constructed with DNG in this paper. The workflow tem-
plate is a formal description for design process knowl-
edge and experience, and corresponding to a independent
work task. For reusing in workflow modeling, each work-
flow template has been encapsulated with task node [11]
WTN,WTN can be a simple design task or a complicat-
ed task comprising several sub-tasks.

A WTN is a tuple (TName, TType, CType, Pri,
Cp,Dp,Act, CtrlF,DataF ):

TName is an identifying property;
TType is a template classification property;
CType is a component type for mapping onto the com-

ponent;
Pri is the priority for selecting the template automati-

cally, the value range is 0–9, the bigger the numeric of Pri
is, the higher priority the template can be selected;

Cp is a set of control ports, includes CI( input control
ports) and CO( output control ports), the value of control
port is Boolean, which is deduced by activity data.

Dp is a set of data ports, includes DI( input data ports)
and DO(output data ports), each data port represent a data
field of design task template, the type of data field can be
string , number and data file;

Act is a set of the design activities, Act = {A1, ..., Aj}
(j ≥ 0), Aj is a sub-node of the WTN ;

CtrlF and DataF are the two views( Control Flow
and Data Flow[12] ) for activity sequence(shown in Fig.2).
CtrlF is the object of control flow representing control
routing of Act. CtrF = {Clink1, ..., Clinki}.Clink is

c⃝ 2012 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci. 6, No. 3, 751-757 (2012) / www.naturalspublishing.com/Journals.asp 753

a connect line object comprising two control ports of ac-
tivities, Clink = {Cs,Ce,Con}, Cs is the start control
port of connect line,Ce is the end control port of con-
nect line, Con records the control conditions of connect
line, the result of Con is a Boolean value. While Cs and
Con are true , the connect line of Clink is enabled. While
Con,Cs and Ce are ture, the activity includes Ce is acti-
vated. Clink ⊆ Acp ×Acp, Acp is the union set of whole
Cp;

DataF is the object of data flow, DataF={Dlink1,
..., Dlinki}.Dlink is a connect line object comprising t-
wo data paorts of activities, Dlink = {Ds,De, f}, f :
Ds −→ De,Ds is the start data port of connect line, De
is the end data port of connect line, f is the mapping rela-
tion of Ds and De. Dlink ⊆ Adp×Adp, Adp is the union
set of whole Dp;

Figure 2 Workflow template node

3.2. Workflow template classification

According to the structure, workflow template nodes can
be classified Atom Node(AN ), Compound Node(CN ) and
Dynamic Node(DN ), as shown in Table. 1.

(1)AN is the simplest workflow template form, which
represents a design task can not be subdivided.

(2)CN is a complex workflow template including sev-
eral sub-nodes, each sub-node can reference other work-
flow template node.

(3)DN is a special workflow template form. In PDP,
the component of product and assembly is dynamic change,
so the workflow template couldnt be constructed in the de-
sign time.

Table 1 Workflow template classification.

TType CType Cp Dp Act CtrlF DataF
AN Atm non−

null
non−
null

null null null null

CN Cpd non−
null

non−
null

non−
null

non−
null

non−
null

non−
null

DN Dyn non−
null

non−
null

null null null null

4. Mapping workflow templates onto PST

Mapping workflow templates onto PST is the premise to
instantiate the frame node. Based on the component type,
search the workflow template database and map the match-
ing workflow template onto the node of PST. A PST saves
the assembly relationship of product components, so it can
be described a tuple (C,Rc). C is a finite set of compo-
nents, C = {C0, C1, ..., Cn}.Rc is a finite set of compo-
nents relationship, Rc = {< C0, C1 >,< C0, C2 >, ..., <
Ci, Cj >}, Rc ⊆ C × C .

The process of getting the workflow template mapped
onto the component Ci was shown in Fig.3,the WTN was
extracted from workflow template database filter by the
component type CTypei. Through cycling treatment, al-
l of mapping WTN for PTS were extracted, then the set
(Rcw) of component and workflow template relationship
was constructed, Rcw = {< C1,WTN1 >,< C2,WTN2 >
, ..., < Ci,WTNj >}.

Figure 3 Get the workflow template mapped onto the compo-
nent

5. Instantiating workflow template

5.1. Workflow instance definition

The workflow instance(WI) is a run-time model construct-
ed for controlling detail PDP based on WTN and instance
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data. An WI is a tuple (IName,Chg, PT,Cp,Dp,Act,
CtrlF,DataF ) similar to WTN:

IName is the name of instance, is an identifying fea-
ture;

Chg is the user in charge of instance;
PT is the date and time info relating to run instance,

includes plan time, current operational progress, the actual
completed time, etc.;

Cp,Dp,Act, CtrlF and DataF are the property ob-
tained after instantiating the workflow template.

5.2. Workflow template instantiating algorithm

The instantiation method is various with the different WT-
N type. For the general template, the WI can be obtained
by directly duplicating the template property. However, for
the frame template, it has more complicated process. The
algorithm of instantiating WTNc0( the frame template)
mapped onto C0( the root node of PST) was shown in
Fig.4.

Step 1.Construct the empty instance (Fc0) of WTNc0,
judge the sub nodes TType of WTNco,If the TType is
Atm then goto step(2); else if the TType is Cpd then goto
step(3); else if TType is Dyn then goto step(4);

Step 2. Instantiate an AN node: construct the instance
Fi , the properties of Fi duplicate the AN node, so the
Cp,Dp,Act, CtrF and DataF of Fi are identical with
the AN ;

Step3. Instantiate an CN node: Construct the empty
instance Fi of the CN node, then recursive instantiate the
sub nodes of CN node in the control flow order, get the sub
instances and insert it into the Fi by order, finally connect
the CtrlF and DataF based on the CN node;

Step4. Instantiate an DN node: firstly, Construct the
empty instance Fi of the DN node, then extract sub-set of
the children components of Ci . map the WTNj onto each
child component in sub-set and instantiate the WTNj by
order, finally, insert the instances of WTNj into Fi and
configure the CtrlF and DataF of Fi;

Step5. Execute from step(1) to step(4) repeatedly, until
each sub node of the WTNco are instantiated. Finally, in-
sert the instances of sub nodes into Fc0 and configure the
CtrlF and DataF based on WTNc0, return Fc0.

5.3. Dynamic node refinement

As shown in Table.1, the Dp,Act, CtrlF and DataF in
DN are null, the essence of DN refinement is to accom-
plish the configuration of them in run-time. The steps of
DN refinement are as follows: step 1. extract the chil-
dren components from the current assembly componen-
t mapping the DN ; step 2. map each child component
and obtain the mapped WTN ; step 3. instantiate the each
mapped WTN and insert the instance into the Act of DN
instance; step 4. connect the control and data flow(detail

in Section 5.4) ,then obtain the Dp,CtrlF and DataF of
DN instance;step 5. substitute the instance for the DN .

The control flow of the WTN mapped onto a cer-
tain type antenna structure system design was shown in
Fig.5.Among the sub nodes, ”Design Component” is a D-
N node. To refine the ”Design Component”, firstly, extract
the children components of structure system ”Reflector”,
”Center Part”, ”Support Beam”, ”Antenna Pedestal”; sec-
ondly, map the WTN(W1,W2,W3,W4) onto the chil-
dren components, then instantiate the each mapped WTN
and insert the instance of WTN into the instance of ”De-
sign Component”; finally, connect the control and data flow
of the instance and substitute the instance for ”Design Com-
ponent”. While the children components of ”Structure Sys-
tem” changed, the DN node in the WTN can regener-
ate the instance automatically with the PST and ensure the
flexibility of WTN in design time.

5.4. Configure instance of dynamic node

The instances of mapped WTN directly inserted into the
Act of DN instance had no any control logical and data
transmission relations, so the sub instances must be con-
nected reasonably, that is creating the Dp,CtrlF and DataF
of the DN instance.

(1) Create Dp
The DI and DO of the DN instance was obtained by

union the DI and DO of whole sub instances.
(2) Create CtrlF
The CtrlF can be connected by concurrent or serial

pattern. In concurrent pattern, the CI ports of all sub in-
stances directly are connected together and the CO ports
in the same manner, then the CI and CO value of DN
instance are obtained respectively by ”And Operation” for
the CI and CO value of all sub instances; In serial pat-
tern, the sub instances are connected according to the or-
der of child component mapping relations in PST. The CI
of DN instance is same to the first CI of sub instance,
and the CO of DN instance is same to the last CO of sub
instance.

(3) Create DataF
Data connection must base on the control connection[13],

so the DataF is relate with the CtrlF . In concurrent pat-
tern DataF is null; In serial pattern, generally connec-
t from DI to DO with the same name and type of Dp in
the different instances and directly transfer the data value
as the default mapping relation, the data mapping relation
can be configured in manual.

6. Application

The instantiation steps of the antenna product design work-
flow template were shown in Fig.6. Area 1⃝ shows the
PST of a certain type reflector antenna, Area 2⃝ shows the
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Figure 4 The algorithm flowchart of instantiating a frame template

Figure 5 Dynamic node refinement

workflow template WTN0 control flow of antenna prod-
uct design; In the WTN0 , the sub node ”Subsystem De-
sign” is a DN node , others are AN nodes ,so the WTN0

is a frame template. Based on the algorithm, instantiate the
each sub node in the WTN0 by order, after refining the
DN node ”Subsystem Design”, the instance control flow
WTN0 was shown in Area 3⃝ . the parent node of ”Sub-
system Design” was mapped onto C0, C0 has three chil-
dren components (C1, C2 and C3). Through mapping the
WTN onto children components, the mapping relations
of component and WTN were constructed. As shown in
Fig.6, WTN1 was mapped onto C1. The instance (F1) of

DN node was refined by sub instances (”Structure Sys-
tem Design”(WTN1), ”RF System Design” and ”Servo
System Design”) connected in parallel. WTN1 is also a
frame template including the DN node ”Component De-
sign”. Through recursive instantiation of all sub nodes, the
instance WTN0 was constructed. In fact, the instance of
antenna product design is large scale, only a small part was
shown in Fig.6.

Based on the method in this paper, the Product Design
Process Management System (PDPMS) was implemented
and the main interface of PDPMS was shown in Fig.7.In
PDPMS the WTN database of large-scale antenna struc-
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Figure 6 The WTN instantiation of a certain type antenna
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ture design was constructed, then the workflow model can
be obtained dynamically in run-time based on the PTS.

Figure 7 The interface of product design process management

7. Conclusion

In this paper, we have presented an approach to deal with
modification of product design workflow with changing of
PST. T he workflow template was encapsulated by task n-
ode WTN. In run-time, the WTN was mapped onto the
node of PST, and the dynamic node was refined based on
the PST, finally the instance of workflow was constructed.
With the method, the dynamic node in WTN has increased
the flexibility of the workflow template and decreased sig-
nificantly the workload of building the workflow model in
manual.
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