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Abstract—In  this  paper  we  present  the  strategy  of  RUP 
process modeling by using various forms of UML activity dia-
gram representations. Also we identify several deficiencies in 
this representation of the process. We have tried come up with 
a better  solution so we have developed a new version of the 
RUP  modeling  representation  of  the business modeling,  
requirement, analysis  and  design, implementation,  test, and 
deployment discipline  diagrams  using  the  diagramming 
technique called RAD. We then have analyzed this  alternate 
representation  and  extended  the  RAD  notation  to  include 
artifacts flow. We have named this extension of RAD, XRAD. 
We then have used XRAD to represent  the above mentioned 
disciplines  of  the  RUP.  This  proposed  version  will  be 
particularly useful to process designers, who create the drafts 
of the process, but also to actual developers who implement the 
process. It is a useful tool to create simple diagrams that will 
look familiar to all process actors.  The novelty of our modeling 
strategy  consists  of the   development  of several  role  activity 
diagrams  (RAD)  for  the  Business  Modeling,  Requirement 
Analysis  and  Design,  Implementation,  Test  and Deployment 
disciplines, as an element of originality. Each RAD diagram is 
developed in two different versions in order to improve their 
structure and readability.  The development of a new version 
for  Business  Modeling  Requirements,  Analysis  and  Design, 
Implementation,  Test  and  Deployment  disciplines,  called 
XRAD,  as  a  combination  of  the  second  version  and  the 
artifacts,  which  make  them more  attractive,  expressive,  and 
compact  than original  versions  and  represent  another 
remarkable result of our research. 

I. INTRODUCTION

ROCESS modeling is applied in a vast diversity of ap-
plication areas such as business modeling,  simulation, 

production engineering and, our focus in this dissertation, 
software  process  modeling.  Software  process  modeling  is 
about the unified representation of all process elements per-
taining  to  a  particular  software  development  process, 
including the activities of the process (e.g.  programming, 
unit  testing,  integration,  risk  analysis,  etc.),  the  different 
roles  responsible  to  undertake  these  activities,  (e.g. 
designer,  programmer,  analyst,  etc),  and  the  various 
artifacts produced 

P

The process modeling  techniques  used to represent  the 
RUP, mostly activity diagrams,  are  deficient  in  that  they 
cannot show a unified view of process roles, activities, and 
artifacts  in  the  same  diagram.  We  investigate  these 
deficiencies,  and  propose  alternate  solutions  to  enable  a 
better  process modeling  diagramming  technique  enabling 

the  unification  of these  three  mandatory elements  of all 
process models in the same diagram.

II.  PROCESS MODELLING DIAGRAMS 

Many diagramming  techniques,  such as Petri  Nets [7]-
[8],  data  flows  diagrams  [9],  can  be  used  to  represent 
process  models.  We  will  present  here  some  of  these 
techniques.

A.  Activity Diagrams (AD)

Activity diagrams represent the business and operational 
workflows of a system [3]-[4]. An activity diagram is a dy-
namic diagram that  shows the activity and the events that 
causes the object to be in a particular state. The purpose of 
an activity diagram is to focus on flows driven by internal 
processing,  as  opposed  to  external  events.  They  are 
prepared  for  each  scenario  that  represents  a  sequence  of 
activities  following  one  or  more  events  occurring  in  a 
system. The activity is triggered by one or more events and 
it may result in one or more events that may trigger other 
activity or processes. Events represent message flows which 
start from start symbol and end with finish marker, having 
activities  in  between.  The  activity  diagrams  represent 
decisions,  iterations  and  concurrent/  random  behavior  of 
the processing.

The purpose in  this paper  being only to go through the 
different  diagramming  techniques we will  not  go into the 
detail of how the different features of the activity diagrams 
are graphically represented. This is well presented in our re-
search [12].  However,  in  the  following  section,  we will 
present one example of a complete activity diagram in fig-
ure 2  [12].  Activity  diagrams  represented  in  detail  in 
[3]-[4] are used for documenting existing process, analyzing 
new  process  concepts  and  finding  reengineering 
opportunities. They are also used to model the disciplines in 
RUP. The activity diagrams are focused on activities as is 
the  case  for  flow charts  supporting  compound  decisions. 
However,  they differ  from  the  latter  ones,  by supporting 
parallel activities and their synchronization. The drawback 
of these diagrams is that  they do not make explicit which 
objects  execute  which  activities,  and  the  way that  the 
messaging works between them. However, it  is possible in 
the  activity  diagrams  to  represent  the  different  roles  or 
actors that  are responsible for the activities in the process. 
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Vertical columns are made for each actor, separated by thick 
vertical  lines,  called  “swim  lanes”,  which  contain  the 
activities performed by a certain actor. Another drawback of 
these diagrams is that they don’t support the representation 
of  the  artifacts.  In  order  to  represent  the  collaboration 
between roles, activities and artifacts, RUP uses other kind 
of representation, which is not standard. This was the main 
reason  of  our  research,  to  find  an  alternative  to  these 
diagrams.

B. Business Process Modeling Notation (BPMN)

In  this  section,  we  will  briefly  refer  to  the  Business 
Process Modeling  Notation  well  described in  [13].  A de-
tailed  Activity diagram for the  Business Modeling discipline 
is  presented  in  figure  13.  The  Business  Process  Management 
Initiative  (BPMI)  has  developed  a  standard  Business 
Process  Modeling  Notation  (BPMN).  The  BPMN  1.0 
specification was released to the public in May 2004. The 
primary  goal  of the  Business  Process Modeling  Notation 
effort is to provide a notation that is understandable by all 
business  users  (business  analysts  that  create  the  initial 
drafts of the processes, technical developers responsible for 
implementing the technology, and the business people that 
manage and monitor these processes).The BPMN defines a 
Business Process Diagram (BPD), based on a flowcharting 
technique,  tailored  for  creating  graphical  models  of 
business process operations. Therefore, a Business Process 
Model  appears  as  a  network  of graphical  objects,  which 
designate  activities  and  the  flow controls  to  define  their 
order  of  performance.  In  BPD diagrams,  we distinguish 
four  basic  categories  of  elements,  namely  flow  objects, 
connecting  objects,  swim lanes and  artifacts.  There  are 
three types of flow objects: 

(1) Events, expressing something that happens during 
the course of a business process. 

(2) Activity, designating a generic term for work.
(3) Gateway, used to control the divergence and con-

vergence of sequence flow which  determines  the 
decisions, the forking,  the merging,  and the join-
ing of paths.

The flow objects are connected together in a diagram in 
three different ways to create the basic skeletal structure of 
business process:

(1) Sequence flow designates the order  in  which the 
activities perform.

(2) Message flow which designates the flow of mes-
sages  between  two separate  Process  Participants 
(business entities and business roles), contained in 
separate pools.

(3) Association, used to associate data, text, and Arti-
facts with flow objects (inputs and outputs of ac-
tivities). 

As  in  the  Activity  diagrams,  the  BPMN  notation 
supports  the  concept  of  swim lanes as  a  mechanism  to 
organize  activities  into  separate  visual  categories  to 
represent  different  functional  capabilities  or 
responsibilities. There are two types of swim lane objects:

(1) Pool, representing a participant in a process, act-
ing as a graphical container for partitioning a set 
of activities from other pools. It is used when the 

diagram involves two separate business entities or 
participants, physically separated in the diagram.

(2) Lane, representing a sub-partition within a pool, 
to  organize  and  categorize  activities.  Lanes  are 
used to separate  the  activities  associated  with  a 
specific company function or role. 

In  Figure 2 we present  an example of a BPD that  uses 
pools. It shows how the Message Flow enables the commu-
nication between the pools, something new compare to the 
activity diagrams. 

BPMN has the ability to add any number of artifacts to a 
diagram to adapt it to the context of the business processes 
being modeled.  The different types of artifacts are:

(1) Data objects that   represent  a  mechanism which 
shows how data is required or produced by activi-
ties

(2) Group is used for documenting  or  analyzing  the 
process.

(3) Annotation that is used to provide additional text 
information for the reader of a BPMN diagram.

Artifacts add more detail  about how the process is per-
formed, in order to show inputs and outputs of activities in 
the process. However, the basic structure of the process (de-
termined by the Activities, Gateways and Sequence Flow) is 
not  changed  with  the  addition  of  the  Artifacts  in  the 
diagram.  Also there  is still  more work to do in  terms of 
standardization of the sets of Artifacts to support business 
Modeling  and  this  is  the  future  work towards  which  the 
BPMI is turned. The diagrams presented in the next section 
use many of the concepts already mentioned in this section. 
Though,  they focus on  the  roles,  the  interaction  between 
them and the activities these roles perform in software.

C. Role Activity Diagrams (RAD)

The basic concepts of RAD were first introduced in 1983 
by Holt et al [15], and later enriched in 1995 by Ould [14]. 
The  Ould  variant  of RAD is  called  STRIM  (Systematic 
Technique for Role and Interaction  Modeling).  STRIM is 
an  approach  to  the  elicitation,  modeling  and  analysis  of 
organizational  processes.  The  method  for  modeling  and 
analysis  uses  three  languages  with  which  a  process  is 
described. Two of those languages are used to capture the 
results  of  the  elicitation  –  one  that  concentrates  on  the 
process  –  Role  Activity Diagrams  (RADs)  and  one  that 
concentrates  on  the  business  entities  involved  (entity 
models).  The  STRIM  analyst  might  also  use  a  textual 
language, SPML (STRIM Process Modeling Language), to 
describe the organization’s process in a form that has well 
defined  semantics  in  order  to  facilitate  consistency 
checking  and  performance.  The  STRIM method includes 
techniques for both qualitative and quantitative analysis of 
the  process,  which  represents  an  important  feature  when 
the  technique  is  used  as  part  of  a  business  process  re-
engineering  or  restructuring  activity.  We  can  find  the 
complete  description  of  RAD  notations  and  symbols 
in [12],  together  with  examples  from  RUP  disciplines 
flows.
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III.  PROCESS FRAMEWORKS 

A. Software Process Engineering Meta-model (SPEM)

The SPEM is used to describe a concrete software devel-
opment process or a family of related software development 
processes [15]-[16]. It is an object-oriented approach which 
uses  the  UML notation.  The  Object  management  Group 
(OMG) presented in figure 3, defines four-layered architec-
ture  of process modeling  such  in  [1],  [7].  In  this  figure, 
level M0 represents the performing process (the real world 
production process), level M1 represents the process model 
such as RUP, level M2 represents the meta-model, such as 
UML,  which  serves as  a  template  for level  M1.  The  last 
level,  M3,  represents  the  meta-object facility.  The  SPEM 
defines only the process modeling elements necessary to de-
scribe  the  software  development  process,  without  adding 
specific models or constraints for any specific area. It is not 
concerned with the actual enactment of processes (planning 
or  executing  project).  The  purpose  of  the  SPEM  is  to 
support the definitions of Software Development Processes 
which  involve  UML,  such  as  RUP.  SPEM  is  built  by 
extending  a subset  of the UML 1.4 physical  meta-model. 
This  UML subset  is  called  SPEM  foundation  [12].  The 
conceptual model of SPEM represented in figures 4, 10-12, 
14 is based on the idea that a software development process 
is collaboration between active entities, called process roles 
perform operations  called  activities,  on concrete,  tangible 
entities, called work products.

Multiple roles interact or collaborate by exchanging work 
products and triggering the execution or enactment of cer-
tain activities. Basic UML diagrams can be used to present 
different  perspectives of a software process model such as 
class  diagrams,  package  diagrams,  activity diagrams  and 
use-case diagrams.

IV. THE RATIONAL UNIFIED PROCESS

In order to develop complex software systems and to de-
velop them rapidly, we need a process that guides the soft-
ware development teams. The unified software development 
process encapsulates the experience of 30 years in the field 
of software development [1]. It is a generic process frame-
work  that  can  be  specialized.  It  includes  the  Objectory 
Process, The Rational  Objectory Process and  the Rational 
Unified Process, which is the most popular of the family of 
object oriented software development processes [10] - [11].

The  Rational  Unified  Process  (RUP)  provides  a  disci-
plined  approach  to  software  development.  It  is  a  process 
product, developed and maintained by Rational Software, a 
subsidiary of IBM Corporation. It  comes with several out-
of-the-box roadmaps for different types of software projects 
[6], [12]. The Rational Unified Process also provides infor-
mation to help the developers use other Rational  tools for 
software development,  but it does not require the Rational 
tools for effective application  to an  organization;  integra-
tions  with  other  vendors'  offerings  are  possible.  The 
Rational Unified Process is aimed at providing guidance for 
all  aspects  of a  software  project.  It  does  not  necessarily 
require you to perform any specific activity or produce any 
specific artifact. It does provide information and guidelines 

for you to decide what is applicable to your organization. It 
also  provides  some  guidelines  that  help  you  tailor  the 
process if none of the out-of-the-box roadmaps suits your 
project or organization. 

However, limited provisions are given as to how one can 
ensure  that  a  custom-tailored  process  is  consistently  or 
completely  described  [6].  The  Rational  Unified  Process 
emphasizes the adoption of certain best practices of modern 
software development, as a way to reduce the risk inherent 
in  developing  new software  [6].  These  best  practices  are 
[16]: 

(1) Develop iteratively 
(2) Manage requirements 
(3) Use component-based architectures 
(4) Model visually 
(5) Continuously verify quality 
(6) Identify and control risk factors 
(7) Identify and control change 

RUP is an iterative process that identifies four phases of 
any software development  project.  Over  time,  the  project 
goes  through  Inception,  Elaboration,  Construction,  and 
Transition phases, well presented in figure 4.  Each phase 
is  broken  down  into  a  number  of iterations  where  each 
iteration produces an executable which constitutes a subset 
of  the  overall  system.  As  a  result  the  system  grows 
incrementally over time, iteration by iteration. During each 
iteration, you perform activities from several disciplines in 
varying levels of detail. In each level we cover more or less 
all  the  core disciplines:  business modeling,  requirements, 
analysis  and  design,  implementation,  testing  and 
deployment, with emphasis on only some of them.   We will 
refer to {1], [2], [12], [16] for a more detailed description 
of the RUP phases and disciplines. 

IV. RAD APPLIED TO RUP

The main contribution of our research was to model the 
RUP process  using a different  modeling tool than  the one 
presently used.  The Activity diagrams and the complemen-
tary diagrams used to model RUP couldn’t show a complete 
view of the process, and trying to combine the diagrams to 
have all the picture for a discipline (for example Business 
Modeling) would complicate the diagram and will not have 
us attain  our purpose such as  those presented in figure 6. 
For this scope, we have used RAD (Role Activity Diagram) 
which is more adapted than other) diagramming techniques 
to modeling  RUP. In  research  thesis  [12],  we present  the 
main features of the RAD, exemplified with excerpts from 
diagrams we constructed in  our model.  In  this  section we 
will  only enumerate  them,  without  going  into  detail.  We 
refer  to the specific section  in  the research  work [12] for 
further description.  In  a  RAD diagram,  we can  represent 
roles and activities (role instantiation and role “end”), role 
interaction, states(labeled  or  unlabeled),  alternative  or 
concurrent threads of execution, decision taking (predicate), 
conditional  iteration (looping),  refinement  closing(closing 
concurrent or alternative threads of execution) and external 
events. We could see in the previous list that we have a few 
more features available than in the usual activity diagrams. 
We can  also model the materials  in  the process,  as  those 
explained in research work [12].  The task of modeling the 
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materials, when it’s a complex process implying numerous 
materials,  like is the case of RUP, becomes a tremendous 
one. The present  approach of RAD to this question is not 
appropriate.  We  have  developed  a  new technique,  using 
arrows which go in and out of the activities for which the 
materials are the inputs or outputs. We will talk later  one 
about  this  new version  (developed on the  existing RAD), 
which we called XRAD, and we will give an example from 
our research work [12]. We will talk about the first versions 
RAD (not including the material flow). The second versions 
are better than the first ones in the sense that they u se more 
sources  of  information,  and  documentation  on  the  RUP 
process,  the  actors,  activities role  collaboration  than  was 
used in the first version, and result in more complete dia-
grams, for a more complete view of the process. An exam-
ple of the second version of RAD for the Business Modeling 
discipline is given in figure 7. If we were to use the existing 
notation in the RAD for the material flow, in the case of the 
discipline stated above, we will  obtain  a  diagram  on four 
pages (see figure 8),  whereas if we use our new approach 
XRAD, we will have the same diagram on one page (see 
figure 9 for the XRAD of Business Process Modeling). We 
obtain the XRAD diagram by adding to the RAD version for 
the discipline, the flow of materials, with arrows; the arrow 
going towards the activity represents the materials needed as 
inputs and the arrows going out of the activity represents the 
materials that result from the activity. One activity can also 
update a material, detail it, refine it, etc. So, a material can 
be in different states, and different activities can make it go 
from one state to the other,  or from an  activity there  can 
result a totally new material.  Materials (either as inputs or 
as  outputs)  are  not  confined to a  discipline.  They can be 
used as inputs for, or they can have their “states” (“refined”, 
“detailed”) modified by, activities in other disciplines.

V. CONCLUSION

In  this  paper,  we present  some process modeling tech-
niques and frameworks, namely activity diagrams business 
process modeling notation (BPMN), Role Activity Diagrams 
(RAD)  and  Software  Process  Engineering  Meta-Model 
(SPEM). In the activity diagrams, we cannot explicitly show 
the  association  between the  roles,  artifacts,  and activities. 
However,  we  can  use  swim  lanes  to  separate  the 
responsibilities  of  different  roles  who  participate  in  the 
process. BPMN defines a Business Process Diagram (BPD), 
based  on  a  flowcharting  technique,  tailored  for  creating 
graphical models of business process operations. BPMN has 
the ability to add any number of artifacts to a diagram to 
adapt it  to  the  context  of  the  business  processes  being 
modeled. RAD focuses on the roles, their  interactions and 
the  activities that  occur  during  the  process.  An  object-
oriented approach using UML is developed in SPEM. The 
purpose  of  the  SPEM is  to  support  the  definitions  of 
Software Development Processes which involve UML, such 
as RUP.  We have only briefly talked about how the RAD 
diagrams are built to capture the interactions between roles 
and  the sharing  or  the  execution  of  activities  and  we 
mentioned some of their features. We talked about the fact 
that RAD diagrams can be also used to capture the resource 
consumption and  production.  We found  that  this  present 

approach was not optimal, and we proposed a new notation 
on top of the RAD diagrams, which uses arrows to express 
the entities flow and we’ve called it XRAD, processes which 
involve  UML,  such  as  RUP.  Also  we  found  that  the 
materials  were  either  modified  or produced  by activities. 
Therefore  the  activities  in  the  process appear  as  different 
nodes in the process that change the state of the materials. 
Since in the present research, we have not developed a for-
mal way of expressing the RUP process, we would like to 
have this done in our future work. We would like to further 
investigate  the  understanding  of  the  RUP  process,  the 
collaboration of the workers, activities and artifacts and to 
model this formally using  state machines. We will try to use 
formal  languages  to  simulate  different  parts  of  the  RUP 
process (role collaboration, material flow, etc.).
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Fig.1 Activity diagram for the Testing discipline 

 

Fig.2 Example of a BPD with Pools

 

Fig.3 The levels of modeling

 

Fig.4 Reifying the Conceptual Model: Roles, Work Products, and Activi-
ties 

 

Fig.5 Overview of the phases and disciplines of the Rational Unified 
Process 
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Fig. 6 Excerpt from activity diagram for the Business Modeling discipline 
Featuring roles, activities and artifacts [12] 

 

 

Fig.7 RAD of the Business Process Modeling discipline (second version) 

 

Fig. 8.RAD of the Business Process Modeling discipline featuring the 
material 

 

 

Fig.9 XRAD of the Business Process Modeling featuring the material 
flow
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Fig.10. Example of Class Diagram in SPEM

 

 

Fig.11 Example of Package Diagram in SPEM

 

Fig.12 Example of Activity Diagram in SPEM

 

Fig.13 Activity diagram for the Business Modeling discipline 
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Fig. 14 Example of use-case diagram in SPEM 


