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ABSTRACT 
This paper describes various aspects of the architecture styles and design patterns on Medical process re-engineering model. 
The paper uses the service oriented architecture (SOA) style that provides the communication between various medical process 
reengineering components. It also focuses on the usability of various design patterns in medical process reengineering model. 
The main contribution of this paper is to show the architecture of individual design patterns to be implemented with the proper 
usage in order to increase the reengineering among components. The architecture of individual design patterns show design 
area where indicated design is implemented. This paper used five design pattern namely Façade, Mediator, Proxy, observer and 
Visitor, among which proxy design pattern uses 80% of reengineering component followed by Façade which is of 78% in 
medical process reengineering which is merge with the SOA style. The proper usages of design patterns will increases 
percentage of the reengineering among components which describe the design of each component. As a result of the 
combination of architecture style and design patterns increases the percentage of reengineering among components. 

Keywords: Components, Service oriented architecture style, Medical process re-engineering, Design Patterns. 

1. INTRODUCTION 
1.1. Medical Process modeling approach 
Medical process is defined as the art of healing, i.e., a gradual process of medicine tending to cure. It is a method that 
helps to understand the actions, work flow, and tasks of an organization, and how the tasks are executed. Process 
modeling captures the process flow and the actors in the process with the actions performed. The focus in process 
modeling is on the functional processes which are entities that start with an initial event and end with a result. A 
process has always an input and an output, input triggers the process and process results in an output [5, 6]. 
The process consists of four steps (Figure1) in the highest abstraction level. Each of the steps and the relations between 
them are depicted in more detail in Figure 2. Process begins when the patient arrives to the reception of a 
hospital/clinic to meet doctor /staff as an initial event. It ends when the patient is discharged as a result. The actor of 
the processes is a doctor with support unless mentioned otherwise [1, 7].  

 
Figure 1   Process Modeling Approach 

 

 
Figure 2 Detailed steps of modeling approach 
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1.2. Medical process re-engineering (MPR) model 
A medical process is “a set of logically related tasks performed to achieve a defined outcome”, as shown in figure 3. 
The model defines six activities: [2]  

 
Figure 3 A MPR Model 

 
Medical Definition: Medical Goals are identified within the context of the promotion and maintenance of health, 
saving and extending of life. This can be done in the context of cost reduction, time reduction, quality improvement, 
personnel development, and empowerment. Goals may be defined at the initial level or for a specific stage of the 
medical process. 
 
Process Identification: Processes that are critical to achieve the goals defined in medical definition are identified. They 
may then be prioritized by importance, need for change, or in any other way that is more appropriate for the re-
engineering activity in view of MPR. 
 
Process Evaluation: The existing process is thoroughly analyzed and measured. Process tasks that are identified are 
evaluated in terms of the costs, times consumed by process tasks and quality/performance problems are isolated. 
 
Process specification and design: Based on information obtained during the first three MPR activities, use cases are 
prepared for each process which contains the specification of the process, a new set of tasks, which are obtained from 
medical design control. The Medical design control includes project verification & validation plans, creation of input 
&design output documents, requirements specification with descriptions and many more. 
 
Prototyping: A redesigned medical process must be prototyped before it is fully integrated into the medical domain. 
This activity “tests” the processes so that refinements can be made with precision and time. The tests covers validation 
and verification at the following levels – planning, system level, Mechanical, electrical process validation and field 
or/and clinical level. 
Refinement and instantiation: Based on feedback from the prototype, the medical process is refined and then 
instantiated within a medical system. 
 
Domain Engineering: The outcomes possible in form of specific development, embedded system, electro-mechanical 
systems, critical system design technique for safety, reliability &compliance, fault free analysis, failure mode effects 
analysis, risk analysis of all considerable factors, reliability analysis, decision making/design, trade-off analysis, 
engineering tool & product selection, design for standards & regulatory compliance.[3, 8] 
 
1.3. Architecture Styles 
The software architecture discipline is centered on the idea of reducing complexity through abstraction which tries to 
reduce, factor out details so that the user/programmer can focus on few concepts at time and separation of concerns that 
are synonymous with feature of behaviors which results in the least possibilities of the features that overlap in 
functionality. 
An architectural style is a set of principles, one can use to build a system typically it, depends on the era to be focus. An 
architectural style improves partitioning and promotes design reuse by providing solutions to frequently recurring 
problems. More specifically, an architectural style determines the vocabulary of components and connectors of that can 
be used in instances of certain style, together with a set of constraints on how they can be combined or  include 
topological constraints on architectural descriptions (e.g., no cycles). Other constraints are having to do with execution 
semantics, might also be part of the style definition.” The major benefit of Architecture style is that they provide a way 
to have a conversation between the technology agnostics with common Language. This allows us to facilitate a higher 
level of conversation that is inclusive of patterns and principles, without getting into the specification. There are many 
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architectural styles as pipe and filter, data centric, client server etc. among which we use the SOA which express the 
relationships between requesters, providers, services, descriptions, and discovery services in the case where agents take 
on both requester and provider roles [9]. The service requester sends a message in the form of a request for information, 
or to perform an operation, and receives a message from the service provider that contains the result of the request or 
operation. The service provider receives the request, processed the message, and sends a response [18]. The detail of 
SOA is described in section 2.1. 
 
1.4. Design Patterns 
The idea behind software design patterns originated from the field of architecture and the work of Christopher 
Alexander. In a simple language it is ‘a reusable solution to a problem in a particular context. Design patterns are focus 
of prose that capture software designers’ experience and record successful solutions to recurring design problems in a 
form that may be applied again by designer when they encounter similar situations. They describe the problem with 
solution, when to apply and the consequences of the solution. 
 
A Software design pattern provides us a general solution to a common problem in software design. It is a description or 
template for how to solve a problem. Patterns provide us reusable solutions to commonly encountered programming 
challenges [10]. This helps us speed up the Design and overall Development Time and Effort thereby resulting in cost 
savings. The various kind of design patterns which are used in MPR are as follows. 
 
Mediator: Medical sections/component where complex interactions occur among various active medical elements 
(medical employee or other) of Medical Reengineering Model i.e. increasing dependencies. 
Façade: Medical structure is highly coupled elements (component/elements) interaction where the patients needs 
frequent interaction with internal elements/component. 
Visitor: In medical process where there is a need for special services that are implemented differently for each and 
every patient in question in  the component (sections), and where the service provider (medical department) should 
have the knowledge of how to provide a specific service to in question patients. 
Proxy: There a situation where there is service providers that receive many request and for some reason (secure 
information of patient, efficiency, etc) cannot or should not respond to the requests directly. 
Observer: There is a need for monitoring changes in order to ensure consistency, improvement, and future 
enhancement or to enforce certain protocols in structures [14]. 

2. MODELING 
System modeling is a technique to express, visualize analyze and transform the architecture of a MPR. It is used to 
ensure that a developing process model evolves in a consistent manner and that use task of integrating the process 
components is simplified in this paper to model the MPR. We use the SOA to include the possibility to describe 
constraints on the relationships others focus on different connections between components 
 
2.1 Service-oriented architecture style 
 
The static part of the architectural style [11, 16], which involves three different types of elements: Medical elements 
(Definition), messages (communication), and specification documents (Reports). These three groups are organized into 
individual packages. The figure 4 explains an integrated overview of all three packages. The Medical elements like 
Medical Definition and Medical Services (Tests/Medication/Future check-up) are mandatory required for the static 
model. In our case, a Medical Definition can play different Roles at the each iteration of Medical process re-
engineering, i.e., a Service Provider(Medical Labs/Hospitals) can require the communication with Patients and vice 
versa. The Diagnosis Agency is considered as subclass of Medical Labs/Hospitals because it provides services dedicated 
especially to publishing (subscribes) and querying the service specifications. A Service Requestor (Patients: require for 
medical recovery) interacts with Medical Services via a particular Session instance i.e. medical re-engineering process. 
This session contains the information about the present state of the interaction for each patient since it is possible that 
different patients interact with the same medical service simultaneously. Hence, the session represents the actual 
connection between patients and a service i.e. medical process steps. [12] 
A medical process re-engineering needs to initiate a reconfiguration usually has to communicate this to other affected 
medical components, we also provide the necessary types of messages: The Query message is used when searching the 
diagnosis agency for Doctors/ Expert Knowledge Banks, and the Documents to specialist doctor and Discharge the 
patient messages are used for the creation and cancellation of a session. 
 
We also include representations of Reports in the static model. They are necessary to describe reconfiguration 
operations in which a medical process dynamically searched at run-time and bound to certain requirements. There are 
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two types of Reports: Requirements (Future medication /enhancement) and serviceSpecifications (Doctors / Expert 
Knowledge Banks), which both contain a set of Properties. In the case of a Future medication /enhancement, these 
properties are required by a patient for the tests/medication and future check-up. In the case of a Doctors / Expert 
Knowledge Banks describing a particular tests/medication, these properties are guaranteed by the Medical Lab / 
Hospitals with certain assumptions. [4, 13, 18] 

 
Figure 4 Service-oriented architecture style 

2.1.1 Analysis 
 
The study of the service-oriented architecture style has been implemented on 1000 data records of General patients are 
taken from various resources. The table1.1 shows that the Percentages of Re-Engineering The service-oriented 
architecture style provides communication between various medical components. There are various types of services 
considered in medical process reengineering and find out the Percentages of Re-Engineering Component use in service-
oriented architecture style. The Graph 1.1 shown that the service requester, session, request, specific documents, & 
requirements are the highest (12%) communicated reengineered components in the service-oriented architecture style. 
The Graph shown that the Diagnosis agencies & Service specification are second highest (9%) communicated 
reengineered components. The Graph also shown that services and query have (6%) communicated reengineered 
components and service provider & top level management have (4%) communicated reengineered components. While 
Patient Discharge has only 2% communicated reengineered components [17, 18] 
 

Table 1.1 Re-engineering component of SOA 
 

 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Types of Services Percentages of Re-Engineering Component 
(Based on 1000 data records of patients in 
general ) 

Service requester (Patients) 12 

Session (Consulting to Doctor) 12 

Services (Tests/ Medication) 6 

Service Provider (Hospital) 4 
Diagnosis Agencies 9 
Request (Specialist Doctors) 12 
Component (top level management) 4 
Specific Documents (Reports) 12 

Requirements(Future medication/enhancement) 12 
Service Specification (Expert knowledge Bank ) 9 
Query( Patients further problems) 6 
Patient Discharge 2 
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Graph 1.1 Re-engineering component of SOA 

 
 

2.2 Design Pattern Model 
In this section we study the impact of a combination of an Architecture style and Design patterns of medical process 
model. For this we are considering the service oriented architecture style and their communication reengineering 
components. Other side we are considering the all design patterns which are mentioned in section 1.3. First, we study 
the combination of individual design pattern and SOA. At the last we study the impact of combination of all design 
pattern and SOA [15]. 
 
Proxy Design Pattern 
For proxy design pattern we analyze the services where the proxy design pattern are used or the combination of services 
where the proxy design pattern is used. The table 1.2 show that percentages of Re-Engineering Component of Proxy 
design patterns used in SOA. 
 

Table 1.2 Re-Engineering Component of Proxy design patterns used in SOA 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
The Graph 1.2 show that the following services where the implementation of proxy design patterns occurs. The Graph 
show that the Service requester, services, specific documents, Requirements are the services where the percentage of 
reengineering proxy patterns is highly reengineered. While the percentage of reengineering proxy patterns used in rest 
of services  
According to their percentage is as follows Diagnosis agencies, service specification, services, query, and patient 
discharge. 

SOA used in Proxy Patterns
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Graph 1.2 Service oriented style used in Proxy Pattern 

Service oriented style used in Proxy Design 
patterns 

Percentages of Re-Engineering 
Component used in Proxy design patterns 

service requester 12 

Sessions 12 

Services 6 
Diagnosis Agencies 9 

Specific Documents 12 
requirements 12 
service Specification 9 
Query 6 
Patient Discharge 2 
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Façade Design Pattern 
For Facade design pattern we analyze the services where the Facade design pattern are used or the combination of 
services where the Facade design pattern is used. The table 1.3 show that percentages of Re-Engineering Component of 
Facade design pattern used in SOA. 
 

Table 1.3 Re-Engineering Component of Facade design patterns used in SOA 
 
 
 
 
 
 
 
 
 
 
 
 
The Graph 1.3 show that the following services where the implementation of Facade design pattern occurs. The Graph 
show that the Service requester, session, Request, specific documents are the services where the percentage of 
reengineering Facade patterns is highly reengineered. While the percentage of reengineering Facade patterns used in 
rest of services according to their percentage are as follows Diagnosis agencies, service specification, services, query. 
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Graph 1.3 Service oriented style used in Facade Pattern 

 
Observer Design Pattern 
For observer design pattern we analyze the services where the observer design pattern are used or the combination of 
services where the observer design pattern is used. The table 1.4 show that percentages of Re-Engineering Component 
of observer design pattern used in SOA. 

 
Table 1.4 Re-Engineering Component of observer design patterns used in SOA 

 
 
The Graph 1.4 show that the following services where the implementation of observer design pattern occurs. The 
Graph shows that the Service provider and the component (top-level management) are the services where the 
percentage of reengineering observer patterns is equally reengineered. 
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Graph 1.4 Service oriented style used in observer Pattern 

service oriented style used in Facade 
design patterns 

Percentages of Re-Engineering Component 
used in Facade design patterns 

service requester 12 
Session 12 
Services 6 
Diagnosis Agencies 9 
Request 12 
Specific Documents 12 
service Specification 9 
Query 6 
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Visitor Design Pattern 
For Visitor design pattern we analyze the services where the Visitor design pattern are used or the combination of 
services where the Visitor design pattern is used. The table 1.5 show that percentages of Re-Engineering Component of 
Visitor design pattern used in SOA. 
 

Table 1.5 Re-Engineering Component of Visitor design patterns used in SOA 
Service oriented style used in Visitor 
design patterns 

Percentages of Re-Engineering 
Component used in Visitor 
design patterns 

Sessions 12 

Services 6 

Request 12 

Specific Documents 12 

service Specification 9 

Query 6 

 
The Graph 1.5 show that the following services where the implementation of Visitor design pattern occurs. The Graph 
show that the Session, Request, specific documents are the services where the percentage of reengineering Visitor 
patterns is highly reengineered. While the percentage of reengineering Visitor patterns used in rest of services 
according to their percentage are as follows Service specification, services and query. 
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Graph 1.5 Service oriented style used in Visitor Pattern 

 
Mediator Design Pattern 
 
For Mediator design pattern we analyze the services where the Mediator design pattern are used or the combination of 
services where the Mediator design pattern is used. The table 1.6 show that percentages of Re-Engineering Component 
of Mediator design pattern used in SOA. 

 
Table 1.6 Re-Engineering Component of Mediator design patterns used in SOA 

 
service oriented style used in 
Mediator design patterns 

Percentages of Re-Engineering 
Component used in Mediator design 
patterns 

Services 6 
Service Provider 4 

Patient Discharge 2 
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The Graph 1.6 show that the following services where the implementation of Mediator design pattern occurs. The 
Graph show that the percentage of reengineering Visitor patterns used in services according to their percentage is as 
follows Services, Service provider, Patient discharge. 
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Graph 1.6 Service oriented style used in Mediator Pattern 

 
2.3 Service Oriented Architecture style used in various Design Pattern 
 
After study of individual design pattern used in service oriented architecture style, we interested to study the impact of 
combination of all design pattern used in service oriented architecture styles. For this we took the aggregate percentage 
of all reengineering components of individual design pattern used in service oriented architecture style. The table1.7 
show that the overall percentage of services used in various design patterns 
 
The Graph 1.7 shows that the Services of medical process reengineering of service oriented architecture style used in 
various design pattern. The Graph shows that the services of Façade, Proxy design patterns are the highly 
reengineering in service oriented architecture style. The graph shows that the services of visitor design patterns is the 
just below the highly reengineering in service oriented architecture style. Finally the services of mediator and observer 
design pattern are very low reengineering in service oriented architecture style. The result is based on 1000 data records 
of patients in general taken from various resources. The results may be varying if records are changed/modifies. If the 
Detailed steps of modeling approach are changed then result may be also changed 
 

Table 1.7 Re-Engineering Component of Various design patterns used in Service oriented style 
Design Patterns used in Medical 
reengineering Model 

Percentage of SOA used in  Various 
design patterns 

Façade 78 
Mediator 12 
Proxy 80 
Visitor 57 
Observer 8 
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Graph 1.7 Service oriented Architecture style used in various design Pattern 
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3. FUTURE WORK AND LIMITATION 
This work is on experimenting different software architecture concepts with the impact of reengineering ideas; to 
express rules, constraints and control mechanisms in the medical domain. The medical process reengineering model in 
richer as to architectural feature are more intelligible to domain experts and end users and lend themselves better to the 
application of styles and patterns in the later phases of development. 
One major impediment to our work was the lack of appropriate documentation of early design decision in favor of 
medical process reengineering model. This work deals only with the styles and design patterns with limitations. 
Though this work is in infant stage only but it gives the comparison with declaration of the result. The testing is drawn 
on the only on the 1000 data sets of general patients albeit a very large one where as it can be extended to various 
nature of patients data set. 
The analysis identifies the situation that gave rise to the reengineering concepts with the styles and patterns. The work 
can be extended with the future phases of development. The work is experimented only on the medical data collected 
from the single sources, but practically the data belongs to different source of same patients which creates the ambiguity 
as well as the inconsistency. This work can be further enhanced with the above limitation and also can be extended to 
the concept of data correlated with the significant difference. 
Thus, in future the work need a more objective assessment of the lost/ benefit ratio of events, need more guidance in the 
decision making when to add/ remove an event from reengineering code and lastly develop systematic procedures and 
tool support for the removes inappropriate events from the medical process reengineering models. 

 
4.  CONCLUSIONS 
The paper deals with the analysis of model with the impact of architecture styles and design patterns based on 1000 
records (data sets) of general patients. It also emphasize on the factors and events where the impact of reengineering is 
high at low. It results in arrival/first time assessment of the patient, planning the care, Treatment and evaluation of 
patient and Discharge Referral or Follow-ups of patient among the all phases, the planning the care is require high 
impact of reengineering over the other three phase of architectural style. Similarly among five design pattern like 
Façade, mediator, observer, proxy and visitor the proxy design pattern is highly used in medical process reengineering. 
System modelling methods to be used with the reengineering of large systems cannot be found “off the shelf”, but have 
to be adapted to suit the specific heads of reengineering. 
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