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Software architecture design and estimation play the key role for logistics and transport software development process. One 
of the design approaches is to reuse the architectural patterns, which express a fundamental structural organization of software 
systems and its behaviour. The usage of the proven and tested solutions allows us to increase the software quality and reduce 
potential risks. 

In this paper, the most suitable architectural patterns are chosen for the typical logistics and transport software. For the 
evaluation of architectural patterns the metrics such as Functional Points, Coupling and Cohesion are used. Based on these metrics 
the criterion of efficiency has been obtained, which helps us to evaluate and select the optimal architectural patterns for specified 
logistics or transport software. 
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1. Introduction 
 

Software architecture design and estimation play the key role for logistics and transport software 
development process. The mistakes which are introduced at this development stage can lead to the project 
failure. Unfortunately, at the moment there are no any effective methods for the software architecture 
quality estimation. Thus the software engineer relies on his own experience or the experience and 
architecture quality evaluation of other experts during the architecture design stage. 

Another approach is to take a look from the structural organization point of view, so it’s 
obviously that the major part of architectures use some set of the common architectural patterns. The 
architectural patterns express a fundamental structural organization of software systems and software 
behaviour. They influences to its base characteristics as well. Such usage of the proven and tested 
approaches allows increasing the software quality and reducing a budget and potential risks. 
 
 
2. Software Architecture, Architecture Patterns 
 

The software architecture is the structure of the system, which comprises software components, the 
externally visible properties of those components, and the relationships among them [1]. The software 
architecture is a complex design artefact.  

An architectural pattern, expresses a fundamental structural organization schema for 
software systems. It provides a set of predefined subsystems, specifies their responsibilities, and 
includes rules and guidelines for organizing the relationships between them [2]. 

It's a complicated task to make a validation at early design stage and it's much easier to rely on 
tried and tested approaches for solving certain classes of problems. So the architectural patterns improve 
partitioning and promote design reuse by providing solutions to frequently recurring problems. They 
allow reducing a risk by reusing successful designs with known engineering attributes. 

Different architectural patterns are focused on some areas and that is why they might be 
categorized in several groups. There are several approaches of architectural patterns classification. In the 
Table 1 is presented generalized classification based on [2, 3]. 
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Table 1. Architectural patterns classification 

Category Architectural patterns 
Communication 
 

• Service Oriented Architecture (SOA) 
• Message Bus 
• Broker 

Deployment • Client-server 
• Multitier (N-Tier) 

Domain • Domain Driven Design 
Structural • Component-Based 

• Object-oriented 
• Layered architecture 
• Pipes and Filters pattern 

Interactive • Model-View-Controller pattern 
• Presentation-Abstraction-Control pattern 

Adaptive • Reflection pattern 
• Micro kernel pattern 

 
Usually the software isn't limited to a single architectural pattern. It is often a combination of 

architectural patterns that make up a complete system. For instance, there might be SOA based 
architecture where some services are designed using layered or N-tier architecture approach. 
 
2.1. Architecture patterns for logistics and transport software 
 

There are a number of logistics related software available at the moment, in [4] is listed the 
following Logistic System types: 

1. Enterprise Resource Planning (ERP); 
2. Supply Chain Management (SCM); 
3. Warehouse Management System (WMS); 
4. Customer Relationship Management System (CRM); 
5. Material Requirements Planning (MRP) / Manufacturing Resource Planning (MRP II). 

The general transport software type is Intelligent Transportation Systems (ITS), which is often 
used synonymously to the term Transport Information and Control Systems (TICS). Such kind of 
software may contain several services, which are listed in Table 2. This table gives a composite taxonomy 
of Transport Information and Control Systems services, as standardized by the International Organisation 
for Standardization [5]. 
 
Table 2. Taxonomy of Transport Information and Control System services 

Category Service 
Traffic and travel information • Pre-trip information 

• On-trip driver information 
• On-trip public transport information 
• Personal information services 
• Route guidance and navigation 

Traffic management • Transportation planning support 
• Traffic control 
• Incident management 
• Demand management 
• Policing/enforcing traffic regulations 
• Infrastructure maintenance management 

Vehicle-related • Vision enhancement 
• Automated vehicle operation 
• Longitudinal collision avoidance 
• Lateral collision avoidance 
• Safety readiness 
• Pre-crash restraint deployment 
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Category Service 
Commercial vehicles • Commercial vehicle pre-clearance 

• Commercial vehicle administrative processes 
• Automated roadside safety inspection 
• Commercial vehicle on-board safety monitoring 
• Commercial vehicle fleet management 

Public transport • Public transport management 
• Shared transport management 

Emergency management • Emergency notification and personal security 
• Emergency vehicle management 
• Hazardous materials and incident notification 

Electronic payment • Electronic financial transactions 
Safety • Public travel security 

• Safety enhancement for vulnerable road users 
• Intelligent junctions 

 
There are many existing transport software systems available with the different functionality listed 

above and includes such systems like Car Navigation, Traffic Signal Control Systems, Safety/Speed 
Cameras Systems, Electronic Toll Collection Systems, etc. 

The major amount of the logistics software is Information Systems, which may contain some 
specific mathematical modules for optimisation, planning, scheduling, etc. The main components of SCM 
are optimisation models, which contains databases. 

The transport software doesn’t have such well noticeable characteristics like logistics software, i.e. 
it has more variations. For instance, it may contain modules for controlling in real time, modelling 
modules, optimisation modules, GPS navigation modules, communication (VoIP, Video conference) 
modules, recognition (plate number recognition, RFID) modules, etc. Some type of transport software 
may contain databases as well, but it isn’t a core component for such type of software. 

According to the listed characteristics, one of the most suitable architectural pattern for the 
logistics software is N-their architecture. For the transport software (or more precisely for ITS), the 
architectural patters like Distributed Architecture and SOA can be used. N-tier architecture might be used 
for the transport software as well. 
 
3. Architecture Patterns Quality Estimation 
 

For the selected architectural patterns quantitative metrics must be obtained to being able make a 
decision regarding its influence on software architecture. 

During the architecture design stage the architectural patterns are treated as a “black box”, 
therefore the complexity metrics should be based on indirect measures instead of directs ones. Functional 
point (FP) metric is an example of such complexity metrics. It measures the amount of functionality in a 
system [6]. On the next design stage (on the detailed design stage) a deeper analysis could be made with 
the usage of such metrics like OOP and others. 

In addition to the complexity metrics, outer (Coupling) and inner (Cohesion) relations in architectural 
patterns can be measured. Coupling is a metrics which express the degree of data interconnection between 
modules. Low coupling is an indication of a well-designed system. Cohesion is a measure of how strongly 
the functionality inside a module is related. High cohesion of a module is a desirable trait [6]. 
Let’s consider the mentioned metrics usage for the following architectural patterns: 

• Service Oriented Architecture; 
• Multitier architecture; 
• Model-View-Controller. 

 
3.1. Service oriented architecture 
 

Service Oriented Architecture (SOA) offers a modular approach to software development. A 
service with a standardized interface is used as a module in this architectural pattern. This architectural 
pattern is based on the principles of multiple reuse of system elements, elimination of a similar 
functionality, unification and centralization of the standard operational processes, providing a single 
integration platform for the system. System services can be distributed to different hosts and be 
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independent and loosely coupled [3]. This architecture pattern is used by many major software companies 
and it’s well proven. There is available the successor of this architectural pattern – Service Component 
Architecture. In the future it may completely replace SOA. In Table 3 the profile of this pattern is 
represented. 
 
Table 3. Service Oriented Architecture pattern’s profile 

Name Service Oriented Architecture 
Definition The policies, practices, frameworks that enable application functionality to be provided and 

consumed as sets of services published at a granularity relevant to the service consumer. 
Services can be invoked, published and discovered, and are abstracted away from the 
implementation using a single, standards-based form of interface [3]. 

Examples Common examples of SOA applications include applications with multistep processes such 
as reservation systems and online stores, applications which combine information from 
multiple sources, applications with expose industry specific data or services. 

When to use • For cloud-based applications; 
• For applications like Software plus Services (S+S), Software as a Service (SaaS); 
• When it’s necessary to build an applications that compose a variety of services 

into a single UI; 
• For integrations different Enterprise Software; 
• For reusing existing suitable services. 

Benefits • Services has standard interface and can be easily reused; 
• Services are autonomous and loose coupled; 
• Minimized the duplication of the functionality, since services provides specific 

functionality; 
• As long as services expose description, other applications can locate them and 

automatically determine the interface; 
• Can be easily deployed on different platforms. 

Disadvantages • Too complex especially for small applications; 
• Low interoperability performance; 
• SOA services are still too constrained by applications they represent. 

 
Functional Points 
 

The concept of the SOA does not apply any restrictions on services internal implementation, so the 
services can be treated as “black boxes” which implement certain functionality. Therefore, to evaluate the 
complexity of the services, Functional Points metric should be used. So, Functional Points should be 
measured for each service. Based on these measures the total number of Functional Points for the 
architecture can be calculated. The values of Functional Points might be used for obtaining performance 
and quality metrics. LOC values might be also obtained based on Functional Points. 
 
Coupling 
 

Since every single service in this architecture should be loosely coupled, it is essential to measure 
the interconnection between architecture services. Services with a low coupling have a low impact on 
changes in other services and could be easily reused. 
 
Cohesion 
 

As long as every single service in this architecture should implement a unique functionality, it is 
essential to measure cohesion for each service. High cohesion should indicate the right functionality 
splitting between the services. A service with high cohesion has focused functionality; it’s easy 
maintainable and comprehensible. 
 
Evaluation example of Traffic Congestion System 
 

Let’s suggest that the system engineer has developed the following structural representation of 
system architecture based on SOA (see Figure 1). 
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Figure 1. Structural representation of the system architecture 
 

This system uses third-party services to obtain some information which is used for traffic jam 
determination (from three different providers) and map data. On the other hand, the system provides the 
information regarding traffic congestion to several consumers. They access that information with the help 
of Web applications and Web services. In addition to the interface services, which provide and consume 
the information, there are another three services. Two of them analyze the received events and determine 
an existence or absence of traffic congestion on specific roads. The remaining service has the database for 
storing current information regarding roads and it provides this information to other services. 

 
Values of the metrics for “Traffic Jam Storing Service” 

Let’s calculate the values of the metrics for “Traffic Jam Storing Service”. This service contains an 
internal database and provides an interface for adding/removing traffic jams as well as retrieving a list of 
traffic congestion for a given map area. 

For Functional Point calculation it’s necessary to determine the total number of characteristics. 
This service has two external inputs (add and remove road congestion) with a low degree of difficulty, 
also there is an external request (for retrieving a list of traffic congestion) with an average complexity and 
one internal logical file (table in Database) with a low degree of complexity. 

FP = Unadjusted Function point Count × (0.65 + 0.01 × ∑
=

14

1i
iF ) = 17 × (0.65 + 0.01 × 31) = 16.32. 

Coupling level = 1 (Data coupling), i.e. this service has the lowest value of coupling. This is 
explained by the fact that this service does not depend on the other services. 

Cohesion level = 9 (Sequential cohesion), i.e. this service has almost the highest value of cohesion. 
This result is based on the fact that this service provides three operations (add, delete, get a list of traffic 
congestion), and the results of previous operations is used as an input data for the current operation. 
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Values of the metrics for the system 

In the Table 4 are represented the values of the metrics for the each service and for the system. 
 
Table 4. The values of the metrics for the services 

Service FP Coupling Cohesion 

Web Application 24.18 3 9 
Traffic Jam Web Service 7.12 3 9 
Traffic Jam Storing Service 16.32 1 9 
Traffic Jam Processing Service 54.08 3 7 
GSM Position Processing Service 44.72 3 7 
GSM Position Input Service 6.96 3 9 
Traffic Jam Input Web Application 19.58 3 9 
Traffic Jam Input Web Service 7.92 3 9 
 Total: 180.88 Average: 2.75 Average: 8.5 

 
The total value of the Functional Points equals to 180.88. The low value of the average coupling 

for the services shows a week dependencies between them, so they might be easily reused and replaced. 
The high value of the average cohesion points to a correct splitting of functionality between the services. 
 
3.2. Multitier architecture 
 

Multitier architecture or N-tier architecture is a client-server architecture where each part of the 
system is logically divided into separate tiers [3]. Such separation gives to a developer an ability to create 
a flexible architecture with reusable tiers. So if the developer wants to change something in the system 
there is no need to implement everything from scratch, it might be enough to add or replace a specific tier. 
The most commonly used model is with three tiers (Three-tier model), including the presentation tier, 
application (or business) tier and data tier. In Table 5 is represented the profile of this pattern. 
 
Table 5. Multitier architecture pattern’s profile 

Name Multitier architecture 
Definition Multitier architecture (N-tier) is client/server architectural deployment style that describes 

the separation of functionality into segments where each segment being a tier that can be 
located on a physically separate computer. It evolved through the component-oriented 
approach, generally using platform specific methods for communication instead of a 
message-based approach [3]. 

Examples Common example is a typical rich client connected application, where on client PC is 
implemented the presentation tier. The other tiers are deployed on servers. Another 
example includes typical financial Web application where security is important. 

When to use • When client-server type of application is required; 
• When application must be distributed between several computers; 
• When business logic should be shared between several applications; 
• When existing tiers could be reused. 

Benefits • Good scalability, reusability and maintainability; 
• Changes or updates can be made without affecting the whole application; 
• Application can be extended or updated by adding or changing only one tier. 

Disadvantages • Application is more complex therefore it requires some extra effort at design and 
development stages; 

• Interoperability performance between tiers might be slow. 

 
Functional Points 

Each layer of the architecture implements some functionality and it can be treated as a "black 
box", so Functional Points should be used for evaluation the complexity of each tier. Based on these 
measures the total number of Functional Points for the N-tier architecture can be obtained. 
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Coupling 

In this architecture the values of coupling for each tier is constant. Each tier is connected only with 
the nearest tiers, due to the structure of the architectural pattern. 
 
Cohesion 

As long as each tier of the architecture implements a specific functionality, it is essential to 
measure cohesion for each tier. High cohesion indicates the right splitting of the functionality between the 
tiers as well as the optimal number of tiers in the architecture. 
 
Evaluation example of Traffic Congestion System 

According to the requirements, a system engineer has developed the following structural 
representation of the architecture based on Three-tier architectural pattern (see Figure 2). Note that the 
object domain remained the same that was used in the example with SOA, but in this sample the different 
architectural pattern was used. 
 

 
 

Figure 2. Structural representation of the system architecture 
 

The Application tier contains the functionality for receiving and processing information regarding 
roads and traffic congestion status. The Data tier has the database which stores traffic congestion related 
information, also this tier contains map data which is provided by third-party supplier. Just as in the 
example with SOA, the system provides access to traffic congestion information with the help of Web 
applications and Web services. Web application is located in Presentation tier and serves for obtaining 
and adding information regarding some roads. 
 
Values of the metrics for Application tier 

Let’s calculate the metrics values for the Application tier. This tier contains the functionality for 
road status processing. Also it uses the underlying tier for storing data and provided processed data to the 
overlying tier. So this tier has: 

• three external inputs with average complexity, which are necessary to obtain information 
regarding roads state; 

• five external inputs with high complexity, which are used for the database and map data 
accessing; 

• four external outputs with average complexity, which are used by the overlying tier and 
external systems for obtaining information regarding traffic congestions; 
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• two external outputs with a high degree of complexity, which are used for adding information 
into the database; 

• one external interface file with a high degree of complexity, which is used by the overlying 
tier for obtaining a list of traffic congestions. 

According to the data listed above, let’s calculate the values of the metrics. 

FP = Unadjusted Function point Count × (0.65 + 0.01 × ∑
14

1=i
iF ) = 86 × (0.65 + 0.01 × 41) = 91.16. 

Coupling level = 4 (Control coupling). Such value can be explained by the fact that this tier 
directly controls the underlying tier. 

Cohesion level = 5 (Procedural cohesion). This result is based on the fact that this tier has the 
functionality which depends on execution sequence. 
 
Values of the metrics for the system 

In the Table 6 are represented the values of the metrics for the each tier and for the system. 
 
Table 6. The values of the metrics for the tiers 

Tier FP Coupling Cohesion 

Presentation tier 52.02 4 7 
Application tier 91.16 4 5 
Data tier 66.95 1 7 
 Total: 210.13 Average: 3 Average: 6.33 

 
The total value of Functional Points equals to 210.13, which is slightly above than the total value 

of the architecture based on SOA. The low value of coupling for tiers shows weak dependencies between 
them, which is explained by the architecture structural model, where each tier is related only with 
underlying and overlying tiers. Using this architectural pattern the developer can not affect on this 
characteristic too much, so coupling evaluation doesn’t bring too many benefits. Not a very high value of 
cohesion within the application tier can be explained by architectural pattern nature, i.e. this pattern 
allows inclusion of unrelated functionality in this layer. To improve this value the additional layers might 
be added or more detailed design of components could be made. 
 
3.3. Model-view-controller 
 

This architectural pattern splits the system to three separate components: model, view and 
controller [2]. The responsibilities of “Model” include data storing and interface to it. “View” is 
responsible for showing information to the user. "Controller" manages the components by receiving user 
actions and notifying the model regarding the updates. Such structure guarantees the reliability and 
extensibility of the system. In Table 7 the profile of this pattern is represented. 
 
Table 7. Model-View-Controller pattern’s profile 

Name Model-View-Controller 
Definition MVC is tree layer pattern (model, view and controller) for isolating business logic from 

user interface. The model is an object that represents some information about the domain. 
The view represents the display of the model in the UI. The controller takes user input, 
manipulates the model, and causes the view to update appropriately [7]. 

Examples • A lot of Web-based systems use MVC pattern for UI part implementation; 
• Java Swing’s library architecture is based on MVC design. 

When to use • When it's required to have multiple options for data processing and presentation; 
• When the requirements regarding interoperability and data presentations are 

unknown. 
Benefits Allows changing the data regardless of their views. Data changes made in one view is 

displayed in all other views. 
Disadvantages Code redundancy for a simple data model and for a simple interaction model. 
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This pattern is mainly used for the User Interface part of the system. If, for example, we compare 
this pattern with Three-tier architecture, the functionality provided by this pattern covers only the 
functionality of Presentation tier. 
 
Functional Points 

Each component of the architecture implements some functionality and can be treated as a "black box". 
 
Coupling 

In this architecture the value of coupling for each component is constant. 
 
Cohesion 

As long as each component implements specific functionality, it’s essential to measure cohesion 
for each component of the system. 
 
Evaluation example when MVC pattern is used 

Let’s consider the use of MVC pattern for the Presentation tier (for N-tier architecture from the 
previous chapter), i.e. let’s make more detailed design for the User Interface from the Presentation tier. 
The functionality of Web application from Presentation tier includes the ability to view existing traffic 
congestion and ability to enter information regarding status for specific road. 
 

 
 

Figure 3. Structural representation of the architecture UI model when MVC pattern is used 

The UI model of the system (see Figure 3) contains 2 Model components; each of them provides 
the interface to the data. Each Model component is connected with several Controller and View 
components. Controller and View components are responsible for receiving user interaction and showing 
the requested information. 
 
Values of the metrics for “Show Traffic” Model 

Let’s calculate the values of the metrics for "Show Traffic" Model component. This component 
provides the interface to the data and notifies controllers and views when there are some updates. Also it 
has an access to storage for retrieving the required information. 

For Functional Point calculation it’s necessary to determine the total number of characteristics. 
This service has one internal logic file (some data structure for passing data from storage to components) 
with average degree of complexity. 

FP = Unadjusted Function point Count × (0.65 + 0.01 × ∑
=

14

1i
iF ) = 10 × (0.65 + 0.01 × 40) = 10.5. 

Coupling level = 3 (Stamp coupling). This is explained by the fact that this component shares a 
composite data structure with other components. 
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Cohesion level = 5 (Procedural cohesion). This result is based on the fact that component has the 
functionality, which depends on execution sequence. 
 
Values of the metrics for the components of the system 

In the Table 8 the values of the metrics for the components of the system are represented. 
 
Table 8. The values of the metrics for the MVC components 

Service FP Coupling Cohesion 

Map Controller 1 3.84 4 7 
Map View 1 15.81 3 9 
“Show Traffic” Model 10.5 3 5 
Button Controller 1 2.7 4 10 
List View 5 3 10 
Map Controller 2 5.76 4 7 
Map View 2 13.02 3 9 
“Input Traffic” Model 7.35 3 5 
Button Controller 2 2.7 4 10 
 Total: 66.68 Average: 3.4 Average: 8 

 
The total value of Functional Points for UI implementation using MVC pattern equals to 66.88, which 

is slightly higher than value for the Presentation tier, obtained with using N-tier pattern. It’s higher since this 
system structure is more detailed. Also in this example there are some additional functionality added, which is 
not required for N-tier architecture. The low value of coupling for components shows weak dependencies 
between them and can be explained by the pattern nature. The developer cannot affect on this characteristic too 
much. High cohesion points to the proper choosing and functionality splitting between the components. 
 
3.4. Criterion of efficiency for choosing architectural patterns 
 

At the architecture design stage the designer may choose from a certain number of available 
architectural patterns. There are several groups of patterns, which are separated by the object domain. 
Some architectural patterns from one group can be used as part of other patterns. For example, 
Presentation tier from N-tier architecture can be implemented using MVC Pattern. Another example, 
some services in SOA might be implemented using N-tier architecture. 

It’s necessary to have a tool that indicates the optimal architectural pattern in the specified group 
or even in different groups, where such is possible. For such purposes the criterion of efficiency can be 
used, which allows to select the optimal solution from proposed alternatives.  

The efficiency indicators should be selected for criterion of efficiency construction as well as ratio 
between them, which determines the type of criterion of efficiency [8]. 

The elements of any architecture can be treated as “black boxes”, so its functional and structural 
complexity (the complexity of internal relations) can be evaluated using such metrics as FP and Cohesion. 
Therefore the topology of "black boxes" connections in the architecture can be measured with such metric 
as Coupling (the complexity of external relations). It is obvious that the rate of Coupling should be 
minimized and the high value of Cohesion is desirable. Since the value of FP is proportional to the 
functional complexity, the greater value is more desirable. 
According to the preceding, the generalized architecture metric has the following representation: 

1 2

3

.a FP+a CohesionP =
a Coupling

× ×
×

 

Hence the criterion of architecture efficiency is formulated as follows: 

1 2

3

max,a FP+a CohesionP =
a Coupling

× ×
→

×
 

where а1, а2, а3 – weight coefficients of efficiency indicators. 
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As long as the dimension of these indicators is heterogeneous, i.e. the values of Coupling and 
Cohesion can vary from 1 to 10 and the value of FP is not limited, the choice of efficiency indicator’s 
weight coefficients might require additional investigation. 

The weight coefficient of efficiency indicator can be selected by expert review and the value for a1 
should be determining carefully, since wrongly selected value may suppress the values of Coupling and 
Cohesion. 
 
Evaluation of SOA and N-tier architectural patterns with the help of coefficient of efficiency 

In Table 9 the metric’s values for the two architectural patterns are listed. These values were 
obtained for the same object domain, which allowed us to use coefficient of efficiency for their 
evaluation. 
 
Table 9. The values of the metrics 

Architectural patterns FP (total) Cohesion (average) Coupling (average) 

SOA 180 8.5 2.75 
N-tier 210 6.33 3 

 
As long as efficiency indicators have different scale it is necessary to standardize them. To do so 

let’s reduce it to single dimension using the following equation [8]: 

max

.
i

i
i

AA
A

=  

Thus the standardization of the efficiency indicators for SOA pattern is defined as: 

180 0.857,
210

SOAFP = =  

8.5 0.85,
10

SOACohesion = =  

2.75 0.275.
10SOACoupling = =  

In Table 10 the standardized values of the efficiency indicators are listed. 
 
Table 10. The standardized values of the metrics 

Architectural patterns Standardized 
FP 

Standardized 
Cohesion 

Standardized 
Coupling 

SOA 0.857 0.85 0.275 
N-tier 1 0.633 0.3 

 
It is obvious that these efficiency indicators have different degrees of importance; therefore it’s 

necessary to take into account their priority. The priority of efficiency indicators can be taken into 
account with the help of weight coefficient vector (a1, a2, …, an). 

The optimal combination of the weight coefficient vector differs depending on architecture. In our 
case it’s necessary to determine the weight coefficient vector for comparison of specific architectural 
patterns. For determination of these weight coefficients the expert evaluation has been used. So the weight 
coefficients of efficiency indicators for the Functional Points, Coupling and Cohesion are defined as: 

a1 = 0.6, a2 = 0.8, a3=1. 

In other words, Coupling has the greatest weighting coefficient of efficiency indicator and 
Functional Points the least. 

Hence the generalized metrics for architectural patterns are defined as follows: 
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PSOA = 1 2

3

0.6 0.857 1 0.85 4.34.
0.8 0.275

SOA SOA

SOA

FP + Cohesion
Coupling

α α
α

⋅ ⋅ ⋅ + ⋅
= =

⋅⋅
 

PN-tier = 1 2

3

0.6 1 1 0.633 3.69.
0.8 0.3

N tier N tier

N tier

FP + Cohesion
Coupling

α α
α
− −

−

⋅ ⋅ ⋅ + ⋅
= =

⋅⋅
 

As long as it is necessary to maximize the value of the coefficient of efficiency, the use of SOA 
architectural pattern is more preferable. 
 
Evaluation of MVC pattern and Presentation tier from N-tier architecture with the help of coefficient 
of efficiency 

In Table 11 the obtained metric’s values for MVC pattern and Presentation tier for N-tier pattern 
are listed. 
 
Table 11. The values of the metrics 

Architectural pattern FP (total) Cohesion (average) Coupling (average) 

Presentation tier from N-tier 52 7 4 
MVC 67 8 3.4 

 
Since the efficiency indicators have different scale it is necessary to standardize them. The 

standardization of the efficiency indicators for N-tier pattern is defined as: 

52 0.78,
67

N tierFP − = =  

7 0.7,
10

N tierCohesion − = =  

4 0.4.
10N tierCoupling − = =  

In Table 12 the standardized values of the efficiency indicators for the two architectural patterns 
are listed. 
 
Table 12. The standardized values of the metrics 

Architectural pattern Standardized 
FP 

Standardized 
Cohesion 

Standardized 
Coupling 

Presentation tier from N-tier 0.78 0.7 0.4 
MVC 1 0.8 0.34 

 
Let’s define the weight coefficient vector for the specified patterns with the help of an expert 

evaluation. The weight coefficients of efficiency indicators for the Functional Points, Coupling and 
Cohesion are defined as: 
a1 = 0.6, a2 = 0.8, a3=1. 

So, Coupling has the greatest weighting coefficient of efficiency indicator and Functional Points 
the least. 
Hence the generalized metrics for architectural patterns are defined as follows: 

PPresentation tier = 1 2

3

0.6 0.78 1 0.7 2.57.
0.8 0.4

P tier P tier

P tier

FP + Cohesion
Coupling

α α
α
− −

−

⋅ ⋅ ⋅ + ⋅
= =

⋅⋅
 

PMVC = 1 2

3

0.6 1 1 0.8 3.64.
0.8 0.34

MVC MVC

MVC

FP + Cohesion
Coupling

α α
α

⋅ ⋅ ⋅ + ⋅
= =

⋅⋅
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The values of the generalized metric indicate that the use of MVC pattern for Presentation tier 
increases the efficiency of the system. 
 
4. Conclusions 
 

Analysis of the typical logistics and transport software allowed us to identify the most 
representative architectural features and characteristics. Based on that analysis the most useful 
architectural patterns were selected for such software types. 

For the selected architectural patterns the quantitative metrics are selected, which allows make a 
decision regarding its influence on software architecture. During the architecture design stage the 
architectural patterns are treated as a “black box”, so their complexity metrics are based on indirect 
measures instead of direct ones. In addition to the complexity metrics, inner (cohesion) and outer 
(coupling) relations of architectural patterns can be measured. 

This paper contains the metrics calculation for the variety of architectural patterns. Based on these 
calculations the conclusions are made regarding the architectural patterns optimal choices for the 
proposed object domain. 

The criterion of efficiency is proposed, which is based on such metrics as FP, Coupling and 
Cohesion. It allows making a conclusion regarding the usage of some architectural patterns for the 
logistics and transport software. 
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