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Abstract: The present paper focuses on the types of collaborative systems in economy and their applications. A collaborative system is defined by a great number of users or agents that are engaged in a shared activity, usually from remote locations. Being a part of the distributed applications, the collaborative systems are distinguished class due to the fact that the agents from the system are working together toward a common goal and have a critical need to interact closely with each other. Due to the relevant place taken by collaborative systems in economy, there are identified several modalities of extensive and intensive growth of the performance level in collaborative systems. Through this point of view, a hierarchy of collaborative systems is developed. Some criteria are described and implemented in order to calculate the rank of each collaborative system. A ranking algorithm is proposed based on normalization and aggregation. Having this hierarchy and knowing the quality characteristics and even the problems each class of collaborative systems is dealing with in a more and more knowledge based society, some directions of improving the collaborative systems’ performance will also be presented. Based on these recommendations, the managerial process will be improved, and the life of collaborative systems will be lengthened.

Keywords: collaborative system, quality characteristics, hierarchy, normalization, aggregation.

JEL Classification: P49

1. Types of collaborative systems
Science led the development in practice of many collaboration systems, founds in almost all activity fields. Numerous examples of collaborative systems can be found in fields like: banking, medical, military and aviation.

In (Stevenson et all 2005) is analyzed a collaborative system model represented by a surgical training conducted in a virtual environment.
A collaborative system is defined through some form of construction like:

<α1, α2, α3, α4, α5, α6, α7>,
where:

α1  – activity;

α2  – location;

α3  – resources;

α4  – people;

α5  – energy resources;

α6  – procedures;

α7  – flows.

These elements build the four components of a collaborative system: 

· the material component;

· the human component;

· the energy component;

· the information component.

In table 1 are presented the components of a collaborative system:

Table 1. The components of a collaborative system

	Material component 
	Human component
	Energy component
	Information component

	activity
	people
	energy resources
	procedures

	location 
	 
	 
	flows

	resources
	 
	 
	 


Collaborative systems from the consciousness society (Drăgănescu 2007) follow the collaborative systems from the information society and knowledge-based society, being ordered systems, meaning that includes a uniform set of procedures governing relations between components. In the consciousness society, the human component plays a significant role over the behavior of any collaborative system.

There are many criteria to classify collaborative systems. By field of application, the followings are encountered:

· collaborative systems in education, which are applied in the educational and research field and pursue increased performance and testing of the educational process; 
· collaborative systems of defense, active in military field (Odeh et all 2007) and are defined by strict rules of organizing and functioning;
· collaborative systems in production, pursuing increased production capabilities and product quality within distinct goods and services production units;
· collaborative banking systems, used by banks and financial units, these systems are analyzed along this paper in order to determine the parameters that influence the banking systems and all its components;
· electronic business systems, companies’ departments are becoming more and more integrated, and clients are now users of e-business systems, thus replacing the traditional security mechanisms with authorization software – the modern security systems which mange and store users’ data and correlate them with the access rules of the organization;
· public administration systems, used for managing tax collection, for integrated management of human resources and payroll, for querying city hall databases on citizen demand;
· media software development systems, media applications development was indirectly caused by the increasing of common use electronic devices; these systems include commutations stations for wireless, terrestrial, satellite and cable infrastructure. 

· collaborative functional systems, include the collaborative banking systems and cross all the activities taking place in the economy, providing necessary information and overall coordination for production and finance management;
· collaborative micropayment systems, allows customers and content providers to use their payment system of choice (Párhonyi et all 2004);
· collaborative planning systems, present the most appropriate way to tackle certain kind of planning problems, especially those where a centralized solving is unfeasible (Allen et all 2002) (Sapena et all 2008);
· collaborative tagging systems, which provide a new means of organizing and sharing resources (Choi et all 2008) (Yeung et all 2009a) (Yeung et all 2009b);
· collaborative writing systems, their major benefits include reducing task completion time, reducing errors, getting different viewpoints and skills, and obtaining an accurate text;
· collaborative medical systems, in which modern communication technologies allow doctors from around the world to work on the same patient (Stevenson et all 2005).
2. Quality characteristics of collaborative systems 

Collaborative systems differ from each other in complexity. The problem of complexity is made similarly to the problem of simplicity. Complexity of collaborative systems is a new concept that requires careful definition to measure the level of complexity, in order to compare the systems.

The optimal complexity, CO, as part of collaborative systems, is defined according to the relationship:
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fi – the i weight associated to a quality characteristic  of the system, satisfying the following relation:  f1 + f2 +…+ fn = 1.

Reliability is a collaborative system feature that highlights the way it can lead to accurate or inaccurate results, by comparing them to a dataset and to a set of commands for selectiong the processing functions.  

Reliability is the ability of a collaborative system to maintain the performance in some cases data for a specified period of time

The following indicator measures reliability of a program or software component of a collaborative system:
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rsucces 
– represents the number of successful runs of the program, in which the obtained results were complete and correct;

rtotal 
– the total number of the runs of the program.

Portability represents the capacity of a system to be transferred from an environment or a work place to another.

The software component of a collaborative system has a length, LI, given through the number of instructions. If we add to this component a number of LA instructions, we modify LM instructions and we eliminate LE instructions, then the portability degree Gportab is given by the following relation:
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LA – the number of added instructions;

LM – the number of modified instructions;

LE – the number of eliminated instructions;

LI – the total number of instructions.

Maintainability of the collaborative systems is a software components specific process of a collaborative system, designed to operate on a long period of time, generally, longer than three years.

The maintainability of software component, as a part of a collaborative system, is measured through the Iment indicator:
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Tmodific 
– represents the time for needed to perform changes in software components in order to keep the system in use;

Tdezv 
– represents the time needed to develop the software component of the system. 

Integrability of a collaborative system involves its ability to collaborate with other systems to integrate within limits imposed by principles of collaboration.

Collaborative systems integration feature respects the fact that a large collaborative system integrates one or more small collaborative systems that perform a single function each.

Integration capacity of a collaborative system is given by the ratio of the integrated system and expenditure needed for ensure the integration:
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KI – represents the integrability of a collaborative system;

CIS – represents the expenses made for system integration;

VSI – the value of the system that will be integrated.

3. Hierarchy of the collaborative systems 
Collaborative systems have become an important research topic of the knowledge society, most activities performed by people related to this area. Any human activity is best achieved when people work together to achieve a common goal. Based on the organization criteria, the collaborative systems are classified into the following:

· linear systems, case in which the subsystems interact in both ways :
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Fig. 1. Linear System (a)


As the figure shows, between the A1 and A2 activities, the message M1 is changed, between A2 and A3 - message M2, between A3 and A4 - message M3, while, between  A4 and A5 – message M4.
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Fig. 2. Linear System (b)

In the collaborative system presented in figure 2, the initial inputs are represented by I1, while the final outputs are On. At intermediate levels, the outputs of the k-1 subsystem are, in fact, the inputs of the k system. These types of collaborative systems are found in education, each subsystem being identified with an exempt school. 

· tree systems, having a structure similar to the one presented in figure 3: 
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Fig. 3. Tree System (a)


In a tree system, the messages are being exchanged between the activities in a hierarchical way, from the second level the message will reach the zero level only if it will pass through level one. A message of the base level, represented by the root of the tree, will only be propagated to the activities situated on the next lowest level. From this level, the message will be sent to the activities represented by the child nodes situated on level one.

[image: image9.png]



Fig. 4. Tree System (b)

In the example presented in figure 4, each subsystem has more than one inputs and output, while the information flow is made in both directions. In collaborative systems with tree structure, some exceptions can also be found. This can be observed even in figure 4 where a message from the level two gets to the root without passing first through the level one. The information exchange took place on the same hierarchical level, as, for example, between CS11 and CS12 nodes. 

For considering a collaborative system with tree structure, the following aspects should be taken into account:

· the vertical degree of collaboration, calculated through the number of connections between the components situated on level k and the components situated on k+1 level; 

· the horizontal degree of collaboration, determined as the number of connections between the components situated on the same level.

· network systems – which include nodes that have corresponding competences and fluxes in all the adjacent nodes.
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Fig. 5. Network System (a)

In the case of a network system, the messages flow is made in all the directions, without being imposed any restriction. In such a system, all the nodes are interconnected, while all the activities are interdependent. 
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Fig. 6. Network System (b)

The majority of the collaborative systems with network structure can be found in the banking and production field.

The subjective hierarchy o a certain bank is made by a client depending on: bank’s promotions, bank’s location and other person’s opinion on that bank. The client makes a picture of the bank, based on the information gathered over the time and based on the experiences that he endured in the relation with it.  

The collaborative elements that could appear in the subjective hierarchy of a bank are:

· Friendly interface of the simulation loan application;

· How the bank officials deal with customers;

· The diversity of operations carried out online;

· The duration of a transaction;

·  Payment facilities offered by banks.

Considering two banks, noted by X and Y, and an individual who gather information during a period of time about them, the situation presented in table 2 could occur:

Table 2. Subjective hierarchy of two banks
	
	SCORE

	Hierarchy criteria
	BANK X
	BANK Y

	Friendly applications interfaces
	80
	90

	Way to welcome the customers
	100
	70

	Online operations diversity
	90
	80

	Duration of waiting in line
	50
	70

	Payment facilities offered
	100
	100

	Novelty and transparency
	80
	70

	Efficient communication with the counsellors
	90
	80

	Respect for clients
	40
	50

	Rapidity in serving
	50
	70

	Maximum efficiency of the counsellors
	60
	70

	TOTAL SCORE
	740
	750


The result of the subjectivity hierarchy of the two banks shows that according to the individual’s perception, bank Y is better than bank X. 

4. An hierarchy algorithm based on normalization and aggregation 

We consider in the following an educational collaborative system, represented by a virtual campus, determined through the aggregation of several parallel systems. The result of this aggregation is a collaborative structure, in which all the subsystems have the ability of improving the prediction accuracy, through adding their own contributions. 

On this structure, an algorithm is implemented. This algorithm is used in all three phases of learning: building the structure, identifying the parameters and dividing the learning information on each level of the hierarchical structure (Salgado et all 2008).

The problem of choosing the best collaborative banking system by taking into consideration more criteria is a problem of multi criteria selection (Ivan et all 2005). 


Two banking collaborative systems are considered, meaning bank 1 and bank 2, for which are calculated the following quality criteria: 

C1 – complexity;

C2 – reliability;

C3 – portability; 

C4 – maintainability.


Based on the data given by the two collaborative systems, through the SMSC application (Software for the Collaborative Systems Metrics), the values presented in table 3 were obtained:

Table 3. The values of the qualitative characteristics for two collaborative systems 

	Quality characteristics
	bank 1
	bank 2

	C1 – complexity
	842
	962

	C2 – reliability
	950
	980

	C3 – portability
	700
	250

	C4 – maintainability
	850
	900



On the purpose of identifying an aggregate indicator associated to the qualitative characteristics, the values of the importance coefficients attached to the four characteristics are being established.


Based on the previous analysis and on the dependence study regarding the C1, C2, C3, C4 characteristics and on the speed of obtaining the results, there have been identified the values of the importance coefficients, as they are listed in table 4. 

Table 4. The values of the shares ad to the quality characteristics 
	Quality characteristics
	Shares

	C1 – complexity
	0.3

	C2 – reliability
	0.2

	C3 – portability
	0.4

	C4 – maintainability
	0.1


Each quality characteristic analysed has a function associated. This function can lead to the choosing of the most efficient level. The identification of this function has a great importance in a direct comparisons of the feature levels for two or more collaborative systems. In table 5, the minimum and the maximum values associated to C1, C2, C3 and C4criteria are presented:

Table 5. The minimum and the maximum levels associated to the criteria

	Quality characteristics
	MIN
	MAX

	C1 – complexity
	842
	962

	C2 – reliability
	950
	980

	C3 – portability
	250
	700

	C4 – maintainability
	850
	900


Having different criteria, normalization is necessary to determine an aggregate indicator that describes a collaborative system with a value associated aggregated values directly comparable with other collaborative system.

Normalized value, NVCi, corresponding to the Ci criterion, is determined in the following way::  
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VCi max – the maximum value of  Ci criterion;

VCi j – the value of  Cj, different from Ci;

VCi min – the minimum value of the Ci criterion.


Table 6 summarizes the normalized values corresponding to the four characteristics: 

Table 6. The normalized values of the characteristics

	Quality characteristics
	bank 1
	bank 2

	C1 – complexity
	1
	0

	C2 – reliability
	1
	0

	C3 – portability
	0
	1

	C4 – maintainability
	1
	0


An aggregate indicator, IA, can be achieved based on the following formula:
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NVCi – t normalized value of Ci criterion;


pi – the share associated to Ci.

Table 7 presents the values of the aggregate indicator for the two collaborative systems: 

Table 7. The values of the aggregate indicator

	Quality characteristics
	bank 1
	bank 2

	C1 – complexity
	1
	0

	C2 – reliability
	1
	0

	C3 – portability
	0
	1

	C4 – maintainability
	1
	0

	Aggregate Indicator
	0,6
	0,4



Based on the obtained values for the aggregate indicator, the hierarchy of the two collaborative bank systems is made. As it can be seen from the table 7, bank 1 is better than bank 2.

5. Conclusions

There are several approaches related to identifying ways the elements of a corporate hierarchy so that the outcome of the hierarchy to be accepted by more people.

The ranking criteria should be stable. The changes of a criterion lead to a different hierarchy. In time, the criteria it is filtered and stabilized. Criteria are stabilized as it appears that their rankings made based on accurate and they do not lead to absurd situations. Scores given to each criterion of a rating scale credit applicant remain fixed until the bank decides to increase or reduce the lending rate risk or withdraw until a specific appropriation from the list of products offered by the bank.
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