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Abstract: 
In this digital era the product and service selection is one of the most complicated tasks. Before selection of a service or product 

the end client is worried about the quality of product and service. Because a number of vendors are offered different kinds of 

services with the interactive and attractive offers the selection of appropriate service becomes more complicated. In this context a 

recommendation system is a more powerful and appropriate technique which provides or suggest the most appropriate option for 

the concerned service or product. In most of cases the recommendation systems are used with the particular kind of e-commerce 

applications to recommend a product to a customer. By the motivation of this technique the proposed work is intended to design a 

service recommendation model. In order to demonstrate the proposed concept a service provider panel is developed where they 

describe the offered services. On the other end a customer’s panel is created by which user can find the services according to their 

requirements. In order to make selection of required service the client provides the initial details about the requirements. 

Additionally an optimization algorithm is implemented to find the best match for the given constrains. Here for recommending 

the services the quantum genetics technique is used. The quantum is a concept of physic which is employed here for encoding the 

problem space. Additionally for reduce the problem space the genetic algorithm is employed. The implementation of the proposed 

concept is provided using the JAVA technology and for measuring the performance accuracy, error rate, time and space 

complexity is used. According to the obtained results the proposed technique provides the consistent outcomes with increasing 

amount of data. Therefore the proposed model is appropriate for utilizing with the service recommendation application. 
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I. INTRODUCTION 

 

Not only the work stations and PC (personal computers), now 

in these a number of handheld devices (i.e. mobile phones, 

tablets and others) are used for accessing the internet and their 

services. A significant growth on internet traffic is observed in 

recent years. Due to this for distribution of different kinds of 

services almost maximum service providers are usages the web 

services and their other forms. The main advantage of such 

kind of service distribution is their door step delivery for 24X7 

models [1]. But due to this a significant amount of new vendors 

are also growing. Finding good service according to the end 

user’s requirement is a complicated task. In such environment a 

recommendation model is helpful for election and suggestion 

of appropriate and effective services [2]. Thus the proposed 

work is intended to design and develop an enhanced data 

model for recommending the user’s required services. In this 

context the soft computing and data mining techniques are 

more suitable for use and recommend the required products.  

 

In order to perform the proposed task first need to investigate 

about the various frequently distributable services using the 

internet. After that the different attributes are need to be find 

which are demonstrating the properties of any product. Finally 

an effective search algorithm needs to be developing that finds 

more appropriate services according to the user’s need. In this 

context the genetic algorithm is a technique that works on the 

basis of Meta heuristics [3]. That obtains the fit solution 

according to the problem. Basically the genetic algorithm is a 

search process, therefore two parts of data required. First the 

data which is need to be search that is user query and second 

the database solution where the appropriate solution is need to 

be find. 

II. PROPOSED WORK 

 

In this presented work the service recommendation system is 

key area of investigation and solution design. This chapter 

provides the entire details of the proposed solution and their 

functional aspects. 

 

A. System overview  

Internet and their service become too popular in recent years. 

A number of new techniques and devices are developed in 

order to improve the reachability of the end internet user. Due 

to most of the services become online the use of e-commerce 

is also increases. In the different e-commerce applications the 

recommendation system are the essential application [4]. The 

recommendation system basically provides suggestions on the 

given product or services according to the past experiences. 

These experiences are developed on the basis of user previous 

habits or the selection of specific kinds of pattern products or 

services. In the term of recommendation system [5], it is called 

the user behaviour. In some of the places for designing the 

recommendation systems not only user behaviour is analysed, 

the user behaviour personalization concepts are also included. 

But now in these days the services and product distribution 

becomes online service. Additionally finding the most 

appropriate service or the optimal services among available 

products and services are a complicated task [6]. In this 

context an efficient recommendation system can help to 

provide most suitable service according to the customer’s 

need. In order to find the optimal service among available 

services the effective search or optimization technique is much 

effective. Therefore in this presented work the genetic 

algorithm based recommendation system is proposed. But the 

genetic algorithm needs a number of solution evaluation 
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cycles for finding the optimal one. Therefore a quantum 

physic based encoding scheme is also included with the 

genetic algorithm to improve their performance of solution 

optimization. This kind of model previously used as quantum 

genetics data model [7] which first usage the concept quantum 

to encode the solutions and then utilizes the concept of genetic 

algorithm for performing search. In the proposed concept the 

user query become the initial genetic query and data base 

service attributes becomes the search space of the data model. 

In this section the basic overview of the proposed 

recommendation system is proposed in the next section the 

proposed data model is described in detail. 

 

B. Methodology  

The proposed quantum genetics based recommendation 

system model is provided using figure 2.1. The given figure 

includes the different components by which the data is 

evaluated and most optimum solution is generated on the basis 

of their best fit combinations. 

 

 
Figure.1. proposed recommendation system 

 

Service providers: now in these days a number of service 

providers and vendors are available online. Additionally they 

offer their excusive services at the customer’s door steps or 

using online. But the plans or the attributes of the services 

offered by the different service providers may different in 

nature or different in their values. Finding the appropriate 

service provider and their offered plan is a complicated task. 

Initially to develop a database for the different services a user 

console is created for the service provider. Using this panel the 

service provider authenticates self and provides the offered 

service details.  

 

Service attributes: each of the services offered by a service 

provider can have the different attributes. These attributes are 

responsible to make a difference among two given services. In 

this presented work three kinds of services are proposed for 

recommendation namely communication services, payment 

gateways and the e-commerce products. Therefore three 

different kinds of service attribute interfaces are designed to 

describe the offered services.  

 

Service database: the service providers input service 

attributes are preserved in a database for utilizing with the 

proposed recommendation system. This service attribute based 

database is termed here as the service database. 

User search: the recommendation system need an initial input 

to start search for optimum service among the available 

services. Therefore a user interface is required to implement 

that accept the user input as the initial user requirements and 

find the best matched service for the particular user.   

 

Population generation: the service database contains a 

relational database model which contains a list of attributes 

and the attributes contains different values. For example 

consider the table 2.1 which contains an example database 

with some attributes: 

 

Table.1. Example Service Database 

Attribute 1  Attribute 2 Attribute 3 Attribute 4 

A D E I 

A C F H 

B C G H 

The table contains the four different attributes and each 

attribute composed with the number of different values such 

that: 

Attribute 1 = {A, B} 

Attribute 2 = {C, D} 

Attribute 3 = {E, F,G} 

Attribute 4 = {I, H} 

Using the given different attributes sets and the length of 

attribute the different combinations of the solutions can be 

generated in random manner. In this context an additional 

attribute is required which is known as “population size”. For 

example we consider the population size 4 therefore the 

following population can be generated by the available 

database symbols and population size as given in table 2.2. 

 

Table. 2. Example Population Generation 

A, C, G, H 

A, C, F, I 

B, D, E, I 

B, D, F, H 

After the population generation the generated population is 

produced in next phase for encoding purpose.  

 

Encoding: the encoding of the generated strings is performed 

on the basis of the quantum genetics. The required encoding 

process needs to have two different of solution namely α and 

β. In this context the α is considered as the query string and β 

is considered as the list of solutions under the population data 

structure. Let the α is a set of attributes by which the user 

search the required service then the α can represented as: 

α = {𝑞1, 𝑞2 , … , 𝑞𝑛 } 

Additionally the β is the set of solution attributes stored under 

the population as: 

β = {𝑎1 , 𝑎2 , … , 𝑎𝑛 } 

Therefore each generated solution or population is considered 

as the β sequences, now the pairing is performed between both 

kinds of sequences. The pairing of both kinds of sequences is 

performed as demonstrated in figure 3.2. 

 
Figure .2. Solution Encoding process 
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The encoding of both the sequences is performed on the basis 

of the following function: 

 

Table. 3. Encoding Functions  

Input: α sequences, β sequences 

Output: encoded strings E  

Process:  

1. 𝑓𝑜𝑟 𝑖 = 1; 𝑖 ≤ 𝛽. 𝑙𝑒𝑛𝑔𝑡; 𝑖 + +  

a. 𝑖𝑓 𝛼𝑖 == 𝛽𝑖  

i. 𝐸𝑖 = 𝑟𝑒𝑡𝑟𝑢𝑛 1 
b. Else 

i. 𝐸𝑖 = Return 0 

c. End if 

2. End for 

3. Return E  

 

Encoded solutions: all the string of α and β are now 

converted (encoded) into the set of binary string (0, 1). These 

strings are similar in amount as the population size. These 

solutions are now evaluated using the genetic algorithm. The 

genetic algorithm is described in next section. 

 

Genetic algorithm: Genetic algorithm is genetically inspired 

search process that finds the optimum solution in huge search 

space. The available resources are genetically treated to find 

the fittest response among a number of solutions, which is 

basically an iterative process for discovering more appropriate 

solution. This search technique guarantees to find the best 

solution, but intermediate solution is also produced in each 

progressive steps. Therefore before use of this algorithm the 

primary functioning of the genetic algorithm is required to 

learn. The genetic algorithms use the three main concepts for 

solution discovery: reproduction, natural selection and 

diversity of the genes. [32] Genetic Algorithms processes a 

pair of individuals these individuals are the sequence of 

symbols that are participating in solution space. The new 

generation is produced using the selection process and 

genetically inspired operators. The brief description of the 

overall search process is given as. 

 

Generate initial population– initially the genetic algorithms 

are initiated with the randomly generated sequences, with the 

allowed alphabets for the genes. For simplifying the 

computational process all the generated population sequences 

have the same number of symbols in each sequence. 

 

Check for termination of the algorithm–To stop the genetic 

algorithm a stopping criteria is required to fix for finding the 

optimum solution. It is possible to stop the genetic 

optimization process by using  

1. value of the fitness function,  

2. Maximal number of iterations  

3. and fixing the number of generation 

 

Selection –that is a process of selecting the optimum symbols 

among all individuals, in this situation for deciding the new 

population two operators are used namely crossover and 

mutation. In this state the scaling of sequences is performed 

and using these best n individuals are transferred to the new 

generation. The elitism guarantees, that the value of the 

optimization function cannot produces the worst results. 

 

Crossover–the crossover is basically the process of 

recombination of the individuals that are chosen by selection 

and recombined with each other. Using this new sequence is 

obtained. The aim is to get new population of individuals, 

which inherit the best possible characteristics (genes) of their 

parent’s individuals. 

 

Mutation –the random change on some of the genes 

guarantees that even if none of the individuals contain the 

required solution genes, it is still possible to generate them 

using the mutation process by randomizing the search. 

 

New generation – the selected individuals from the selection 

process combined with those genes that are processed with the 

crossover and mutation for next generation development. 

According to the found description in [33] the classical genetic 

algorithm can described using the below given genetic pseudo 

code. 

 

Table.4. Genetic Algorithm 

Input: 

instance 𝛱,  

size 𝛼 of population,  

rate 𝛽 of elitism,  

rate 𝛾 of mutation,  

number 𝛿 of iterations 

Output: solution 𝑋 

// initialization  

1. generate 𝛼 feasible solutions randomly; 

2. save them in the population 𝑃OP; 

//Loop until the terminal condition 

3. for 𝑖 = 1 to 𝛿 do 

//Elitism based selection 

4. number of elitism 𝑛e = 𝛼 ∙𝛽; 

5. select the best 𝑛e solutions in 𝑃o𝑃 and save them in 

𝑃o𝑃1; 

//Crossover 

6. number of crossover 𝑛c = (𝛼 − 𝑛e)/2 ; 

7. for 𝑗 = 1 to 𝑛c do 

a. randomly select two solutions 𝑋𝐴 and 𝑋𝐵 

from 𝑃o𝑃 ; 

b. generate 𝑋𝐶 and 𝑋𝐷 by one-point crossover 

to 𝑋𝐴 and 𝑋𝐵; 

c. save 𝑋𝐶 and 𝑋𝐷 to 𝑃o𝑃2 ; 

8. endfor 

//Mutation 

9. for 𝑗 = 1 to 𝑛c do  

a. select a solution 𝑋𝑗 from 𝑃o𝑃2; 

b. mutate each bit of 𝑋𝑗 under the rate 𝛾 and 

generate a new solution 𝑋𝑗′ ;  

c. if 𝑋𝑗′ is unfeasible 

i. update 𝑋𝑗′ with a feasible solution 

by repairing 𝑋𝑗′ ; 

d. end if  

e. update 𝑋𝑗 with 𝑋𝑗′ in 𝑃o𝑃2;  

10. End for  

//Updating  

11. update 𝑃o𝑃 = 𝑃o𝑃1 + 𝑃o𝑃2 ;  

12. end for  

13. Returning the best solution  

14. return the best solution 𝑋 in 𝑃o𝑃 ;  

 

According to the description of the genetic algorithm that is a 

kind of search. That fined the best matched outcomes from the 

available once. Using this algorithm the encoded strings are 

processed using the above listed algorithm and the outcome is 

used to produce as the outcome of recommendation system. 
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Optimized solutions: the remaining solutions or the obtained 

solutions are provided as the result of the proposed 

recommendation system. 

 

Performance: as the solutions are generated the performance 

of the algorithms are also computed and reported in similar 

time. In order to provide the solution performance the time 

and space complexity is considered additionally the accuracy 

and error rate is also provided. 

 

C. Proposed Algorithm 

The proposed recommendation system is described in detail in 

previous section, in this section the given system is 

summarized using the algorithm steps: 

 

Table.5. Proposed Algorithms 

Input: service database 𝐷𝑠 , user query Q, no of iterations N  

Output: recommended services S 

Process: 

1. 𝑅 = 𝑟𝑒𝑎𝑑𝐷𝑎𝑡𝑎𝐵𝑎𝑠𝑒(𝐷𝑠) 

2. 𝑃𝑜𝑝 = 𝑅. 𝑔𝑒𝑛𝑟𝑎𝑡𝑒𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 

3. 𝛼 = 𝑄 

4. 𝛽 = 𝑃𝑜𝑝 

5. 𝑓𝑜𝑟 𝑖 = 1; 𝑖 ≤ 𝛽. 𝑙𝑒𝑛𝑔𝑡; 𝑖+=  

a. 𝐸 =  𝑒𝑛𝐶𝑜𝑑𝑒𝐷𝑎𝑡𝑎 𝛼, 𝛽  
6. End for 

7. 𝑆 = 𝑔𝑒𝑛𝑒𝑡𝑖𝑐𝐴𝑙𝑔𝑜. 𝐸𝑣𝑒𝑙𝑢𝑎𝑡𝑒 𝐸, 𝑁  

8. Return S 

 

III. RESULTS ANALYSIS 

 

This section provides the detailed discussion about the results 

analysis of implemented service recommendation system. In 

order to evaluate the performance different factors by using 

number of experiments and different size of data is used. 

 

A. Accuracy 

The accuracy of any system describes the actual amount of 

data exactly matched with the requirements. In terms of 

recommendation system the accuracy of recommendation 

system is the number of service predicted by system is 

matched with the user’s initial query. That is computed using 

the following formula: 

𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑡𝑐𝑒𝑑 𝑠𝑒𝑟𝑣𝑖𝑐𝑒

𝑡𝑜𝑡𝑎𝑙 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑  𝑠𝑒𝑟𝑣𝑖𝑐𝑒
𝑋100 

 
Figure. 3. accuracy 

The table 3.1 and figure 3.1 represents the performance of the 

proposed recommendation system. In order to demonstrate the 

performance of the proposed model the amount of services in 

database is included in X axis and the Y axis contains the 

corresponding obtained accuracy of the system. According to 

the experimental results the performance of the system is 

consistent but increases slightly when the amount of 

experimental data is increases. Therefore the proposed data 

model for recommendation is efficient and accurate for 

evaluating the services and prediction for the required services 

according to the user query.    

 

Table .6. accuracy  

S. 

No. 

No of services Accuracy (%) 

1 30 83.2 

2 70 82.8 

3 120 84.5 

4 160 81.7 

5 200 83.4 

6 230 85.9 

7 270 83.1 

 

B. Error Rate 

The amount of services which are incorrectly recommended 

by the proposed system is termed as the error rate of the 

system. The error rate of the proposed technique can be 

described using the following formula: 

𝐸𝑟𝑟𝑜𝑟 𝑅𝑎𝑡𝑒 = 100 − 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 
Or  

𝑒𝑟𝑟𝑜𝑟 𝑟𝑎𝑡𝑒 =
𝑖𝑛𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑟𝑒𝑐𝑜𝑚𝑚𝑒𝑛𝑑𝑒𝑑 𝑆𝑒𝑟𝑣𝑖𝑐𝑒

𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑐𝑜𝑚𝑚𝑒𝑛𝑑𝑒𝑑 𝑠𝑒𝑟𝑣𝑖𝑐𝑒
𝑋100 

 

Table .7. Error Rate 

S. 

No. 

No of services Error Rate (%) 

1 30 16.8 

2 70 17.2 

3 120 15.5 

4 160 18.3 

5 200 16.6 

6 230 14.1 

7 270 16.9 

The error rate of the proposed service recommendation model 

is given using figure 3.2 and table 3.2.  

 
Figure.4. Error Rate 
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Figure demonstrates the graphical representation of the error 

rate of the proposed model. In this diagram the X axis contains 

the number of services available in data base on different 

experiments performed on system. In addition of that the Y 

axis shows the respective error rate in terms of percentage. 

According to the obtained experimental results the 

performance of the system is consistent and produces the 

outcomes in similar manner. But due to the amount of data 

and user query the performance may fluctuating with reference 

to the query placed by user.  

 

C. Memory Usage 

 

Any process or algorithm requires an amount of main memory 

for execution, this space on memory is termed as the memory 

usages or space complexity of any algorithm or process. In the 

java technology for computing the memory usage of any 

process the following formula can be used: 

𝑀𝑒𝑚𝑟𝑜𝑦 𝑢𝑠𝑎𝑔𝑒 = 𝑡𝑜𝑡𝑎𝑙 𝑚𝑒𝑚𝑜𝑟𝑦 − 𝑓𝑟𝑒𝑒 𝑚𝑒𝑚𝑜𝑟𝑦 

 

Table.8.  Memory usage  

 S. 

No. 

No of services  Memory (KB) 

1 30 19387 

2 70 20174 

3 120 20847 

4 160 21833 

5 200 22169 

6 230 22808 

7 270 23772 

 

 
Figure.5. Memory Usages 

The amount of memory requirement is computed and reported 

using table 3.3 and figure 3.3. The given figure is a graphical 

representation of the performance of the proposed 

recommendation system. To present the performance of the 

algorithm the X axis provides the amount of services available 

in data base. Additionally the Y axis demonstrates the amount 

of main memory space required for successful execution. The 

amount of main memory requirements is computed here in 

terms of KB (kilobytes). According to the obtained 

performance on different experiments the memory 

consumption is increases according to the increasing amount 

of data. Because if the data size is increases thus the amount of 

memory required for storing the data is also increases. 

 

D. Time consumption 

The amount of time required to evaluate the given solutions 

for finding the best optimal solution among the available one 

is denoted here as the time consumption or the time 

requirements of the algorithm. The amount of evaluation time 

is given using the following formula: 

𝑡𝑖𝑚𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 𝑒𝑛𝑑 𝑡𝑖𝑚𝑒 − 𝑠𝑡𝑎𝑟𝑡 𝑡𝑖𝑚𝑒 

 
Figure.6. time Usage 

 

Table.9. time consumption 

S. 

No. 

Number of services Time consumption 

(MS) 

1 30 105 

2 70 224 

3 120 352 

4 160 517 

5 200 785 

6 230 951 

7 270 1276 

 

The amount of time required to find the optimal solution using 

the proposed recommendation model is demonstrated using 

figure 3.4 and table 3.4. In this graphical representation of the 

performance the X axis told about the amount of services 

reside under the service database and the Y axis shows the 

corresponding required time. Here the time is estimated in 

terms of milliseconds. According to the obtained evaluation 

time of the proposed model the time complexity of the data 

model is increases as the amount of data in database is 

increases. 

 

IV. CONCLUSION AND FUTURE WORK 

 

This section draws the conclusion of the entire research work 

performed on the recommendation system design for 

suggesting the appropriate services. The conclusion is given 

here by the observation made during the experimentation and 

observations. After that the future extension is also reported. 

 

A. Conclusion 

In a number of places where the significant amount of data is 

available the soft-computing or data mining techniques are 

used for analysing data and making fruitful decisions. In this 

context using different manner of analysis and employment of 

algorithm different kinds of valuable applications are 

developed. In this presented work one of the essential data 

mining techniques is explored and investigated. The proposed 

is intended to investigate about the applications of 
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recommendation system. According to available literature the 

recommendation system is one of the techniques which are 

frequently used in different real world applications. Some of 

them are usage in e-commerce, prediction, pre-fetching and 

caching and others. In this context an efficient and appropriate 

recommendation system can also help to suggest the more 

effective service or service providers among the available 

service providers. The proposed service recommendation 

system is a service recommendation model. This system 

analyse the user query sequence and attributes first and the 

optimal matched solution is obtained among the available 

data. In order to perform such task a heuristic model is used 

which rapidly obtain the best suitable solution. In this context 

quantum genetics based search and recommendation system is 

proposed and implemented. The proposed technique accepts 

two key parameters first the user requirements and secondly 

the service database. Using both the inputs the system utilizes 

the concept of quantum physic and produces the pair based 

encoding of the entire solution. After encoding the solution is 

optimized using the genetic algorithm and their operators. The 

genetic operators are utilized to minimize the search space and 

maximize the solution space according to the requirements.  

The implementation of the proposed recommendation system 

is performed using JAVA technology as the web application. 

After implementation the performance of developed system is 

computed and their performance summary is notified using 

table 4.1. 

 

Table.10. Performance Summary  

S. 

No. 

Parameters Remark 

1 Accuracy The accuracy of the system is 

consistent and provides the 

accuracy between 80-86%. 

2 Error rate Not much fluctuation on 

error rate and provides stable 

outcomes with increasing 

amount of data, the system 

produces 14-20% error rate 

3 Memory usage Thememory consumption of 

the system is increases with 

the amount of database size, 

but adoptable and measured 

between 19000-24000 KB 

4 Time consumption The time requirement of the 

system is increases with the 

amount of solution increases 

in database it varies between 

100-1200 MS 

According to the given performance in the performance 

summary table the proposed technique is suitable, efficient 

and produces accurate and consistent outcomes. Therefore the 

proposed model for recommender system design is effective 

and adoptable for service recommendation purpose. 

 

B. Future work 

The main aim of the proposed work is to design and 

implementation of the service recommendation model is 

accomplished successfully. In near future the proposed data 

model can be extendable in the following areas: 

 The current model not considering the user behaviour 

analysis or the data personalization concepts therefore in near 

future it is required to incorporate the factors relevant to both 

the domains 

 The existing data model provides the consistent 

performance over the different amount of data but the 

improvement on the accurate outcomes are feasible by 

incorporating the above discussed parameters 

 The current model generates the required seeds for 

the data and provides the ranked outcomes according to their 

fitness but a strict decision is required to produce in near 

future. 
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