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1. INTRODUCTION 

Today, as people emphasis on fashion, outfit select difficulty became a serious problemin daily life and as massive amounts of 

fashion items are available in markets and online, needs for efficient recommendation services has grown significantly. 

Recommender systems bolster clients in customized way for the identification of product based on the history of the user. 

Recommender Systems are the occurrences of personalization programming. Personalization worries with the adjusting to the 

individual needs, intrigue and inclinations of every client. It includes recommending, filtering and predicting. 

Collaborative filtering looks for similar buying pattern among users. It keeps up the database of clients' evaluations of 

extensive variety of things. For a given client, it finds other comparable clients whose ratings firmly associate with the present 

client's ratings. It at that point prescribes things rated by these comparable clients despite the fact that they might not have 

been rated yet by the present client. Utilizing fuzzylogic procedures design characteristics, which incorporate 

style,shading,material,quality, mark, and regularity, to create mold traits work andattributes function adjustsusers evaluating 
grid parameters of collaborative filtering algorithm to enhance fashion recommendation system performance. 

The primary aim of this paper is to design, develop, and evaluate a novel concept for managing the storage and wearing of 

clothes using user-centered methods and techniques. The paper explores ways in which combinations of technology can be 

used to support buying clothes and deciding what to wear and explores conceptual designs for a system to help people to 

decide what to wear by using different methods: By using a recommender system find a suitable outfit and by managing their 

wardrobe, via their computer or mobile phone, to find a suitable outfit or to add or remove clothes from the wardrobe 

 

2. PERSONALIZED RECOMMENDATION SYSTEM MODEL BASED ON MODIFIED COLLABORATIVE 

FILTERING ALGORITHM  

Personalized recommendation system (PRS) model based on modified collaborative filtering algorithm is as follows.   
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Figure 1. PRS Model based on Modified Collaborative Filtering Algorithm 

 
Filtering consists of two core parts basically in PRS model based on modified collaborative. They are recommendation 

algorithm based on modified collaborative filtering and data refining procedure. Firstly, as indicated by the web which is 

accessed by users, to process and refine   web   data,data refining procedure is used. Secondly, altered collaborative filtering 

executes clustering items, implements and processesself-adaptive recommendation services. 

 

3. USUAL COLLABORATIVE FILTERING RECOMMENDATION ALGORITHM 

Following parts are mainly included inusual collaborative filtering recommendation algorithm. 

The first step: In the recommendation system data resource is selected. As indicated by a few papers, data resource can be 

defined as follows: 

Definition 1[10] Data resource function is D=f(U,I,R), where U=(User1,User2,….,Userm) ∈Z+
m, Useri(i=1,…,m) is the i-th 

user, U is m users vector, I =(Item1, Item2, …., Itemn)∈Z+
n, itemj(j=1,….,n) is j-th item , I is the n items vector, R is the matrix 

that vector U multiplies vectorIT to produce ,IT is vector I transposition,The matrix R is as following formula(1): 

 

       

 

 

 

 (1) 

 

 

 
 

     

Where rijis that Useriappraises Itemjto produce value. 

The second step: based on similaritycorrelation has to be computed. 

Definition 2 Another name for correlation is Pearson similarity ,it is based on similarity, where sim(i, j) is correlation , r(i, j )is 

Useriand Userjappraise elements ofvector I(i,j) to produce r(i,j), I(I,j)I . sim(i, j) is as following formula (2) : 

sim i, j =  −
  rik −ri  (rjk −rj )k∈I(i ,j)

   rik −ri  2
k∈I(i ,j)    rjk −rj  

2
k∈I(i ,j)

 (2) 

 

Where ri is thatUseriappraise elements of vector I(i,j)to produce average score, rj  is Userjappraise elements of vector I(i,j)to 

produce average score. 

The third step: to produce recommendation. 

As indicated by neighbors of special website users who are accessing theweb, two recommendation results , which include 

thattop-N recommendation set , can be computed and users predict arbitrary items to produce value. 

(a) Users predict arbitrary items to produce value: according to user u to 

AppraiseIu, Pu,kis as following formula (3): 

Pu,k = Ru
    +

 sim  u,m ∗(Rm ,k − Rm     )N
m =1

 sim (u,m)N
m =1

      (3) 

  

Where Ru
    is that user u has appraised item k ( kIu) to produce average score, sim(u,m) is similarity coefficient of user u and 

neighbors set N. Rm,kis that user m appraises item k ,which is not to be appraised by user u , to produce score ,𝑅𝑚
     is user 
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mappraises item m to produce score , N is neighbor numbers . If Pu,kvalue is more big,that states that users u more likes item k 

. 

(b) Top-N recommendation set is produced : firstly,Pu,kis processed , then Pu,kvaluescan be arranged from big to small , thirdly 

, nitems is selected according toPu,kvalues arrangement , lastly , top-N recommendation set is produced . 
 

In the E-commerce website some collaborative filtering recommendation algorithm can be used successfully, there is some 
faults .The key fault is asfollowing: 

Data potential sparsity:Scope, users and goods numbers become larger with the development of E-commerce system 

application.User can only appraise small parts of goodsbased on interestof every user.In website, data potential sparsity is 

produced because these small parts of goods are1%-2% of total goods. Based on Data potential sparsityrecommendation 

efficiency of usual collaborative filteringrecommendation algorithm based on users appraising web goods score decrease. 

 

4. COLLABORATIVE FILTERING RECOMMENDATION ALGORITHM BASED ON FASHION ATTRIBUTES 

To improve recommendation efficiency of fashion website, to solve data potential sparsity of fashion website in some degree, 

modified collaborative filtering algorithm based on fashion attributes is researched. 

Firstly, To create fashionattributes function uses fuzzy mathematics processes fashion attributes. In the paper, fashion 

attributes consist fashion style, fashioncolor, fashion quality,fashion material, fashion brand, and fashion seasonality. 

Letfashion style use fuzzy set A1, fashion color use fuzzy set A2, fashion material fuzzy useset A3, fashion quality fuzzy use 
set A4, fashion brand use fuzzy set A5, fashionseasonality use fuzzy set A6. Fuzzy sets A1, A2,A3, A4, A5, A6are as following 

formula(4-9). 

𝐴1 =  
𝐴1(𝑢1

(1)
)

𝑢1
(1) +

𝐴1(𝑢2
(1)

)

𝑢2
(1) + ⋯ +

𝐴1(𝑢𝑛 1
(1)

)

𝑢𝑛 1
(1)  (4) 

𝐴2 =  
𝐴2 (𝑢1

(2)
)

𝑢1
(2) +

𝐴2(𝑢2
(2)

)

𝑢2
(2) + ⋯ +

𝐴2 (𝑢𝑛 2
(2)

)

𝑢𝑛 2
(2)  (5) 

𝐴3 =  
𝐴3 (𝑢1

(3)
)

𝑢1
(3) +

𝐴3(𝑢2
(3)

)

𝑢2
(3) + ⋯ +

𝐴3 (𝑢𝑛 3
(3)

)

𝑢𝑛 3
(3)  (6) 

𝐴4 =  
𝐴4 (𝑢1

(4)
)

𝑢1
(4) +

𝐴4(𝑢2
(4)

)

𝑢2
(4) + ⋯ +

𝐴4 (𝑢𝑛 4
(4)

)

𝑢𝑛 4
(4)  (7) 

𝐴5 =  
𝐴5 (𝑢1

(5)
)

𝑢1
(5) +

𝐴5(𝑢2
(5)

)

𝑢2
(5) + ⋯ +

𝐴5 (𝑢𝑛 5
(5)

)

𝑢𝑛 5
(5)  (8) 

𝐴6 =  
𝐴6 (𝑢1

(6)
)

𝑢1
(6) +

𝐴6(𝑢2
(6)

)

𝑢2
(6) + ⋯ +

𝐴6 (𝑢𝑛 6
(6)

)

𝑢𝑛 6
(6)  (9) 

According to segmentation of fashion style, fashion colour, fashion quality, fashion material, fashion brand, and fashion 

seasonality, domain 𝑢𝑖
(𝑗 ) 𝑗 ∈  1,6 , 𝑖 ∈ [1, 𝑁] and𝐴𝑗  𝑢𝑖

 𝑗  
 (𝑗 ∈  1,6 , 𝑖 ∈ [1, 𝑁])are decided. Because segmentation of 

fashion attributes has notstandardized definition and we make programming become easy, uniform form of fuzzysets A1, 

A2,A3, A4, A5and A6are given .The explicit form is given in the experiment. 

 
Recommendation efficiency which is produced by fashion attributes function named fashion recommendation efficiency 

function. In order to research function relationship among fuzzy sets A1,  A2, A3, A4, A5and A6further , fashion 

recommendation efficiency function is defined according to the following way. 

Definition 3 for∀(𝑥𝑖1
 1 

, 𝑥𝑖2
 2 

, 𝑥𝑖3
 3 

, 𝑥𝑖4
 4 

, 𝑥𝑖5
 5 

, 𝑥𝑖6
 6 

), there must be ∃𝑦𝑖 to make 𝑥𝑖1
 1 

, 𝑥𝑖2
 2 

, 𝑥𝑖3
 3 

, 𝑥𝑖4
 4 

, 𝑥𝑖5
 5 

, 𝑥𝑖6
 6 

 
𝑓
 𝑦𝑖. Where 

𝑥𝑖1
 1 

∈ 𝐴1 , 𝑥𝑖2
 2 

∈ 𝐴2 , 𝑥𝑖3
 3 

∈ 𝐴3 , 𝑥𝑖4
 4 

∈ 𝐴4 , 𝑥𝑖5
 5 

∈ 𝐴5 ,𝑥𝑖6
 6 

∈ 𝐴6 .f is mapping between function 𝑦𝑖 and variables 

 𝑥𝑖1
 1 

, 𝑥𝑖2
 2 

, 𝑥𝑖3
 3 

, 𝑥𝑖4
 4 

, 𝑥𝑖5
 5 

, 𝑥𝑖6
 6 

  

 

According to definition 3, function 𝑦𝑖 is as following formula (10) 

 𝑦𝑖 =   𝑥𝑖1
 1 

, 𝑥𝑖2
 2 

, 𝑥𝑖3
 3 

, 𝑥𝑖4
 4 

, 𝑥𝑖5
 5 

, 𝑥𝑖6
 6 

  (10) 

Fuzzy sets A1, A2, A3, A4, A5and A6satisfy the following assumptions. 

𝐴1 𝑢1
 1 

 > 𝐴1 𝑢2
 1 

 > ⋯ > 𝐴1 𝑢𝑛1
 1 

  (11) 

𝐴2 𝑢1
 2 

 > 𝐴2 𝑢2
 2 

 > ⋯ > 𝐴2 𝑢𝑛2
 2 

  (12) 

𝐴3 𝑢1
 3 

 > 𝐴3 𝑢2
 3 

 > ⋯ > 𝐴3 𝑢𝑛3
 3 

  (13) 

𝐴4 𝑢1
 4 

 > 𝐴4 𝑢2
 4 

 > ⋯ > 𝐴4 𝑢𝑛4
 4 

  (14) 

𝐴5 𝑢1
 5 

 > 𝐴5 𝑢2
 5 

 > ⋯ > 𝐴5 𝑢𝑛5
 5 

  (15) 

𝐴6 𝑢1
 6 

 > 𝐴6 𝑢2
 6 

 > ⋯ > 𝐴6 𝑢𝑛6
 6 

  (16) 
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Fashion in current markets is defined as set C. Where 𝐶 =   𝑐1 , 𝑐2 , … , 𝑐𝑛  , 𝑐𝑖(𝑖 ∈ [1, 𝑛]) means current market l1 –th type 

fashion whose attributes is in fuzzy sets A1,  A2, A3, A4, A5and A6. Assuming l1 –th type fashion attributes values are 

𝑢𝑗1
 1 

, 𝑢𝑗2
 2 

, 𝑢𝑗3
 3 

, 𝑢𝑗4
 4 

, 𝑢𝑗5
 5 

, 𝑢𝑗6
 6 

 and 𝑢𝑗1
 1 

∈ A1, j1 ∈ [1, 𝑛1], 𝑢𝑗2
 2 

∈ A2, j2 ∈  1, 𝑛2 , 𝑢𝑗3
 3 

∈ A3, j3 ∈  1, 𝑛3 , 𝑢𝑗4
 4 

∈ A4, j4 ∈

 1, 𝑛4 , 𝑢𝑗5
 5 

∈ A5, j5 ∈  1, 𝑛5 , 𝑢𝑗6
 6 

∈ A6, j6 ∈  1, 𝑛6 . 

Let 𝑥𝑗
(1)

=  𝑢𝑗1
(1)

, 𝑥𝑗
(2)

=  𝑢𝑗2
(2)

,𝑥𝑗
(3)

=  𝑢𝑗3
(3)

,𝑥𝑗
(4)

=  𝑢𝑗4
(4)

,𝑥𝑗
(5)

=  𝑢𝑗5
(5)

,𝑥𝑗
(6)

=  𝑢𝑗6
(6)

. 

According to f definition, the l1 –th type fashion in the current markets is as following formula (17). 

𝑦𝑙1 =  
1

6
 𝑥𝑗1

 1 
, 𝑥𝑗2

 2 
, 𝑥𝑗3

 3 
, 𝑥𝑗4

 4 
, 𝑥𝑗5

 5 
, 𝑥𝑗6

 6 
  (17) 

Using same calculation method, we can get to 𝑐𝑙1 𝑙1 ∈  1, 𝑛  , 𝑐𝑙2 𝑙2 ∈  1, 𝑛  , … , 𝑐𝑙𝑛  𝑙𝑛 ∈  1, 𝑛   whose function are 

𝑦𝑙1 ,𝑦𝑙2 , … , 𝑦𝑛 .𝑦𝑙𝑝 𝑙𝑝 ∈ 𝑛 , which is ultimate value among𝑦𝑙1 , 𝑦𝑙2 ,… , 𝑦𝑛 , is computed according to the following formula (18). 

𝑦𝑙𝑝 = 𝑦1 ∪ 𝑦2 ∪ … ∪ 𝑦𝑛  (18) 

Using 𝑦𝑙𝑝  adjusts elements values of matrix 𝑅 according to the following formula (19). 

𝑅 =

 
 
 
 
 
𝑟11 ∪ 𝑦𝑙𝑝

⋮
𝑟𝑖1 ∪ 𝑦𝑙𝑝

⋮
𝑟𝑚1 ∪ 𝑦𝑙𝑝

⋯

…

…

𝑟1𝑗 ∪ 𝑦𝑙𝑝

⋮
𝑟𝑖𝑗 ∪ 𝑦𝑙𝑝

⋮
𝑟𝑚𝑗 ∪ 𝑦𝑙𝑝

…

…

…

𝑟1𝑛 ∪ 𝑦𝑙𝑝

⋮
𝑟𝑖𝑛 ∪ 𝑦𝑙𝑝

⋮
𝑟𝑚𝑛 ∪ 𝑦𝑙𝑝  

 
 
 
 

  (19) 

The formula (19) is processed further, we can obtain formula (20). 
 

𝑅 =

 
 
 
 
 𝑟11 

⋮
𝑟𝑖1 
⋮

𝑟𝑚1 

⋯

…

…

𝑟1𝑗 

⋮
𝑟𝑖𝑗 

⋮
𝑟𝑚𝑗 

…

…

…

𝑟1𝑛 
⋮

𝑟𝑖𝑛 
⋮

𝑟𝑚𝑛  
 
 
 
 

  (20) 

Where 𝑟𝑖𝑗 = 𝑟𝑖𝑗 ∪ 𝑦𝑙𝑝  

According to formula (20) and (2), we can obtain 𝑠𝑖𝑚(𝑖,𝑗)   which is computed as following formula (21). 

𝑠𝑖𝑚(𝑖 ,𝑗) =  − 
  𝑟𝑖𝑘 − 𝑟𝑖    𝑟𝑗k − 𝑟𝑗   𝑘∈𝐼(𝑖,𝑗)

   𝑟𝑖𝑘 − 𝑟𝑖   
2

𝑘∈𝐼(𝑖,𝑗)
   𝑟𝑗𝑘 − 𝑟𝑗   

2
𝑘∈𝐼(𝑖,𝑗)

 (21) 

 

According to formula (21) and (3), we can obtain 𝑃𝑢 ,𝑘
   which is computed as following formula (22). 

 

𝑃𝑢 ,𝑘
 = 𝑅𝑢

     +
 𝑠𝑖𝑚  𝑢 ,𝑚  ∗(𝑅𝑚 ,𝑘 − 𝑅𝑚      )𝑁

𝑚 =1

 𝑠𝑖𝑚 (𝑢 ,𝑚) 𝑁
𝑚 =1

  (22) 

Modified 𝑃𝑢 ,𝑘
  can reflect function relationship between current popular fashion attributes and users appraising in the markets. 

In the recommendation system values are arranged from big to small, we can get to n items from the first item to n-th item 

.The n items produce users recommendation set top-N. 

 

5. EXPERIMENT RESULT AND ANALYSIS 

5.1 Data Sets and Evaluation Criterion  

In order to test feasibility of modified collaborative filtering recommendation algorithm fused with fashion attributes, the 

fashion shopping website based on the algorithm is developed. Data sets are built on the following the rule. 

Firstly, from users database 50 users’ data is chosen. Secondly, 50 users appraised 30 kinds of fashion goods to produce 

according to first level to 5-th level rule, thus 1500 data is selected from users appraising database. Training data set consist 

80% data, test data set consist of 20% data.  

Appraising recommendation system test criterion is built on mean absolute error (MAE). MAE can test accuracy which is 

expected according to error between the first type of users who predict goods of web to produce score and the second type of 

users who actually appraise goods of web to produce score. The recommendation system efficiency is higher, if MAE value 

becomes smaller. Data set which is to expect goods of web to produce is  𝑅1 , 𝑅2 ,… , 𝑅𝑛   , data set which is to appraise goods 

of web to produce is  𝑅1
′ , 𝑅2

′ , … , 𝑅𝑁
′  .MAE[11] is computed as following formula (23)  

𝑀𝐴𝐸 =
  𝑅𝑖𝑘

𝑗
− 𝑅𝑖𝑘

𝑗
 

′
 𝑁

𝑖=1

𝑁
  (23) 

In the special test fashion website, there are two kinds of databases .The first kind ofdatabase is database of fashion goods 

attributes. Database of users evaluating fashion goods is the second type of database .The modified collaborative filtering 

recommendation algorithm to process the first kind of database and the second kind of database to producerecommendation 

results. Fashion attributes are as following tables. 
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According to Table 1 to Table 6, fashion attributes fuzzy mathematic programming formulae, which are based on formula (4-

16), are as following formula (25-30). 

𝐴1 =
0.7

1
+

0.6

2
+

0.5

3
+

0.4

4
+

0.3

5
 (25) 

𝐴2 =
0.7

1
+

0.6

2
+

0.5

3
+

0.4

4
+

0.3

5
 (26) 

𝐴3 =
0.7

1
+

0.6

2
+

0.5

3
+

0.4

4
+

0.3

5
 (27) 

A4 =
0.8

1
+

0.6

2
+

0.4

3
+

0.2

4
+

0.1

5
 (28) 

A5 =
0.5

1
+

0.5

2
+

0.4

3
 (29) 

A6 =
0.8

1
+

0.5

2
+

0.2

3
 (30) 

 
5.2 Experiment Results and Analysis 

Two experiments can be designed to test the modified collaborative filtering recommendation algorithm fused with fashion 

attributes. Firstly, modified Pearson similarity fused with fashion attributes is how to effect the fashion recommendation 

system function .With the same test situation, cosine, Pearson similarity and modified Pearson similarity fused with fashion 

attributes are be tested separately. The outcomes are as per the following. 

 
Figure 1. Three Similarity Computer Method Comparison 
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From Figure 1, MAE values of modified Pearson similarity fused with fashion attributes are smallest among MAE values of 

cosine, MAE of Pearson similarity and modified Pearson similarity. Therefore, modified Pearson function is best among 

cosine, Pearson, and modified Pearson.That means modified Pearson function can be adjusted by fashion attributes function 

effectively. Secondly, recommendation capability of modified collaborative filtering algorithm (MCFA) and usual 

collaborative filtering algorithm (UCFA) can be compared. The result is as follows. 

 

 
Figure 2. Function between MCFA and UCFA 

 

From Figure 2, with neighbor numbers increasing, with MAE values becoming more and more small, although that means two 

algorithms is feasible to process fashion goods recommendation in the fashion website recommendation system, MCFA 

function is better than UCFA function,because the reason is that MAE values of MCFA is smaller than MAE of UCFA. 

 

6. CONCLUSION 
A modified collaborative filtering algorithm fused with fashion attributes is researched under usual collaborative filtering 

algorithm. With using fuzzy mathematics to process fashion attributes parameters, fashion attributes function can be produced. 

Fashion attributes function adjusts R matrix of usual collaborative filtering recommendation algorithm to improve 

recommendation capability. With experiment results, the modified collaborative filtering algorithm is proved to be feasible to 

process fashion goods recommendation in fashion goods website. 
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