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ABSTRACT 

THE USE OF ROUGH SETS THEORY IN MULTI-CRITERIA RECOMMENDER 
SYSTEMS 

 

Emin Talip  

Department of Computer Engineering 

Programme in Computer Hardware 

Institute of Graduate Programs, February 2021 

Supervisor: Prof. Dr.   

Accessing the information has become quite easier with the development of technology 

and the discovery of the Internet but the opportunity to get billions of data in seconds brought 

the problem called Information Overload with it. In order to overcome this problem, 

recommender systems that predicts the necessary information from tons of data has been 

proposed. Within the dozens of different approaches for recommender systems, collaborative 

filtering is one of the most commonly used systems for making predictions. 

In collaborative filtering recommender systems, the users put forth their characteristics 

by giving rating to the products they know and the system produces prediction to the products 

they do not have any idea in return. In traditional collaborative filtering, the products are 

considered as a whole, but sometimes approaching to a product from multiple aspects makes 

the system more successful. In this context, multi-criteria recommender systems are 

developed. In this PhD dissertation, in-depth study of multi-criteria recommender systems is 

performed and an aggregation function-based multi-criteria collaborative filtering using 

Rough Sets Theory is proposed as a novel approach. 

The traditional collaborative filtering systems have problems such as scalability and 

sparsity. Since the multi-criteria collaborative filtering systems are considered as the extended 

version of the traditional single-rating collaborative filtering systems, these problems pose a 

much grater problem. Additionally, revealing the relation between criteria is yet another 

optimization problem. Hence, increasing the accuracy in prediction is a challenge. In this 

dissertation, a number of approaches have been made to improve the predictive accuracy of 

multi-criteria recommender systems. A novel approach which uses Rough Sets Theory has 

been proposed to overcome the challenges of these systems. 



vi 
 

Keywords: Data Mining, Recommender Systems, Collaborative Filtering, Multi-

Criteria Collaborative Filtering, Rough Sets Theory.  



vii 
 

 

 

 

iyle 

 

 

Son olarak, tezimi tamamlayabilmek 

 

Emin Talip  



viii 
 

12/02/2021 

  VE KURALLARA U  

 

 

bildiririm. 

 

 

Emin Talip  



ix 
 

 

Sayfa 

SAYFASI ..........................................................................................................  

I .........................................................................................  

 ............................................................................................................................  

ABSTRACT .................................................................................................................... V 

 ................................................................................................................  

KURALLARA UYGUNLUK B  ........................  

 .............................................................................................................  

 ....................................................................................................  

 ..............................................................................................  

 ............................................................  

1.  ...................................................................................................................... 1 

 ........................................................................................... 4 

2.1.  ............................................................................... 4 

2.2. Demografik Filtreleme ................................................................................... 4 

2.3. Ortak Filtreleme ............................................................................................. 4 

2.4.  .......................................................................................... 4 

3.  ................................ 6 

3.1.  .............................................................................. 8 

3.2.  ................................................................... 10 

3.2.1.  ................................................................................................ 10 

3.2.2.  .................................................................................... 10 

3.2.3.  ...................................... 10 

3.2.4.  ........................................................................................ 11 

3.2.5. Gri koyun (Gray Sheep) problemi ...................................................... 11 

3.2.6. Gizlilik .................................................................................................... 11 

3.2.7. Shilling Ataklar ..................................................................................... 12 

3.3. OF Si  ............................................................ 12 



x 
 

3.3.1.  ...................................................................... 13 

3.3.2.  ................................................................... 15 

3.3.3.  ................................................................... 15 

3.3.4.  ..................................................................... 16 

3.4.  ....................................................... 16 

4. -  ...................... 19 

 ............................................................... 21 

 ........................................... 22 

 ..................................................... 24 

5. -

KABA K  .............................................................................. 27 

 ...................................................................................... 27 

 ............... 29 

 .............. 30 

 .................................................................................. 30 

 ................................................................................. 32 

5.2.1.3.  ................................................................................... 32 

 .................................. 32 

 .................................................................. 33 

 ............................................. 34 

 ........................................................... 35 

 ................................................... 36 

5.2.3. Genel t  ................................................... 37 

6. DENEYLER ......................................................................................................... 39 

6.1.  ................................................................................ 39 

6.2. D  ............................................................................ 40 

6.3. Deneysel Bulgular ......................................................................................... 42 

7.  ................................................................................................................. 52 

 ................................................................................................................. 54 

 



xi 
 

 

TABLOLAR  

Sayfa 

Tablo 3.1. -  ....................... 7 

Tablo 3.2. ) ...................... 9 

Tablo 3.3. -

matrisi .......................................................................................................... 12 

Tablo 3.4. - -  ......... 14 

Tablo 3.5. -  ....................... 16 

Tablo 4.1. - -kriter matrisi ........................ 20 

Tablo 5.1.  kriter matrisi ................................................... 33 

Tablo 5.2.  ................................................. 34 

Tablo 5.3. 

matrisi .......................................................................................................... 35 

Tablo 5.4.  .................................. 37 

Tablo 6.1.  .............................. 40 

Tablo 6.2. 

Yelpazesi: 1-5. ............................................................................................. 42 

Tablo 6.3. 

Yelpazesi: 1-13. ........................................................................................... 42 

Tablo 6.4. 

-5. ........... 43 

Tablo 6.5. 

-13. ......... 44 

Tablo 6.6. ML-

 ......................................... 45 

Tablo 6.7. YM20-

 .................... 46 

Tablo 6.8. YM20-

 .................. 46 



xii 
 

Tablo 6.9. YM10-

 .................... 46 

Tablo 6.10. YM10-

 .................. 46 

Tablo 6.11. 

 5 ve 1  13 oy 

20 .................................................................................................................. 47 

Tablo 6.12. 

 5 ve 1  13 oy 

uk = 

20 .................................................................................................................. 47 

Tablo 6.13. 

 5 ve 1  

 ...................................... 48 

Tablo 6.14. 

-Kesinlik ve 7-Kesinlik verileri. 1  5 

ve 1  13 oy yelpazeleri ............................................................................... 48 

Tablo 6.15. 

 ............................................................ 49 

Tablo 6.16. YM10-

-

Oy yelpazesi = 1-13 ..................................................................................... 50 

Tablo 6.17. 

si = 1-5 ............................................................ 51 

  



xiii 
 

  

Sayfa 

  ............................................................................ 8 

  ..................... 23 

  ..................................................................... 28 

  ......... 30 

  



xiv 
 

  

 

OF  : Ortak Filtreleme 
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1.  

, , ihtiya oluna

 

kitap okurken nternet

-ticaret 

sitelerinden biri olan Amazon.com1 

Ancak, 

nternet bilgi 

 (Lu vd., 2015)  

. 

irilerinden 

  

ler sunan sistemler 

 (Goldberg vd., 1992; Resnick ve Varian, 1997; Han ve 

Kamber, 2006). 

Tavsiye sistemleri, 

 (Yirgu ve Meier, 2016). Sistemin tahmin , 

genellikle 

                                                 
1 https://www.amazon.com 



2 
 

toplanabilir (Yi vd., 2014): Direkt olarak  bir   ; 

 veya  bir 

  ; ,  ; dil tercihleri, 

, bir 

  Kim, 1998; 

Park ve Pennock, 2007). Sistem, , 

 

de 

 (OF), demografik filtreleme, olay 

sistemlerini

-

 

 

 

OF sistemlerinin  

gibi pr

kil etmektedir. 

problemidir. 

, kri

. Bu 
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sistemlerine entegre etmemizdeki sebeplerden bir tanesidir. 

 vey  (Dat vd., 2019) gibi 

 

 

 

ve s . 
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2.  

 

. 

2.1.  

 ,  

 

etmeye yarayan etike . 

2.2.Demografik Filtreleme 

mesleki bil

 (Vozalis ve Margaritis, 2007)

 vd., 

. 

2.3.Ortak Filtreleme 

Ortak filtreleme (OF)

(Goldberg vd., 1992) -

 

Q. Li ve Kim, 2003; Han ve Kamber, 2006; Ahn, 2008). 

2.4.  

OF 
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 veri  OF 

 

bir araya get

2017). 
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3.  

OF sist  bilgi 

, nin de benzer 

Goldberg vd., 

2001; O'Mahony, 2004; Ricci vd., 2011)

 

 

  

 

OF sis

03) 

 sevme derecesine 

-2-3 

-5-

A+

tercihlerini - N 

 M 

 



7 
 

 

 sistem, 

. 

Tablo 3.1. -  

      M 

 5 3 8 6  ? 

 -- 6 5 1  -- 

 3 -- 5 --  4 

 6 3 8 6  3 

       

 5 3 8 6  8 

 

Tablo 3. OF 

-

terci ?

bulunan n

. 
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3.1.  

m , top-n listesi 

  

tahmin isteme

   N  sunar. 

Bu sayede, OF 

sistemlerinin tahmin  ve top-n listesi tavsiyesi 

. 

3.1.  

taba

 

Her iki ya
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2008). Su ve Khoshgoftaar 

 

 

Tablo 3.2.  

OF Kategorisi    

-  * 

OF 

*  

top-n Tavsiyelendirme 

 

* Yeni veri 

eklenebilir. 

* Tavsiye edilecek 

. 

. 

. 

* Veri ne kadar 

seyrekse performans o 

. 

tavsi . 

.  

Model-  

Belief Network) 

 

(The Markov Decision 

Process) 

(Latent-Semantic 

Approach) 

Teknikleri  

* Seyreklik, 

problemlerinin 

. 

bulunabilir. 

. 

. 

indirgeme 

. 

  

OF 

OF Sistemleri 

* OF sistemlerinin 

problemlerinin 

. 

. 

* Seyreklik ve gri 

koyun gibi 

problemlerin 

gelinebilir. 

* Sistemin 

. 

* Daha iyi performans 

. 
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3.2.Or  

OF sistemleri bilgi filtrelemede ve e-

da bu sistemlerin  mli 

 

3.2.1.  

 

3.2.2.  

OF sistemlerinin, , 

 

3.2.3.  

 

2017). 
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i 

bu durum sistemin k

. 

3.2.4.  

Veri  

 -

-ticaret 

gereken bir problemdir. 

3.2.5. Gri koyun (Gray Sheep) problemi 

 

 

 

3.2.6. Gizlilik 

(Elahi vd., 2016)
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olurlar. Bu dur

, devlet 

bi tutulmak  (Zhang vd., 2014)

, 

izlilik 

kir. 

3.2.7. Shilling Ataklar 

sistemi mani

, sisteme sahte 

 

. 

3.3.  

--

Ferhat Fular 

?

 

Tablo 3.3. -  

  Bere  Dizlik Eldiven Fular 

Ahmet -- 3 -- 4 1 2 

 2 4 1 -- 3 1 

Ceyda -- 5 3 2 4 -- 

Defne 5 -- 2 1 -- 3 
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Emin 3 5 -- 1 2 4 

Ferhat 4 4 -- 2 3 ? 

 

 

  

  

  

3.3.1.  

sistemin  

i gibi 

Pearson Correlation Coefficient (PCC) 

-skor 

verileri gi

derleyece  

-

 

 (3.1) 

, a n, 

ai ise a i

eder. Bu durumda, 
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. 

 

 (3.2) 

 a n, 

ise a  Bu durumda, 

 

  

  

  

  

  

. 

z- Gravetter vd., 2020).  

, (3.3) 

, a i -skorunu, , a i

a 

ise a -  

-skoru matrisi elde edilir. 

Tablo 3.4. - -  

  Bere  Dizlik Eldiven Fular 

Ahmet -- 0,38 -- 1,16 -1,16 -0,38 

 -0,15 1,38 -0,92 -- 0,61 -0,92 

Ceyda -- 1,16 -0,38 -1,16 0,38 -- 
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Defne 1,31 -- -0,43 -1,02 -- 0,14 

3.3.2.  

 

 

 (3.4) 

wa,u a u m a ile 

u ra,i a

ru,i u i 

a ve u a 

u

 

 (3.5) 

Ferhat

 

  

  

  

  

. 

3.3.3.  

k k-
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k- K 

Ferhat   

  >  >  >  >  

K  

3.3.4.  

-

 denk  

 (3.6) 

Ferhat Fular

 

 

Bu durumda OF sisteminin Ferhat Fular 

Ferhat

Fular 

- . 

Tablo 3.5. -  

  Bere  Dizlik Eldiven Fular 

Ahmet -- 3 -- 4 1 2 

 2 4 1 -- 3 1 

Ceyda -- 5 3 2 4 -- 

Defne 5 -- 2 1 -- 3 

Emin 3 5 -- 1 2 4 

Ferhat 4 4 -- 2 3 3,47 

 

3.4.  
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da, haber 

Chen vd. (2005) OF sistemlerini 

-

-n 

erinden faydalanan, sosyal 

 

-to-implement), 

 - -

 

Sarwar vd. (2001), Linden -

-

 

 

sistemler olsa da 
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Analysis - Temel 

-

 

 

-  

 

Chirita vd. 
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4. -  

Geleneksel OF l  kullanarak tavsiye 

ile ifade ederler. 

insanlar 

tercihlerini belirtirken izledikleri filmin 

 leri 

olur. 

  filmin genel 

otelde 

oteli  

- Adomavicius ve Tuzhilin, 

2005; Kermany ve Alizadeh, 2017). 

oklu-

geleneksel OF 

OF 

  boyutu da 

k  

  bulunur. 

genel   veya ortalama  

 tercih  k+1 

tercihlerini belirtirler. Sistem bu tercihleri  boyutlu   

matrisinde toplar ve bu ver 4.1 OF 

iki . 
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Tablo 4.1. - -kriter matrisi 

       M 

 54,4,6,6 32,2,4,4 87,7,9,9 64,4,8,8  ? 

 ----,--,--,-- 64,4,8,8 55,5,5,5 11,1,1,1  ----,--,--,-- 

 33,3,3,3 ----,--,--,-- 54,4,6,6 ----,--,--,--  43,3,4,4 

 65,5,7,7 32,2,4,4 87,7,9,9 64,4,8,8  34,4,2,2 

       

 56,6,4,4 34,4,2,2 89,9,7,7 68,8,4,4  87,7,9,9 

 

,  adet 

genel 

Tablo 3. OF - , 

 

m

OF sisteminde tekil tercihleri kullanan sistem n inci 

m

n da benzer 

n

ar da 

m edef 

 

OF OF 

OF iki 

 

ar (Adomavicius ve Kwon, 2007). 
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4.1  

, 

geleneksel OF 

 

u ve u   

Bnzort(u, u ) = i(u, u ) (4.1) 

k i  i

u ve u  u ve u  

 

Bnzmin(u, u ) = i(u, u ) (4.2) 

hesaplamas

u ve u  

 

d (u, u ) = oy(R(u,i)R(u )) (4.3) 

d distance 

 u ve u  ortak olarak oy 

R(u, i) ve R(u u ve u  belirli 

u ve u  aras
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Bnz(u, u ) =  (4.4) 

 

 

4.2. Toplama Fonksiyonu Ta  

enel tercihlerin 

f ile ifade 

 

 (4.5) 

 

1. k  

2. 

  

3. 

 

k 

 edilmesi gereken 

 

 toplama fonksiy

 olarak ifade edilen 

 sabit oran . 
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 (Jannach vd., 2012; Bilge ve Kaleli, 2014; Nilashi vd., 2016). 

 de toplama fonksiyonu 

. 

, istatistiki 

 

 (4.6) 

w k

  r 

tahminleri, c K 

genel 

tercih   

 

 

4.1.  
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-

- -

 

- rilerden istifade eden sistemler mevcuttur. 

 

AHP - Analytic Hierarchy Process (Saaty, 1986; 

Hinduja ve Pandey, 2018), ANP - Analytic Network Process (Saaty, 1996;  vd., 

2017), TOPSIS  Technique for Order of Preference by Similarity to Ideal Solution 

(Hwang vd., 1993; Joshi ve Kumar, 2016) ve ELECTRE - ELimination Et Choix 

Tr  1966; Rashid vd., 2018). Adomavicius vd. 

r. 

. 

-

-ticaret 

-

anker, 

-

-  

-
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-

-

OF sistemlerinde kul

(Multi-

 

 Bilge ve Kaleli (2014), benzerlik-taba

i ile otomatik olarak 

 

Multi-Criteria Semantic-enhanced CF (MC-SeCF)  

Zarrinkalam 
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-  

-Order Singular Value Decomposition: 

) ve ANFIS (Adaptive Neuro-Fuzy Inference System: 

Sinirsel-B Sistemi

-

Organizing Map: Kendi

sinirsel-

sistemi 

kombinas  
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5. -

 

-

OF 

 

 

Pawlak (1982)  

 

metottur (Bonikowski ve Bryniarski veri 

veya elde 

 

, onun  

bir matristir. Bir bilgi sistemi, S = 

(U, A) U, 

A, ise  her   

Burada, A 

bir bilgi sisteminde bir karar u bilgi sistemine karar sistemi veya tablosu 

denir. 

, bu bilgi sistemi 

k Herhangi bir   B 

 U evreninin bir 

x, y) ikilisi, U durum, nitelik 

e anan bir INDS(B) -

denir. 
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(5.1) 

X 

lliklerini kullanarak kesin bir 

 

     olarak ait olan nesneler 

Xi nesnesinin X

 

R  (5.2) 

   Yani 

her Xi nesnesinin X

 

 (5.3) 

 

 

R  (5.4) 

 

5.1.  
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; , 

 kriteri 

kullan

 

 

bilgi sistemleri  dolu ol  

 

 

k tahmin 

-

k lde edilen kriter 

 

Kriterlerin 

, bu 

bilgi sistem  
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5.2. KKT k  

 

nde yer alan her bir 

k 

 

5.2.1.1. Benzerlik h  

metrik 

Cosine, Manhattan, , 

Jaccard, Chebyshev ve PCC
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b -

- -1 negatif 

 

 metriklerinden 

 

2014). 

 (5.5) 

dA,B, A ve B 

rA,i ve rB,i i A ve B 

eder. 

Manhattan mesafesi kare 

 

 (5.6) 

Adomavicius ve Kwon, 2007). 

 (5.7) 
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s  

 

k-NN 

 

Bu k-

k 

 

 

 

sistem, 

 

 

 (5.8) 

paq q a

n  
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Si(u, c i u 

c 

  ve nden 

   

    

-,-,-,- 

ha

Ahmet 

olur. 

Tablo 5.1.   kriter matrisi 

        

Ahmet 5,5,4,5 4,4,2,2 4,4,4,4 3,3,2,2 --,--,--,-- 3,3,3,3 5,5,4,5 

 3,3,3,3 4,1,2,4 3,2,4,5 3,3,3,3 2,5,3,1 2,2,3,4 1,2,2,2 

Ceyda --,--,--,-- --,--,--,-- 3,2,5,1 2,3,4,5 2,3,5,2 2,4,5,2 --,--,--,-- 

Defne 3,3,1,1 2,3,4,1 --,--,--,-- --,--,--,-- 2,3,4,5 2,1,2,3 2,3,4,5 

Emin 3,3,3,3 4,4,4,4 1,3,5,2 --,--,--,-- 1,2,1,3 --,--,--,-- 3,3,3,3 

Ferhat --,--,--,-- 2,3,4,2 --,--,--,-- 3,3,2,1 --,--,--,-- 1,1,1,1 --,--,--,-- 
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Ahmet, , Defne ve Emin 

 

Tablo 5.2.  

 Kriter 1 Kriter 2 Kriter 3 Kriter 4 

Ahmet 5 5 4 5 

 3 3 3 3 

Defne 3 3 1 1 

Emin 3 3 3 3 

 

 

 

U, 

R ise U R  U U  

  

 

 

edilebilir  

n n n matris 

  

5.2

 edilebilirlik matrisi  

Ahmet, , Defne ve Emin. Bu 

Ahmet ve  

Ahmet ve i  

 ve Defne 
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3 ve C4 . 

Tablo 5.3.  edilebilirlik matrisi 

 Ahmet  Defne Emin 

Ahmet     

 C1,C2,C3,C4    

Defne C1,C2,C3,C4 C3,C4   

Emin C1,C2,C3,C4  C3,C4  

 

 

Bir 

t edici  

fA verilerin 

edilir.  ile birbirine 

p ve q 

 

 

getirilen p ve q p  q 

 

f r n1 = (C1 C2 C3 C4)  (C1 C2 C3 C4  (C3 C4  (C1 C2 C3 C4)  (C3 C4) 

 ve ):  

 

 

 

 



36 
 

  

f r n1 = (C1 C2 C3 C4)  (C1 C2 C3 C4  (C3 C4  (C1 C2 C3 C4)  (C3 C4) 

(C1 C2 C3 C4) a, (C3 C4) b ile 

ifade edilecek olunursa, : 

 = a  a  b  a  b. 

 a  . 

  

 = a  b = (C1 C2 C3 C4)  (C3 C4). 

C3 C4) a, (C1 C2) 

ise b ile ifade edilecek olunursa, : 

=  = (C3 C4). 

  

 

 

gerekir. f(i), i (fi, cj) cj kriterinin fi 

ndeki 

 

 (5.9) 
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 (5.10) 

(fi, 

N

f r n1 

 

f r n1 = (C3 C4) 

 = 2 

 =   =  = 0,  =   =  = 0, 

  =   =  = 0.5, =   =  = 0.5 

 

. 

Tablo 5.4.   

 Kriter 1 Kriter 2 Kriter 3 Kriter 4 

  0 0 0,5 0,5 

 0,25 0,25 0,25 0,25 

     

n 0,40 0 0,20 0,40 
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- Ahmet 

Ahmet 

Ahmet 

(3,98), (4,47)} 

Ahmet 

 

P , Ahmet = (  

Defne Esaretin Bedeli edir. Bu 

Esaretin Bedeli {(0,25), (0,25), (0), 

Defne  

PEsaretinBedeli, Defne = (3,17  
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6. DENEYLER 

-

anal

 

6.1.  

Deneylerimizde  olarak, 

MovieLens ml-100k2 ve -  film oylama  olan Yahoo!Movies3 

YM5-5, YM10-10 ve YM20-20 -

 

 

-  

,30 ur. 

  

  

Yahoo!Movies  

 

  

YM5-5, YM10-10 ve YM20- nde yer alan 5-

5, 10-10 ve 20-

 

YM5-

 

 Veri lerinin 1-5 ve 1- -

A, A-, B+, B, B-, C+, C, C-, D+, D, D- 

halidir4

temsil eder. 1-5 oy yelpazesi ise 1-13 oy yelpazesinin gruplanarak 1-5 yelpazesine 

                                                 
2 https://grouplens.org/datasets/movielens/ 
3 https://webscope.sandbox.yahoo.com/catalog.php?datatype=r 
4 https://en.wikipedia.org/wiki/Academic_grading_in_the_United_States 
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 yelpazede, A ile ifade edilen oylar 

5, B ile ifade edilen oylar 4, C ile ifade edilen oylar 3, D ile ifade edilen oylar 2 

 

YM5- si iken YM20-20 

 

Tablo 6.1.  

    

ml-100k 943 1682 100.000 

YM5-5 5978 3079 82.599 

YM10-10 1827 1471 48.026 

YM20-20 429 491 18.504 

 

6.2.  

OMH

KOKH), Kapsam (Coverage) ve N-Kesinlik (Precision-at-N) 

malarla 

 

OMH 

 

OMH  

 (6.1) 

N  pi 

ve ri  

KOKH OMH

KOKH  
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 (6.2) 

OMH ve KOKH  

OMH KOKH

  

 

 (6.3) 

N-

tulur. 

N N adet tahmin edilen oylar 

N-Kesinlik 

N-  

 (6.4) 

-13 

yelpazesinin 1-

K- K-Fold Cross Validation) deney metodolojisi 

K- K adet 
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. 

6.3.Deneysel Bulgular 

YM5-5, YM10-10 ve 

YM20-20 -5 ve 1-

sistemin OMH ve KOKH 

k 

metriklerin 1-5 yelpazeli v OMH ve KOKH -13 

OMH ve KOKH  

Tablo 6.2. Yahoo!Movies  
, Oy Yelpazesi: 1-5. 

  Manhattan Chebyshev PCC 

 OMH KOKH OMH KOKH OMH KOKH OMH KOKH 

 0,5021 0,7621 0,5889 0,8545 0,5758 0,8395 0,4634 0,6851 

YM20.Oyunculuk 0,4790 0,7316 0,5506 0,8092 0,5397 0,7963 0,4377 0,6562 

 0,4620 0,7153 0,5327 0,7905 0,5226 0,7786 0,4288 0,6441 

 0,4963 0,7591 0,5801 0,8514 0,5666 0,8359 0,4672 0,6898 

 0,5760 0,8450 0,6600 0,9106 0,6599 0,9105 0,4783 0,7189 

YM10.Oyunculuk 0,5394 0,8004 0,6154 0,8599 0,6154 0,8599 0,4454 0,6787 

 0,5324 0,7916 0,6094 0,8507 0,6091 0,8506 0,4468 0,6800 

 0,5768 0,8471 0,6574 0,9086 0,6569 0,9083 0,4781 0,7179 

 0,6107 0,8834 0,6964 0,9495 0,6965 0,9496 0,4775 0,7231 

YM5.Oyunculuk 0,5703 0,8333 0,6485 0,8952 0,6485 0,8952 0,4460 0,6847 

 0,5651 0,8293 0,6444 0,8892 0,6444 0,8892 0,4460 0,6860 

 0,6069 0,8762 0,6929 0,9449 0,6929 0,9449 0,4774 0,7245 

 

Tablo 6.3. Yahoo!Movies  
, Oy Yelpazesi: 1-13. 

  Manhattan Chebyshev PCC 

 OMH KOKH OMH KOKH OMH KOKH OMH KOKH 
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 1,3862 2,0654 1,6279 2,3799 1,4971 2,2263 1,4025 1,9628 

YM20.Oyunculuk 1,3811 2,0547 1,5779 2,3181 1,4417 2,1524 1,3485 1,8904 

 1,3487 2,0255 1,5398 2,2598 1,3718 2,0614 1,3243 1,8604 

 1,4191 2,1158 1,6435 2,4078 1,4963 2,2273 1,4205 1,9906 

 1,7513 2,4832 2,0798 2,7798 2,0792 2,7797 1,4909 2,1298 

YM10.Oyunculuk 1,6662 2,3907 1,9553 2,6493 1,9541 2,6484 1,4129 2,0321 

 1,6560 2,3705 1,9379 2,6220 1,9371 2,6219 1,4192 2,0352 

 1,7618 2,4901 2,0738 2,7751 2,0730 2,7745 1,4982 2,1348 

 1,8394 2,5893 2,1050 2,8230 2,1050 2,8230 1,4303 2,0890 

YM5.Oyunculuk 1,7411 2,4808 1,9833 2,6931 1,9833 2,6931 1,3543 1,9988 

 1,7395 2,4704 1,9801 2,6801 1,9801 2,6801 1,3638 2,0046 

 1,8417 2,5926 2,1007 2,8185 2,1007 2,8185 1,4343 2,0920 

 

OMH ve KOKH 

OMH ve 

KOKH cun PCC 

 

-

OMH ve KOKH -13 ye OMH ve KOKH 

 

Tablo 6.4.  
m , Oy Yelpazesi: 1-5. 

 K = 10 K = 20 K = 40 K = 80 

 OMH KOKH OMH KOKH OMH KOKH OMH KOKH 

 0,4839 0,7217 0,4634 0,6851 0,4484 0,6562 0,4396 0,6400 

YM20.Oyunculuk 0,4568 0,6862 0,4377 0,6562 0,4188 0,6227 0,4079 0,6029 

 0,4503 0,6799 0,4288 0,6441 0,4128 0,6159 0,4023 0,5972 

 0,4844 0,7189 0,4672 0,6898 0,4492 0,6584 0,4380 0,6391 
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 0,5029 0,7459 0,4783 0,7189 0,4540 0,6857 0,4288 0,6494 

YM10.Oyunculuk 0,4721 0,7080 0,4454 0,6787 0,4211 0,6478 0,3986 0,6152 

 0,4708 0,7096 0,4468 0,6800 0,4208 0,6453 0,3969 0,6098 

 0,5045 0,7502 0,4781 0,7179 0,4526 0,6841 0,4295 0,6505 

 0,5081 0,7529 0,4775 0,7231 0,4478 0,6907 0,4204 0,6569 

YM5.Oyunculuk 0,4752 0,7130 0,4460 0,6847 0,4160 0,6523 0,3892 0,6179 

 0,4752 0,7171 0,4460 0,6860 0,4166 0,6521 0,3884 0,6154 

 0,5072 0,7557 0,4774 0,7245 0,4488 0,6917 0,4201 0,6558 

 

Tablo 6.5. Yahoo!Movies  . Benzerlik 
m , Oy Yelpazesi: 1-13. 

 K = 10 K = 20 K = 40 K = 80 

 OMH KOKH OMH KOKH OMH KOKH OMH KOKH 

 1,4618 2,0597 1,4025 1,9628 1,3697 1,9136 1,3554 1,8930 

YM20.Oyunculuk 1,4030 1,9886 1,3485 1,8904 1,3103 1,8367 1,3013 1,8209 

 1,3854 1,9641 1,3243 1,8604 1,2872 1,8102 1,2784 1,7960 

 1,4879 2,1006 1,4205 1,9906 1,3767 1,9233 1,3670 1,9036 

 1,5664 2,2277 1,4909 2,1298 1,4251 2,0400 1,3596 1,9428 

YM10.Oyunculuk 1,4901 2,1308 1,4129 2,0321 1,3480 1,9455 1,2902 1,8602 

 1,4936 2,1307 1,4192 2,0352 1,3484 1,9371 1,2859 1,8462 

 1,5689 2,2222 1,4982 2,1348 1,4241 2,0304 1,3606 1,9400 

 1,5093 2,1770 1,4303 2,0890 1,3556 1,9997 1,2860 1,9074 

YM5.Oyunculuk 1,4308 2,0806 1,3543 1,9988 1,2829 1,9108 1,2158 1,8200 

 1,4408 2,0895 1,3638 2,0046 1,2932 1,9130 1,2254 1,8215 

 1,5091 2,1769 1,4343 2,0920 1,3610 2,0054 1,2922 1,9122 

 

-20 veri 

 

ml- OMH 

ve KOKH 
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logaritmik 

 

Tablo 6.6. ML-   sistem 
p  

 

benzerlik-

-10 ve 

YM20- ek-  

(leave-one- verisi 

Senaryo (Worst-Case) ve Ortalama Senaryo (Average-

YM20- OMH ve KOKH verileri 

 

 

 Manhattan Chebyshev PCC 

OMH KOKH OMH KOKH OMH KOKH OMH KOKH 

10 0,7807 0,9893 0,8099 1,0189 0,8000 1,0086 0,6714 0,8838 

20 0,7577 0,9681 0,7957 1,0077 0,7772 0,9881 0,6498 0,8514 

30 0,7419 0,9532 0,7851 0,9997 0,7601 0,9717 0,6429 0,8399 

40 0,7289 0,9406 0,7772 0,9933 0,7456 0,9574 0,6404 0,8351 

50 0,7181 0,9299 0,7699 0,9873 0,7348 0,9459 0,6394 0,8326 

100 0,6889 0,8987 0,7484 0,9709 0,6930 0,8974 0,6397 0,8290 
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Tablo 6.7. YM20-
OMH verileri 

Oy Yelpazesi  k = 10 k = 20 k = 40 k = 80 

1-  
 0,7099 0,715 0,7066 0,6683 

Ortalama 0,6991 0,699 0,6826 0,6628 

1-  
 1,977 1,9765 1,9045 1,827 

Ortalama 1,9711 1,9824 1,8843 1,8239 

 

Tablo 6.8. YM20-
KOKH verileri 

Oy Yelpazesi  k = 10 k = 20 k = 40 k = 80 

1-  
 0,9505 0,9568 0,9438 0,8935 

Ortalama 0,9569 0,9469 0,9241 0,8925 

1-  
 2,6838 2,6772 2,5736 2,4792 

Ortalama 2,6796 2,6794 2,5497 2,4788 

 

 

-

 elde edilen OMH ve KOKH 

 

Tablo 6.9. YM10-
OMH verileri 

Oy Yelpazesi  K= 10 K = 20 K = 40 K = 80 

1-  
 0,7510 0,7520 0,7460 0,7321 

Ortalama 0,7400 0,7356 0,7308 0,7245 

1-  
 1,0072 1,0088 0,9982 0,9814 

Ortalama 1,0093 1,0066 0,9838 0,9725 

 

Tablo 6.10. YM10-
KOKH verileri 

Oy Yelpazesi  K= 10 K = 20 K = 40 K = 80 
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1-  
 2,1731 2,1711 2,1503 2,1457 

Ortalama 2,1703 2,1680 2,1548 2,1421 

1-  
 2,9219 2,9105 2,8872 2,8678 

Ortalama 2,9204 2,9084 2,8913 2,8697 

 

  

Yahoo!Movies 

YM5-5, YM10-10 ve YM20-20  veri 

OF 

KKT 

OMH ve KOKH ve N-   

OMH 

KOKH OMH ve KOKH verileri ise Tablo 

 Bu deneyden elde edilen bulgular, sistemin YM20-20 veri 

 

Tablo 6.11. Yahoo!Movies  OMH 
verileri. 1  5 ve 1  13 oy  

  Manhattan Chebyshev  

YM5-5.Overall 1-  

1-  

0,7818 

2,1437 

0,7815 

2,1447 

0,7114 

1,8875 

YM10-10.Overall 1-  

1-  

0,7464 

2,0961 

0,7460 

2,0967 

0,6789 

1,7824 

YM20-20.Overall 1-  

1-  

0,6776 

1,6533 

0,6687 

1,4939 

0,6084 

1,4099 

 

Tablo 6.12. Yahoo!Movies  KOKH 
verileri. 1  5 ve 1  13 oy  

  Manhattan Chebyshev  

YM5-5.Overall 1-  

1-  

1,0634 

2,9037 

1,0628 

2,9050 

1,0077 

2,6645 
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YM10-10.Overall 1-  

1-  

1,0268 

2,8376 

1,0256 

2,8384 

0,9732 

2,5340 

YM20-20.Overall 1-  

1-  

0,9537 

2,3727 

0,9465 

2,1886 

0,8824 

2,0658 

 

Tablo 6.13. Yahoo!Movies  OMH 
ve KOKH verileri. 1  5 ve 1  13 oy  

  OMH KOKH 

YM5-5.Overall 1-  

1-  

0,4705 

1,3185 

0,7729 

1,9027 

YM10-10.Overall 1-  

1-  

0,4555 

1,3228 

0,7639 

1,8982 

YM20-20.Overall 1-  

1-  

0,4240 

1.2891 

0,7372 

1.8672 

 

Bu deneyde, 5-Kesinlik ve 7-

-

-

-Kesinlik ve 7-Kesinlik son

 

Tablo 6.14. Yahoo!Movies  5-
Kesinlik ve 7-Kesinlik verileri. 1  5 ve 1  13 oy yelpazeleri 

  5-Kesinlik 7-Kesinlik 

YM5-5.Overall 1-  

1-  

70,83 

77,94 

79,90 

85,77 

YM10-10.Overall 1-  

1-  

66,31 

73,87 

74,76 

72,54 

YM20-20.Overall 1-  62,05 64,77 
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1-  67,91 72,77 

 

benzerlik- ve  RoughMCCF 

. 

 

 Adjusted 

Cosine Similarity)

ve Manhattan mesafe metriklerini kullanarak sistemin  

Kaleli (2014)

 

mesafe metrik k 

-  

 

Tablo 6.15. 
 

 

 YM10 YM20 

 

 

 

-

 

Benzerlik 

PCC 
Ort. 0.7670 0.7789 

Min. 0.7670 0.7445 

DKB 
Ort. 0.7953 0.7911 

Min. 0.7475 0.7273 

Mesafe 

 0.7293 0.6322 

Manhattan 0.7328 0.6798 

Chebyshev 0.7335 0..6493 

 

 

RoughMCCF 

Benzerlik 
PCC 0.5513 0.5398 

DKB 0.5825 0.5610 

Mesafe 

Euclidean 0.6439 0.5596 

Manhattan 0.7034 0.6172 

Chebyshev 0.7046 0.5995 
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-13 oy 

yelpazesine sahip YM10- -

-

Kesinlik, 7-Kesinlik ve OMH 

geleneksel OF sistemi StandartCF ve benzerlik- -Similarity, 

Jannach vd. (2012) k- -

Pearson, , 

, Lemire ve Maclachlan 

 geleneksel O

edilen 5-Kesinlik, 7-Kesinlik ve OMH 6 da  

Tablo 6.16. YM10- -Kesinlik ve 
. Oy yelpazesi = 1-13 

Algoritma 5-Kesinlik 7-Kesinlik OMH 

StandartCF 68,70 69,00 2,06 

MC-Similarity 67,69 71,12 2,06 

TotalReg 70,90 70,40 - 

UB-Pearson 71,68 70,38 2,07 

SlopeOne 72,95 71,49 1,89 

FunkSVD 73,15 71,65 1,89 

RoughMCCF 73,87 72,54 1,30 

WeightedSVM 75,62 73,26 1,05 

 

  sistemin, ilen WeightedSVM 

  

 O(N2
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 (N

SV-Regress-I ve SV-Regress-U 

olarak  ise 

O(N2

 

-5 oy yelpazesine sahip YM5-5, YM10-10 ve YM20-20 veri 

rtCF, MC-Similarity, SlopeOne ve FunkSVD 

KOKH 

KOKH ve Kapsam metrikleri 

7 e yer 

 

Tablo 6.17. 
. Oy yelpazesi = 1-5 

Algoritma YM5-5 YM10-10 YM20-20 

KOKH Kapsam KOKH Kapsam KOKH Kapsam 

StandartCF 0,83 1,0 0,81 1,0 0,78 1,0 

MC-Similarity 0,99 0,24 0,93 0,56 0,87 0,99 

SlopeOne 0,97 1,0 0,89 1,0 0,81 1,0 

FunkSVD 0,91 1,0 0,87 1,0 0,83 1,0 

RoughMCCF 0,80 1,0 0,76 1,0 0,74 1,0 
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7.  

yapabilmekteyiz. 

-  

- adan tekstile, elektronikten 

kta ancak bu durum bilgi 

 

Tavsiye sistemleri

sistemleri OF sistemleridir. OF sistemleri, 

lerine 

 

OF 

cih 

 

sist  
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kriterl

-Case) ve 

Ortalama Senaryo (Average-

de

 

OF 

sis

dah

 

- ORTAK 

yine KK
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