"m Check for updates

Journal of KIIT. Vol. 18, No. 3, pp. 31-37, Mar. 31, 2020. pISSN 1598-8619, eISSN 2093-7571 31
http://dx.doi.org/10.14801/jkiit.2020.18.3.31

Solg wal el TA AL Esl] TR 37

3

2
—0
*

o
™

Estimation of Cosine Similarity Change in Singular Value
Decomposition

Chanwoo Yoo*

0
12

B Aol 20 99 viled mdo] 23 FRE BEolu] 8 24 0% W AsIT o] 4
§ A i E0] Ao) WE e 7] o], HolHE Ushhs MElE T02 Gl el
4

Aol F28 YL VS0l Bask Uk Solg Balsh 2 WY B WL o8 AU FolA
5 weo] dole Aole] IAQl FAE] £40] Yo HE, 1 A% AThAA fARRe] w917t o
HolH 24 BEo] BANY & Atk B =R Solgk RS o188 AU Fa A TAA FARY
HUAQ &9t HEFE AEE 2R 5 A AXE 4 &9 AR Ho5T, Solge o) gl
AU £9) AREES F4T 5 s PES AL

Abstract

Many machine learning models for personalized recommendation use nearest neighbor methods to generate
recommendation candidates. In this case, the dimension of users or items is usually very large, it is hard to use user
and item vectors as they are, so it needs to generate embeddings of which the dimension reduced. When
dimensionality reduction is done by matrix factorization methods like singular value decomposition, there is loss in
cosine similarity between data points. The loss may results in inaccurate recommendation candidates because relatively
farther neighbor may be regarded as closer one. In this paper, 1 defined a metric that measures the degree of
preservation of relative rankings of cosine similarity as relative ranking precision. I also proposed a formula to

estimate relative ranking precision with singular values.
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Fig. 1. Comparisons between actual relative ranking precision and estimation based on singular values
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Table 1. MAPE of estimation
Dataset MAPE(%)
Movielens 358
BGG 257
Jester 1.97
Datafinti 1.98
¥ 2. dlo|g{Mle] 37|
Table 2. Size of datasets
Dataset |User|ltem | Ranting | Rating range |Sparsity(%)
Movielens| 943 | 1650| 80000 [1, 5] 94.86
BGG |2000(16034 495845 [0, 10] 98.45
Jester |2000| 140 | 246573 |  [-10, 10] 11.94
Datafinti | 408 | 207 | 2605 [1, 5] 96.92
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Table 3. Statistics of singular values of datasets

Staﬂstaataset Movielens | BGG Jester | Datafint
Max 52577 | 220050 | 1604.96 | 95.31
Min 0.45 16.25 11.93 6.16
Mean 2164 79.57 157.27 797
Variance 69396 | 544266 | 20598.05 | 83.88
Median 14.88 64.12 139.88 5.65
Skewness 8.60 13.59 1.72 486
Kurtosis 14517 | 351.59 7262 39.01
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(b) Random matrix of BGG shape

4ol e oo =9 Y=ol MAPE

Fig. 2. MAPE of relative ranking precision by sparsity
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Table 4. Statistics of singular values of random matrices

Statistic G AR Movielens shape | BGG shape
Max 196.06 448.36
Min 7.26 59.50
Mean 27.66 91.21
Variance 165.99 347.19
Median 26.77 90.42
Skewness 249 3.58
Kurtosis 29.29 65.83
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