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Figure 2.1 Graphical interpretation for the (4, j) element of (A7 A)? (left) and (AAT)? (right)
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Algorithm 3.1 Documents recommendation by tuning Neumann kernels

1. Divide whole citation data into two groups D; and D3, where D, are data before time T
and D5 are remainders.

Using D1, calculate IA{_Y for all ~.

Using D3, calculate a co-citation matrix BTB.

For each corresponding columns between IA(W and BT B, find rank correlation coefficients.
Find the estimator '/y;\ as the minizer of mean of rank correlation coefficients obtained in 4.
Calculate the Neumann kernel at 'ﬁ using whole citation data.

Recommend documents based on the Neumann kernel obtained in 6.

No ok W
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Table 5.1 Patent classification based on IPC1: N represents the number of patents in each group, R1 is the mean
of references for each patents and R2 is the mean of references which count citations only in the same group.

IPC1 Technique fields N R1 R2
A human necessities 525,735 18.9 14.8
B performing operations, transporting 678,211 16.5 7.0
C chemistry, metallurgy 384,432 12.9 6.5
D textiles, paper 36,736 15.1 5.1
E fixed constructions 103,490 20.2 9.2
F machanical engineering, lighting, heating, weapons, blasting 307,132 13.6 6.3
G physics 961,522 15.3 11.4
H electricity 795,817 13.5 10.5

etc 488,319 12.0
4,281,394 15.5 9.9

Table 5.1 B 7| Hof ¥2 Tz =29 49 g BAgY &5 & 4 9t} IPCL 7|&2
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Table 5.2 Summary of (AT A)*: The second column is the numbers of nonzero elements in (AT A)* and the last
column is mean values of nonzero elements in IPC1 group D. Both numbers are growing very fast as k increases.

(AT A)F number of nonzero elements mean of nonzero elements
AT A 1,101,681 2

(AT A) 16,246,377 113

(AT 4)3 86,413,153 22252

(AT A)* 267,207,672 8 x 10°

(AT A) 469,637,726 2 x 10t
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Figure 5.1 The results of tuned 7 in each IPC1 group: The values of optimal v\ vary between 10~% and 1072,
so the association measure (co-citation) is more important than global importance measure (HITS) in our

examples.
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Abstract

In this research, we propose a document recommendation method which can find
documents that are relatively important to a specific document based on citation infor-
mation. The key idea is parameter tuning in the Neumann kernal which is an interme-
diate between a measure of importance (HITS) and of relatedness (co-citation). Our
method properly selects the tuning parameter « in the Neumann kernal minimizing the
prediction error in future citation. We also discuss some comutational issues needed
for analysing large citation data. Finally, results of analyzing patents data from the
US Patent Office are given.
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matrix computation.

' This work was carried out with the support of “Cooperative Research Program for Agriculture Science
& Technology Development (Project No. PJ907160)” Rural Development Administration, Republic of
Korea.

1 Corresponding author: Ph. D. candidate, Department of Statistics, Seoul National University, Seoul
151-747, Korea. E-mail: demian87@snu.ac.kr

2 Representative director, Kwang Gae To Laboratory, Seoul 135-921, Korea.

3 Professor, Department of Statistics, Seoul National University, Seoul 151-747, Korea.



