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Based on Impacts Calculation
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‘We propose a method to find a historically significant article from Wikipedia.
We treat an article as a historical entity and evaluate the significance of histor-
ical entities (people, events, and so on.). Here, the significance of a historical
entity means how it affected other historical entities. Our proposed method first
calculates the temporal impact of historical entities. The impact of a historical
entity varies according to time. We assume that a Wikipedia link between his-
torical entities represents an impact propagation. That is, when an entity has a
link to another entity, we regard the former is influenced by the latter. Histori-
cal entities in Wikipedia usually have the date and location of their occurrence.
Our proposed iteration algorithm propagates such initial tempo-spacial infor-

mation through links in the similar manner as PageRank, so the tempo-spacial
impact scores of all the historical entities can be calculated. We assume that
a historical entity is significant if it influences many other entities that are far
from it temporally or geographically. We demonstrate a prototype system and
show the results of experiments that prove the effectiveness of our method.
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Fig.3 Geo-spatial divide of Europe using geo-hash algorithm.
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Fig.6 Temporal distances between two historical entities u and v.

O0020000000000«0v0000000 d(u,v) D0 600000000000
OO000D0Deqin OODDODOOOOOOeO “begin year’OD eeng O “end year” OO0 OO0
OO0 eO00D0 epegin Ceena 000000000

dpegin (U, V) = |Vbegin — Ubegin| 1)

dend(t, v) = [Vend — Uend| )

daverage (u,v) = | 22 +2vbegm _ Uend +2Ubegm | o)
0 Vbegin < Ubegin < Vend

dnearest(u,v) = 0 Ubegin < Ubegin < Uend (10)

Vend — Ubegin Vend S Ubegin

Uend — Vbegin Uend S Ubegin

0o000dddooooooooooooooooooooooooogd
dpear (1, V) = |Upeak — Vpeak| (11)

5.4.3 PageRank

ooooooOO00oOoOoOoOU0000o0oOoOoU0UOD0UooooooDoooooooooDOo
O00O000oooo0O0O0o0ooU00ooooooooooooooooooooooog
00000o0o0o00oooooooooooooo0oooOooooooooooooo
000000000oooooooooooo0o000O000ooUoUoooooooooo
00000000000 ooooooooooooooooo«“CO00oOooooog
0000000000000 00000O0O0O0OO0OO0”000000000o0oooooog
0000000000000 00000D00000000D000000O00ooooooon

(© 2011 Information Processing Society of Japan



3551 O000O0O0O0O0OOO0O0000O0O0O0O0OO0O0O0O00000

0000 PageRank 000000000000 O0DOOWikipediaOODOOOOODOO
000000000000 WikipediadODO PageRank DO 0000000 OOOOO0O
0o00oooooooooooooooo

5.4.4 Distance PageRank

51 00000000000000O0PageRank 00000000000 OOOCCOCOOO
O0o000oo0oo0oo0o 2000000000000 00000000d(w,v)0 w00
v000000000000000000000000000OO0O0OO00OUODOOPageRank
0o0ooooooooooo

d(u,v)s(u 1—«
sw=ay Z;Fu)d((u’)w) i (12)

u€ By

0000000000000000000000000000000000000000
0000000 PageRank 000 O TextRank'® O VisualRank® 0000000000

6. O O

6.1 ODOOO0OO

000000000 0000ogoooooooooo00ooooooooooooo2010
0100110000000 WikipediaOOOODOOOOOODODDDODOODOOOOOOOOOO
0000000000000000000WikipediaOOOOOOOODOWikipedia OO 0O
000000 “Years” OO0DOD00ODO000DOO0D0OO0O0D0OO0O0ODOOOODOO “Years” 00O
000000 0000000Q0Oo0O0O000000000ooO0O0O0O0000n “Years” OO
000000 «2010"00000000 “2010” 00 “2010 births” 0O 0O 20100000
oooooooOoOo0ooOoOoOlooooOooO00o0DU0oOooooooooooooooo
00000000 Newton O “1643 births” O “1727 deaths” 0000000000000
O00000000 “Years” 00O 0OOODOOOOCOODODO “beginyear’d 00000
000 “endyear” OO0DOOOOO0O WikipediaOOOOOOOO“Years” DOOODOO0O
gobooOooo0ooboOoD 142461600 00000000000DOO0100O000DDOO
0000000oU000o0oooOO0oo0o0oU00ooOooooOooOoOU10DoOooooooOoO
0 Wikipedia OO OO0OOOO0OOOODO 4746800000000000O000000O0O00OO
020000

00o0oooooog Vol 52 No. 12 3542-3557 (Dec. 2011)

6.2 0000
gooooobooooooobooooooboooboooboboboooobooDoDOooD
goobooooooooooboboooooboooboo 11obo00oboboo0gon0end
goooboboodoooooboooboooobobooooobooooooooooooooo
0000 WikipediaOOOOOOOOO 1000000000104300000000000
goboboooodobol1oobooooboobo1ooboooooooo0obo 10oooboboOoDn
gobooooooboooooouobooobo 2000000000 20392000000
oo
6.2.1 0O a
gooobooooooootcoooooooooboOoboOoOoboOoDooOoOooOoDOOoOoDOon
goboooooooo
e 00000 O0OODOODLOOODOODOOOLOODOODLOOOOOOODOOOODOODOO
oooooobooobooooooooo
e JO000OOOOODOOODOOOODOOLOOODOOOODOOOODOOOOODOO
ooboooooboooooooooooboobooooo
goobooooooooooooooooobobooooobobooooDbOoDboOboOon
gooooboooooooobooooobooooooboobooooooDboboooooDboODbOo
goooooooooooooboooobooooooboboooooobooboooooooDbonoo
goooooooooooooooboooooooboboooobooboboooooDboo
gooooooooboooooooooooooobooooooboobooooooooDoo
goboooooboooooooboooooooo
gbooooobooodooooboooobooooboooooooboooooDo
gooooooooooooooobooooooooOoboOooboooboOoooboooooDooo
goboooobooobooobooooooooooooooo
6.3 DU00O0O0OOO0OOOO0OOOOODOOO
000000100000 WikipediaOOOOOOOOOOO 500000000000
00000 70000000000 O00O0OOOCOODOOO0WIikipediaODOOOOOOOO
gobooobooooooooboooobooooon
gboboobl10oo0obooooboo0oooOoooo0obooobOOobOoboOobOoOoooOoDo
00800000000 O0000000000 100<d00000000000000
goooooboooooooooooooooooobooooooooboooooooobooonoo

(© 2011 Information Processing Society of Japan



3552 OO0OO0OO0O0O0OOOOOOCOOOOOOCOOOOO0O0O

dpeak

dbegin

dend

daverage

dnearest

0%

B d<=10

20% 40%

B 10<d<=50

60%

M 51<d<=100

80%

W 100<d

100%

07 000000 100000000000000000O0O
Fig. 7 Ratio of result of the four distance function.

dpeak

dbegin

dend

daverage

dnearest

0%

md<=10

20% 40%

W 10<d<=50

60%

W 51<d<=100

80%

= 100<d

100%

08 O0O0OO0O0100000000000000

Fig.8 Ratio of value of four distance of links point to item of the correct answer set.
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Table 1 Precision and Recall of sorting all historical entities.

Name @10 @100 @1000 @10000 @100000

proposed fiinear 0.15 0.300 — 0.003 | 0.310 — 0.031 | 0.113 — 0.113 | 0.027 — 0.275 0.004 — 0.381
proposed fiog 0.15 0.400 — 0.004 | 0.280 — 0.028 | 0.092 — 0.092 | 0.028 — 0.281 0.004 — 0.380
proposed fsquare 0.15 | 0.200 — 0.002 | 0.270 — 0.027 | 0.108 — 0.108 | 0.027 — 0.270 0.004 — 0.379
proposed fiinear 0.5 0.300 — 0.003 | 0.310 — 0.031 | 0.138 — 0.138 | 0.045 — 0.455 0.007 — 0.689
proposed fiog 0.5 0.400 — 0.004 | 0.280 — 0.028 | 0.136 — 0.136 | 0.045 — 0.450 0.007 — 0.715
proposed fsquare 0.5 0.200 — 0.002 | 0.270 — 0.027 | 0.128 — 0.128 | 0.042 — 0.425 0.006 — 0.635
proposed fiinear 0.85 0.400 — 0.004 | 0.290 — 0.029 | 0.182 — 0.182 | 0.068 — 0.683 | 0.010 — 0.959
proposed fio4 0.85 0.500 — 0.005 | 0.330 — 0.033 | 0.170 — 0.170 | 0.066 — 0.665 | 0.010 — 0.963
proposed fsquare 0.85 | 0.400 — 0.004 | 0.250 — 0.025 | 0.190 — 0.190 | 0.065 — 0.652 | 0.010 — 0.951
ooooa 0.400 — 0.004 | 0.280 — 0.028 | 0.077 — 0.077 | 0.020 — 0.204 0.003 — 0.330
daverage 10000 0.500 — 0.005 | 0.190 — 0.019 | 0.110 — 0.110 | 0.027 — 0.275 0.004 — 0.381
PageRank 0.000 — 0.000 | 0.090 — 0.009 | 0.080 — 0.080 | 0.020 — 0.205 0.003 — 0.283
dpear PageRank 0.100 — 0.003 | 0.050 — 0.013 | 0.078 — 0.199 | 0.019 — 0.485 0.003 — 0.686
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Fig.9 F-measure score of Table 1.
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Table 2 Precision and Recall of sorting all historical people.

Name @10 @100 @1000 @10000 @100000

proposed fiinear 0.85 0.600 — 0.012 | 0.310 — 0.079 | 0.147 — 0.375 | 0.034 — 0.875 0.004 — 0.987
proposed fio4 0.85 0.600 — 0.015 | 0.260 — 0.066 | 0.133 — 0.339 | 0.035 — 0.898 0.004 — 0.995
proposed fsquare 0.85 | 0.700 — 0.018 | 0.370 — 0.094 | 0.148 — 0.378 | 0.032 — 0.827 0.004 — 0.982
inboud link 0.400 — 0.010 | 0.280 — 0.071 | 0.077 — 0.196 | 0.020 — 0.520 0.003 — 0.839
daverage link 0.500 — 0.013 | 0.190 — 0.048 | 0.110 — 0.281 | 0.027 — 0.699 | 0.004 — 0.969
PageRank 0.000 — 0.000 | 0.090 — 0.023 | 0.080 — 0.204 | 0.020 — 0.523 0.003 — 0.719
dpear PageRank 0.100 — 0.003 | 0.050 — 0.013 | 0.078 — 0.199 | 0.019 — 0.482 0.003 — 0.686
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Fig. 10 F-measure score of Table 2.
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Table 3 Sorting result of historical people. Bold person is included in correct answer set.

oo proposed fiinear 0.85 proposed fiog 0.85 proposed fsquare 0.85 goooo daverage 10000

1 Augustus Charlemagne Augustine of Hippo George W. Bush Augustus

2 Pope John Paul II Augustus Pope John Paul II Bill Clinton William Shakespeare
3 Charlemagne Muhammad Plutarch Barack Obama Saint Peter

4 Ptolemy Pope John Paul II Ptolemy Ronald Reagan John Chrysostom

5 Plutarch Augustine of Hippo George W. Bush Bob Dylan Jerome

6 Saint Peter Diocletian Saint Peter Robert Christgau Muhammad

7 George W. Bush Plutarch Adolf Hitler Adolf Hitler Athanasius of Alexandria
8 | Augustine of Hippo Saint Peter Napoleon 1 John F. Kennedy Gregory of Nazianzus
9 Muhammad Justinian I Charlemagne Michel Jackson Hilary of Poitiers
10 Diocletian Ptolemy Augustine of Hippo Elvis Presley Pope Gregory I

0 4 Napoleon I0 Leonardo da Vincill Lobert Hookell Isaac Newtonld Albert Einstein 000000
0000000 e=08 000000
Table 4 Significance of Napoleon I, Leonardo da Vince, Lobert Hooke, Isaac Newton and Albert

Einstein calculated by our proposed method.

proposed fio4 0.85
Napoleon I 24
Isaac Newton 150
Albert Einstein 192
Leonardo da Vinci 511
Lobert Hooke 2640

gbobooooooooooboobooobooboboooooobooooboOoooooa
oooooo «co7’0“0c0”0b0b0000000000000000000000000
oooobooooooooooobooooooooboooooooooboooooooo
gooooooobooboooooooboooooooboo0ooOooooobooooooDooo
gooboobooooooooobooooobooooooooboooooobOobobOobo
goboooooooboooooboo

000000000000000000 Computational History 00000000000
goooobooooooooooobooooooboooooooDbooOoooboboooobooDoboo
OooOOO0O0O0ODO0O0O0000000D0D00 WikipediaOOOOOOOOOOOOODOD
goooooooooooooooboooooboooobooOoboooooooboOooooobooonoo
gooooooooboooooooobooooobooooobooOobooooooboooooooDoobooo

00o0oooooog Vol 52 No. 12 3542-3557 (Dec. 2011)

gobooooboooooooooboo

00 OoOOoooOOoODO0OO00O0GCOEOOOOOOOOOOOODOODODDOODODOO
goboomoooooooobooooooooboooobooooooooooOoooo
oo ITooooooooooobooboooooooobooobo0ooooooooboo
OO00D0OCOOCOO0oOooooooooOoOAot-oo-02000000O0O18049041 00000
O000000o000oooooooBOOoOoOoOoOoOoOOOOOOOO0 WebOOOOO
gooboobooooooooboooooboobboooo2voo105mobOoooooDOO
O000000o0U00oOoBOOOoOoOoOoOoOoOoOoOoOoOoOOOO WebOOOOOOOoQd
gobooobooooooobooboooobo27oo106000D00O0DOOOODOODO
gooood

g o 0 0

1) Brin, S. and Page, L.: The Anatomy of a Large-Scale Hypertextual Web Search
Engine, Proc. 7th International Conference on World Wide Web (WWW 1998),
pp-107-117 (1998).

2) Martins, B., Freire, N. and Borbinha, J.: Complex Data Transformations in Digital
Libraries with Spatio-Tmporal Information, Proc. 11th International Conference on
Asia-Pacific Digital Libraries (ICADL 2008), pp.174-183 (2008).

3) Cucerzan, S.: Large-Scale Named Entity Disambiguation Based on Wikipedia
Data, Proc. 2007 Joint Conference on Empirical Methods in Natural Language Pro-
cessing and Computational Natural Language Learning (EMNLP-CoNLL 2007),
pp.708-716 (2007).

(© 2011 Information Processing Society of Japan



3556 UO00O0O0O0O0OCOOOO0OO0O0O0O0OOOOOO0OO00000

4) Gabrilovich, E. and Markovitch, S.: Computing Semantic Relatedness using
Wikipedia-based Explicit Semantic Analysis, Proc. 20th International Joint Con-
ference on Artificial Intelligence (IJCAI 2007), pp.1606-1611 (2007).

5) Haveliwala, T.H.: Topic-Sensitive PageRank: A Context-Sensitive Ranking Al-
gorithm for Web Search, IEEE Trans. Knowledge and Data Engineering (TKDE
2003), Vol.15, No.4, pp.784-796 (2003).

6) Jing, Y. and Baluja, S.: VisualRank: Applying PageRank to Large-Scale Image
Search, IEEE Trans. Pattern Analysis and Machine Intelligence (TPAMI), Vol.30,
pp.1877-1890 (2008).

7) Kleinberg, J.: Authoritative sources in a hyperlinked environment, J. ACM, Vol.46,
No.5, pp.604-632 (1999).

8) Larson, R.R.: Geographic Information Retrieval and Spatial Browsing, GIS and
Libraries: Patrons, Maps and Spatial Information, pp.81-124 (1996).

9) Larson, R.R. and Frontiera, P.: Geographic Information Retrieval (GIR): Search-
ing Where and What, Proc. 27th Annual International ACM SIGIR Conference on
Research and Development in Information Retrieval (SIGIR 2004), p.600 (2004).

10) Mihalcea, R. and Tarau, P.: TextRank: Bringing Order into Texts, Proc. 200/
Conference of the Empirical Methods in Natural Language Processing, pp.404—411
(2004).

11) Ymamoto, M., Takahashi, Y., Iwasaki, H., Oyama, S., Ohshima, H. and Tanaka,
K.: Extraction and Geographical Navigation of Important Historical Events in the
Web, Proc. 10th International Symposium on Web and Wireless Geographical In-
formation Systems (W2GIS 2011), pp.21-35 (2011).

12) Stoev, S.L., Feurer, M. and Ruckaberle, M.: Exploring the Past: A Toolset for Vi-
sualization of Historical Events in Virtual Environments, Proc. ACM Symposium
on Virtual Reality Software and Technology (VRST 2001), pp.63-70 (2001).

13) Strotgen, J., Gertz, M. and Popov, P.: Extraction and Exploration of Spatio-
Temporal Information in Documents, Proc. 6th ACM Workshop on Geographic
Information Retrieval (GIR 2010), pp.1-8 (2010).

14) Gyodngyi, Z., Garcia-Molina, H. and Pedersen, J.: Combating Web Spam with
TrustRank, Proc. 30th International Conference on Very Large Data Bases (VLDB
2004), pp.576-587 (2004).

15) 0000000000000000000000 00 Wikipedia 0000000
0000000000000 0000 Proc. 1st Data Engineering and Information
Management (DEIM 2009) (2009).

(0023040 11000)
(0023090 12000)

00o0oooooog Vol 52 No. 12 3542-3557 (Dec. 2011)

ooooog

ogb o0ooooobob
2011 0000000000000000D0O00000000 WebOO
goboooooooboooooooboooobooooon

o oooogoo

goboooboooooobooooooobooobob20v0oboOoOn
gboooooooobooooboooooooooooomoobooOooonn
goooooooooooboooobooooooboobooooooobooo
OOoOoDACMOOOO

oo oo
oobooooooooobooooboooooooooooooooonb2o003
goboooooooooobooboooooooboobooooobooooDoon
goboooooobooooooobooooboo

o oooogoo
oooobooooobooboooooocOoooboooooooboboOoooooo
9900oboooobooooooodboooooooooooooOoDo
goooooooomyoooooooooooooooooobooobooo
good2o000b0C0cO00O000OOO0O0ODOOObOOCObOOObOOOODO
gobooobooooooobooooooooocbobooboOoobooooobooo

(© 2011 Information Processing Society of Japan



3557 OOO0OO0OO0OO0O0OOOOOOCOOOOOOCOOOOO0O0O

og gooogd
goboooooooboooooooooooobDboOoDoOo994 000
’ gboodooooooooooleonooooouoboooooonood
) & gboodooooooboz2e2bdooooooobooobooboboooboa
‘M. gboboooocoboobooooomggen199suoouooooonoa
- 002001020020 0000000000000 DC20020020 2007 0O
OO0000000000000000000002003020040000000000 Visiting
Assistant Professord20070 20090 0000000000000 O00O00O0OO0OOO2009
gbobooboooobooooobooooooboooooboooboooboobooOoboobooDo
gbobooboobooboobooooooboo20s 00000000000 020090000
goboooooooooooobooooooooOoboobooOooobo0oooOOoOoboboOooDoo
IEEEO ACMO AAAIOOOO

-~y

00o0oooooog Vol 52 No. 12 3542-3557 (Dec. 2011)

oo ooooood

ddo0oooooooOoooooooboooooooyeoooooon
goboboobooooboobbooboooboobooboboboooboo
0000000000000 000IEEE Computer Societydd ACMO O
goobobooobboooobooobboobobboooboboooobo

(© 2011 Information Processing Society of Japan



