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Ambiguous temporal data refining based on relations between time intervals
Tatsuki Sekino (International Research Center for Japanese Studies)

Abstract: This study proposed novel methods to process ambiguous temporal data such as “14th — 16th century”
often seen in humanities researches. The method enables to reduce ambiguity of the ambiguous temporal data
(refinement) and to detect contradiction in relations between the temporal data. In order to apply these methods to
practical data, this study examined necessity of natural language processing in data construction and possibility to

use Linked Data technology for data distribution.
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Figure 1 Representation of uncertain time intervals [8].
Upper figure: When the time ranges of the beginning
and end points do not overlap, Lower figure: When
both ranges overlap.
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Figure 2 Allen’s time interval algebra which classify
relations between time intervals into thirteen types.
Each Allen’s relation except of the equals relation has
the inverse relation (e.g., the before and the after
relations are the inverse relation each other).
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Figure 3 Basic concept of refining uncertain time intervals.
The solid and the dotted lines represent the reliable and
the possible time intervals, respectively. Uncertain
time intervals a and b are refined based on the relation
of a during b, and become d and b. The upper and
the lower figures show the case where a has the
reliable time interval (ag) and the case where it does
not, respectively.

AR DR OEREI, ad b L &S o
WER > THEFEHMENPEFEE LR WIEE (ag, >
are > ap =0) THAEETH D (K3 TX). ¥ 3-
G)E, X 3-(1)EFERIZ, bORTHERIR (bp) D4t
BN 2 aD R OFPHZHIER L, ad b sl O REfE
FPHOIER (ap,) ZbOAIHREMIM OIEA (bp,) F
TBEISEA2EEZ R LTWA. £77, M3 T
T, aDK& R ORFHEFHOME A (age) HbpDoh
MNZH D120, agebpDhtisi (bp,) F CTHE)S
BHHZIENTED (X3-(4).

2—-3. e ER 1L
BIECRLELWE WM oKL 23 E
s ECHEITT A0, FOBEFIEEZ ERLT

AR L av e a—&o vRY Y L] 2021 46 12 H

5. HWEWRHIFOBHNE N I PERITRE S
NTakbloieE LIZ8H4a1C, albd Allen ORILR
1 € {before, after,---} 23 7= X & KM &
P(a,h) &%, MEELEHBAICHERIE DT
WX, BEUERTOa bR SN T TAHE
72BtR) [8]TH BT RO T,

a ={a|3a3bpry(a,b)}
Thsd. bWEWieHiaz Wb & ORRAIC I
SWTHERBUL T 2 BB, ar’feE LIZ5E oM
Maean b, TXTOITK LTI OEMAE
T ERTERVAFIVRSEETHS. L
7235 C, bk Daral 5 &,

a = a —{a|vb-Py(a b)}

= {a|vaabpr,(a,b)} (1)
L.

W, aDMh S LS EEnEha, La,, both
ik ETENZENDb, &b, & L, R(D)DEZT
RS W TR AN 72 TR & S fE 0 b BARRY
IRRERE L EAZE L. filé LT, 1=during T
B DIGE, HEE Lo I O SN 724 & &t
Pauring(@ D) 1%, during BIf%ZOEF LY

a, > b, Nd, < b, Nb, < b, ()

THD. FMEOE 11H a,>b, ICEHTDHL,
%fﬁ'fto)ﬁéﬁﬂi, ab (an < ab < aRb) DOHFIN G
W Db, (bp, < by < bgp) IZKT LT @y > by,
Lbrna,ERSBIETHY,

{@plapy < @y < agy} —{ay|Vby—=(ay > by)}

L%, ZORR, HBRULER Da,s & V155 E
LI DSz ili7= 4.

va,3b,(a, > by,) 3)

Z DG EN =TI, @ £ by & 0 5 DHPHN
LU OBfR 2l i i3 v,

app > bpyp

L7z o C, MEALEIEDORTOIRAED ap, < bpp
ThHEATE, V< & bapy Zbp, DILEE T
BXELZENTED. — 0, BEbEEORT O
WEEDN ap, > bp, TH DAL, BEICKQB) %
2L TWABED, applXEINTZ LR TEX R0,
app = bppy, OEA BFEIERIZ, applTEITZ &2
TRV, KA ERER Dap, DIEZ dp, & T2 &,
b ORI,

dpp = max(app, bpp)

ERBTED.
S I, O AIZ DWW T RO EEE B
Kb+ 25. RQDEFHEEAL DD LK S DT

©2021 Information Processing Society of Japan



The Computers and the Humanities Symposium, Dec. 2021

RTCORMRICERE L skd &,
a, >b,Nd, <b,Nd, >b,Nd, <b, (4)

LD, HFEWaIEaz WIEDb E D Allen DB
RAZE S THBILL, a2 8(E%
R(A,b)(a) & L, X@)DZENETNDIEIZ OV
{LOBfEEZEL &,

(Gpp = max(app, bpp)

. dpp, = min(agp, bp,)

@ = R(during, b)(a ={ “Rb Rb» Dpe
( g )( ) aR = max(aRe’ be)

e
the = min(aPe:bPe)

D ZLNTE S, [FARRIS, 750 @ Allen DB
RIZOWTOREILEIE L EHT 5L, K1 DL
BOERD.

F 1 TEERDRE STV A EEN, fubic
K VENREL L7 L %R d (B : before O,
app72 &), K3 TRLIEL DT, B FE Wi
a’% Wb & OBIMRIZ X 0 KL T 2 0 &[RRI,
bxal ORIRIZ L W ZH5EUL L, bEDHMED
ARECTHD. ZDOHEEIE, Allen OBMRIZEIT S
WORRREHTUIHTEZXS. D%V, aduring
b THiUZL b contains a THHDOT (X2), £
1L,
bpp = bpp
b = R(contains, a)(b) = I?Rb = min(bey, az;)
bRe = maX(bRei bRe)
BPe = bpe

LA B, —MHoalbDOREEILICBWT, a
DIEEACEAE & b D IEEAL B E DNAFF I X A i i 7

FERAGEDITHE LN ERH SN2 ST
%(7].
R1UICEDE, app BT DHAEIL, T L 72
HHDOUAMIET max BTEHIRINTNWA.
SFEVY, KEALIZ XV ap, WEENT D BEILHIC
EORENFIZBEI T Z A2 R LTWAS., —77,
Grp\ZBET D HEIX, B ERD L OLSNMIET
min B CTERIINTEY, HEILIZ XV ag,
BE#IT 25T EICEO/NSWHICBET S 2
LERLTWD. fERELT, HWVFEWRHRa
DGR OFILZ NS DOEIEIC L - THEZ/ L, &
WEWENMEH S TWD Z N5, ZhiT,
R OFHIZOWT LA TH D, A FEE
ZHE, TNHOEAEIZLEY, HEWRHHa
OFR[EEHAR (ap) 1FME/NL, #EEHR (ag) 13I5
KT5H. ZORNPLYH, TUHOBEIZE->TH
WEWRHBOLNVEVEINKEINDZ &%
RCHEn.

3. RAMILREDORERR
3—1. HEHOBRIZED CHERILIRE

RITETCITEARD Allen DBIFRIZIE S 7KL
BEZ B U722y, BIEROH W E W22 B F L
ORRTIE, —HOHWE W E OB
RERBETHIENTE S, &L, EREE
FOBMRIZENT, 26 REGEOREOA
FHIRNE, —MMIZ1T overlapped-by F 7213,
during Th 5. SHLICHFEBREDHEE LW —
A2 X % finishes & met-by &5 OUE, 40
ORI EETE S (K22, ERXETOHM
T, TOHARNICRBPET T 57— AN E

#1 HWFEWVRiEaz HUVE VORI & D Allen D BRI IESW TR 5 18 4E

Table 1 Operations to refine uncertain time interval a based on Allen’s relation 1 with b.

A Qpp Qg Qge pe
before app min(agy, bgp) ARe min(ape, bgp)
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Figure 4 Detecting contradiction in relations between time intervals by applying the refinement operation. When the uncertain
time interval a is refined based on one relation, the other relation cannot be satisfied. This shows that there are errors in
the time intervals or relations between them.
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Figure 5 Information about the Person X represented as
relationships between time intervals. Prefixes
“hutime:” and “htcal:” represent “http://resource.huti
me.org/ontology/” and “http://datetime.hutime.org/cal
endar/101.1/”, respectively. Prefixes “ex1” to “ex4”
represent URLs of different example domains. Like
Event Q, persons P and Q are also linked to Julian Date
values through the calendar date resources, but are
omitted in this figure.
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Figure 6 Conceptual diagram of refining the lifespan of
Person X based on the information shown in Figure 5.
The reliable time interval appears that did not exist
before refinement.
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