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A Method for Searching Question Sentences in Mathematics
by String Patterns and the Structure of MathML
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We aim at developing a method for information retrieval from a set of Japanese sentences representing questions
in examinations in mathematics of National Center Test for University Admissions. Our objectives are a method
of analysing the structure of question sentences, and a distance between two subquestion sentences which can
have mathematical formulae. We use patterns, which is a finite string of characters and variables, to comprehend
common descriptions included in question sentences, and to analyse the structure of given question sentences.
We define similarity between two subquestion sentences by adopting the Earth Mover’s Distance as the distance
between two sets of formulae. We applied our methods to texts of mathematical questions distributed by National
Institute of Informatics for extracting a set of subquestions and searching for subquestions.
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AT, BESHRBICHNDT—4 & LT, ENLIEHRF
FeRT I AMERR LT TRFARE 2 —RBREEH 7 27— =
VIERT — B EF ver2) (DLTFHIET —¥) KOS Y =
A = BEWNRFTINIRET 5 [ REARE v & —RA BRI E
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LTW%. KENIRESE DRI, BHROERSM x5 &7
LHA TR EREE R T DR L R D5 H Y, TDHIT
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*1 http://21robot.org
*2  http://www.jc-edu.co.jp/products
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LT, KMIXE#ERT /N ESUEA 24 5.
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HDHWT q 1L p ZEET S (subsume) LMD, p < g TH
TR, pRgh D qAhAp THhDHEZ, p<qgTERT. X
H—2p1,. .., pn WX LT, p1 = qb1,...,pn = q0, Zliilc
FTRAO1,...,0, DIFETHEE, ¢ldpr,...,pn OFEBERIE
(common generalization) TH 5 LIS, I BT, p1,...,pn D
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W= L&, qldpl,...,po OE/NEERE (minimal common
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pEllg|p=d
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Algorithm 1 ExtractPattern(k,m, E*, E™)
m:=0
for i := 0 to k do
e1 & ex & EY DOBAEAITRIR L 7230581 & 5.
pEe & e OUFJ{XF/J\i'\:‘%‘ZFL{K’C“&)é/\"&ﬁ‘/&ﬁ‘Z).
. L(p)NE
if \L(p)nlE(+|>+|L(pl>mE [ = m then
1I:=11U {p}
B+ = BT\ L(p)
end if
end for
return II

FLIR d 12X} LT scorep > scoreq 72 HILRIRFEIRD 7 7 X,
scorep < scoreq 72 BIXEMFIRD V7 T R, scorep = scoreq
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WCHWS. CE OB~ Z ML D; = (wi,wl, ..., wh)
zs_»ﬁﬁu\f E dy, dy FOFREZ U FO L S ICEHRT 5. m
R LT D,
m dy, do
SIMy (dy,d2) = D e

VI W @V

MNEAXHOBXEEFDELUEL KD D=0, #li, 5 M
OFEIE T-sim(i, ) ZEFKT 5. MathML I X 5o
Z W IR RIC OV TR A e FIESFFE S LTV D
N [3, 4, 5], AR TIIHFHD [3] DFEZHNT T-sim(i, j) &

£T 5. HH513EEE MathML @ Content Markup F2i%

J:Z;*TﬁLJET/V EHL, D (6] OFEEHNTRSD
TeARMER OFERIE %, BN OBBIE L LTIREL TV 5.

T-sim(i, j) ZHNT, HBAEAS I, I, HOELE %2 Earth
Mover’s Distance (LLF EMD) [7] (2 XY &% 5. EMD
LiE, ZoonmEOELEG R ARRMEE U, &
WRME T X MESAROERNEL T2 FIETHDS. BEEEm
DOEXES T = {61, .. .,em}, HEEn @d}iﬁﬁ/\ Iy, =
{fi,. o} &L, we, 2FBIGEE LTOEKK e; OEAET
5. #K e MBI UG, X f; 2T ERE L
el ED e b f; ~OakEEY F; &L, LTORMEEE

BT 52 W% R F = (F,) R0 5.
WORK(IIy, IT, F ZZT sim(es, fi)Fij
i=1 j=1
BRI T O L5520 5.

Fy>0(1<i<m1<j<n)

> Fij <we, (1<i<m)

(1<j<n)

j=1

m

2Ty
ZZwamm Zwe7,2wf]
=1 j=1

I A T Cokob T il S HRE R B — (FY) AT, %
XES L, I MOBELE SIME (11, 1) % E#£T 5.

2211 Z?:1 T'Sim(eh fJ)FZj

SIMp (11, ) =

;r;l :;L:lF;;
W'Jﬂ‘}: L/T, II; = @75)/) II, = @ O)k%, SIME(H17H2) =1
T Fe, =002 IL #0, i 0> =0 D
WIFNNTHDH EE, SIMp(Il,I) =0 &3 5.

E, INEXEOEUE SIMg %, SIMy & SIMg %
#95.

VT
SIMg = /STMy - SIMp

5. EE&
5.1 RSk & BRI i

1997 #E~2010 AEDORET — X IZ& E D 269 DKM L%
JNT, RiffEital B FR O ER AT o7, T AT —
&L LT, KXo H AFTHIE L7z 1,513 B ORiHI® &
1,454 HOBERAGE 2 & de 8,242 oLk &2 A=, A b
T H G IR TR L 724 50~1,000 {8 (50 %|A) OIE
Bl L ARl E AT — 5 & L, BT — 2 OFR) HakBIEE O
WEETE 1 v—r AL 25. mitgsmRicBAL T, 7
A RN T —HICEHEENDRHELIROES Up &, HFEGSAIER
WK EHE LT A T =2 OREE Up ZHWT, LUTIZESR
AR EFEIROTITY) (F 1) %u&%IJW“%@IJE)t&)@
REEE Lz,

Up NU;
precision = |P7/P|
|Up|
recall = M
|Up|

BEMRERICx LT REBROFIEIC LY FEEZFHEL, &b
F—ZFUZKI LT, 100 BlD—7 = A BFETTH L TH
Ltz FEO ) 2Bk E & Uiz, ¥£72, ExtractPattern
THIY RXNIBTBAINL, kE=1,0000m =09 & L7z #
FiT— 5% 100 & L7z &L &0 — 845 Tlp, [ Of &
Ip, g #HWTHANEIToIz L ED F EE R 2 IRy, #E
Broofb g, aifgstatic B LTl 60.1~79.7%, ERMFeaZBE
L Cidky 77.3~83. 6%@%f’(%ﬂ%h@£¢%’aﬁ”7 ThH
D EMGhoTz.
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e ) EE3 F i
Ty & 10 TDH 3
1 R s & oxz & oaa.
1 W axo & oz
D x1, T2
1 MCRD x2 5 23
IIp x5 a0 0.659
1 Vil BIZ 2o
5% 6 MRIF5 L %,
1 & & ao,
1 BIR w72 w3 T aa Do
1 D&,
1 D x2 Y T30
z1 Thb,
IoLE, LR,
Iig z1, T2 D X3 & T4 D T5e 0.821
z1 &5,
ThV,

5.2 /REIXEDELE

2004 F~2010 FEORET — & /> Bl L7z 564 O/NESCE
MRT = _R—=A L LT, /MR E 7Y L4 AEURE AT
LEFEE LT, ROFEHH O OTERESM#ATIX, Mecab™ %
AW TiTolz. &z, MET — X IZBXEHDIATE, Ez-
Math** % iV T#EH S MathML ~DZE# & 1T - 7.

2010 FEDMET — X IZE&END T2 D/ E 7Y L L
TENEN L 100 (L E TORBPEDZ % TER{ER L,
RITEA LT/ NESC ENTET AL 5O T2 03 E RS
RIZEXVFM Lz, DNEXBNET S 24 ORHETIC1L 7T
AEREL, 7ZUDRBTDHI TALBRBERO 7 T A0 E—
THHRBIE, MRITESLTWD LR L. AR ES
DEWOFRIZONVTIE, HliNA 27 — LS DRFEARE
& —RBRRE R A S BIT L.

ST E E D ARSFECH O =2 YA VFRE SIMNy %
HWwi=FiE CITVSM) &, #8#EFE (BUF VSM-MATH)
IZ KB VEBEA RO AT 72, 427 = V2B LT AL 100
NETOFHHEEREHEL, OV RNETE7 T ANIC
BB EHMEE RO TZFERE2F 3 17T

75 A 1~TIZE LT, VSM-MATH 78 VSM % _L:[5] % fit 5
Elpolz. BT T A CHF) I L TIE, VSM TIXESR
OERLEPFRNTZ Y LA LTWBIZHL b b B
W72 B VNER S D o T2, {an)} R EMD Y T ATHELL
S HUVVIERZ B EHEEE R E LTIV STV D76, B

* 3 AR LK

7T A YU VSM | VSM-MATH
1 $e A, HREA, FREAE RS, 0.710 0.715
Fiaa e R - 2 B, 2 RIEEK
2 H£H LB 0.886 0.920
3 g 0.639 0.842
4 FElk, Rl A ERBR, B 0.584 0.622
5 WOy - Bk 0.698 0.749
6 ~7 kv 0.852 0.964
7 Qv ta—4, BEFEE 2 Ea—4, 0.708 0.902
BatearBa—4 #HHELaVEa—%
8 Rt 1.000 1.000
9 T, KR L GHE, PP 0.909 0.825
10 Ak, —AEK 0.702 0.560
11 St OB EREE, WE, MESM 0.812 0.738

*3  http://mecab.googlecode.com/svn/trunk/mecab/doc/index.html

x4 http://www.w3.org/People/Raggett/EzMath
x5 http://www.toshin.com

DFERENREBE SN Z L TREEGRPRIBICHm E LD
LEZOND.

6. HnHYIC

AWFFETIE, RPEARE & =B OL7 RS A 65 &
L7z Bt L LT, BXaate e omENE 2 Ft+
DFEERE Lz, fifgstat & ERFDE ot BT, b
WHITT — 520D “OOFR & @V THBITE 5 Z L 2R
L7z, /A OBRICET 23R TiE, MU EER S AR
SHXOLEEFELUIALNEEZ WS LT, 72
EHRILERER T % 7O I L 0 S BT 52 &8
Z< OHBETHERTE /.

ABFZE CIIEAXES R OELEIC EMD 2 Hvess, =5
DEFREANOEBMRICH T2 5E, TROREVICELWNE
HIRLTLEI WAL S 5. BAOBEHSDLESDE
FH R L O THBEICEL T 2175 20 L, X0 SEANCAD
LIEREEZBFT D Z LN R%ROBETH .
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