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Abstract: MathML (Mathematical Markup Language) consists of two sets of elements: Presentation
Markup and Content Markup. The former is more widely used to display math formulas in Web pages,
while the latter is more suited to the calculation of math formulas. In general, a math formula in Presenta-
tion Markup cannot be uniquely converted into the corresponding formula in Content Markup. For a given
math formula, if the class that the formula belongs to can be identified automatically, such conversions can be
done more appropriately. Moreover, identifying the class of a given math formula is useful for text-to-speech
of math formula. In this paper, we propose a method for classifying math formulas in Presentation Markup
by using multilayer perceptron. Experimental results show that our method classifies math formulas with

Vol.2016-DBS-163 No.7
Vol.2016-IFAT-123 No.7

2016/9/13
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high accuracy.
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MathML (Mathematical Markup Language) 13#(\ % 5o
R B72dDY—2 T v TEFET, 2014 44 HiZ W3C 12
Lo TN=Ya v 308 2WPEE S NIz, £72, MathML
EHTMLS IZHAAENTE D, Web R—Y ETHAZ X
B9 % 720 OFEEER 2B & WA 5.

MathML 12 13 # 58 D £ 5l % & 9 Presentation Markup
&, EUk%E KT Content Markup @ 2 FiENFET 5.

Web R—=VEIZHAZDB T 2BIZHVS N, HELT

b R AR M E A WA T 7 R
Graduate School of Library, Information and Media Studies,
University of Tsukuba

2 FBERFMEEERA T 1 7R
Faculty of Library, Information and Media Science, Univer-
sity of Tsukuba

) ynagao@klis.tsukuba.ac.jp

2016 Information Processing Society of Japan

W3 Dl Presentation Markup T %72, B 25 H
ABRIZ1% Content Markup AW SN D, ZD728, Pre-
sentation Markup 7* 5 Content Markup <~ 0D 2 #a)3 a] f8
127240 MathML ADZRAF AR A EEIZ 2 5. LaL,
Presentation Markup 7* % Content Markup ~®D — 722
HERECTH 2. PIRIE, ,Cr = 525 D C LS UFH
BB TH2Oharer—ya iRy ONFHAE
BIZEERPNE SN TV BERTII AW, Bz RTE
5o DEE»EHNT Z0ERHS. ZIT, ZOHAN
BEOBEHERONE VWS Z e ahrE Clkar e r—
VavEHRITE, MUIREMPTASEEZOND. £
72, BROHA BT E2ITOBICE, ZORANETZ20 5
Z (5 UL & 0 IEfERGA B RIS RS b F
Zohb.

Zo&31Z, BRONEHRNINULT, Z0HAVET



ERLEBZSRFRRE
IPSJ SIG Technical Report

50 7 AKETCENVIEMATHIEEZOND. £IT
AWFFE T, Presentation Markup J& A ® MathML XD
DRI D FRERET L. AFHETIE, FEFHO—fE
THd%EA—t7 +va vz T MathML XD 738 %
EBLY 5. MathML WA Y A ZDAKRTH S DITH L
T, ZEA -7 bV BEERDANZLEL TS, L
75T, MathML X% Z D £ZE -7 bu Vit A
HTBZ L EWEETH L. 22 TRFIETIE, MathML X
% Binary Branch Vector[l] Z W TEERED X bz
L, A A—tv T ba B REEEE LTV,

REE R

MathML RO 752 L LT Kim & [2] D DA
2P 55, MathML 230 & Rl 2470, SVM 2 &
LA TEVHEDHANHEEBLTWS. L, Z
DFIRTIEHEE/ — MBI L ARIEZZ L TV
V. FIUIH L, AL TIE MathML 2RO KihE 2 %
U= %217, £72, SVM R EIZ X > THHT BB
A ERNRO T — 226 U CEY) R R e NF Tl - &
NI 2HEDDHDEN, ZEAA— T harDk S REEY
BHTIEZOBED L. MathML RO RZE TS 5 i
e LT, AILS B PKREFS 4] I2£25005 5.
Nghiem & [5] I Presentation Markup fZ:\® MathML =
EEDREADT F A b % H\WT Presentation Markup 7° 5
Content Markup ~NDOZEMEZT>TW5E. —7F, AW T
BELOT ¥ A N2 BELES, MathML RO A% FH T
%. MathPlayer[6] l3B X DFHALIFY 7 b TH O, Wi
&3 5538 % Geometry, Probability, Statistics 7> 5 F
HTIRETLHIeNTES. UL, 250 HEHBNIEFT
HDNTWVAR,

2. MathML RDOA~N7J MLKRIEE

MathML RiZHV 1 AAZD AL LTEINDEDITHL
T, 2@ =7 rarOALE LU TREERTDRZ
MUVRRBRETH L. FD, MathML 2% [E & Rt D
R MVIZEMT BBENHB. T T, HFKDEE
LR N IVEBLTH 5 Binary Branch Vector % T
MathML &% X2 MUERIZZH TS, BRI MathML
A% Binary Branch Vector (2213 5 FJEHZ RN 3.

21 SVIUELIBEFADZSARE

TRVFEEFRT %/ — ROEELE N, Ty VDELE,
T DN—1./—=F Root(T) 2 H\\WT T = (N, E, Root(T))
5. J—RudbZFDF /) —RoANDITy V% (u,v) &
x93, £72, ZHAKB(T) % B(T) = (N, Ey, E,, Root(T))
9%, ZIT, BB RS EDT ) —FADIT Yy
VOEE, ENIB) - NS5 EDTF ) —RADIT YYD
EHERT.

2016 Information Processing Society of Japan

Vol.2016-DBS-163 No.7
Vol.2016-IFAT-123 No.7
2016/9/13

<math>
<mfrac>
<mn>1</mn>
<mi>x</mi>
<mo>+</mo>
<mn>3</mn>

</math>

1 ZH#iEiD MathML 3
Fig. 1 MathML formula before conversion

2 i) MathML 20 AfE

Fig. 2 Tree structure of MathML formula before conversion

MathML R, FERBUZHIBRDZ\NT > 7 i UNET A
(unranked ordered tree) & L THRIN D, ZNETER2_I5)
KIZEWT D, BRZHREEFETD/ —RA0 £721%2
D2DT /) —RERDZHKRTHD. 7 v 7 EUIERBAKIK
LT, UFD (1) 25 (3) DFIETEEEFTS.

(1) /7= FRuv, 8/ —FNudn(>1)BFHOT/—FTdh
5LE, vy MO TV Y (vy,0,) BIED. T
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RS HEADT Y VTES

(2) TvY (u,v1) & (1) CTHRoZZBDERVWZRTOIY

(3)2CTH/ =KW 0ELEF2200F/ —FEFFDEIIZ
T/ —=FREP1UTFD /) =Nz LT, ¥/ — K2R
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M3 —HARZEHEEDO MathML K
Fig. 3 Binary tree of MathML formula

SS9
LABRR

4 3 D4 ARITX 9 % Binary Branch
Fig. 4 Binary Branch of Figure 3

2.2 Binary Branch

EEDD u, v, v2(€ N)IZBWT, vy Bu DLEDFTHi
W (u,v1) € By, vo BWu OFEDOTTHNIE (u,v3); € B, &
35. ZHAKB(T) HdD ./ — K w Zxd % Binary Branch
BiB(u) = (Ny, Ey,, By, , Root(T,)) % LA N D52 5723
THREERT D.
Ny = {u,u1,us}
Fu = {{u)
Ey, = {(u,u2),}
Root(T,) = u
412 3 D ARDE / — NIZX9 % Binary Branch
R
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# 1 X 42X9 % Binary Branch Vector
Table 1 Binary Branch Vector of Figure 4

Binary Branch
B/—F | Eor | AOF | HEEEK

math mfrac € 1
mfrac mn mo 1
mn 1 mi 1
1 € € 1
mi X € 1
X € € 1
mo + mn 1
+ € € 1
mn 3 € 1
3 € € 1

%= 2 5 1Z%4"% Binary Branch Vector
Table 2 Binary Branch Vector of Figure 5

Binary Branch
B/—VF | Eor | Ao | MBLEEK

math mfrac € 1
mfrac mn mo 1
mn € mi 1
mi X € 1

X € € 1

mo + mn 1

+ € € 1
mn € € 1

2.3 Binary Branch Vector

A T 1ZX$ % Binary Branch Vector BRV(T) % i %
H @ Binary Branch ® B % b;, T—X &y oo
= — 2 7% Binary Branch O |I'| Z H\ T BRV(T) =
(b1,ba,...,byr) £ &9, & 112X 4 D Binary Branch &
ZOHEEEE AT, ZOHEBIE DA Binary Branch
Vector £72 5.

2.4 Binary Branch Vector MR ItHIiH

Binary Branch Vector D& K3 1x 7 — X v bhD4
TOARIZHELT 5 Binary Branch O HBIEIETH 5 720,
T—Xty MBI KEL LD L 1 =—727 Binary Branch ®
B A, X7 MVORTHVHA S ZEWEESI NS, K
IZRAU & 5 REOREZDBUED R 556812, 2=—27%
Binary Branch OB HINT 2 & EZ oMb, £ TARF
ETld MathML K% —HARICEHT B2, mn EHREO
FTEANEMBEL, X7 MLVOWRTHIBEITS. Hle LT
2DAR%E mn BEOTF AN EMEAL TR ZDARICE
L7202 512, & 212X 5 ® Binary Branch Vector
ZRYT. K1DHDEWR, #l — FPEMETH 5 Binary
Branch 25§ 2, X2 MVOWRTHHIEEINT WD Z &0
INB.
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B 5 YOUHIBAEEZEL 7252 0K
Fig. 5 Complete binary tree of MathML formula after deletion

of numerical value

3. MathML XD% 4

MathML XD 3 ¥IZIxZ g/ S —+ 7 b1~ (Multilayer
Perceptron) &AW\ 5.

3.1 ZENRA—t7hrOv

L=t 7 bE VIR 6 DXL ST ANE, RO
ohiE, HhE»rSEREI NS, Enlgoa=y b
i=1,2,.,I, Hn+lEBoI=v 2 ji=12,..,J, 7
5. Bn+1EOI=y | jOAIME; X, BnEOA
Tl 2y, BEAwy, NAT Ab; EHWTEFOLS IT£E
nb.

I
uj; = Z(wﬂxl + b]) (1)

AFETIE, ANEOZ=y MIET—XEy b
= —2 7% Binary Branch O TH 5. 7z, HIH z; &
MBI f 2 VT

zj = [f(uy) (2)

LRIND., —IZ, fIZTIFT 7 EA B ReLU BI%K
mEPISHWSNS. ReLU BEIE

f(uj) = max(0, u;) (3)

LRING., BARETIER, —RICEEEDERRY 7 b
Ty 7 ABEBRHWSh NG, VT by 7 AEBOG
&, HWhOEE 7S A RBDa=y %S,
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ANE FrfElE FrfElE

M6 ZEN N—tsbnr
Fig. 6 Mulutilayer perceptron
eu]-
fuj) = (4)
> et

TREIND., JHOa=y bOEIEDEMNIZ 1 TH BT
b, =y bOHIEIX, AT —EBZTDT T AIZE
TOMREMIRTE 5.

=T horTid, JFT— 2 0B EE E
BRI L DFRE BE(w) DE/NE 722 K510 w 2HHT
LI THEBEEDL. ZOwEEHTLEHODTHELL
T, MERMATE FEP Adam 2 EDH V6N 5.

¥/, ZEANA— TS DI REEERAY NT—2T
OFBOBIEFE 2 <SHAMAL LT REY 777 R ad
H5H. I, FHOBIZAJIEYHREEDO L=y b %
Ko THHETLILWSHEDTHS. Zhiky, FHKD
2w T —=2%/NSLL, BFEBHEHSZILNTES.

3.2 EZETI
BEFETITHEE BoZE -k 7o rzHn
5. AMBIEWE®S 1,2, 5@ 35y, mliED
= MRUZ 1 8% 2,048, ThDA%E 1,024 & L7z, /=
Naw 77 o NER% 123 ETIE50%, 4,5 BTIX20%&
UZz. AJiE, wffEoEELRE L LT RelLU BI% %2 H
W, BAEOEEAABEBIZIEY 7 by 72 ZABEBRER WS,
R OREAMEE L LTk Adam Z2HWT W5,

4. FHMEER

REFIEEHEZEZ A 77 ) O Keras % i\ T Python
THEEL, FMEREZIT-> 72, FHIFEBRORE I N oM
DTH5.

OS Ubuntu 14.04 (64bit)

CPU Intel Xeon CPU E5-1620 3.50GHz

XE 32GB

GPU NVIDIA Tesla K40m

MUF, FHEERD AL B oNMERICOVWTHRRS.
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£ 3 Kim 5 [2] I &% MathML RO E
Table 3 Features of MathML formula
e i
Tag BR4
Operator mo BHETRIND AT
Identifier mi BEFETHRI N D57
String mtext R THRI NDLFHD 2-gram
Identifier & Operator (1&O) | #Hl+ L AT D 2-gram
4.1 BT
B B <math xmlns=’http://www.w3.org/1998/Math/MathML’ ...>
FEASEERZ AR D (1) 226 (5) DFIHTITS. <semantics>
(1) 7—&+t v M ® MathML % %2 T Binary Branch <mrow>
Vector (2219 5% <msqrt>

(2) (1) DRZ ML EEdD MathML X238 T 5 27 7 ADH
YT — X AT — X =73 120ET 3
(3) ZfliT — R ENFHRIIFHIED
(4) T ANT =R ESHFERIPT, HOEPRERENS
TAERED YT, EBROIIAL—HTE0%2RDD
(5) (4) #2TDOT AT —RTIT, IEfREZFHET S
£7z, Kim 5 [2] ® SVM IZ & 5 MathML R8Tk e
DIERED IR Z1T 5. Kim 5% MathML XNOF# & L
T& 3 D& 5 WRFHoOMAEEZH, TF/IDF THEAA
LTWA. %5 OFHGiFEBROFER, Tags + Operators +
Strings + 1&Os D3 H LR N E <, RIZ Tags + Oper-
ators + Identifiers + 1&Os DFAEE VR E N E TN TWVWS
U2 U, ARFHSEERTH W4 The Wolfram Function Site
(#23R) T, mtext BREIPHRDOH-HEZHEST 27200
ERIZOAHAVSNT WA T2, 4lallE Tags + Operators
+ Identifiers 4 1&Os OFEGEZ IR H R LT, T—X
Ty DR OREBANT MVEEL, REFELFAKOTF
IECEMEZ KD D, 7z, REFHEOFHMZENTHA
FRDOILH T MathML XA 5 mtext B2E%JH % L, Binary
Branch Vector (Z{3 mtext HHE L ZDTF A M2 EDHZLN.

42 FT—%tv bt

AWfgETlX, 7—X &y b & LT The Wolfram Function
Site[7] DA EH VS, ZOH A b oS MR HTML
Ty ANENEL, MathML XZ2H 3 5. L=
MathML 1% Presentation Markup J6 X TH 523, B 7 D
& 91T semantics X annotation-xml (Z & - T Content
Markup 23MEDAEFNT WS, ZD7-®, annotation-xml
WHEEMHEL, semantics EHEDHE L THREZD XA b
DfFFR%E1TS. T 412 MathML RDJET 227 T AL ZD
% R d.

4.3 ERER

AHMEEBROKE R E2K 5189, SVUMIZDOWTIE, 2
D 71— )V (Linear, RBF) & 2 D% 7 5 A% k%R
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<mi> z </mi>

</msqrt>

</mrow>
<annotation-xml encoding=’MathML-Content’>
<apply>...</apply>
</annotation-xml>
</semantics>
</math>

7 Content Markup DDA A
Fig. 7 Embedded Content Markup

R4 IIAHEMH
Table 4 Class name and number of MathML formula

75 A% 2
Elementary Functions 61,454
Constants 735
Bessel-Type Functions 5,583
Integer Functions 1,966
Polynomials 2,372
Gamma, Beta, Erf 5,009
Hypergeometric Functions 218,241
Elliptic Integrals 1,236
Elliptic Functions 7,248
Zeta Functions & Polylogarithms 1,571
Mathieu & Spheroidal Functions 388
Complex Components 689
Number Theory Functions 904
Generalized Functions 280
&t 307,676

U722y, WENDBEBIREFIEN SVM L& 508 % I
Flo>TWa. F7z, ANRZ PIVORICIE Kim & [2] DFf
AR PV 8113 IRITETH - 72DIZX U, Binary Branch
Vector 1% 2,184 IRTTH > 7. &> T, IBETHEIX Kim
52 DEDED/NIWRITTET, &Y MathML XORH
ERMUZSENTETHIEERAOND.
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Table 5 Accuracy of each method
Fi& IEfifse
REFI 99.2%

SVM(Linear, One-against-one) | 94.4%
SVM(Linear, One-against-rest) | 96.0%
SVM(RBF, One-against-one) 70.9%
SVM(RBF, One-against-rest) 71.0%

5 I

AW TIE, %/ N—% 7 hwo %MW T Presentation
Markup 2D MathML Rz 3T 2 FEZRE L 2. #F
fliFZERI1Z & D The Wolfram Function Site O#( T IX Ef#
RN 99.2% & EREE LD HETAD I LR DD o T,

SHOREE UT, RFPIETHHELZT 7 AE®RE AV
T Presentation Markup %*% Content Markup DA i %
(5oL hbs, £, (8% (9] O BARMET— 21
95— IVHWT MathML RO 48 %17\, REF
EE EMREZILKT A Z 2R LTWA.
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