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Abstract A mathematical formula matching algorithm based on binary tree was proposed. Firstly, generating the binary
tree form of a mathematical formula by its LaTeX form, normalizing the binary tree structure, and then pre-order traver-
sing the binary tree to get the formula elememn sequence, normalizing the variable names, For two mathematical formu-
las to be matched, the similarity is computed by the number of the equal formula element at corresponding position. The

experimental results show that the algorithm realizes the accurately recognition of mathematical formula, so it is a more
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practical algorithm,

Keywords Mathematical formula, Binary tree, Normalization, Similarity

1 5l

AT RPEHRFERL B Ik AR S, i X EE R
RERIEBRRER— MR FBE T — R
BUR . X SESCEARRICHRT B A RFIRSGE AL
T &3t i SCEAR S RN F B A RS WA E
o BESHMACUES M FHEUERN T BXE R R
ERAFASCENENRN. BT, xE8EAXRiRG e RE
T—EHERRETY, B EEARXNDERN ML FHRR
HrBt. —BEAREX, REE SRR FEARSI HAE 0
MBSO AR FEERIEAR, B, E¥RiE
XPREW T, BEAXNERENES T 2EENE X,

LATEX 8484 2 s Fi FHRIERI B 3C. B R,
MR TR BAGHUREHERNFSARE. 5
Sb, Fo AR R SO FTH fb LaTeX #8009, ik, A2 3048
HT —RET UM LaTeX X B AR TR E 5.
B LaTeX S0P RBUAF R R RN EE AR &

LA A G AAT » A R SURRR , FE X UM BT 45
HFEIR—{ab B, R )5 PR I X, BRI AX TR LT
WP, SR AR R A VR — L Ab B, B ARYE R 51 o Xt R 3L
MR ARTRETHER AR WA LLED,

R 2FNA T HEBFEAKXE LaTeX AL WK
XHFRE T 3 VIR R T BT X W HEAK
ULECE L 4 TR H T MR ARSI ARB R LB LS
FBERHER.

2 HEAXHIIHRT

2.1 — R

# LaTeX U4 ARBARICIRBUA R BB 2R 0%
2R, BT LaTeX A B AR EA BRI SSHIRIE,
Hil, - R BEEAR MBI N TR, BHENTF
AABREANEMFRD, MR E, AR M.
SREBENBNFRRALARTE.

MFZBEER WRMER S, ES5 LT AHAH

B H#1.2012-07-23 RBA#2012-10-19 ARIXZEF HRBEHEE (60974071, T T4 B AR 34 (201202003) , I FEHETESRE

BEW H (LS2010180) ¥ H) .

REF1965—), 5, @1, 8, ERFRIUL N2 , E-mail: jzqinyuping@gmail. com; BEIE 45 (1988—) , B+, EEFF RN LI ¥

+ 251 -



@I — A “link” ZEAF B RS AEHTFREGE
%

ARG T “link” BEAFHFRFRERT
ARTENMEREIIR. KBESHRRTMREHRI IR AR
BEEAXM IUWFRR . “XWP SRR BERSHME 1 57
3.

F1 XHESHEERSH

AR HEXR X
ARTE FHE  ARTE
OPS(T & %32 K 4) ,OPUCK F X e B H ),

TERRH  FHE GiRE g, CONCHE)

ERAR AR R A ERT, % B X
AR BRH e R ANER
Be%k  FHE  LRGZS,UDET),SGCHD)
BEEE  ERK MRS EARNZARE

B AR B A = SR A R o B A
SR ZRB DA TRBHEB SR E R TR

W)

MBEFEARW AR TR PRAE R W ERR I &
BBV RE S BERNARNTREEARTR PP ER
B ARTE B TFARB PN TRE AR LRI
ARTREBRERWEFRH N TRESARNTEZENA
RILEABE R AT, FIE R RS SN EL TR,

BMERR AR LELH LS HTRABBALTEH
E. 8MEANEERERXODOHE. SIMANSHTE
X GEHVE H — LA B /R AR R

H=H,>H,? H,:H,+1 ¢D)
X, H REFHEE, H RETHBE.

Bian ,&i/&ﬁ(ﬁlai F+xXyX2) X (X y+yX2) K La-
TeX #RA M “(\sum_{i=1}" {10}a” i+x \times y \times z)\

times(x \times y+y\times z)”, HX W ~ X WFTRNE 1 fF
o

Bl AR XRHRR

2.2 R—{LamE

BT —SaBRNREREE TSR, MRS
¥R E AL, (B ENTRBLH U RTE 21 T HER
A, B, AU XA TE M 1D — (e ab . B S
—{EAL B R RS TR XU, B M R AR TR R
H1% OPS HEZA FRIEERTH TR, WZHHE
HFR. B0, XA 1 AEE—eAb S B AN 2 BT

s 252

B2 WESHIE LR ZXR

XIWTE AR — A3 B IR P T — O A A
HHERNEWE., Hh, BTSN LR FER
AW ETRRSESEWB SR RE" 5 TR
BREREHWE,

A BEARNPHERA S AXEXRK. T4
WL RE B9 — SO, R (4 48 5 1003 D O SR e 48 B i 2
KILRFIME—, MNP PR B FIH—fbab 8.
B 2 AR A — AL T 9 T ¥R R RN ZE B0 A BB » P L 1Y
ZRZFIRKEBRFIFI P ARTE LA VAR 2
ATE.

3 WEARLEHZ

®E, 1 E; BFA LaTeX R MEPEEAK, K9P, E 2
BAXGE: ZBHRAR, HRKLRREERHRINT

FH 1 AR E B TXWRRIEXWIEERIER
AEL, B T, SFREG X T, BARTEFF,
XS AR AR, BIH - HARTER
¥iLy;

HR2 ERE W ZRERR P RIESRER
W3, B IR T, BFEE XN T, BARXTEF,
Xt sh A B AR IR —fab 3, 18 5 — L AR TR T
L;,# Ty 71 T; 1RE QM HBAHEE, WRER () HE E
M E, WIAHDIE, %5 5, BN PR 3;

2 * matnum(L,,L,)
strien(Ly) +strien(Ly)

A, matnum(s, ) RARTTEFF] s M ¢ 3R E M2
KICENE strien(s) HARTLEFF s PRARTENEG

HP®3 HL PAFEARXLEER N OPS HE K
FHREAERNLS S WEER (S E M E SR,
BB S, BANELE 4;

$T4e XN T hARTRES R OPS BE ATFHER
BEHFRNER A D), RHRX LS SN EL TN, TE 3
-1 EMEEMSE T, MR _XWFEF T3, T3, -,
T8, A3 RISE R PTX 28— 1 B X, BRI A RIS
T, 5 ENARTEFI TR AR LAt H,
B3 -1 AME—ERARTEFS L, L, -, L L 5%
BBERQHE L 5 LiG=1,2,-,27 ) B LUE, BARE
ROIHE E M E; WAL 525, 5;

(F#HE 278 TO

sim(E; ,E;)=sim(L;,L;)=

@



Euclidean skeleton in 2D and 3D[J]. Image and Vision Compu-
ting, 2007, 25(10) : 1543-1556

{5] Beristain A,Grana M. Pruning algorithm for voronoi skeletons
{T]. Electronics Letters,2010,46(1):39-41

[6] Couprie M, Bertrand G. New characterizations of simple points
in 2D, 3D and 4D discrete spaces[]]. IEEE Transactions on Pat-
tern Analysis and Machine Intelligence,2009,31(4) :637-648

[7] ChenY, Drechsler K, Zhao W, et al. A Thinning-based Liver
Vessel Skeletonization Method[[C] / International Conference
on Internet Computing and Information Services. 2011:152-155

[8] Palagyi K, Kuba A. Directional 3D Thinning Using 8-Subitera-
tions{_ C] // Proceedings of Discrete Geometry for Computer Ima-
gery. 1999,1568;325-336

(9] Fi#E, THEE,BEFR,F ET CTHEN=ZANIMLEERR
HAe I CAD F R T ). THEHLRLA , 2007,6(27) : 406-410

[10] Bk, R, B, 5 ETAREZNHTREREELE
LT, e Rg s TR, 2009,10017) , 2528-2534

{117 Friman O, Hindennach M, Khnel C, et al, Multiple hypothesis
template tracking of small 3D vessel structures[]J]. Medical Ima-
ge Analysis,2010,14(2):160-171

[12] ZRpitl, 43580, 4Rk, MSCT fili i 8 B 1% X B 31 bk i 0 i
B ELT ], EER R EARIE, 2008,18(6) : 597-599

[13] Lin K S, Tsai C L, Sofka M, et al. Vascular tree construction
with anatomical realism for retinal images[ C] // Proceedings of
the 9th IEEE International Conference on Biolnformatics and

BioEngineering. 2009:313-318

(8% 252 70

Sim(El 9E2 ) =max(Sim(L1 ,LZ) ’Sim(Ll 7L%) ’ Sim(Ll 9L% [t ]

sim(L,,L{ 7)) €
BB, GR.

4 KBEREHSH

BEAADENTFEREEAFEREZH BUERAAM
THRAZHEERPANTREMES, A TRIERENE
BB, A CE B M EATFRRBZEARIRICHIER 50 M XL
WEARKEEARXETIK. REPRTBROARF, AT
XX B A RBHTB R, RIENB YT Rk 2 fisi.

F2 BUOTREF

BHEMAE 1 2 3 4 5

. XHTX BUEREHS
ﬁi ;g %Z% BEEH RBTXHEHT SREEE
BFR HLF R

LI, 1% 2 R ABRENAR, F ot ER
AR ESBYWEHEHRARNHUE, §E—FES i XK TY
AU LIS 3 Br5.

%3 HRBUTRRNLEE

L YES 1 2 3 4 5
HUES) 100 100 100 100 78.41

RSEILE ST LR H SRAEB A AR BB Z R
AR LRI AT BOE AT FRBR M AR, FHE
A% 100% R EARHEAR A AR AR HATY S
~EALHE AR B AR AR WIS, B AR SR
SR GBI 0 FLBR AR = SURT 6 70 (1% AT
10 P PR A A 0 — AL AR S
TP Ak 28 A0 — - S IR A T 915 AR 3
5, BTG 1) EBRARIKELIRTL . A B 8 A LU
B0 R E Y B AR BT, ARIE XL — R
EEERSARE, BERARA BARRARRA R4
MR, B, 27 A S ¢ REAE ORIt
RER. B Fk RS SRIL 5, 9 BT AR
AR RUARTTI N B, IR

BRE  ETHCEARI R, AR T —

+ 278

LaTeX # MM #EARILEE . RTENRIEBHHLA
K BUER AR ARG R BRI T RER
M AT TR 084 » BLRA Bem i U , A 25
Hufppe TSP RN R A X R, (B 2R
BE R — S, RA BRI B AT SR Ab 28 L
B R e 2T REXAL A

& % x Wk

[1] Mander U,Baker B S. Deducing similarities in java sources from
bytecode [C]// Usenix 1998 Annual Technical Conference, New
Orleans; The Advanced Computing Systems Association, 1998
179-190

[2] SEE, B8 PRECRIIFRES R KEET
KM, 2005,45(1) :50-57 ’

[3] SRZEMR,LHE . XER, % ARIBESCRHEHRNBIEE R
(1], #fF2e4%, 2003,14(10):1753-1761

(4] &W,2EE ETRESHMHUENERHRNER] Kl
TR%24],2007,47(1):125-130

(5] ZFE. EFHFHLERN SO EHS AT SURE
FiFHBA,2007(11):63-66

[6] SiA,Leong HV,Lau R W H.CHECK:A document plagiarism
detection system[C] // Proceedings of the ACM Symposium for
Applied Computing. 1997:70-77

7] BEL.HENNEX. ETEHEENEFARNIRINRLKLI. 3+
BHBIR 5 K8, 2007,44(7) : 1144-1150

[8] Chan K F, Yeung D Y. Mathematical Expression Recognition: A
Survey [J]. International Journal on Document Analysis and
Recognition, 2000,3(1) :3-15

(9] #nfa®, mase, FRA. B ARG HELR 1] BN
5 ATHEE,2005,18(4) :429-440

[10] Lee H-J, Wang J-S. Design of a Mathematical Expression Recog-
nition System[]]. Pattern Recogniton Letters, 1997, 18(8) ; 289-
298

(117 BfERH, mars, TRA. AR IR R 4 : MatheReader[ J].
HEHLAEMH, 2006,29(11) :2018-2026

[12] X947, 7008, 2T ARENE CAMEIHXETERRSR

- U HENRE,2012,39(2):8-13

(13] ¥R, X4 REMEFBHHEUER T RIS H,

2011,34(10).:1853-1862



