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Abstract: We propose an approximate string matching method for string containing meta-characters which
mean selecting a single number from some choices, when query string does not contain the meta-characters.
We use edit distance as similarity measure of strings and Vantage-Point tree for accelerating the search. We
use Hausdorff distance as a distance metric for constructing Vantage-Point tree and a distance metric which
treats a number string as a unit character for approximate matching of string containing the meta-characters
for searching in Vantage-Point tree. The proposed method is valuable for managing and approximate search
of industrial materials database whose item numbers are quite similar to each other.
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Fig. 1 Difference between proposed and conventional methods.
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Fig. 2 Distance relation among strings q, p, [.
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Fig. 3 Distance relation among strings g, p, r.
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Fig. 4 A case in which left nodes are not prunable.
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Fig. 5 A case in which right nodes are not prunable.
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Table 1 Data and calculation environment.

MFEH PC Dell Precision T5600
AE 64GB
CPU Intel Xeon E5-2650 2.0 GHz

Microsoft Visual C
B R X & 3751 240 JT 1
AT 1 T

B7E Sk
GRS il d
BERILFHNT— 5

L7z, B, MEEDTRUVETE LA e 21E, JE
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COMETHRFEERPN 1MUY ESH 25 00H NG T v 5 L4
1R RY, TREMRERMESCTH L L7z, WEEo
WL F— Y IionTR LICE LD,

F—= DB L BWREDEALE B D -0 T — 7
RO I b, R i, 2015 iR E
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KAETEE ISR TEY LT [130FHH 72 ) DA ¥ LT
DT BREREHIPDPDE VRS,

5.3 VP KIZH T2 RFBRNEEERDEHE

VP RHESEL — V7 5 N2 VP KRNV — V28 L 7%
WG LB L7256 T VP KRR IZB W T EOREMRR
RNDFET B0 25HI L7z, FHIRER 2R 4 1ORT. 1
PO T 1 LFHIT ORI L GE 12132 o

® 2 WEBMERER A & R DR

Table 2 Properties of the meta-character strings.

1 D HOFAEZER X ¥ L FH)

2 D H QBRI X & 75

HAL ST RO

1 TR B0 DR 5 LFRBOFH
EIEDOTRMED £ 7 N

A G LTI L THNEDRREDO L v NPy

17.6 17.6

4.0 4.0
30.4 30.6
98.2 111.2
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® 3 BT 1 TR O PR E

Table 3 Mean values of edit distance calculations.

B 1 U mAENEE  Hausdorff fRAEIEAE  7E RN 4E M KE
oy bR 0.650 0.553 0.235
L MO 0.029 0.013 0.006
R4 MBRRWNOFEME
Table 4 Occurrence frequency of missing.
TS| MRS - MV —OVIEER (o) REEE - MRV — VA (HER)
15 75 982 (10%) 0 (0%)
30 77 1,461 (15%) 0 (0%)
60 5 2,073 (21%) 0 (0%)
120 5 2,620 (26%) 0 (0%)
240 3 3,193 (32%) 0 (0%)
BHBERLE AT ML, 77BN 1 FEoRET | | |
RN AE L0 % R . B/ S—X v 75— 1575 T
VERNEEMRBOBRE 1 TN HHRTH L. K4 — w ROXEELVPA
Do T =S ENLVIEERIOBG B B 2 L h5 i XETRT TR
B. L7#55 T VP AHESL — L 7% & BN VP AR — A
VDI VIETH 5. B omh |
5B, VP AHEERIZTNTH /) — FCH/ — FEi 2 - | | |
= FNE 7 71RO, [ UIFEFEMTEORETYH | } } } I I I
) k“\: z t“@ ENIED N J: < ,?::,\ .z\bai:/%l\: 0 0.5 1 15 2 25 3 35
VP K { WFHNDIH D N & - THREZEMERE ‘ T R )
%h. 2T, IFFERE L THEEZ 10y M2y, R

MBI EHNZOWTE Y P TEIZ VP REHER L T
BMEEfTo72. KETHIT 1 HUhOFELENEL 7L —
THFET, 201 HHICOWTELR 2 VP K CHE R
FrERL CRHITNE ThH 2D MAEICE T 2R O#EE
TIDL) BEEITLT.
5.4 MFRNANKEZERL 2 VP AEROMEERTE
VP KRSV — L7 5 N2 VP KRBV — V& L 72
BEDO 1 hdH7-1) © VP RgZEREH OFHEE 7— & 154
AICE 6 12RT. HED 72012 VP KE W W& DK
RITERR & VP ARRESEIL — L 7 5 N2 VP KL — v
T L%\ VP RIREROMERFT SRR & &HhE T 6 12
RY. HbET, FREFTEREOEAEERE (AR
) CEBMRBAER 5 IRT. K6 BIUES S VP
ARELV—NVEEHLTORB, = HICLS5T VP KA
DY DX v & THFEZTETVDL I EDTD5.
%8B, VP REHWEWGEOREII&EMHRELIT ) 4
TX v, CFHEDN Ly TH 5 LT s & XFHED L,
Tdh2HLFH ¢ & DM OMEREE d(s,t) IZOWTIEZD
TS |Ly — Ly| < d(s,t) < Ly + Ly &% %, ZTh&h
|Ls—d(s,t)| < Ly < Ly+d(s,t) BB N5, L7zds> TR
FRELTHN R FOES T/ V- » 7 LTBIHE, 75
FeAS L, T 53075 g \2xt L CHEREE D LT o305
I T BBICIIFIIRS LAY | Ly —D| < L<Ly+D
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6 LTHIES IV —THE L VP AR OEREE
Fig. 6 Speed comparison between string length group search

and VP tree searches.

R 5 RREEBOTVY - BEARE - ZEREK

Table 5 statistical properties of search time.
T=%% 157 3077 6077 12077 24075
whEsE | F¥ (B) | 0.061 0.089 0.126 0.171  0.213
A AR | 0.034 0.049 0.070 0.094 0.122
VP kK ZEMRE | 056 0.55 0.56  0.55 0.57
JAkE | SEH () | 0.046  0.068 0.096 0.134  0.178
L AR | 0.034 0.052 0.073 0.102 0.134
VP A ZEERE | 074 076 0.76  0.76 0.75
LFHE | S (B) | 0.208 0.418 0.845 1.691  3.36
IV—7 | HEARFEE | 0.245 0.491 0.992 1.981  3.928
€S EERE | 118 117 117  1.17 1.17

7T AN OV TR LN A FTE T UL v,
L7255 T 6 DEFTIIZOFETHREL, TharLFE
WEZ IV — T e Rt L7z,

5.5 VP RERIMERE
F=SHEn T HE VP ERIZET LRI
O(nlog(n)) TH 5 [12]. B TI2&T— 5 TDH 108D VP
ANERNCE LR O % 5T, FlERELZ 7 — /N —
TRl BHRIEZOTFT— 71233 % nlog(n) D7 4 v
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Fig. 7 Elapsed time of VP tree construction.

FAYITRERTHD. VP KIIMEDO 72 IEL L BT 74
<, VP RZHEBT 5 LTFHNDOEEN 2 R ) 1 —FEE-
VP K WHEITAZ LN TESL. M7 h5IETF—%
A7z 215 1,000 FTL T — % OFEFND - 7221
Ny FTVP REFHETEL LN 5.

6. BhHYIC

BAHEIR X & SCFFNH$ 2 B SCTyIRE 2 33 5
eI, BT LTH BT & A MERM L w5 L
7o, ZOMmMEFRBEERT AT VP K2 BEL TRELT
S EMBIRNAIE L7z, 22T VP KOS TR R
Bt & L C Hausdorff FigE % vy, MERERIEG 075 % B
MXXT e T hMmENEY HWD 2 L CHRBRNZ BT X
HIZEHRLT, COMMKRTIIHEMHL A Ty 7 AET
HARFEED O Y D A1) v b= DD, Fh
THLBAEZHWZVIRERL ) S HoEETHLH 2 L
%7 — % CHGEE L 72,

AEPRE L 74, & F & F RAROMEEITRE S
NDREFEM B - O mBFEH & B MEFRR A%
HitHr0INTEFTCEHIN TV APl TH D
B EOMEA E DD TE.
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fit %
Al RERBEDETES]

FH solyusion (233 L CICFHRIEIC & » TILFF solu-
tions ZEM T LB 2R L, MERBESE ) EHEINL D
NI
(1) solyusion ® 4 XF-HD y OHIkE

solyusion — solusion
(2) #H L T&7zsolusion D 5 LFHD s & t IJHEIE
solusion — solution
(3) #H L < T&7zsolution @ 9 XFH (RER) 12s 21F
A
solution_ — solutions

PLED 3 D50 FEH) solyusion % LA solutions (2%8
o9 2 i/ NEERLE 70 5 DT, LFF) solyusion & )
solutions & DM DOFFRIENEHEL 3 TH L. 7B, wEHENL
T2 2 00 TFHIOR ST MR R > Tl

A.2 VP AKRKDOH

X A1 27 20T [ABCDEFG]| [ABC4EFG |
[ABC45FG] [AB345FG ] [A23456G ] [A234567] [12345
671 5% 5% VP ROHIZIRY. /— F [ABCDEFG] &
TRTO6ODTH/ — F (fREHgEOPIE M =3) 12
DWW, ¥/ [ABC4EFG] £ ZD22o0F/ — F (fRik
HEEORYfE M =1) 122oWT, #1LT [A23456G | & #
D2O0DF/ —F (fEHHEOTIRI M =1) 12OV,
ZNEN VP KOBEHIY) 7> TWb,
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Fig. A-1 An example of a VP tree composed of seven strings.
I &R

2001 - HALKFRF B HE AR R
SCFEBAELEAE T, AR B R
V7 by 7T HRASH (B, HRalatt
HV ) a—3 3y AHAAKR) At
WroeBAsSEETE. WL (B4E). BT

HHEEFERE.

=3 BE (ExH)

1995 AE AL KFE R FBE AT R
MBS LS T, WA H A
V7 by THRASH (B, HRelatt
Hy V) a—Ya y ARAKR) A,
W, Ay hadP—T%BLV0T—%
T T4 7 ADGE L FHFELEIC

e

=B (ERA)

2003 AL KPR A BB A 7R K
FHRELEREET. FERAStH
SHHAAYV Y 2= a v X (B, bR
SHHTY ) a—Ya y AEAAR) A
. B - GBI R BRI T O
HET) V7, T— 8 o owfze
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