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Brand name confusion is one of the most common causes of drug-related errors. The aim of this study was to de-
velop quantitative measures of similarity among brand names of drugs. We modified the fragmentary pattern-based
measure, a measure of similarity for character strings based on the string resemblance system, to develop three novel
measures of similarity, i.e., the head and tail-weighted fragmentary pattern-based measure (htfrag), visually weighted
htfrag (vwhtfrag), and auditorily weighted htfrag (awhtfrag) . The 227 pairs of brand names for which confusion errors
have been reported were used as a positive control group. Ten sets of 2270 random pairs of brand names were generated
as negative controls. Then we evaluated the measures developed by using the geometric mean of sensitivity and selectivi-
ty as an objective function, in comparison with two conventional measures of similarity based on the vector space model
(cosl and htco). The measures developed, htfrag, vwhtfrag, and awhtfrag, provided better discrimination with mean
objective function values of 0.953, 0.962, and 0.940, respectively, which were higher than those for the conventional
measures cosl and htco (0.922 and 0.892, respectively) . The rates of false-positives and false-negatives were 3.3—10.7
% and 5.3—11.9% for cosl, respectively, while the rates for vwhtfrag were 4.8—5.9% and 2.2%, respectively. The
measures of similarity developed may provide significant information to avoid drug-related errors associated with brand
name confusion.
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(A) calculation of measure "htfrag"
7 AT | A7 |F
A=07
a) b)/ c) d) B=02
7 oA | T|A|Hn]|T|*
a) length of "7"-factorB=2-0.2 = 1.8
b) (lenght of "T" - factor B) xfactor A = (1 - 0.2) 0.7 = 0.56
¢) (lenght of "71" - factor B) Xfactor A = (1 - 0.2) x0.7 = 0.56
d) lenght of "#"-factorB=1-0.2 = 0.8
sum 372
372/7=0.53
(B} calculation of measure "vwhtfrag"
7 A|v|xT|h U F
A=07
a) b) c) B=02
C=01
7 A\ T |A|H T F
a) length of "7"-factorB=2-02 = 18
b) (lenght of "T" - factor B) Xfactor A = (1 - 0.2) X0.7 = 0.56
c) lenght of "2k #" - factor B=2.1 -0.2 1.9
sum 4.26
426/7=0.61
Fig. 1. Calculation of the Similarity Measures, (A) ‘‘Htfrag” and (B) ‘‘Vwhtfrag”’

Factor A (0<<A < 1) was introduced to make light the significance of coincidence on the middle of words. Factor B (0<<B < 1) was introduced to emphasize
the coincidence of adjacent letters of two or more. As for vwhtfrag, factor C was additionally introduced to treat the incomplete coincidence for a pair of visually

similar characters.
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Positive cases Negative cases
index index
0.8556 JtOFY XIOF > 06727 LARY—K LZRS—k
0.8556 RARIv FARIY 06465 HAEY—k SEAVEEEN
08556 HRI—IL KI—JL 06333 “70Ov FU70v
TP | 08545 HAbhFvy kv Ep 06167 Fv7/—IL  FEy¥/—I
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FN | 02465 =mRZY> Z)I-=-) TN :
§|02241  2V/—L  I-ITF« 21611 © FYITF I FEANT 7Y
02125 375y XTFY ’ 0 FEUFY T4 VA=
Obj(t)=\/4JIE—3441£L7=0.9649
TP+FN TN+FP
Fig. 2. [Evaluation of Measures

The objective function (Obj(t)) is defined as the geometric mean of sensitivity (TP/total number of positive cases) and specificity (TN/total number of nega-
tive cases) . The t value (threshold) was chosen to yield the maximum value of objective function. (TP: true positive, FN: false negative, FP: false positive, TN: true

negative) .
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Table 1. Evaluation of the Measures to Quantify the Similarity of Brand Name

Measure Parameters Mean Min Max
Cosl 0.92209 0.9196 0.9260
Htco 0.89243 0.8883 0.8947
Htfrag (A=0.35, B=0.30) 0.95279 0.9506 0.9569
(A=0.35, B=0.25) 0.95279 0.9506 0.9569
(A=0.35, B=0.35) 0.95272 0.9506 0.9567
(A=0.35, B=0.40) 0.95247 0.9506 0.9565
(A=0.35, B=0.45) 0.95245 0.9506 0.9565
Vwhtfrag (A=0.45, B=0.15, C=0.00) 0.96199 0.9595 0.9649
(A=0.45, B=0.15, C=0.05) 0.96192 0.9595 0.9647
(A=0.45, B=0.10, C=0.00) 0.96191 0.9595 0.9649
(A=0.45, B=0.20, C=0.00) 0.96187 0.9593 0.9647
(A=0.45, B=0.15, C=0.15) 0.96183 0.9593 0.9647
Awhtfrag (A=0.60, B=0.20, C=0.60) 0.93995 0.9363 0.9418
(A=0.55, B=0.20, C=0.60) 0.93828 0.9337 0.9399
(A=0.45, B=0.00, C=0.50) 0.93810 0.9330 0.9413
(A=0.65, B=0.20, C=0.60) 0.93805 0.9341 0.9414
(A=0.60, B=0.25, C=0.60) 0.93788 0.9344 0.9394

Each value represents the geometric mean of sensitivity (true positive/total true case) and specificity (true negative/

total negative case) .

Table 2. Examples of Discrimination of Similarity by Cosl, Htfrag, Vwhtfrag and Awhtfrag

Measure Cosl Htfrag Vwhtfrag Awhtfrag
Threshold 0.3873 0.1718 0.2775 0.3644
—0.4000 —0.1750 —0.2804 —0.3657
Positive cases
JoFa -JLr 4= 0.365X 0.2540 0.3090 0.4400
T2 RN=-T75XY w7y 0.365X 0.3090 0.3360 0.3710
INF =R 0.333X 0.2330 0.2830 0.6670
Negative cases
SR ~TTIYAR 0.5710 0.122X 0.122X 0.280X
TN T 7=-UTdy BT 0.5440 0.129X 0.129X 0.240X
L Xb—)b=FI)Va)b bk 0.5070 0.098 X 0.153X 0.288 X
O: judged to be similar, X: judged to be not similar.
htco, htfrag, vwhtfrag & 7f awhtfrag 12k D 227 # » 5

D IE B B T8 2270 FH D €5 D 3544 FE L & FA4f L 7=
BE O EE O S 474 % Fig. 3 12/r9 . Cosl,
htco Tld, EHEABDLFHITERDNH S DI
%t L, htfrag, vwhtfrag }2 O awhtfrag Tlid, FODHE
BROIENENWHDTH- 7=,

HRDZEIHESL T, Fig. 3 HICHMBE%K
Obj (t) DKl Obj ZPfE TR Lz, AR
WHEEL TWBEHE, MICERIC—H LTS
#, Obj DEIFZTNETN 1.0 KT 0.5 %2525,

ARHRITBNTIE, WRELHELEOREE LT
Ao TEaNY ML ZEMEEICE D < 5
(cosl, htco 72 &) FmEIHEHE (edit) TiX7x<, Wi
PNy — ARREIC K 2SR 2 B A L, A
PUEZ XD EREEICRHES 5 Z & REE /8o /.
Tabb, SEBELLZIFEOFEEIVTNS, 1€
FAEZRINTE /= cosl, hteo, WMNIT edit & Bz L
T, EBRICROEANECZEAL L, BIEAITHE
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Table 3.

The Threshold (t) Values of Each Measure for 10 Sets of 2270 Random Negative Pairs

Cosl

Htco

Htfrag

(a=0.35, b=0.30)

Vwhtfrag

(a=0.45, b=0.15, ¢=0.00)

Awhtfrag

(a=0.60, b=0.20, c=0.60)

0.3873—0.4000
0.3873—0.4000
0.3873—0.4000
0.4880—0.5000
0.4950—0.5000
0.3873—0.4000
0.4743—0.5000
0.4924—0.5000
0.4811—0.5000
0.3873—0.4000

0.2500—0.5000
0.2500—0.5000
0.2500—0.5000
0.2500—0.5000
0.2500—0.5000
0.2500—0.5000
0.2500—0.5000
0.2500—0.5000
0.2500—0.5000
0.2500—0.5000

0.1718—0.1750
0.1718—0.1750
0.1718—0.1750
0.1718—0.1750
0.1727—0.1750
0.1718—0.1750
0.1718—0.1750
0.1718—0.1750
0.1718—0.1750
0.1727—0.1750

0.2775—0.2804
0.2739—0.2804
0.2791—0.2804
0.2739—0.2804
0.2782—0.2804
0.2739—0.2804
0.2739—0.2804
0.2782—0.2804
0.2782—0.2804
0.2791—0.2804

0.3644—0.3657
0.3644—0.3657
0.3644—0.3657
0.3644—0.3657
0.3644—0.3657
0.3644—0.3657
0.3644—0.3657
0.3644—0.3657
0.3644—0.3657
0.3644—0.3657
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(A) cos1 (Obj=0.9260) (B) htco (Obj=0.8947)
100 ] Positive cases 200 ] Positive cases
80 ‘ 160 — .
60 120 -
40 80 -
20 ! 40 - ;
> 1 ‘ ey i I_l : H
2 0 = (e L S N B LA BN N B B
[ [
g 1000 - g 2000
:_j i Negative cases :‘j i Negative cases
800 — 1600 —
600 -] 1200 —
400 800 -
200 ! 400 ;
0 e e e I B e e
0 010203040506070809 1 0 010203040506070809 1
(C) htfrag (Obj=0.9569) (D) vwhtfrag (Obj=0.9649)
B 100
140 — Positive cases . Positive cases
120 ‘ 80 .
100 1 1 |
0] ] e
60 ] 3 40 ;
407 20
- 20 . J
2 0 o 0 +——1T—F+1+T 1111
(] [
2 : g 1000
:,_j 1400 1— Negative cases E - Negative cases
1200 ‘ 800 .
1000 - 3 1 I
800d | | 600 ] ;
600 : 400 !
400 | 1 :
200_: i 200—_ :
o H+H+F 0
0 010203040506 0.70809 1 0 010203040506 070809 1

(E) awhtfrag (Obj=0.9412)
100 ] Positive cases
80
60
40
20 -

o +—r-—FFFr+ -+t
1000 - Negative cases
800 —
600
400

200

Frequency

I
I
I
I
!
!
!
!
|
!
T

(e e O L L B B B B L e
0 0102030405060.7 0809 1

Fig. 3. Histograms of the Measures, Cosl, Htco (Head and Tail-weighted Cosine) , Htfrag (Head and Tail-weighted Fragmentary
Pattern Based Measure), Vwhtfrag (Visually Weighted Htfrag) and Awhtfrag (Auditorily Weighted Htfrag)

Each vertical broken line represents the threshold that gives the maximum value of objective function (Obj).
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DERFIEFNT, TNTNOREICBNWTRED
MBS %L fiE & 5- 2 % Bl 2 374 L 245258, S bbb
NHKESE U /- htfrag, vwhtfrag % U8 awhtfrag 12 D
WTIE, BHlZ2EZTHZOMMEIIELL o
7. ZHITHLUT, cosl iZDNWTIE, AflickD
R EOFMBERMEEZ 5 2 HMENELL T, L
72> T, cosl IZDWTIX, MlZ —E I EHE
L7236, ANk > TIXEHiREREIME I 5 2
LT %, ZOHITBWTH, SEIMEL i5EIX
EELFLE 2 EBWICHHET 2 ETERTH S EH
ABNTz.

SIEEE L 2T K D, EAELPUE OHR] I
M kU7, FP (B  FN (kM) 254
WO dT s 23 TERN>E., ZHUILLTFD 2
DOMHICLS. 1 DIF, ABIL 5817 DEHE G
MOEMERIZ2DZWMOHL, Iz 2270 [FED
BT ZERCIDFEAEIETNS., 20D, EES
WHEO Lz —EOEIGTHELUL -84 0E
FNTLEDEEZOND. KT, BREIEHELIC
&, [F—por OEFEERESEBEULZELZMT
EMBND, —EDOHEGTHEUL ZELOHAR
DENEFIEL TEOH I NS DIV EERNE
Eionbd, FE AFELTEDHINZFICH
MR OEUL 2EANHE A I N (Fig.2). 51
DOMHBEL T, FHEIEREL THWEZ 227 HOH
26, NEod USELEULFITGER T 20 E
AZEFEVWINRWHATDENEENTVWEZ &
MET SN, FIZIEIT T EATF 2 ORSIT
TNTN BIEWEOEEE )T A O —)L & BFIH
HOWHB 7 OO0 —=)LTHD, WInd 2R
RIERAT 280, —BANELUL TWaE, &5
1%, FUHEERENSTHIRINTNSZ0I0E
PEHOER, FHA R ENFELUL TS H,
ENEARMICEG L TRDEZZEL TWSTHEk
WEETERWN, Z0X5BEE2EETLE, 5
[EIHESE U 7458813, BRMEmHhR, RBikgEPREndTh
HISKEWMATHY, TR HBIRENNH 2 EE

ATEnriEr95,

SRS U 72 F8ER1E, SRR HIESE A
MATDICHENBIBEERSZTHAS. £z, W
HYERRRRIZ, B 2EALITLO2M0EZ ZES
H5ZEBHERICRD EBDNS. bbb, SEO
SEAFLE L3R, 2 EESMOW G BEEE & E
ROICHEE(ETENE, MiEEENEICHAGDYE
52 &ET, MOEAZKDBUSITH U THIMIZE
EERTHIENTELLDIIRDEZEZONS.

DIk, EREICHEAOELMICE OB EZNRLZ o
Tl FWTC, BRI OIELIELE 2 & &AM
THEODIEEEBET DI ENTE. AEE
I, RLEOROEZICHEDISEEI A 2175k
THEREREZRETLIHDELDZTHAD.

HEE AEO—EIE, PR 16—17 4 SCE
FrEB R # (BT © IREUERE T IE2)
DR ZEZ T TIThN/IzbDTH 5.
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