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svell as the gharacteristic of scientific name retrieval
System reduges the performance of the system. The
@bjective of #he research is to analyze the effect of n-
grams substution and code shift to increase the
recall and p:’Ecision value of the Soundex algorithm.
For that inteaion, the following steps are conducted:
make the seientific names dictionary, identify the
scientific naghes in document, and rank the process
by using a dige coefficient. The testing process uses
849 documeft collection and 20 kinds of query with
different kin®s of mistake. The performance of the
refrieval is cpmpared between using and not using n-
grams subst§ution and a code shift, only using n-
grams substitution (NS), and using both n-grams
substitution 3ud a code shift (CS).

The rest of the research shows that the use of
n-grams subitution and code shift is able to increase
the perform@nce of the scientific name retrieval
system. Both techniques can retrieve up to 95%
scientific names with 20 different queries.

The result of the research also shows that data
would  not affect the language when n-grams
substitution and code shift are used. This is because
n-grams substitution makes the change of the sound
more uniform as a result of the match between two or
more alphabets into one or more alphabets

Keyword: Information retrieval, scientific name,
Fuzzy Soundex, Soundex, code shift, n-grams
substitution{dnid dice coefficient.

o
1. INTRGDUCTION

Name % an important thing in information
system. It 4s_often used as a search criteria in
informationZretrieval system wused in libraries
(author), potice files (prisoners), bookstores, etc.

Informdtion retrieval system which produces a
group of sc@ﬁc name often discovers problems for
queries in natéral language context. The unclearness
of word-rooi-as a result of user limitation in knowing
the informatten is a key problem of the system.
Misspelling Ja writing the query will result in the
failure of retrieving the information.

The mi@lling problem can be solved by using
phonetic sifilarity algorithms, such as Soundex,
Phoenix, nger, and Fuzzy Soundex. Soundex
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algorithm has been developed for Indonesian query
by modifying the group of consonants that
appropriate with the Indonesian rule. A research
conducted by Primasari in 1997 used a binary
conversion for ranking system. The result showed
that data did not effect the language. In this case, the
Soundex algorithm which was developed for English
is also also worked well with Indonesian. It is
because both English and Indonesian classify their
consonants using the similar extraordinary way.

Fuzzy Soundex algorithm has a better recall and
precision value than other phonetic similarity
algorithms. The improvement is caused by the two
methods that inserted in Fuzzy Soundex : n-grams
substitution and code shift. Both methods can
increase the recall and precision value of phonetic
similarity retrieval system.

Scientific name has two possibilities retrieval’s
result : can be retrieved or can not be retrieved at all.
Scientific name has a unique characteristics as
compared to other names. Scientific name has only
one spesific name, while other names may have many
similarities. The difference causes the sensitiveness
of the scientific name retrieval system.

Based on the above explanation, the objective of
the research is to analyze the effect of n-grams
substitution and code shift to increase the recall and
precision of the Soundex algorithm.

2. RELATED RESEARCH

Soundex Algorithm

Soundex is a phonetic algorithm that used to
decrease the query mistyping effect of misspelling.
The genuine Soundex algorithm has been patented by
Margaret O’Dell and Robert C. Russell in 1918. The
method that used is classifying 6 phonetic
classification  from human sound (bilabial,
labiodental, dental, alveolar, velar, and glottal). The
classification is based on lip and tongue position to
make the sounds [4].
The Soundex algorithm is as follows:
I.  Capitalize all letters in the word and drop all
punctuation marks.
Retain the first letter of the word
Conversion process is based on Table 1.
Remove all pairs of digits.
Remove all zeros from the string.
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6. Pad the string resulted from step (5) into only 4
bits, if it has less than 4 bits then adds with
zeros, while if it has more than 4 bits then return
only the first four positions. At the end it will be
of the form <uppercase letter> <digit> <digit>
<digit>.

Table 1 Consonant Classxt'caﬂon ofSDme Sonndex Algonlhms

A!

F,® 1 1 1
| B, B 1 6 I
S, B 2 2 2
D, P 3 6 3
L 2 ] 3 4
M, 5F 5 5 5
R T 6 4 6
G, FK,Q |2 6 7
X g 2 2 7
s - 2 6 2

=1

[ 997, Soundex algorithm has been developed
g}donesian by re-modifying the consonant
cle lw\!lsut on based on the following factors:
T#: articulator and point of articulation.
2 -rpD way that passed by air.
4 @ kinds of obstacle that found when the air

into

\LQ\ out.
{52002, Dave Holmes and Catherine Mc Cabe
modified Soundex algorithm by adding some

methods into it. Then they name it Fuzzy Soundex.
The methods can improve the recall and precision
value of the retrieval system. Fuzzy Soundex blurs
the query into some different codes. The phonetic
retrieval system could increase the similarity measure
between two names if the blur codes are in increasing
number. In the case that each name only has one
Soundex code, the similarity is binary, so that the
similarity measure is not good enough (Holmes Dave
March 9™ 2006, private communication).

Thg code length and consonant classification in
Fuzzy)Soundex algorithm is different from the
Sourdex algorithm. The code length in Fuzzy
Sound®x is 5 bits, because by adding the code length
by 1 i, the mistake in the end of the name can be
identified. Fuzzy Soundex uses n-grams substitution
and @ogle shift to increase the recall and precision
valueof the retrieval system.

0
(— Table 2 Mistake Cassilication by Damerau

’Iype;u;{:Error Baseline Name || Deviation
Inselhn Averrhoa ) A;ferrk)hoa
Omssﬁﬁn Retrofractum Retrofactum
Substitytion Canna Kanna —
Tran;lz)silion Phyllanthus P:,rh]lanthn.s‘b4

—

FNTESSES)
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N-grams Substitution

Damerau defines misspellings into 4 categories
as in Table 2 [2]. N-grams substitution can decrease
the misspellings by substituting the characters that
belong to substitution mistakes case. Table 3
illustrates types of n-grams that belong to substitution
mistakes case [2].

Code Shift

Code shift is an effort to decrease insertion and
omission type of mistakes. This method can identify
the mistake at the beginning of the name, while for
identifying the mistake at the end of the name is by
adding | bit code length. Code shift can increase the
recall value up to 96% by removing the second
character from the five bits Fuzzy Soundex code [2].

Dice Coclficient

Dice coefficient is a formula to count the
similarity measure between fuzzy codes. The formula
is as follows [2]:

o =02*y)(a+pf)
where :
& is adice coefficient
¥ is common features

o is feature for name |

f3 is feature for name 2

Table 3 Types of n-grams that Belong to n-grams Substitution

Case
N-grams .
CA
CC,CK,CH KK
CE SE
CL KL
CR KR
Cl SI
CO KO
CS.CZ, TS, TZ | SS
CU KU
CY SY
DG GG
Gl HH
GN, KN, NG NN
“HR, WR RR
HW wWWwW
PE, PH FF
SCH SSS
TIO SIO
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METHODOLOGY

ientific name retrieval system model
The scientific name retrieval system model used
1 this research is shown in Figurel.
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Bzure 1 Scientific Name Retrieval System Model.
=
A d

Dictionary preprocessing
Scientific names in the dictionary have different

word length, so they needs to be equalized to make

the searching process easier because the system will
start searching from the first word.
Word length will be equalized into two words.

The justifications are as follows:

1. Words after the second word in the scientific
name are rarely used. Usually, these are just
abbreviation from descriptors who theirs
research _are well-known [1]. For example:
Artemim’u!garr's Linn.

2. Two &brds are based on a binomial
nomer&ature system For example: Averhoa
bilimbi\¢Sour carambola). Oryvza safiva (Rice
plant).

3. Two WBES have guaranteed the uniqueness of
354 sciéatific names in the dictionary.

=

Fuzzy Codf) ‘

Query %.at has been converted into Fuzzy
Soundex codg will be blurred by decreasing the code
length in each iteration. For example, if the query is
‘A2546", then the fuzzy codes are as follows (Holmes
Dave Marclrt6™ 2006, private communication):

- A2546(fitzzv 5)
- A254 zy 4)
- A25 (ﬁgy 3)
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- A2 (Juzzy 2)
- A546 (code shifted)

Treatments
Three kinds of Soundex algorithm that will be
compared will be given the same treatment, which
are:
- Using the same blurring process
- Setting the code length to only 5 bits
- Adding the substitution n-grams and code shift
into the Soundex Algorithm
- Using dice coefficient for ranking algorithm.

Assumptions

- Scientific name in the document is always right,
so that scientific name identify process will be
passed.

- The relevant documents are documents that have
scientific names.

4. RESULTS AND DISCUSSION

Scientific Names Identification Analysis

The identification process will be done by
comparing the first word of the scientific names in
the dictionary with words result from document
preprocessing. If a word is found, then its position
will be saved to check the second word based on that
position, This process will be repeated until the word
is found. There are some cases where some scientific
names have similar front names, such as Averhoa
carambola and Averhoa bilimbi. Both are carambola
family but with different species.

The result of the identification process of 849
documents is 646 names. It takes about 7 minutes and
Il seconds to execute the process.

N-Grams Substitution

The difference between n-grams substitution and
n-grams is on the text condition that will be
corrected. N-grams will correct the text that has
technical mistake, for example mistyping. N-grams
substitution will correct the alphabets that the sound
has change if it runs into another alphabets.

N-grams substitution has a great effect when
mistyping happens in the beginning of typing. The
first word which is not converted into a code, results
in a name that has identical spelling in the beginning
of the name will be considered as different codes.

Koleus skotiolariades is one of the misspelling
names that has Coleus scutellarioides as its originall
name. Character ‘C’ is often spelt as ‘K’ if it runs
into vocals ‘A’, ‘U’, and ‘O’. Koleus and Coleus
codes are considered different although they have
passed the fuzzy process (Koleus’s Fuzzy code is
‘K4200" and Coleus’s Fuzzy code is ‘C4200°). It is
because the fuzzy process does not crop the character
in the beginning of the word.
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N-grams substitution substitutes the character
based on substitution cases on Table 3. Before going
through the code converter process, character ‘C’ in
‘Coleus” will be substituted by character ‘K’ because
character ‘C’ is followed by ‘O’. Now, ‘Coleus’ has
the same code as ‘Koleus’.

Some n-grams substitution cases other than those
of Table 3 are found in this research. User oftenly
m mistake if he spells characters, like “NJ* and
‘Z>Afollowed by vocal. Character ‘NI’ on Ficus
Berndamina is often heard as Ficus Benyamina. The
substitution n-grams addition case is on Table 4.

(2]
o Table 4 The additional cases of n-grams
& substitution _
g | Substitution
* NJ NY
wZ+t‘ALUEO |IJ+'ALUEO
-]
2

DicgCoefficient

“The result from blurring the queries and blurring
words in document will be compared to find their
inteisection. The algorithm of the matching process is

as fellows:

.9 L
Forall first word of scientific names from document

Count the dice coefficient value, using
diceCoef (tokenl, token2).

(1obog

If the dice coeffisient #0, then save the
document id and the dice coefficient value.

Below is the dice coefficient algorithm,
diceCoef (tokenl, token2)

Blur tokenl and token2.

Initialize the common value by 0.
For all the first word fuzzy queries
For all the first word fuzzy tokens.

If fuzzyQueryl = fuzzyTokenl, then the
common value is added by 1.

For all the second word fuzzy queries.
For all the second word fuzzy tokens.

If fuzzyQuery2 = fuzzyToken2, then the
common value is added by 1.

JInouly.JQbog . o o -

Count the dice coefficient using:
- dCoef=(2*common)/((fQuery | .length*2) +(f
¥ *
— Tokenl.length*2))

Q_lo. Return dCoef value.
there is a significant mistake in the first word,
while in the second word is an unsignificant mistake,
tl'ae-<e-lg0rithm is still able to retrieve the information.

Allsio
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For example Kromotoli penata (the original name is
Quamoclit penata). In this case the code from
Kromotoli and Quamoclit is different.

Table 5 The Comparison of Kromotoli’s and Quamoclit’s codes

Kromotoli {
6534 | K5243
K653 K524
K65 K52
K6 K5
K534 K243

From Table § it can be seen that the two codes
do not have similarity although they have been
added by code shift, while the penata’s code (the
original name is pennata) has a close similarity (in
Table 6).

Common value is a union of the intersection
between the first and the second word. Although the
common value of the first word is 0, common value
of the second word can be very high, which is 5. The
dice coefficient value can be determined as follows:

dCocf = (2¥(0+5)) / ((5*2)+(5*2))
=10/20

=0.5

Table 6 The Comparison of Penata’s and Pennata’s codes

penata . | pennata
P5300 |

P530

P53 P53

PS5 P5
P300 P300

The algorithm is still saving the document id and
dice cocfficicnt value because the value is more than
0, so that the document that related to pennata is still
retrieved.

Code Shift

Code shift algorithm has a big effect on phonetic
similarity retrieval system for insertion and omission
type of mistakes. For example, asproha brimbi (the
original namc is Averrhoa bilimbi), has a 0 recall and
precision value when it does not use a code shift.
There are around 21 names which can be retrieved.
A very different result was shown different when the
code shilt is used, where all the related documents
were successfully retrieved.
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I'a

Q

g

=

«Q

3 = Averrhoa
ax ilimbi Ly
g Biizzy 5 A2160 B6510 | A1600 B4510
Wi ¢

X Blizzy 4 A216 B651 | A160 B45I
o= :

S Buzzy3 A2l B65 Al6  DB45
g Bwzy2 | A2 B6 Al B4
8 ade shift }-A160 B510 | A600 B510

:19gUNS UDYINCRAUSLL UDP UDHWNUDIUSW DAUD] 1UI SN} DAIDY Y

-8

o
Table ‘Z: shows that asproha brimbi was
ccesfully #€trieved because the Apsroha’s code,
en code shift was added, is similar to that of
gverrhea’s cgde in Fuzzy 4. The same case happens
in brimbi’s &ad bilimbi’s code when the code shift
was added.

n-bu

w
Evaluation = 7

To know%lhe effect of n-grams substitution and
code shift infncreasing recall and precision value of
Soundex alg@:-rithm, the result of the retrieval process
was compargdl between use and not use n-grams
substitution @And code shift, only used n-grams
substitution (%S),_ and used both substitution n-grams
and code shif®{(CS).

The I'i:c;a«precision curve in Figure 2 shows that
n-grams subs@tution and code shift could incrcase the
three of S"gundcx algorithm performance. The
average of the increasing recall and precision value
from three of Soundex algorithm is 20%.

The increasing of recall and precision value from
three of Soundex algorithm is affected by the
capability of n-grams substitution and code shift in
handling various type of mistakes, such as insertion,
omission, and transposition. The used of the two
methods in the Soundex algorithm could increase the
recall and precision value (for insertion and omission
type of mistakes) in the average around 30% (Figure

3))8

For trapgposition mistake, the average of the
increase cowd reach around 40% (Figure 4). The use
of the two, mtthods in the Soundex algorithm which
is investigal@d in the Primasari research (1997) could
give a betteEresult for this type of mistake. It is

this Soundex”algorithm almost reach a maximum

shown in th%ﬁgtu‘e that the recall-precision curve of
value.

Figure Zalso shows that data does not give any
effect to lafiguage when n-grams substitution and
code shift agesised because the maximum value that
could be redched by the three Soundex curves were
very close @each others. This is because n-grams
substitution <akes the change of the sound more
uniform as a#esult of the match between two or more
alphabets inﬁne or more alphabets.

AlIS1oAIU
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For example, ‘C’ tends to change into ‘K’ if
runs into vocals ‘A’, ‘U’, and ‘Q’, and change into
‘S’ if runs into vocals ‘I’ and ‘E’. In Fuzzy Soundex
algorithm, ‘C” and ‘K’ are in different group, while
the rest are in one group. As a comparison, in
Soundex algorithm investigated by Primasari (1997),
‘C" and ‘S’ are in different group, while the rest are
one group.

The performance of the Soundex algorithm
investigated by Primasari (1997) has increased in this
research. The reasons can be explained as follows:

- The blurring process can increase the amount of
the possibility —of the related names to be
retrieved,

- The used of the n-grams substitution and code
shift and the increment of 1 bit code length.

- The used of the dice coefficient for ranking
algorithm. In Primasari research (1997), the
ranking algorithm used is a Binary Conversion.

ISSN 1858-1633 @2006 ICTS



*dd| wizi bdupnj undpdo ynjuag WJOP Ul siiN} PAIOY Ynn|as N3 UbIBYSS YoAungiadwal ubp ubywnwnbuaw bubio|iq ‘T

*dd| 4ofom BupA ubbujuaday ubyibnisw yopij undiznbuad q

*yojosow n3ons upbnpfull NBIO YiIY upsiinuad ‘upiodp| ubunsniuad ‘Yoiwi PAILY ubsijnuad ‘ubijduad ‘Unyipipuad ubbuIUAaY ynjun bAUBY updinbudd ‘O

:19gUUNS UDHINGIAUBL UDP UDYLUNUDIUSW bAUD} 1Ul I[N} DAIDY YNIN[ds NBIO UBIBDARS dijnBus BUBID|I °|

Bubpun-6ubpun 1BUNpUIQ I HOH

i Fuzzy Soundex
I
- [T T— v
| o e O O O O NP O =
§ o2 {—
§ 0.64
= 0.56 +
0.48 4—— - - PR
0.4 -— + - T
0.00 0.20 0.40 0.60 0.80 1.00
Recall
@D |——0—F-de —a—F-Sdx (NS) —a— F-Sdx (CS)
I
=)
’1 S
% oundex Primasari (1997)
& os0
a 0.85 4
=. § 080
L)
-%,: 0.75 4
£ 070 .
0.65 1— -
0.60 : : r — !
0.00 0.20 Q.40 0.60 0.80 1.00
Recall
% |—o——F’-SdX —u-— P-Sdx (NS) —a— P-Sdx (CS)
(1)
= . :
g Soundex |
) |
b 09 - !
g - 0.82 d—d—m e S |
Q@ i 074- o
2 2 066 { - |
~ O o g ! i
| 0.58 ¥~ Bhgmu S SN Y !:;L_ “ |
/7 E— . ; =
0.00 0.20 0.40 0.60 0.80 1.00 |
Recall !

[—.—sux —#— Sdx (NS) —a— Sdx(C5) ]

Figure 2 Recall-precision Curves of Some Soundex Algorithms

The positive effect of the n-grams substitution
and code shift in Soundex algorithm can be used by
Bogor Agriculture Institute’s library in fixing its
seafdli system for scientific name queries. The
migfakes occurred in typing scientific names, may
cafEs the problem in retrieving the relevant
inf@@mation.

The condition of the searching system can
dis college students in searching information,
si there are only a liminted number of college
students who really understand scientific names lorm
smguspecies. One of the reasons is that it is quilc
difficult in spelling scientific names. College students
whg-have just understood scientific names from some
species, will still very likely make many mistakes in

speﬁ_)ng or typing.

N

ISISAIU

A

Fuzzy Soundex

Precision
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Soundex Primasari (1997)

0.83 | i e

Precision
o
[e2]
(5]

LLl R S S o i e

0.30 T T T
0.00 0.20 0.40 0.60

Recall

0.80 1.00

L-—-o—— P-Sdx ~#--P-Sdx (NS) -~ P-Sdx(CS) |

2" Information and Communication Technology Seminar, August 2006

Soundex

Precision

0.80

0.40 0.60

Recall

1.00

—+— Sdx —-a— Sdx (NS) —— Sdx(CS) |

(insertion and omission).
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Figure 4 The Recall-precision Curves of Some Soundex
Algorithms (transposition).

CONCLLﬁjONS

From the fedearch it can be concluded that the

insertion of n-é@ns substitution and code shift into a

2 Soundex algori@n increases the recall and precision

S value of the scichtific names retrieval system. From
é the testing queries, the insertion of both methods can
cretrieve up td(95% scientific names which have
3 different type oEhistakes.

SO

In additiongt can be concluded that data would

Znot affect the fapguage when n-grams substitution
and code shifiCdre used. This is because n-grams

un

substitution mﬁs the change of the sound more

iform as a re of the match between two or more

alphabets into o&or more alphabets.

AlIsJaAIU

443

6. REFFERENCES
[1] Hendrawan Kiki. 2004 Cara Klasifikasi dan Tata

(2]

(31

(4]

Nama. -
http://clearinghouse.dikmenum.go.id/showConte
nt.php?id=192&idCont=Bpné&SubjectID=21&m
nMode=mnBp [2] Maret 2006].

Holmes David, Catherine McCabe M. 2002.
Improving Precision and Recall for Soundex
Retrieval. Las Vegas.
http://ir.iit.edu/publications/downloads/IEEESou
ndexV35.pdf [12 Juni 2005].

Primasari Dewi. 1997. Metode Pencarian dan
Temu-Kembali Nama Berdasarkan Kesamaan
Fonetik. [Skripsi]. Bogor: Departement of
Computer Sciences Fakultas Matematika dan
[lmu Pengetahuan Alam Institut Pertanian
Bogor.

Repici Dominic J. 2006. Soundex Algorithms
Explained.
http://www creativyst.com/Doc/Articles/SoundE

x|/SoundEx|.htm#Algorithm [14 Juni 2005].

ISSN 1858-1633 @2006 ICTS


http://www.creativyst.com/Doc/

