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i, dame Searching ==~ The Problem Part 1

Traditiocnal approaches to searching a 1ist of names usually in=
volve a KSamish approach to the cgata file: 1,e, positioning the
program (or a terminal user) at the peainning of a group of names
spelled in like manner, and then performing adaitional subsetting
or processing of the ¢group of names, KSAM (or ISAM) is typically
used for such applicatlons because ot their ability to position
the recore pointer using only & partial key, 1MAGE, oh the other
hand, 1s seldon used for such applications since inquiries must bhe
nmade against a complete search item, lor applications in which
inquiry against an existing "people" base 1Is required, the cone=
plete entry of a name may be at pest redundant and at worst ex-
tremely supject to error since variations jn spelling of a name at
data entry time from that of the master name on flile are difficult
to nandle. Criteria for a first cuyt name search algorithm should
then include at ileast tne followlng:

.The abllity to search on a partial or incomplete
name

+The ability to operate upon or display to a
terminal user a dgroup of similar names,
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ftame Searching == Problew Part 2
An additional reguirement tor many name search applications is

the ability to search for names by phonetic eqguivalient, that 1is
names should be sélected tor analvsis kased upon how tney sound
rather than how they are spelled, Applications wnicn sust employ
field originated forums are typically in need of sucn capability,
A secondeorder name search tecnhnique would, therefore, require tne
aaditional capability ot inquiry by the phonetlc value of a name
ratner than (or perhaps, in adcéition to) the exact spelling or
partial spelling of a nane, Lastly, in order to increase the
"crash=worthiness" and ease of maintenahce of 4 name search Sys=
tewm, the person data base should be a part of an organization”’s
IMAGE data base., The ideal name search technigue then should have
the following attributes:

«The ability to search on a partial or incomplete

name
.The abillty to operate uron or display to &
terminal user a group of similar names,
«Ihe ablility to search py a phonetic Key
«Suitability for implementation using INAGE
Ire remainder of this paper will etch out a partial data vase,

compare two pnonetic encryption methods, and suggest an approach
to a name inquiry system which will satisfy the apove requires=

mel\ts ™
2, Phonetic Name Searching and IMAGE

Phonetic name encryption gives tne system aesigner a tool which
enavles the design ot name 1nquiry systems that meet the four
criteria set out in part one of this paper, In this section a

partial data base schema to support name indexing wili be outliined
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and standards for evaluating name encryption algorithms will be
suggestea and aprlied, 1he develorment of synonvmss is at tnhe
heart of any phonetic name encryption module, It nas been suye
gested that two standards should be used to evaluate phonetic name
encryption algorithms: reliability and selectivity (1), InD dise
cussing these concepts in a4 study rrepared for the nhew York State
laentification and Intelligence System, RKobert Taft defines
reliapility as , "the probability thdat the tecnhnique will retrieve
the correct suspect it, in tact, the suspect 1s in the fjile," (2)
Continuing tne analysis, Tatt states selectivity 1is,
"tne average percentage of [a) file that the techniqgue
will accept on an average searcn request, It, for exw=
anple, a method has a sejectivity factor of one percent,
then the metnoa will, on the average, accept one percent
of tne file and reiect ninety nine percent ..., the
selectivity factor is an accurate measure of the awpoyunt
of work the system willl nave to perform.," {(3)
To these criteria tnis writer will aad yet a third,: 1The algow
rithe snould be fast in execution time and require a winimal code
and cvata segment on the HP 30006, & simple I»AGE data structure

impiied py the mechanics of phonetic name transformation tecne

nigues 1s shown below {n Figure 1.

Fiagure 1
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5ince the object of the encryption algorithm i{s to group similar
sounding names into the same group (i.e, assign them the sane
search item value), a straighteforward representation of this in a
data pase is a detail set with a primary key of the phonetic name
code indexed by an automatic master, The detall set allows for
multiple records with the same search item value; making the
phonetic key the primary key of the detail set will speed access
by insuring that records with the same phonetic Key will be stored
contiguously on disk atter a DBUNLOAD/DBLOAD cycle, Thls same set
may be indexed by other master sets and should contaln at a mini=
wum {he name and name assoclated information for the entity being
incexed,
SUUNDEX and NYSI1iS Name Encryption Technigues

In tnis section two name encryption techniques will be
specified and evaluated using the standards outlined in Section 2,
The SUUNDEX algoritnm 1s an especially common name grouping teche
nique in use today, 1Its implementation is extremely stralight-
forward on tne HP 3000 (see appendix A), The algoritnm upon

which the SFL procedure displayed in Appendix A 15 based is given

below in Table 1,

C~5-05



Table 1 = SUUNDEX Varlant i Alogrithm (4)

Bulie Exaople
Original name
ASHCROFT
1. Remove the letters "Ww" and "H" ASCROFT

from the name
2. Code al]l letters using the following 0226013
tavle and using "0" for vowels:

B,F,pP,V = 1
C,G;J,K,Q,S,X,Z = 2
D,T = 3
¥ = 4
J'I'N - 5
R = 6
3, wMake all multiple dlgits single 026013
4, kemove all zeros after the first 02613
position of the value
5, Add sufficilent zeros on the rignt 0260130
hand side to make six diglits
&, heplace the first digit with the A26130

tirst character of the nanme

Taft evaluates the reliability of this technique at 95,99
percent, 1lts selectivity factor is ,213 percent, i.,e,.,, this
method will on the average retrieve ,213 percent of a file as
matches to a8 name inquiry (%), The procedure shown in Appendix A
takes 69 CPL seconds to encode 5,524 names on an HP 3000 Series
111, The KYSI1lS name encryption technigue represents an effort to
develop & phonetlc code that is both more selective than SGUNDEX
procedures ana wore effective at handling the "orthographlc errors
which oceur in the recording of fSpanish”’” and other South kuropean

names" (&), 7The WYS11S5 algorithe is outljined in Table 3, below:?

lable 3 == The NYSIIS Algoritnm (7)

iule
1, If the first letters of the name are
"MAC" tnen change these leétters to "MCCM
"hN" tnen change these letters to "ANKN"
K then change tnese jletters to "C¥
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3.

44

Se

&,

"PH" 1then change these letters to "Fr®
"PEY then change these letters to "Fe¢"
#5CH" then change these letters top Yss3t
I£f the last letters ¢t the name are
"EE" then change these letters to "Y "
"IE® then change these letters to "y ©
"DTM,"KTY,CRUY, "N, "RDP then
Change these letters to "D "
The first charac¢ter of the NISIIS ¢code is the
first character of the name
In the followinag rules, a scan 15 nerformea on
tne characters ot the name, Tnhis is qescrived
in terms of &8 program loop, A pointer 1s useda
to wpoint to the current position under
consideration in the pane,
Step 4 1s to set the pointer to the second
cnaracter of the nane,
Considering the position of the pointer, only
one of the following statements can be
executed:
1t blank then go to rule 7
1£ the current position is a vowel (AEXLU)
then
1f equal to "EV" then change to "AF"
otnerwise change current pesition to "A"
1f the current position is the ietter
"a" then change {ne letter to "GN
"Z® then cnange the letter to "5%
"M" tnen change the letter to "a"
Jf the current position is the letter "K" then
l1f the next letter is "N" then
replace the current position by ¥N"
otherwise
replace the current position py "“C"
i1t the current position points to the letter
string "SCH" then
replace the string with "Ss83"
otherwise 1€ the current position points to
the letter string "FH" then
replace tne striing with "F&Y
It the current position 1s the letter "u" and
/ either tnhe procealnd or following letter is
not a vowel (ARIGD) then replace the current
position with the preceding letter
if tne current position Is the letter "w" ana
the preceging letter is a vowel then
replace the current position witn the
preceding position
I1f none of these rules applles, then retain
the current position letter value
1t the current position letter is equal to the
last letter piaced in the code then
set the pointer to point to the next letter
go to rule 5
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7. 1t
be If
b, It

tne last character oif the KYSIIS5 code is

the letter "S8" then

remove 1t

the last two characters of the NYSI1S code
are the letters "AY" tnen

replace them with the single letter "i°

the last character of the hNYSIIS code is the
letter "A" then

reimmove this letter

Taft evaluates the reliability of this technique &t 98,72%,

The selectivity factor of the NYSIIS routine is .164% (7)., A

prograh using an SPL implementation of the MYSLIIS algorithm

developed by the I1llinois Law Enforcement Commission (&) took 6é

CrlU seconas to encrypt 424 names,
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PDetalled Comparison
The SOUNOEX and NYSIIS algoritnms were compared using the fol=
lowing procegures

1 A flle of 5424 nanmes vas encrypbted using each
techniqgue
4 sequentjial MKPE f£lle containing the phonetic code
fon each name was generated,

2, Ti*ings were derived for both processes

3, The files of phonetic codes were sorted in ascending
order

4, duplicate ¢odes in each fille were eliminatea,
Each code was tagged with the nuwher synonyms
for that code that had been generated,

5. Summary statistics were derived using SPSS (9),

The results of the SPSS runs and other summary measures are glven
in Tavle 4, velow;

Table 4 == SOUNDEX vs, nYSIIS

Routine cpPu Segment # Codes Avg, No, STD  Maximom NO,
rsame Tiwe Size Generated Synonyms/ DEV Synonyms/
Code Code
NYSI1S 6o 1021 1673 2.895 4,644 77
SULUNDEX 09 434 1478 3,669 5,992 B4

Tne comparison data aisplaved iIn Table 4 reveals that the per=
tormance characteristics of tne Y5115 routine are on the average
about twenty percent wmore efficient, poth 1In terms of the number
of entries generateda and the average numper of Synonyms per entry.,
than SOUNDEX, It should be noted, however, that applications
using one algorithm as opposec to the otner will not necessarily
show equivalent differences jin pertormance, 7This 1s especially
true for arplications using IMAGE datapases w~hlch are perodjcally
LBUNLUAD/DELOADed, Empirical data at tne Thira oistrict Court in=-
dicate that IMAGE will block mocerate sized nawe detail sets (for
examule, doubly keyed records with 50 hyte name field, six byte

soundex primary key, ten byte secondary key ana elaoht pytes of

C-5-09



miscellaneous data) at from ten to eleven blocks per physical
record, 1hus one disc 1/0 will all matching phonetic entries all
put five to seven percent ot the time, depending upon the algoe=
rithm selected, I1f DoUNLOAD/DUBLOUADS are not done on a perlodic
pasis, then perfeormance adifterentials should approach that found

in the sample cata used in this paper,
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olinmary

Appllcations usinyg eiltper of tpe phonetlic encryptions als
JOrltniks GlsCusSea in Ln1s pacer »iid e able Lo sedalcn an ap=
Propriatly keyed detail set by phonetjc Key, ©otn methods
dJenerate fixed lendth keys., Finally, by doing phonetic searches
Ol the last name ano exact or weighteo matcnes on the remaining
Chérdcters in a nswe specitied &t cata entry time, «n application
plogral mey Sotty searcn op an inconplete pname and gevelop a supset

vl matcnlhu nenes tor turtner aralyslis,
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E N b NDLGTES

{13 Ropert L, Tatt, "vame Search Techniques,” Albany! wNew York
State ldentification end Intelligence Systenr, undated, rp 37-
34, Trkis paper is an excellent analysis of tne merits and
demerits ot several alfferent nare encryption systems,

(2) lbigof Pe 37. (3) lhlaaf P 38.
(4q) lblﬂ.; (S bH, (53} lbid-
{e) Iuide, b o, (7) idbide, Pp, BE=90,

(8) xYS11S was lmplewmented on the HF 3000 by J, Lavid Colaren

aNng Lis statf at the Illinois L.aw Enforcement Commission in
ray, 19711,

(9) See Lorvan H, hie, Blemdle, SLalLlstical-Backage.iorn-_Lllie.ig:
clgl S5CienteSewdldubidliinbe, New Yorks Mc Graw Hill anc Come
pany, pp 1%4=202 tor an explanation of the FREGVUEMCLIES proce=
gure used to analyze the dats referenced in this paper,
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' Appendix A
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Textfile is PORSNDX,.,PUB FrR1, MAR 13, 1981, 53133 PM

SCONTKOL
BEGIN
PROQCEDUR
LUGICAL
INTEGER
BEGIN
BYTE
BYTE
BYTE
BYTE
INTEG
INTEG
B1TE
INTR]

MOVE
MO
MO
MO
MOVE
NAMES
SCAN
STRIN
MOVE
FIRST
IF IN
Fl
IF F1
BE
bR
RE
EN
CIRAN
IF <
ER
RE
EN
ERRCU
FUk 1
BE
Ji
WwH

(N
Jisi;
FUR |

1F

IF 3«
Fi

S0uUnD

SUBPROGRAM,LIST,SEGMENTSRUSSELLSUGUNDEX

E SUUNDEX(NAHMESTRING,S0UNDEX,ERKCODE);
AHRRAY NAMESTRING,SO0UNDEX; ﬁ%
ERRCODE;

ARRAY NAMESTRING’B(¥)=NAMESTRING?
ARRAY SOUNDEX’B(¥)=SOUNDEX}

ARKAY NAMESTRING’S5(0:50),5TR(0:50);
ARRAY RUSSELLTSUUNDEX(0:255);

ER I,J7

Ek STRINGTLENGTH}

FIKST ULELTER;

NSIC CIKANSLATE;

RUSSELL*SOUNDEX:=65("0"),2;
VE ¥3:="01230120022455012623010202000000012301200224550",2;
VE ¥3:="12623010202",2;

YE *3=133("0");

NAMESTRING S:=NAMESTRINGB, (50); << CUPY NAME TO wORK AREA >>
TRING®S(50) =" "; << SET TERMINATOR BYTE >>

NAMESTRING®S UNTIL ", ",1} << SCAN FOR END OF LAST NAME >>

G*LENGTH!=TOS=@NAMESTRING’S+1} << SET STRINGLENGTH »>>
STRISNAMESTRING’S, (STRING LENGTH); << MOVE LASTNAME INTU STR >
‘LETTER!=STR} << SAVE FIRST LETTER QF LAST NAME >>
TEGER(FIRST'LETTER)>Y0 THEWN

RSTPLETTERI=BYTE(INTEGER(FIRST LETTER)=32)

RSTPLETTER <> ALPHA THEN

G1H

RCODEs=1; -\
TURN} _
U

SLATE(U,5TR,S8TR,STRING*LENGTH,RUSSELLYSOUNDEX) ;

THEN BEGIN << TEST FOR SUCCESSFUL >>
KCUODES=1; << TRANSLATIUN AND SET >>
TURNG << ERRCODE ACCORDINGLY »>
[AH
De3=07 << IHITIALIZE ERRCODE >>
¢=0 STEP 1 UNTILIL STIRINGTLENGTH=2 DD
GIN
=1}

ILE STIR(I1)=STR(J+1) AND J<=STHINGTLENGTH=1 DD
bEGLN

STR(J+1):="Qn;

JizJd+l;

END;
TH

$21 STEP 1 UNTIL STKING®LENGTh=1 DO << SGUEEZE OUT ZERUS »>
STK(L)<>"0" AND J<6 THEN

BEGIN

SOUNDER "B (J) 138TR(1)

Ji=dHl;

END}

6 THERN << PUSTFIX ZERUS TO MAKE »>

<< SIX DIGL1 CODE >
R Lizy STEEF 1 UNTIL & DG .
SUUNDEXTH(LIIZ"0";
EX BESFIKST LETTER S << PREFIX SOUNDEX CUDE WITH >>
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61
62
63

EnD;
END,
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<< FIRST LETTER OF LAST
<< NAME

>>
>



