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i, Name Searching == The Problem Part 1

Traditional approaches to searching a list of names usually ine
volve a KSAMish approach to the gata file: i,e, positioning the
program (or a terminal user) at the peginning of a group of names
spelled in like manner, and then performing additional subsetting
or processing of the group of names, KSAM (or ISAM) 1s typically
used for such appllications because ot their ability to position
the recore pointer using only & partial key. 1MAGE, onh the other
hand, is seldon used for such applications since inquiries must he
made against a complete search item, For applications in which
inquiry against an existing "people" base is required, the com=
plete entry of a name may be at pest redundant and at worst ex=
tremely subject to error since variations jin spelling of a name at
data entry time from that of the master name on file are difficult
to handle., Criteria for & first cut name search algorithm should
then include at least tne tollowing:

.The abllity to search on a partial or incomplete
naie

+.The ability to coperate upon or display to a
terminal user a group of similar names,
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tame Searching == Problewn Part 2
An additional reqguirement tor many name search applications is

the ability to search for names by phonetic eqguivalent, that is
names should be sélected for analysis rkased upon how they sound
rather than how they are spelled, Applications wnicn must employ
field originated forms are typically in need of sucn cavnability.
A secondeorder name search technique would, therefore, require tne
aadditional capability ot inquiry by the phonetic value of a name
rather than (or perhaps, in addition to) the exact spelling or
partial spelling of a name, Lastly, in order to increase the
"crash=worthiness" and ease of maintenance of 4 name search sys=
temn, the person data hase should pe a part of an organization’s
IMAGE data base. The ideal nsme search technigue then should have
the following attributes:

«The ability to search on a partial or incomplete

.Tnen:gility to operate uron or display to a

terminal user a group of similar names,
«The ablility to search by a phonetic Key
eSuitability for implementation using IMAGE
Ire remaingder of this paper will etch out a partial data base,

compare two phonetic encryption methods, and suggest an approach
to a name inguiry system which will satisfy the apove require=

ments,
2. Phonetic Name Searching and 1MAGE

Phonetic name encryption gives tne system aesigner a tool whicn
enabples the design of name inquiry systems that meet the four
criteria set out in part one of this paper., 1In this section a

partial data base schema to support name indexing will be outlined
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and standards for evaluating name encryotion algorithms will be
suggested and aprlied, 1The development of synonyms is at tne
heart of any prhonetic name encryption module, It has been suge
gested that two standards should be used to evaluate phonetic name
encryption algorithms: reliability and selectivity (1), In dis=
cussing these concepts in a study rrepared for the rNew York State
ldaentification and Intelligence System, Robert Taftt detines
relianility as , "the provability that tne tecnniqgue will retrieve
the correct suspect it, in fact, the suspect is in the file," (2)
Continuing the analysis, Tatt states selectivity is,
"tne average percentage of [a) file that the technique
will accept on an average searcn request, It, for ex-
anple, a method has a selectivity factor of one percent,
then the metnoa will, on the average, accept one percent
of tne file and reject ninety nine percent ... the
selectivity factor is an accurate measure of the amouynt
Of work the system will have to perform," (3)
To these criteria tnis writer will aad yet a third,: The alqoe=
rithas should be fast in execution time and require a wminiwnal code
and data segment on the HP 30006, & simple IPAGE data structure

implied by the mechanics of phonetic name transformation teche

nigques is shown below in Figure 1,

Figure 1
ee0cevescccoese
. Phonetic ,
° Code . 0000 ececeeecscencn o
.(Auto).-..--'.-.-..----...----.->. Mame Detail .
. . Priwary Key: Phonetic . .
. . Code . .
e ° .
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Since the object of the encryption algorithm is to group similar
sounding names into the same group (i.e, assign them the same
search item value), a straighteforward representation of this in a
data base 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 detall set will speed access
by insuring that records with the same phonetic Kkey will be stored
contiguously on disk atter a DBUNLOAD/DBLUAD cycle, 1Ihis same set
may be indexed by other master sets and should contain at a mini-
Wym the name and name associated information for the entity being
indexed,
SUGUNDEX and NYS11S Name Encryption Techniques

In this section two name encryption techniques will be
specified and evaluated using the standards outlined in Section 2,
fhe SUUNDEX algorithm is an especially common name grouping tech=
nique in use today, 1ts implementation iIs extremely stralight=
forward on tne HP 3000 (see appendix A), The algoritnm upon
which the SPL procedure displayed in Appendix A is based is given

below in Table 1,
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Table 1 = SOUNDEX Variant 1 Alogrithm (4)

Bule Exaople
Original name
ASHCROFT
1. Remove the letters "w" and "H" ASCROFT

from the name
2. Code all letters using the following 0226013
tabple and using "0" for vowels:

B,F,P,V = 1
C,G,J,K,Q,S,X,Z = 2
D, T = 3
L = 4
Mo =5
R = 6
3, #ake all multiple digits single 026013
4, Remove all zeros after the first 02613
position of the value
5., Add sufficient zeros on the rignt 026130
hand side to make six digits
6, Keplace the first digit with the A26130

tirst character of the name

Taft evaluates the reliabllity ot 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 a name inguiry (5). The procedure shown in Appendix A
takes 69 CPL seconds to encode 5,524 names on an HP 3000 Series
111, 7The KYSI1S name encryption technigue represents an effort to
develop & phonetic codge that is both more selective than SOUNDEX
procedures ana iore effective at handling the "orthographic errors
which occur in the recording of ‘Spanish’ and other South kuropean

names" (&), 7YThe WNYSI1S algoritha is outijined in Table 3, below?

Tabie 3 == The NYSIIS Algorithwm (7)

gule
1, I1f the first letters of the name are
"MAC" tnen change these letters to "MC(C"
""" tnen change tnese letters to "NN"
rKn then change tnese letters to "C"

C-5-06



3.

4,

Se

6,

"PH" then change these letters to "F¢"
"pr® then change these letters to "KFi"
"SCH" then changye these letters to "Ss3"
If the last letters ot the name are
"EE" then change these letters to "Y "
"IE" then change these letters to "Y ¢
"DT“,"RT"'"RD","NT"'"ND" then
Change these letters to "D "
The tirst character of the NYSIIS code is the
first character ot the name
In the followina rules, a scan 15 performea on
tne characters ot the name, Ihis is cescribea
in terms 0of & program loop, A pointer is useda
to roint to the current position under
consideration in the namne,
Step 4 is to set the pointer to the second
cnaracter of the nane,
Considering the position of the pointer, only
one of the followsing statements can be
executed:
1f blank then go to rule 7
1£ the current position is a vowel C(AEIUU)
tnen
1t equal to "EV" then change to MAF"
otherwise change current position to "A"
1f the current position is the letter
"4" tnen change tne letter to "G°
"Z® then cnange the letter to "s*
"M" tnen change the letter to "A"
1f the current position is the letter "K" then
1f the next letter is "N" then
replace the current position by ¥“N"
otherwise
replace the current position py "C®
It the current position points to the letter
string "SCH" then
replace the string with "5S8s8"
otherwise 1f the current position points to
the letter string "FhL" then
replace tne string with "FF"
If the current position 1s the letter "n" and
4 either the proceaing or following letter is
not a vowel (AEIGU) then replace the current
position with the preceding letter
If tne current position 1s the letter "w" ana
the preceding letter is a vowel then
replace the current position witn the
preceding position
If none of these rules applies, then retain
the current position letter value
1£ the current position letter is equal to the
last letter placed in the code then
set the pointer to point to the next letter
go to rule 5
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7. It tne last character ot the HNYS1IS code is
the letter "S" then
remove it

t, If the last two characters of the NYSIIS code
are the letters "AY" tnen
replace them with tnhe single letter "y"

¥y, It the last character ot the NYSIIS code is the
letter "A" then
rerove this letter

Taft evaluates the reliability of this technique at 98,.72%.
The selectivity tactor of the NYSIIS5 routine is .164% (7)., A
progran using an SPL implementation of the nYSILIS algorithm
developed by the 1llinois Law Enforcement Commission (&) took 66

CrU seconas to encrypt 5424 nanmes,
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betalled Comparison
The SOUNOEX and NYSIIS algorithms were compared using the fol-
lowing procedure:

1, A flle of 5424 names was encrypted using each
technigue
A sequential MPE flle containing the phonetic code
fon, each name was generated,

2, 1Ti*ings were derived for both processes

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

4, bDuplicate codes in each file were eliminateaq,
Each code was tadged with the number synonyms
for that code that hao been generated,

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

Tne results of the SPSS runs and other summary measures are given
in Table 4, below:

Table 4 == SOUNDEX vs, NYSILIS

Routine cpU Segment # Codes Avg, NO,. STDH  Maximum No,
~Name Tiwe Size Generated Synonyms/ DEV sSynonyms/
Code Code
NYSIIS 6o 1021 1673 2,895 4,644 77
SUUNDEX 09 434 1478 3.669 5,992 84

The comparison data displayved in Takle 4 reveals that the per=
tormance characteristics of tnhe NYSI1S routine are on the average
apout twenty percent more efficient, both in terms of the number
of entries generated and the average number of synonyms per entry,
than SOuUnDEX, It should be noted, however, that applications
using one algorithm as opposea to the otner will not necessarily
show equivalent differences in pertormance, 7This 1s especially
true ftor arplications using IMAGE datewvases which are perodically
LBUNLUAD/DELOADed, Empirical data at tne Thira District Court in=-
dicate that IMAGE will block moaerate sized nawe adetail sets (for
exampgle, doubly keyed records with 50 hyte pame field, six byte

soundex primary key, ten byte secondary key and elaght pytes of
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miscellaneous data) at from ten to eleven blocks per physical
record, 1hus one disc 1/0 will all matching phonetic entries all
but five to seven percent ot the time, depending upon the algo=
rithm selected, 1If DbUNLOAD/DBLOADS are not done on a periodic

basis, then performance difterentials should approach that found

in the sample aata used in this paper.
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oummary

Applications using either of tne pnonetic encryptions ale
JOritnhs clscussea 1n LNnls pager »i1ll ve able Lo Sedarcn aiu ap=
Propriatly keyed detajl set by pholetic kKey, Botnh methods
Jenherate fixed lendath keys, Finally, by doing phonetic searches
oh the last name ana exact or welghted matches on the remaining
characters in a nome specitied &t data entry time, &n application
erogral may octh search on an inconplete name and aevelop a supset

Oof matcnlny nenes for turener analysis.
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(1) Rorert L, Tatt, "wame Search Techbnigues," Albany: nNew York
State ldentification end Intelligence System, undated, pp 37=
34, Tris parer is an excellent analysis of tne merits and
demerits ot several difterent rame encryption systems,

(2) lhige, Po 37. (3) ikigde, P. 38,
(4) lbiger e 5K, (5) lbige
(o) luid.' fe Hb, (7) Lhid.' PP 88'90.

(v) KYS11S was lwplemented on the HP 3000 by J, bavid Coldren

anag his staftf at the Illinois Law Enforcement Commission in
ray, 1977,

(9) See Lorian H, hie, flemdle, SLaltistical-.Backage-ior.tbe.sos=
clel_ScienceSe-dhdbditione, New Yorks Mc Graw Hill ano Come
pany, pp 1Y4=202 tor an explenatjon of the FRRGUEMCLIES proce=
aqure used to analyze the data referenced in this paper,
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" Appendix A
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Textfile is PORSNDX.PUB FR1, MAR 13, 1981, 5133 PM

1 SCONTKUL SUBPROGRAM,LIST,SEGMENT=RUSSELLSQUNDEX

2 BEGIN

3 PROCEDURE SOUNDEX(NAMESTRING,SOUNDEX,ERRCODE);

4 LOGICAL ARRAY NAMESTRING,SOUNDEX;

5 INTEGER ERRCUDE;

b BEGIN

7 BYTE ARRAY NAMESTRING’B(¥)=NAMESTRING:

8 BYTE AKRAY SOUNDEX’B(*)=SOUNDEX;

9 BYTE ARKAY NAMESTRING?’S(0:50),8TR(0:50);
10 BYTE ARRAY RUSSELL’SOUNDEX(0:255%);
i1 INTEGER I,J7

12 INTEGER STRKINGPLENGTH;

13 BiTE FIKST’LEILTER;

14 INTRINSIC CIRANSLATE;

15

16 MOVE RUSSELL’SOUNDEX:=65("C0C"),2;

17 MOVE ¥:="01230120022455012623010202000000012301200224550",2;

18 MOVE *:="12623010202",2;

19 MOVE %3=133("0");

20 MOVE NAMESTRING®SS$=NAMESTRING’B, (50); << COPY NAME TO WORK AREA >
21 NAMESTRING®S(50)3=" *; << SET TERMINATOR BYTE >»>
22 SCAN NAMESTKING®S UNTIL ", ",1; << SCAN FQOR END OF LAST NAME >>
23 STRING LENGTH!=TOS=@NAMESTRING”S+1; << SET STRINGLENGTH >>

24 MOVE STRISNAMESTRING’S, (STRINGLENGTH); << MOVE LASTNAME INTCO STR >>
25 FIRST’LETIER:SSTR; << SAVE FIRST LETTER OF LAST NAME >»>
26 IF INTEGER(FIRST’LETTER)>Y90 THEN

27 FI1RSTPLETTER:=BYTE(INTEGER(FIRST LETTER)=32);

28 IF FIRST’LETTER <> ALprHA THEN

29 BEG1H

30 ERRCODES=1;

31 RETURN;

32 END?

33 CIRANSLATE(U,STR,STR,STRING LENGTH,RUSSELL?SOUNDEX);

34 IF THEN BEGIN << TEST FOR SUCCESSFUL >>

35 ERkCUODE 2=1; << TKANSLATIUN AND SET >>

36 RETURN; << ERRCODE ACCORDINGLY >>

37 END

38 ERRCUODKE $=07; << 1HITIALIZE ERRCODE >>

39 FUkK 1:=0 STEP 1 UNTLL STRINGLENGTH=2 DD

40 BEGIN

41 Jisl;

42 WHILE STR(I1)=STR(J+1) AND JU<=STKRING’LENGTH=1 DO

43 bEGLN

44 STR(J+1):="0";

45 Jizd+l;

40 END;

47 END

48 Jis1;

49 FUR [3:=1 STEP 1 URTIL STRKING LENGTH=1 DO << SGUEEZE OUT ZERUS >>
50 IF STR(L)C>"0" AND J<6 THEN

51 BEGIN

52 SOUNDEX B(J)2=8STR(1);

53 Jssd+1;

54 END?

55 IF J<6 2HEN << PUSTFIX ZERUS TU MAKE >>

56 << SIX DIGLY COUDE > ™
57 FOR I:=d STEEF ) UNTIL 5 DU h
56 SUUNDEX*B(1)s="0";

59 SCGUMDEX BeSFIRST LETTERS << PREFIX SQUADEX CUDE WITH >>
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62

63

END
END,

[4
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