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Abst ract A probabilistic model and a software implementation have been developed to aid in 
find ing missing persons and in related applications. The method can be applied generally to find 
most probable cor respondences between two set.s of impreciseiy describPd objects. These can be 
descriptions of illnesses vs patients (diagnoses), joh offerings vs job applicants, special tasks vs a 
personnel file (task assignment problem), etc. Every object of the two sets is described by a col
lection of data, a significant part of which can be erroneous, unreliable, imprecise or given in 
several contradicting versions. Among the parameters of the method is the following information 
about each of the data item types and of some of their possible combinations (the parametric 
information does not depend on t.he actual data): it.s logical characteristics, its importance rela
tively to other types of data items, the meaning a nd the relative degrees of kinship between 
values of this data item for two objec ts to be compared (e .g. kinship of equal values; phonetic 
kinsh ip; numeric kinship, whose degree i~ proportional to the inv~rse of arithmetic difference 
between t he values; matrix of kinship degrees defined for pos.~ible pairs of vah:cs), interpretation 
of multiplicity of values for this data item for one object, the a priori probability of data item's 
correctness (in addition, the probability of any value for any object can provided in a set of 
objects ' descriptions by an investigator who gathers the actual data), etc. 

A st ra ight forward implementation of the method by softwa re would result in unfeasible time 
complexity for large sets of objects. Therefore special algorithms have been designed to pre
process the sets of descriptions so that the time of matching-finding is reduced by an order of 
magnitude while the probabilist.ic output remains unaltered. 
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PURPOSE 

This paper is a report on a software system DMS, which 
has been developed to assist in finding correspondences 
between the objects of two large sets (populations). 

The followi ng is the general purpose of DMS (Data 
Matc hing System). 

Two files are given, A a nd 8, each of whi ch is a set of 
logical records. Each record is a collection of data about 
a n object. The data is presumed to have been . collec ted 
by unreliable proces.~es, which have caused im preciseness, 
errors, a nd omissions. The data may have been collected 
manually. Conflicting data may have been supplied by 
diffe rent witnesses. 

There is a correspondence between some A -objects and 
so me 8-object.s. A parLicular case oi such correspon
dence is the identity of two objects represented or 
desc ribed by possibly unidentical rerords of the two files . 
(An objccL x can be described by a recorri a EA a nd by a 
record bEB, where a;"b -) One A- record can correspond 
to one D-record. to many 8-records. or to no R-records. 

The correspondence might be fou nd by an expert, who, 
gi ven unlimited time, would analyze every pai r of A and 
D records. However, when there are many records. a 
mechanized process is needed in order to red uce the 
expert 's sea rch space. 

For exa mple. if each fi le contains 1000 records. then a n 
rxpe rt unassisted by a computer would have to analyze 
1000 possibil it ies per every A -rerord. and th is may be 
infrasible . The ma nual intelligent work wou ld be 
reduced 100 times if a computer program rould suggest 
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about 10 candidatP 8-records per every A -record. in 
order to narrow do wn the search space. The selected 
candidates must include all the 8 -records which may 
correspond to a givPn A-record. if there are any. 

The computer program cannot substitute the expert, 
since the decision on the correspondencP might. be a 
highly in tell igent one. However it shouid filter out all 
those 8 -records which are highly uniikeiy to correspond 
to t he given A-record . The se lec ted ca ndidates should 
be sorted from the most probable to the most improb
able . and rough degrees of probability should be assigned 
to the candidates. 

SOME USES OF DMS 

In addition to the current. appl ication of OMS. it can be 
used for the following appiica tions: 

I. Search for relati ,· e~. The file A will contai n requests 
to find lost reb\! ives. The file 8 will cc,ntam cia ta on 
all the rrsidents of a country. T"o records will 
match if they desrnbe the s~me person. even !.hough 
the descriptions were made in riii!erent. ways. at 
differe nt periods in the person 's hfe. and prohably 
with many errors. 

2. Assistance in medical diagnosing or in control over 
diagnoses. T he file A will contain drsr.riptions of 
patients. and t he file 8 -- descriptions of rliseasrs. A 
patient 's record wiil matrh a di sease 's record if it ts 
probable t hat the patient. has t he disease 

3. Assistance for a marnage match-maker or a ciat.tng 
se rvi ce. Here thrre are two appli cat ions of di fferent 
romplexity. 
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a . A and B a re file/s of available singles. Two 
records match if the dcscnbed pe rsons may be 
compatible . 

b. .4. is a file of descriptions of wanted (imagi ned} 
spouses o r dates: B is a file of avai lab le singles . 
.-\ fantasy drscription is matched by the closest 
drsrriptions of real persons. 

The first rase requires a sophisticated definition of 
the matching criteria, which is an input of DMS. 

1. Search fo r wanted merchandise (desc ribed in A) 
amongst a \·ailable merchandise (cata logued in B.) 

. ) . :\la tching between descriptions of unsolved crimes 
and a file o f known criminals. 

! or most of the aforementioned appiications specialized 
<•:ste ms exist besides DMS. T he pu rpose of DMS was to 
; :ovide an efficient and re liab le applica.tion-indepen:!ent 
: ·J ution fo r all the above and many other applications. 
\:t ir.put parameter to this gene ral system is a defi nition 

, :' 'l. n application. i.e. the logi cal criteria of match ir.g. 

T HE INP UT FILES 

;- ,·crv file consists o f logical records. Every record has. 
· · ler. nlia. fields which may be used fo r the computerized 
-:~, tr hing. Every field in a record may contain a value, 
r >e,·eral values (occurrences). or no value at all . When 

· 'o re is no val uP in the field. still a value may exist in 
· .·' real world. but it has not been reported. When there 
"P se,·eral \'alues , their multiplicity may have several 
· :' crcnt. interp retations. e.g. the following : 

In the rea l world there is only onP. value for this 
Geld fo r this object , but this value was not known 

when the reco rd was repo rted . Instead. several 
hypotheses o r cont radicti ng evidences were recorded. 

This field may indeed have several values simultane· 
o usly for one object in the real wc rld. 

:·,·en· va iue in a field may he accompanied by a degree 
i it~ reliability estimated by the reporter of the value. 

This degree is reported when it. is different fro m the 
de fault general estimate of reliability of values o f this 
field . 

For example the field headar.he st .. ngth in a fi le of 
pat ients' descript ions may have a default degree of relia
bility 0.8. Fo r a hypochondriac this degree may be 
reported as 0.5. If thP value was obtained by an instru
me nt measu rement. rat her than from patient's wo rds, 
the degree of reliability may be reported as 0.9. The reli
ability degree of corresponding field in the file of disease 
desc riptions may have a defau lt of 0.5. For a particular 
disease . fo r which the headache is a primary sympLom. 
t he reliability degree of 0.9 may be reported . For a 
disPase which may occur without hcadarhe at all. this 
degree may be repo rted as 0.1. 

THE META-DATA DICTIO NARY 

The system determine' the logic of data matching 
3Cco rdin g to meta-data (crit eria and other general infor
mation ) supplied to it in the input. The mrta-data arc 
kept in a data base (a dictiona ry). and may also he 
modified fo r any particular run of the system. 

FJ r every field type meaningful fo r thr matching process 
the dicti onary conta ins the fo llowing information: 

1. .-\ dt' finition of the degrrcs of comparability between 
valurs. i.e. the possibilit ies to co mpare this field's 
,·alm•s in thP file A to those in fl. This drgrce is a 

number between -1 and I , and it can be defined in 
one o f the following ways. 

a. Identity of the compared values. (T he degree 
of comparability o f v 1 and v~ is 1 if v 1=r!, and 
-1 otherwise.) 

b. Lexicographic approximatio n. 

c. Numerical approximation. 

d. Phonet ic approximation. 

e. Discrete comparison: a table is given of pairs of 
comparable values and thei r degrees o f compar
abil ity . 

\Vhen two values of a fi eld in two records of the two 
files are compared. the degree o f their comparability 
is produced acco rding to one of the above criteria. 

When the two values cannot be compa red, their 
deg ree of comparability is - 1. T his, however . does 
not mean that the two records cannot match, sinre 
some values may be erroneous: the decision on 
matc hing is made taking into account all the fields 
and their values. 

2. The meaning of multiple occucrenccs of values in the 
field, if this is possible. (The majo r possib iliti es were 
described in the previous sect ion.) 

3. The weight o f importance of comparability in this 
field with respect to other fields. 

4. The weight of negative importance of incomparabil
ity in this field with respect to other fields. 

5. De fault reliability degrees of the fie ld fo r each file . 

6. A degree of secu ri ty that no 
spel ling / punching / communication-channel mistakes 

can appear in the values of the field. (This is dis
tinguished from a mistake in report of fa cts. i.e. 
fal se info rmation .) 

7. Dependencies between different fields. (Mathemat ical 
fo rmulas to compute derived fields, logical connec
tions between values of different Gelds.) 

THE LOGICAL PRINCIPLE OF MATCHING 

The essence of the logic of matching can be ro ughly s um
ma rized by the following procedure. (The actual a lgo
rithm is quit.e diffe rent due to cfTiciency-optimization con
siderations and also due to treatment of irregular cri
teria.) 

For every A -record a and every D-rccord b the degree o f 
kccnship between a and b is: 

MA.\: 
or* 

E 
/Efirld-lypr.• 

MEA:--l 
or* 

WEIC llT INC 

where d( v/,dj') is the weighted degree of comparability 
dPfinrd as fo ll ows: 

d(vp,v}~= 

the degree of comparability of v1• to vfo X 
positiw or negative weight of the field X 
the degree of reliauility of v1• X 
the degree of reliabil ity of v~ X 
adjustment by a nonlinear function of the 
degree of security of the lield f . 

\ ' 
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The appropriate sta ti stical fun<·tio n (;o.iAX / :vtEA!'i 
/ WEIGIITI:\G ) is s~icctcd according to t he mean
ing of th~ multiple occu rrences of values in the field 
f , as given in the meta-data dictionary. 

Fo r every A - reco rd a set of closest. ll -reco rcis is d i,p lay ed 
wi t h their degrees of kinship . 

E F FICIENCY 

If the abov~ matching logic were implemented directly, 
the program woui d have to run t.1o long. and perhap• 
would be inf~asible fo r la rge filt•s. 

ll r·rc is an example. As.,ume that each fil e contains 1000 
reco rds, 100 fi elds. 3 occu rrences per ficid in a record. 
Let x be the time to calculate the weighed degree o f 
comparability between two values. Then the totai time 
is 

The phys ical algorithm of D:\1S is not a direct implemen
tation o f t he above logic. The quadrat i• time is reclur.ed 
to linear. 

Al tho ugh the linea r algo rithm employed prorl uccs ou tput. 
which is not identical to the o utput which would be pro
clur.crl by the a bon quadratic algo rithm . i,hey are inte r
l'han~~ahle for any prar.t ic:al purpose. 

If the quadratic algo rithm would produce a set. s. of 
potPntia l matches fo r a gi ,·e JJ A -reco rd a , the linear 
algor ithm will prod uce the same 8-reco rd~ s. and may 

additionaliy produce a few extra 8 -reco rds. !VOISE •. 
usually this SO!.'iE,. is empty, and in any case its 
Pxpccted eH rdinaiity is much less than the number of the 
ca ndidate f C'Co r ds giv<'n in Sa . 

In an y rase thr out put is examined by a human expert to 
sder t real ma<<'hes , if there are any In the first case. 
aftl' r the quad ratic algc,nthm. the s<·t :i. is PX~mi ncd. in 
t h<· ~rrond casr. afte r t he linear aij;rmth m, t.hr srt 
su.\ 'Ol.'E" is examined. but the sam~ mat.ehcs He fo und 
si nce the mate he' a re in s •. 
;\'o potential match is omitted by the J;n ra r aig0ri<hm. 
The exp!'c tat.ion o f the work to be don~ by thr human 
ex pert in analyzing the o nt put may n se iq~ig nitica ntly 
( - 1 t;C ). 

The fo llo wing a rc so mr o f t he st~ps dn nr w rt'dnee the 
tinw: 

Tlu· l i l t·~ ar• 1 rt prtH't'!'-"f'tl \"t• rtit·a ll\' : 111 ' ~ itoft/Oit l all\ In lc·a \o ' 

o ul_\ rc •lt •\':tlll th l :t 

FPr I'V•·ry lwl d :l ""' or al! dilkrt·nt v,.!llf '~ :tdtt,dl) appt•:t riu~ 
Ill tfw fj!f•.., I" f t>t ll lll. l'll llll ll'falt'd, ;111d tiu• \ !Ifill'' ! \\il 11·h t'HIIf d 

Itt• ion~ 'lrlll '.!' ' an· -.nfi, III!Jio•d hy tlh'lr IIUIItlwr' II' t lw '''l. 

\ par i of p·ohiiiiiJ.: lht• f o·n~tj, of the• \ ;d•tc·~. t il" l' lllllllt' f :llloll 

rat.Jilalt'' thfo'o \ acT•''' I P n• rnp:lr ,lf'lill\ ( ;!hit •' { tl! 111111' ( ){ f l} 
anti o t h• ·r ':t\ '":.:" . 

l urtlw r n ·oltHI I•• II of •h ·· -"'"'o f \a li w~ •n tlw lwld ... done' II\. 

: tll : ll ,\' /.1 1 1 ~ lh •· •·•;•ti \ alo·Tut· r• l.t ll fl fl., am••n:.:; \l:tl•w ... 

Tlw \allll '' of tlw lwld .. 111 t lw til•· :1 :1rt · .. ub .. ltlul• ·•ll•\ \t '•ln r .. 
ur 'JI :If:-ot' , •. , f ,, r, Tlw llll lt· \•'" ,f t ho · ... · , , ., · l o r "' .lrt ' lh• • 

lllll!du·p. , , .,.,,~ l ll'd , ., 1111' .j, .. llll\'1 \ :1l llo'' of I Ill' I w id "huh :It 'll! · 

;Ill\' =• J•p•·:&r 111 Il l •· /1 . Tl w •·nlrit· .. 111 lh• · '''' ' ' " ' ' :tn · dn~rn • .. 'If 
o'O II!p .tr .thdll\ J.,.l \\ 1'1 ' 11 !In· t • 1 1~111.d \.thll' 111 . \ .1111 1 1111' 

uulo'\t'd \ ~ dth .. ,,( /1 . anndd•··d h.\ :til tho• •h ta ~ILCI\\ 11 !"rtllll llw 
. 1 - r•·• ·n rd :tuol 1 )!,• Ill• I a -d:il t· olwtln ll :t f\' [ " t · 1~h1... 1 It• · do ·~n·~ · uf 
rd1.1 lnl11~ . lho• do ·~rt't' tt f .. ,'l'llrll .\) 

\\ lw11 Ill I j o, !:1 to( :ttl :1 ·ft 'l 'olfd lill'fl' .HI' "il' \ t 'L" llll'llf f l' lll 'l' .' 

uf \ .d!lt''· I h,• t - or r t ' .'JHIIIII111~ \ 't't' l ttf.' .1r. • !'ol llll tlllt'd IIIIo Ollt' 

,.,.,·lo r h\ ,,., IPr op•·r:tll~t ll :o- d••twudcn l 011 lh•· "'' '.111111:,: nf 1lw 

undlll'l' · tHTu rro ·nc ·t· ... (: 1 ~ n ·n•nlt-d 111 tho• m• ·t :t-dat ·a dit 'l lo!lan I 

fi. 

Fflr <'Xa n•ulc- . ir t. h(' nnJi l!plt· o<'('llr rcru·cs mean dtrlf'it• nt. vrr
.. ,c.u!-1 or h.y J•ul h o· ... •·~ ,,f l lw ... ,nv,lt· •w•· ltrn·nc ·'• 1n tlw rr·:t.l '-' orid 

{v.ilh probalu lily t'.'lllll:tlt·~ ru r C'\'L':')' ltypo\h~is), then Lht· 
t'Oill hiru:l f \'('(' \Of j.., o hl :li i! C'ci hy C'O I f)' · Wi!'ll" OlaXimital tOO or the 

forltl('f vt·c· to r!'l: 

VECro••bonrn( i )=~1.-\X( FEC ,[ I i, V£C~( I ) ... ) 

\\'h('n ror a ~ a vc·u li t·ld \'rry m:\11~ :h .. ti nt:t valm·s lt. flt~·~tr 111 B 
:tlld approximation ts tl•·linf'd hy sorur !-~ pc• c·l:tl a l~cJralluns , f'.~. 

lhf' ph o nt ·l ic· a pprnx ima\1 0 11. a cliarc•rf' OI Lc •c· hnicJUC' or hashing i!'l 
u .... t•d 

DISCUSSION OF OTHE R APPROAC HES 

At the first glance, several simpler procedures mi ght be 
co n~ide red for matching the files. However . these pro
cedures would not produce the dcsir~d results. Here a re 
two of these procedures: 

I. A human expert is equipped wi<.h a powerful que ry 
language facil ity . \\'hile working on one A - re~ord 
the expert fo rmul ates queri es to rr trieve D-rcco rrls . 
If the ou t put is not sat is fac tory. the expert refo rmu
lates the query in a trial-and-error process. 

2. For every A -record a query is a uto maticly ge nera ted 
to retri eve A-records. 

!3oth procedures fail to take into account the low reli a
bility of the data. 

Con~ider the fo llo wing example. Let every record consist 
of 100 fields. Consider one A-record (For simplicity let 
us ignore multiple occur rences pe r field, missing values, 
and probability es timates for occurrencc3J: 

F"t1 :vt , F}:v~, · · · , Ft~:vtoo 

Assume that fo r every fi eld one can fo rmulate a sui ta ble 
conditio n to be incorporated m the que ry. E.g .. if the 

app rox ima tio n in F
1 

is numerica l, a condition like 

cond 1: !F(1 -=vj1 :tiO%) 

could be conside red . :'\ow. how can o ne compose a que ry 
from these conditions? If thei r conj unction is t a ken: 

query = cond 1 A cond ~ · 

t hrn no lJ-rrcord will appc:tr in th\• ou t put .. sin e~ i• is 
a lmost certain that a t. least one o f t he 100 val ues has 
hrt•n rt•port r-d crron!'ou;ly in ~\'C ry potcntially-malrhing 
/1-r~ro rcl . 

If the disjunction o f the conditio ns const itu tes t he query: 

qurry = conr/ 1 V con .~ \/curut tiKI 

tht•n al most Lhc whole file /J \\ Iii bP. o utput for Lll!' abo ,·e 
.-1-rero rd. :1 nd the majo r goa l of narrowing LhP Sl'arch 
'Jlacr will not be achlr ,·ed. 


