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FOREWORD 

How does a Federal agency locate a personal record in one of its 
massive files with only a limited amount of information for guidance? 
The Privacy Act of 1974 presented numerol,.ls agencies with just this 
problem when it specified: "It shan be unlawful for any . Federal ~ 
state, or local government agency to deny to any individual any 
right, benefit, or privilege provided by law because of such 
individual's refusal to disclose his Social .Security account number." 

Those Federal agencies denied the use of Social Security numbers are, 
not the only ones interested in the solut~on to this problem. For 
instance, one might be required to locat~ individuals in a file 
who have been inadvertently or illegally recorded under mora than 
one account number. Similarly, the results of a study of 
methodologie£ for retrieving an indivi~ualls record without the 
use of a universal identifier can be used to determine the threats 
to an individual's privacy. 

This report was written in response to this growing need for 
retrieving information using non-unique identifiers. Presented are 
selected methodologies for assisting Federal agencie~ in selecting 
retrieval algorithms and name lookup techniques; in analyzing their 
data by the identification of weighting factors and i'tatistical 
sampling for determining error and omission rates; and lastly, 
predicting the accuracy and efficiency of candidate retrieval keys. 

Seymour Jeffery, Chief 
Systems and Software Division 
lnstitute for Computer Sciences 
and Technology 

National Bureau of Standards 

iii 

+ t OCt .... *,ri 



ACKNOWLEDGMENTS 

The authors would like to express their appreciation to all those 
who contributed to the preparation of this document through their 
willingness to discuss their relevant experience and expertise. 
Particular thanks are due two members of the NBS Institute for 
Computer Sciences and Technology: Dr. Thomas C. Lowe, who coordin­
ated this effort from its inception, gave incentive and direction 
to the project while assisting in every way possible with prepa.ration 
of the fi na 1 report; and John L. Berg, whose comments and suggesti ons 
have been invaluable throughout the course of the project. 

iv 

i 

• 

• • 

• 

• 

• 



•• 

• 

• 

I .• , 
r. 
l 

~. , 

TABLE OF CONTENTS 

1.0 Introduction ......•...•.. 
1.1 
1.2 
1.3 
1.4 
1.5 

The Legislation ••...•..... 
Retrieval of Individual Records. 
Statistical vs. Dossier Files .. 
Privacy vs. Security . . . • . . . . .•... 
Summa ry. . • . . . . . . • . • . 

2.0 State-of-the-Art Retrieval Techniques ..•. 
2.1 Introduction •..............•..• 
2.2 Varying Selective Values of Non-Unique Identifiers. 
2.3 Importance of the Name Variable in Retrieval 

Through Use of Non-Unique Identifiers .•.•...•.• 
2.4 Selected State-of-the-Art for Name Lookup Techniques •. 
2.5 Implementation of Name Lookup Techniques .•...••• 
2.6 Other Search Strategies •.•••••..•••.. 

3.0 Identification of Weighting Factors ............ . 
3.1 Accuracy Constraints Imposed by the Privacy Act •.... 
3.2 Determination of Weighting Factors for Existing Files .. 

3.2.1 Data Base Definition and Forms Design •..• 
3.2.2 Data Collection Techniques. . •• . ... 
3.2.3 Keying of Data and Input Controls 
3.2.4 Computer Edit Routines •.. 
3.2.5 Manual Checks for Accuracy. " 

3.3 Sunmary of Wei.ghting Factors .. 
4.0 File Validation ..••..• 

4.1 Introduction ..•.....•. 
4.2 Validation Techniques .•.. 

. . . 

4.3 File Validation Example .• . " .. .. . . . 
5.0 Computer Simulation of Data Base Retrieval .. 

5.1 Precision and Recall ....•••.. 

. . 

5.2 Query Formulation for Best Results.. . •.•. 
5.3 Soft-Match Techniques •.•.....•..•... 
5.4 Example of Use of File Validation Summary Data 
5.5 Preci~ion and Probable Match ••... 

6.0 Conclusions and Recommendations .. 

6.1 Conclusions ....... . ~ .. .. .. .. 1> ,. .. .. 

6.2 Recommendations. . . . . . 

6.2.1 Evaluation of Current File Access Capability .•. 
6.2.2 Evaluation of the Data Base .•.•..•.•.. 

Appendix I - Precision Tables. ... . .. . .. .. .. . .. .. .. ~ .. . 
v 

Page 
1 
1 
3 
4 
6 
8 
9 
9 

10 

12 
12 
26 
29 
32 ~ 

32 
35 
36 
37 
42 
44 
47 
49 
52 
52 
52 
53 
59 
59 
61 
62 
62 
66 

69 

. ,.69 
70 

,,71 
71 

73 



TABLE OF ILLUSTRATIONS 

Table 2.4-1 IBM Alpha Inquiry System Personal 
Name Encoding Algorithm ...•.. • • • , • CI • 

Page 

15 
Table 2.4-2 Western Airlines Surname r~atch Rating Algorithm. . 18 

Table 2.4-3 Rules for Developing Phonetic Frequency Codes. . 19 
Table 2.4-4 Letter Distributions for Phonetic Frequency 

Code Name Lookup Technique . • . . . . • . . • 
Table 2.4-5 Illustration of the Application of the NYSIIS 

Coding Techniques. . . • . . . . . . • 
Table 2.4-6 NYSSIS Name Coding Rules .•...... 
Form 3.1-1 Decay Factors of Standard Biographical 

Data Elements. . . . . . . . •. .. 
Form 3.2.1-1 Inherent Characteristics of BiogNphical 

Data Elements .............. . 
Form 3.2.1-2 Data Base Definition Weighting Factors for 

Biographical. Data Elements .......•.. 
Form 3.2.2-1 Data Collection Procedure Weighting Factors for 

21 

22 
23 

34 

38 

39 

Biographical Data Elements . . . • . . . . 43 
Form 3.2.3'11 Keying and Input Control Weighting Factors 

for Batch Input. . . . . . . . . . . . .. . . . . 45 
Form 3;2.3-2 Keying and Input Control Weighting Factors 

for Interactive Input. . . . . • . . . . . . 46 
Form 3.2.4-1 Computer Editing Weighting-factors. . . . . 48 

Form 3.2.5-1 Weighting Factors for Manuan Accuracy Checks. 50 
Form 3.3-1 Cumulative Weighting'Factors for Standard 

Biographical Data Elements . . . . . . . . . . 51 
Table 4.2-1 Suggested Format for File Validation Record. 54 
Table 4.3-1 Source Documents for Ten Sample Records from 

the Dummy Data Base. . . . . . . . . . . 
Table 4.3-2 Computer Listings for Ten Sample Records from 

the Dummy Data Base. . . . . . . . . . . . 
Table 4.3-3 File Validation Record foy' a Sample Record 

from the Dummy Data Base . . . . . . . . . . 
Table 4.3-4 Summary of Errors and Omissions Detected in 

Analysis of 10% of the File ........ . 

55 

56 

57 

58 

Table 5.3-1 Retrieval Ratios (Estimates of Proportion of File 
Retrieved) . . . . .. ............. 63 

Table 5.3-2 Statistical Classification of Surname Records as 
Compiled from Social Security Administration Accounts. 64 

vi 

.~ 

• 

• 

• 

• 
, 

• 

• 

• 

• 
\ 



• 

• 

'. 
• 

• 

• 

TABLE OF CONTENTS 
(continued) 

Appendix II - A Probabilistic Formulation of the 
Non-Unique Access Problem • . . . . . . • . . • 

Appendix III - Soft-Match Techniques . . • . .•.. • . . . 
Appendix IV - FORTRAN Source Code for the Probability Mode .. 

vii 

~. 
~~~~~ ____ ~'~5 ____________ .~n ____ ~~!~d_· __ ,i 

174 
181 

186 



• 

• 

• 

II 

• 

• 

• 

• 

• 



r 
I 

/. 

• 

• 

• 

• 

• 
/ 

ACCESSING INDIVIDUAL RECORDS FROM 
PERSONAL DATA FILES USING NON-UNIQUE IDENTIFIERS 

G. B. Moore, J. L. Kuhns, J. L. Trefftzs, C. A. Montgomery 
Operating Systems, Inc. 

ABSTRACT 

The Privacy Act of 1974 places restrictions on the Federal, state, and 
local agencies' use of the Social Security account number as an identi­
fier. For some agencies, compliance will involve changes in implementa­
tion of retrieval algorithms. This report describes methodology applic­
able to these changes in the more general context'of the problem of 
retrieving individual records from files using non-unique identifiers. 
State-of-the-art retrieval techniques ~re discussed, a method for assign­
ing reliability weights to various personal data elements is presented, 
file validation techniques for the error and omission rates of data items 
are suggested, and a retrieval probability model -- designed to show 
likelihood of retrieval of a subject's record given a variety of popula­
tions, combinations of identifiers, and error/omission rates -- is des­
cribed. A methodology is developed for forming cODfidence factors from 
the establishe~ error/omission rates for combinations of non-unique 
identifiers that are candidates for use as retrieval keys. /,Use of these 
confidence factors as indices into the precision tables produced by the 
proba~ility model is described. 

Key Words: Data retrieval; file validation; name lookup; non-unique 
identifiers; personal data files; Privacy Act, probability 
model; retrieval. 

1.0 INTRODUCTION 

1.1 The Legislation 

The Privacy Act of 1974 opens with the words: 

"The Congress finds that-

(1) the privacy of an individual is directly affected by the 
'collection, maintenance, use, and dissemination of personal 
information by Federal agencies; 

(2) the increasing use of computers and sophisticated informa­
tion technology~ while essential to the efficient operations 
of the Government, has greatly magnified the harm to indi­
vidual privacy that can occur from any collection, main­
tenance, use, or dissemination of personal information; 

(3) the opportunities for an individual to secure. employment, 
insurance, and credit, for his "right to due process, and 
other legal protections are endl,ingered by the misuse Qf 
certain information systems; /; 
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(4) the right to privacy is a personal and fundamental right 
protected by the Constitution of the United States; and 

(5) in order to protect the privacy of individuals identified 
'ininformation systems maintained by Fedet"al agencies, it 
is necessary and proper for the Congress to regulate the 
collection, maintenance, use, and dissemination of infor­
mation by such agencies. 111 

There has been increasing public concern over the trend toward integra­
tion and centralization of data banks containing personal information. 
In the privacy legislation, Congress has expli.citly defined the rights 
of citizens whose records are maintained by Federal agencies as well as 
the responsibilities of the agencies handling the data. In addition, 
the legislation also established the Privacy Protection Study Commission 
which is specifically authorized to: 

" ..• make a study of the data banks, automated data processing 
programs, and information ~ystems of governmental, regional, 
and private organizations, in order to determine the standards 
and procedures in force for the protection of personal infor­
mation... In the course of conducting the study ... the Commis­
sion may research, examine, and analyze ... the use of social 
security numbers, license plate numbers, universal identifiers, 
and other symbols to identify individuals in data banks and to 
gain access to, integrate, or centralize information systems 
and files. 1I2 

Specific prohibitions regarding use of universal identifiers will, for 
the most part, await the results of the Privac;:y Protection Study 
Commission study. The current emphasis is rather on restricting the 
data maintained to that directly relevant to the agency. However, 
since much of the concern over use of universal identifiers has been 
generated by the use of the Social Security account numbers and their 
potential for linking files, the Act has specifically provided against 
its use as a required item of information unless a Federal statute 
specifying such a disclosure is applicable. 

lilt shall be unlawful for any Federal, State or local govern­
ment agency to deny to any individual any right, benefit, or 
privilege provided by law because of such individual's refus­
al to disclose his social security account number."3 

lpriVacy Act of 1974, Public Law no. 93-579; Section l. 

2Loc• ci t. 

3Ibid., Section 7. 
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Thus the effect of the legislation is that individuals whose records arE~ 
maintained in the files of Federal agencies must be allowed to review 
their own records on request, the retrieval must be possible without use 
of the Social Security account number~ the data maintained in the files 
must be timely, and only data necessary in the performance of the agency1s 
mission should be stored. 

For agencies that have relied heavily on the Social Security number for 
purposes of retrieval, this requirement wi 11 necessitate some major re­
adjustments. Further restrictions are imposed on the type of information 
that can be solicited from individuals who have requested copies of their 
record by the July 1~ 1975 guidelines. from the Office of Management an~ , 
Budget, IIGuidelines for Implementing Section 3 of the Privacy Act of 
1974," which states that the items published in the Federal Register by 
each agency must include: 

" ..• the information necessary to identify the record. Where 
the system employs a specialized identification scheme, the 
individual should not be required to provide such a number or 
symbol as an absolute requirement, although the individual 
might be requested to supply it if he or she can reasonably 
be expected to know it. Instead, alternative combinations 
of personal characteristics may be used to identify individ­
uals who may have lost, forgotten, or are unaware of their 
identification numbers or symbols. For example, the combina­
tion of name, date of birth, or place of birth, and father's 
first name.,may be sufficient to identify an individual with­
out the use of a system identification number." 4 

Thus, although use of record identification numbers, driver1s license 
numbers, etc., is not prohibited, careful attention must be given to the 
selection of a set of identifiers that will be considered reasonable in 

. the particular environment. 

1.2 Retrieval of Individual Records 

The implications of these restrictions will differ from agency to agency_ 
It is important, however, that those charged with responsibility for the 
selection and implementation of identification schemes pe aware of the . 
retrieval effectiveness of non-unique personal identifiers. The potential 
for retrieval by means of exclusive use of combinations of these keys 
should be understood, and ~he relevance of this potential for use with 
currently active data bases should be examined. Consideration must also 
be given to the question of the reliability of the, data contained in 
these files since the success of the retrieval algorithm depends upon 
the accuracy of the data base itself. Errors may have been introduced . 

. into tile data baSe (during data collection, data entry, data update~ ~tc.), 

40ffice of Mal3;gemen~/and Bu~get Circular A~108 and accompany~ng HGuide· ... 
1 i nes for Imp 1 ementlng Sect' on 3 of the Pn vacy Act of 1974, Federal 
Register, 9 July 1975, Vol. 40, NO.

3
3,2, pp. 2894~:~28978 . 
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with the result that a request from an individual for a copy of his re-
~cord might fail due to the presence of erroneous data in the record 
itself. In this respect, retrieval algorithms based on Social Security 
account number or other standard universal identifiers have advantages 
(it is easier to alert clerical staff to the necessity of checking one 
or two numbers for accuracy than it is to train them to be careful with 
all biographical data)~ adequate retriev~l is certainly possible using 
non-unique identifiers such as name~ birthdate, etc. In fact, such 
retrieval is sometimes possible even when the variables most closely 
identified with an individual are removed from the records. Statisticians 
involved in the collection and analysis of statistical data for research 
purposes have been concerned with the problenl of protection of the in­
dividual whose data is maintained in the files. The need to collect 
such data in order to study causes of disease, poverty, violence, migra­
tion and other sociological phenomena is well understood, but the individ­
uals involved have the right to expect that information given in con­
fidence will be treated with integrity. Dr. Fellegi of the Dominion 
Bureau of Statistics in Canada has summarized the problem: 

"The public benefits indirectly from the legitimate uses of 
statistics by governments, businesses, non-profit organiza-
tions, academic users, etc.; yet, the public is also concerned 
about the increasing burden of providing the required statis-
tics and about the real or imagined possibility of the misuse 
of the data provided by them. The explosive increase in the 
demands for more statistics can only be met, without impossible 
response burdens being put on the public, "through a more effect­
ive exploitation of the data. This increases geometrically the 5 
magnitude of the problem of checking tabulations for disclosure. 1I 

The seemingly contradictory requirements of protecting individual privacy 
while at the same time providing the citizen the benefits attendant on the 
introduction of automated record keeping systems create a burden for those 
responsible for maintaining the systems. They must restrict the data 
retained in the file to that clearly relevant to the application, but 
at the same time be able to identify correctly all individuals concerned 
on demand. Data must be available for research efforts, but information 
maintained to support these efforts must be restricted and accessing of 
individual records carefully monitored. The dilemma thus created is 
discussed further in the next section. 

1.3 Statistical VS. Dossier Files 

Until recently, it was generally believed that a basic distinction ex­
isted between statistical files (those with names, addresses, etc., 
removed from the individual record) and dossier files (those containing 
explicitly descriptive information about the individuals). Dossiers 

5Fellegi, 1. P., liOn the Question of Statistical Confidential'ity,'i 
Journal of the American Statistical Association, 67 (March 1972), 
p. 7-18. 
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were considered dangerous from the point of view of exposure whereas 
statistical files were not. James Martin, in discussing this distinc­
tion, says: 

lilt is important to separate the concept of statistical files 
from the concept of dossiers about individuals. From the 
point of view of privacy protection, they are entirely differ­
ent. Many of the uses to which the information in government 
and research data banks will be put are statistical. In 
statistical files the identification of the individual should 
be stripped off. Once that is done the files can be used more 
freely. It is still necessary to make sure that people cannot 
be identified by some other means, such as home location, a 
high salary, the fact that he has 13 children or cats, weighs 
300 pounds, or has a combination of factors that makes him 
unique. It is sometimes possible to extract information 
about individuals from a statistical data bank by asking 
combinations of questions. Sometimes a large number of 
questions would be needed and controls can be devised to 
prevent such interrogation. The controls are more complex 
and subtle than on the type of data bank in which details 
about an individual are requested directly. In general, 
statistical data banks will not reveaJ the identities of 
the persons about whom data are recorded. 1I6 

"1, 

Recent research indicates that the data contained in statistical files is 
not necessarily protected from unauthorized disclosure. Dr. Sch18rer of 
the Department of Medical Statistics at the University of Ulm i.n Germany 
gives the following account of his investigation of retrieval from inter­
active data banks. 

"Until fairly recently, removing name, address, and -- per­
haps -- date of birth from a record would secure anonymity 
in most cases. The advent of the computer has changed this 
situation. It .was soon realized that the distinction between 
a dossier data bank (returning full identifying information 
to the user) and a statistical data bank (providing only 
numbers of persons) is largely delusive, if the user is allow­
ed to communicate with the data bank by dialogue. 

A prerequisite for this intrusion by dialogue is preknow­
ledge. The intruder must have some ~ priori information 
from the statistical data bank. The same information must 
be stored in Mr. XiS record, so that preknowledge and the 
corresponding part of th,e record can be matched.. The pre­
knowledge must suffice to identify or, at least, nearly 
identify Mr. X. An tdentifica:tion experiment with authentic 

6Martin, James, Security, Accuracy,al)d Privacy in computer Systems, 
Prent i ce- Ha 11, New Jersey, 1973, P .'432. 
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data will be described in this paper. It will be seen that 
relatively little preknowledge will do for identification 
purposes -- at least for the life I attacked I in this experi­
ment."l 

Not only does Dr. Schltlrer's work make it clear that records can be re­
trieved through the use of non-unique identifiers, it also gives added 
credence to the requirement that only relevant data be maintained in the 
files, since inclusion of extraneous data makes the record more vulnerabla 

Further indication of the need for such restrictions comes from the re-
search in record linkage carried out by Drs. Fellegi and Sunter. They It 
have developed 

, II ... a mathemati ca 1 model ... to provi de a theoreti ca 1 framework 
for computer-oriented solution to the problem of recognizing 
those records in two files which represent identical persons, 
objects or events (said to be matched) .•. A comparison is to 41\ 
be made between the recorded characteristics and values in 
two records (one from each file) and a decision made as to 
whether or not the members of the comparison-pair represent 
the same person or' event, or whether there is insufficient 
evidence to justify either of these decisions at stipulated 
levels of error ..• A theorem describing the construction and • 
properties of the optimal 'linkage rule and two corollaries 
to the theorem which make it a practical working tool are 
gi ven. IIB 

The existence of such techniques for linking individual records on the 
basis of non-unique identifiers again points up the feasibility of imple- • 
menting retrieval algorithms based on those variables. An awareness of 
the availability of such techniques further clarifies the nature of the 
threats that currently exist to individual privacy. It also emphasizes 
the importance of the provisions for relevancy of data in the Privacy 
Act since obviously the more data available, the easier such linkages 
become. Similarly, the necessity for building audit checks into the .. 
system to provide a means for determining what information was accessed 
by whom becomes clear in the light of currently available methodologies. ~ 

1.4 Privacy vs. Security 

Privacy has been perceptively defined by Westin as the right " ... to 9 • 
determine what information about ourselves we will share with others," 

7Schltlrer~ J., ~'Identification and Retrieval of Personal Records from a 
Statistical Data Bank," Methods of Information In Medicine, 14 (1, 1975). 

8Ee 11 egi? I. P. ~ and A. B. Sunter, II A Theory for Record Linkage, II Journal. 
, of the American Statistical Association, (Dec. 1969), pp. 1183-1210. 

9Westin, Alan, as quoted by 1. P. Fellegi, liOn the Question of Statistical 
,Confidentiality," op.cit., p. 18. 
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where the lothers· are persons or agencies who are presumably authorized 
to hold and use such information. Thus the legislative concept of pri­
vacy in effect concerns the protection of information about'individuals 
from misuse by duly constituted authorities, or persons or agencies to 
which such authority has been delegated (e.g.} for statistical studies). 

Security, on the other hand, is concerned with protection of this infor­
mation from unauthorized lothers.1 Such unauthorized access may be de­
liberate, or inadvertent: e.g., a person seeking information from his own 
record may be given the dossier of another individual by mistake. 

Protection of information in a computerized file from unauthorized access 
is partly a technical, system-internal, matter, and partly a procedural, 
system-external matter. System-internal protections include obv'jous items 
such as use of passwOT'ds and other identifying techniques to guard agai,nst 
deliberate access attempts by unauthorized persons. More fundamentally, 
such protection requires a high degree of precision in the retrieval al­
gorithm to prevent inadvertent delivery of the wrong information record 
to a particular requestor (as well as erroneous updates and purges). 

Procedural protections involve basic items such as locks and security 
gUards, as well as requests for proof of identity from persons seeking 
information about their own records, further verification based on ques-

ta tions about the content of the record before it is delivered to the re­
questing individuals, and so forth. In the case of a computerized infor­
mation bank where requesting individuals are allowed access via a computer 
terminal, a combination of technical and procedural safeguards is required 
to insure protection of the component information records. 

~ .. 

f 

• 

• 

• 

In a recent article on computer privacy and computer security, Willis 
Ware states: 

"In the context of computer-based systems, the matter of access 
control is an essential part of a larger issue referred to as 
computer security which can be defined as'Z 

The protection of the' equipment, facilities and data 
of an information system against deliberate or acci­
dental damage, and against denial of use by legitimate 
users, together with the assurance that information 
will be delivered by the system only toind1viduals 
authorized to receive it. 1110 . . 

The phrase "legitimate users" of an information system implies in the 
privacy context that legitimate uses of personal information can be de ... 
fined, and that "individuals authorized" to access such information will 
respect the right to privacy of those persons:who provided it. This is 

10Ware, Willis H., IIComputer Privacy and Computer SecuritYt If Bulletin of 
the American Society fUr Information Science, Vol. 1, No.3, Oct. 1974. 
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the core of the privacy issue, which essentially involves the loss of .J 

control over personal information incurred by an individual in providing 
such data to some agency or data bank, and the profound effect that re­
linquishing control of this information can have on the life of the 
particular individual. It is the concern of those involved in the effort 
to pY'otect the privacy of the individual to identify measures, legal, 
procedural, and technological, by which potentially detrimental effects 
of this loss of control can be nullified. 

1.5 Summary 

In Section 1 some of the difficulties faced by those responsible for the 
management of personal data bases in Federal agencies are outlined. Pro­
blems inherent in the provision of continued service with no attendant 
reduction in efficiency due to the increased emphasis on the protection 
of individual privacy have been stressed. The remainder of this report 
is concerned with the presentation of methodologies potentially useful 
in the minimization of these difficulties. 

The application of current retrieval technologies to the problem of 
retrieval through use of non-unique personal identifiers is the basic 
methodology under consideration. A discussion of relevant retrieval 
algorithms is given in Section 2. Section 3 suggests an approach to 
determination of the accuracy and reliability of the various identifiers 
contained in current files. Forms that might be used in carrying out an 
analysis procedure are introduced, and a mechanism for arriving at 
weighting scores for the individual identifiers is described. Section 4 
demonstrates a similar mechanism for analyzing error and omission rates 
for each of the personal identifiers coptained in the file. 

Section 5 describes the probability model developed to assist in deter­
mination of the best combination of personal identifiers available for 
use as retrieval keys given the idiosyncratic error and omission rates 
of those variables within a particular file. An example of the use of 
the output from the probability model in making this determination is 
given. Conclusions are formulated in Section 6 which also contains a 
summary of procedures recommended for those involved in the analysis of 
personal data files. 

Four Appendices are included: 

Appendix I: 
Appendix II: 

Appendix III: 
Appendix IV: 

Precision Tables 
A Probabilistic Formulation of the Non-Unique Access 
Problem 
Soft Match Techniques 
FORTRAN Source Code for the probability Model. 
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2.0 STATE-OF-THE~ART RETRIEVAL TECHNIQUES 

2.1 INTRODUCTION 

The personal data files affected by the provisions of the Privacy Act 
represent a wide spectrum of applications with very different require­
ments. By definition the files all contain dossier-type data, but they 
vary in terms of the non-biographical variables maintained, the ulti­
mate use of the data, the frequency of file access, the retrieval 
mechanisms employed, the degree to which accuracy has been stressed, 
etc. These distinctions reflect the differing operational requirements 
of the agencies involved. Clearly, the provisions of the Privacy Act 
giving the individual access to his own records will cause re-evaluation 
of file management requirements and, in many cases, some system changes 
will be necessary in order to make this data available . 

A clear-cut requirement for some system changes exists when the retrieval 
keys do not include any of those combinations of identifiers that can be 
readily recalled by the individual. Similarly, systems that have placed 
a high degree of reliance on the use of the Social Security account 
number in the retrieval algorithms will require extension of these system 
modifications to insure effective retrieval. But even if these changes 
result in the availability of a standard set of biographical variables 
as potential retrieval keys, the level of accuracy maintained for those 
variables may fall short of that required of retrieval keys. It is 
entirely possible that a higher degree of accuracy exists for the vari­
ables that have historically been used as retrieval keys than for those 
now promoted as candidates for that task. Such a disparity in levels of 
accuracy could have resulted from awareness on the part of the clerical 
staff of the need to verify the retrieval keys, or from the pY'ogramming 
of special checks on those fields, Or the like. Further, this skewing ,(if 
of 1 eve 1 s of accuracy may well have gone unnoticed since the retri eva 1 M 
algorithm has operated sufficiently well to fulfill the operational 
requirements of the agency. 

To illustrate this point, consider the case where an agency uses a 
specific data item, for example AGE, to trigger notification of the 
individual concerning a change in status. In implementing and maintain­
ing such a system, the emphasis on manual and system checks of the vari ... 
ables BIRTHDATE and AGE would be greater than that on NAME and ADDRESS. 
Indeed~ since postmen have become~xpertat detecting near matches on 
name and street numbers, the degrej~ of accuracy required to complete 
the correspondence is indeed less ,than that required for retrieval of 
the record on the basis of current age. 

One of the authors, Mr. Trefftzs, has experienced this phenomenon. His 
is an unusual name that causes a great deal of confusion. As a result 
it is seldom spelled correctly. Mr. Trefftzs has, in recent weekS, 
received communications from a variety,! of sources (governmental, maga ... 
zines, professional societies, etc.) in which his name was consistently '0 
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misspelled in a number of inconsistent ways: 

TREVITZ TRAFFT TRAFFTZS TRRFFTZA TREFTZ etc. 

These misspellings prevented neither the retrieval of his record nor 
the delivery of the message. Yet, if the systems involved were capable 
of handling retrieval on the basis of biographical data including name, 
and he were to request a copy of his record from each, it is likely 
that some of the systems would fail to locate the record, given the 
nature of the error that exists in the name itself. This emphasizes 
the importance of the change of system perspective attendant on intro­
duction of new accessing requirements. Problems such as gross mis­
spellings of names may block retrieval of certain records until the 
level of accuracy of the NAME variable has been brought within reason­
able bounds. 

Existing file organizations and retrieval mechahisms may thus be entirely 
responsive to the needs of a particular agency while being inadequate in 
terms of handling the new requirements. The most difficult aspect of 
this problem arises from the fact that the requit~ed retrieval capabili­
ties may not have been built into the original system. In some cases, 
extension of current system capabilities will be sufficient to handle 
the new requirements; in others, new sets of capabilities will be needed; 
still other situations will arise where restructuring of the files is 
required in order to make this data available in the required way. 

Decisions regarding the system changes required will be based on several 
factors: demand (i.e., the number of requests for this information), 
capabilities of the current system (some will be set up in such a way 
that requi red changes wi 11 be minimal), characteri sti cs of the data base 
(number of non-unique identifiers, available accuracy rates, typ'ical 
problems with a given variable), etc. If it is evident that the complete 
redesign of the system is required in order to meet the new regulations, 
the agency will want to examine data base structures and retrieval 
techniques that might assist in optimizing the hew system. The re­
mainder of this section is devoted to a description of the current 
state-of-the-art for retrieval techniques as they apply to the problem 
of accessing data using non-unique identifiers. Since there is no 
Single answer to the implementation of these requirements, this section 
is presented in the form of a survey in the hope that the avail abi 1 ity 
of this information will clarify the options available to those con­
fronted with the problem. 

2,2 VARYING SELECTIVE VALUES OF NON-UNIQUE IDENTIFIERS 

Some'of the identifiers available in personal data files are highly , 
individualized. The variable NAME is the most obvious example of this~ 
Other data items for example, SEX, are bi nary, and therefore not part; C'~ 
larly useful in identifying an individual record. Yet collection of 
even the most straightforward items can be difficult s.ince the items 
requested are sometimes subject to vastly different interpretations. 
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There is a natural tendency to assume that basic biographical data is 
easily obtainable, and that standard definitions can be taken for grant­
ed. However, in actual data collection situations, surprising misunder­
standings can and do occur and, most importantly, are often not detected 
until much later. The result is that variables considered to be reliable 
in the file are many times, in real ity, only marginally so. 

An interesting discussion of the problems inherent in obtaining biograph­
ical data is given in the Uniform Hospital Discharge Data Demonstration 
Summary Report: 

"DATE OF BIRTH: Date of birth is usually an easy item 
to collect on admission. However~ there are instances 
of elderly persons not remembering their exact date of 
birth, and others who provide incorrect dates for per­
sonal reasons . 

SEX: The incidence of encountering a patient with true 
indeterminate sex status is very low. Most hospitals 
feel the indeterminate category is unnecessary, but 
hospitals who perform trans-sexual operations find it a 
useful item. 

fv1ARITAL STATUS: While this item is usually easy to ob­
tain, there are some inherent difficulties in assuring 
validity, and these include: 

Persons living 'in common-law relationships who do 
not wish to be classified under any of the alterna­
tives. 

Divorced persons who consider themselves single 
and state so at admission. 

Single females admitted for childbirth do not .. 
generally want to be identified as sing1e and state 
they are married. 

The original intent of this item was to attempt to 
secure some indication of the living arrangement 
of a patient, but it proves to be of marginal utili­
ty for this purpose. This is a complex variable 
to establish if the many socia-economic factors 
which enter into the underlying health care implica­
tions associated with living arrangements are con­
sidered. lI11 

llHodgson, D. A., L. E. Kucken~ and U. M. Ensign" The Unifonn Hospital 
Discha,r.qe Data Demonstration, Summary Report, Health Service Foundation, 
Chicag6, 1973, pp. 30-31 . 
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2.3 IMPORTANCE OF THE NAME VARIABLE IN RETRIEVAL THROUGH USE OF 
NON-UNIQUE IDENTIFIERS 

Use, as well as inherent variability, of identifiers will vary greatly 
from one application to the next. The variability within groups of 
identifiers i~ probably most extreme for the NAME variable. The fol­
lowing example of such variability comes from a bibliographic data base 
application. The report si:ates that: 

1I, •• many of the individual data elements exhibit great 
variety (i.e., lists of their contents are extensive), 
and show relatively disparate distributions. This be­
havior is encountered in different degrees in regard 
to items such as words in the titles of monograph or 
periodical articles, assigned subject headings, authors' 
names and citations .... In general, the distributions 
are approximately hyperbolic, so that a small portion 
of items may account for a substantial proportion of 
occurrences, while the majority of items occur only 
infrequently. ' ... Of all the data elements, personal 
author names exhibit a distribution which is at its 
most extreme in one direction. As is shown ... the 
most frequent (full name) author name in a file of 
50,000 names occurred only sixteen times, while over 
35,000 of the names, or over 70 percent of the file, 
occurred once only. II 12 

The same tables show that, with respect to surnames only 20,000 or 40% 
of the file, occurred only once. These figures emphasize the high 
selective value of NAME as an identifier and thus provide the rationale 
for the following consideration of name lookup techniques. 

2.4 SELECTED STATE-OF-THE-ART NAME LOOKUP TECHNIQUES 

A majority of the name lookup algorithms currently in use are based on 
a phonetic scheme aimed at minimiz:::lg the common transcription problems 
in the recording of names. The IBM Alpha Search Inquiry Program des­
cri pti on<' states that: 

"Using the phonetic approach for personal narile increases 
the user's ability to access the alpha search record 
even though the exact spell ing of a name may not be known. 

12 D. W. Fokker and M. F. Lynch, IIApplication of the Variety-Generator 
Approach to Searches of Personal Names in Bibliographic Data Bases­
Part I. Mi crostructure .. of Personal Authors I Names, II Journal of 
Library Automation, 7 (2 June 1974), pp. 105-117. 
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Thus the effects of transcription errors, partially 
illegible signatures on corres~ondence, and sound­
alike names can be minimized. u

• 3 

" In analyzing name lookup techniques, it is useful, to refer to the in-
formation systems concepts of precision and \"ecall. Recall represents 
the number of relevant items contained in a given file which are re­
trieved in response to a particular query, while precision refers to 
the number of file items retrieved which are actually relevant to the 
query or search prescription. 

In general, the objective of system improvement is to increase the de­
gree of precision or reliability, without substantially increasing the 
amount of irrelevant material recalled or selected from the file. 

In a document retrieval system, however, it is rare (in practice, at 
least) that there ;s a Single fi'le item Which is capable of satisfying 
a gi ven quet'y. Genera lly speaki n9 , several documents wi 11 be relevant 
to a query, where the degree of relevance is defined concretely in terms 
of the concepts used in the query and abstractly in terms of a.ctua 1 
utility to the requestor. 

Conversely, in a name retrieval system, the usual case is that there is 
a unique file item which satisfies a query, although the existence of 
other items listed under alternate spellings of the name must also be 
assumed by the search strategy. This is a critical issue, which does 
not appear to be effectively handled by many of the name search tech­
niques investigated in the course of this study. 

In evaluating name lookup techniques for which complete documentation is 
available, there are two essential criteria for determining relative 
effectiveness. Both of these may seem obvious, but since several of the 
lookup techniques described here fail on one or both counts, the topic 
merits discussion. 

The first basic question is simply: does the strategy allocate similar 
names to the same logical group -.., and more particularly, are alternate 
versions of the same name (Heinz, Hei.ntze) in the same logical group? 
The answer is often in the negative, and this is the primary means Of 
effecting an improvement in reliability of a given method~ as we shall 
consider below.' , 

The second basic evaluation criterion is the converse of the first: 
do~,s the strategy allocate dissimilar names to different logical groups? 
Although the possibility of Violating this principle appe~rs unlikelY, 
man~ name lookup techniques do in Tact fail to satisfy this criterion, 

13Alpha Search Inquiry System General Information Manual, GH20-1188 ... 3, 
IBM Corporation, White Plains, N.Y" April 1974, p. 7. 
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includin~ Soundex, the first widely used phonologically based system for 
name encoding. Most of th~ systems currently in use have been influenc­
ed by the rules establ i shed 50 years ago by Margaret Ode'll and Robert 
Russell for the Soundex system. 

Knuth summarizes the original Soundex rules as follows: 

"I. Retain the first letter of the name, and drop all 
occurrences of a, e, h, i, 0, u, w, y in other 
positions. 

2. Assign the following numbers to the remaining letters 
after the first: 

b,f,p,v+1 
c, g, j, k, q, s, x, z + 2 
d, t + 3 

1 + 4 
m, n + 5 
r + 6 

3. If two or more letters with the same code were 
adjacent in the original name (before Step 1), 
omit all but the first. 

4. Convert to the form "letter, digit, digit, digit" 
by adding trailing zeros (if there are less than 
three digits), or by dropping rightmost digits 
(if there are more than three)."14 .. 

This algorithm fails to meet the evaluation criteria described above, as 
Knuth has pointe.d out: 

II ••• the names Eul er, Gauss, n1i 1 bert, Knuth, Lloyd, and 
Lukasiewicz have the respectiVe codes E460, G200, H416, 
K530, L300, L222. Of course this system will bring to~ 
gether names that are sOlilev;hat different, as well as 
names that are similar; the same six codes would be ob­
tained for Ellery, Ghosh, Heilbronn, Kant, Ladd, and 
Lissajous. And on the other hand a few related names 
like Rogers and Rodgers, or Sinclair and St. Clair, or 
Tchebysheff and Chebyshev, remain separate. But by and 
large the Soundex code greatly increases the chance of 
finding a name in one of its disguises." 15 

The type of refinement that has taken place in development of name look­
up techniques is obvious from comparing the results of applyin~. the rules 
used in the IBM Alpha S~arch Inquiry System (Table 2.4-1) with those of 
Soundex, using two of the examples mentioned above. 

;c, -', ___ _ 

14Knuth, Donald E., The Art of Computer Programming, Vol. III: Sorting 
and Searching, Addison-Wesley, Reading, Mass., 1973, p. 392. 
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T«ble 2.4~1 IBM Alpha Inquiry System Personal Name Encoding 
Algorithm 16 

Th,ts routine builds a phonetic key from the last name passed by the 
cal~ing program. The phonetic key is 7 packed bytes (14 digits). The 
routine uses two tables, a first character table and a basic-table. 
The first character table (see below) ;s used to recognize first letters 
or letter combinations and give them significance. For example, A in 
Armour has a value of 1 to be put in the key. A in Farmer'has no value 
and is ignored. If the first letter or letter combination does not 
appear in the first character table, a zero is inserted in the first key 
position and the basic table is used to code the first character into 
the record key position. 

The basic table (see below) is used to recognize letters or letter 
combinations that are~phonetically equivalent. Vowels and the letters 
H~ W, Yare ignored. Letters with the same phonetic value which are 
adjacent to each other are treated as single letters. For example, in 
CK and TT the second character is dropped. However; if a third charac­
ter has the same value as the previous two, it is retained. The re­
mai nder of any unfi 11 ed key is fill ed wi th zeroes. 

The first character table used in 
this routine is: 

Letterhl Value 

A 1 
E 1 
GF 08 
GM ,03 
GN 02 
H 2 
I 1 
J 3 
KN 02 
0 1 
PF 08 
PN 02 
PS 00 
U 1 
W (except WR) 4 
WR 04 
Y 5 

The basic table used in this 
routine is: 

Code 'Letter(s) 
-\ 

0 Z,S,CI,CY,CE,TS,TZ 
1 O,T 
2 N 
3 M 
4 R 
5 L 
6 J,SH,SCH,CH 
7 C ,G, K, Q , X, OG , 
8 F,V,PH 
9 B,P 

1~1 pha Search Inguiry System General Information Manual, IBM Corpora ... 
tion, White Plains, New York, GH20-1188-3, 1974, pp.41-42. 
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Table 2.4-1 IBM Alpha Inquiry System Personal Name Encoding 
Algorithm (Continued)16 

EXCEPTIONS TO BASIC TABLE PROCESSING* 

In certain situations where letters or groups of letters have multiple 
sounds, a second and third pass through name encoding is made. 
Example: CH Has a hard sound ;n Nichols, a soft sound in Chavez. 

1st Pass 
{Coded in Record) 2nd Pass 3rd Pass 

CZ 70 6 0 
CH 6 70 0 
CK 7 7 6 
C 7 7 6 
K 7 7 6 
DS 0 10 10 
DZ 0 10 10 
TS 0 10 10 
TZ 0 10 10 

Following are some examples of the results of coding personal names: 

NAME H A R PER 
KEY 2 4 9 4 = 24940000000000 

NAME COL LIE R 
KEY 07 5 4 = 07540000000000 

NAME S C H U L T Z 
KEY 06 5 0 = 06500000000000 

NM1F~ L I V I N G S TON 
KEYi" 05 8 2 7 0 1 2 = 05827012000000 

*Occurrences of the letter combinations in this table cause generation 
of alternate phonetic keys. When this happens, the lookup algorithm 
will use both phonetic keys in the search for potential matches. ThiS 
procedure alleviates many of the problems attributable to phonetic miss­
spellings (e.g., Ohrbock for Ohrbach). A cross-r~ference table is used 
to connected sound-alike names (e.g., Lyle ,and Lisle) which are not 
handled by this algorithm. 
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SEARCH CRITERION SURNAME ASSIGNED VALUES 
SOUNDEX ALPHA. 

Assign similar RODGERS R326 04740000000000 
names to the 
same log; ca 1 group ROGERS R262 04740000000000 

Assign dissimilar KANT K530 02100000000000 
nameS to d'iffer-

07210000000000 ent logical group KNUTH K530 

In both these cases, the Alpha Search Inquiry System has solved the pro­
blem. There are, however, an equally good set of examples for problems 
that still remain. Thus, although this algorithm represents progress 
over that used in the Soundex system, it is far from perfect. 

Sometimes quite straightforward algorithms are capable of handling this 
problem successfu11y for files of limited extent. The match rating 
approach used by Western Airlines (see summary in Table 2.4-2) would 
correctly identify RODGERS and ROGERS as a potential match. In the 
Western system, the matching algorithm would compare RDGERS with RGRS. 
The number of unmatched characters would be 1, the re.sulting similarity 
rating would be 5, and, hence, this record would be fl.agged for retrieval. 

On the other hand, this algorithm would also consider KANT to be a like'­
ly m~tch for KNUTH, which points up the limitations of the system. It 
is used successfully in this application because only a small file is ~ 
searched at a time. Ms. Gail Hogan, Manager of Passenger Service 
Systems and Programming for Western, states: 

"Since our reservations system is flight/date oriented 
(i.e., we limit the scope of our search by date and/or 
flight number), we have little difficulty 1n obtaining 
an exact name match. However, if there are passengers 
on a flight with the same surname, we display a 1ist 
of these to the agent. If an exact match is not made, 
we continue processing ... ;n order to compile a similar 
s u rn ame "li st. "17 

Another example of failure to meet the criterion of assigning dissimilar 
names to different buckets can be given using the Standardized Phonetic 
Frequency Code algorithm (see Table 2.4 ... 3) as describ~d in the NYSIIS 
evaluation of n~me search techniques. 18 In this system, an att.empt was 

l7personal Communication from Gail Hogan, Manager Passenger Service 
Systems and Programming for Western Airlines, Septe,mber 15, 1975. 

18Taft , Robert L., Name Search Technique, 
and Intelligence System, August 1970. 

17 c 
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Table 2.4-2 Western Airlines Surname Match Rating Algorithm19 

The input surname and each of the P~I [Personal Numeric Identifiers] - . 
item surnames are encoded by this program prior to comparison. Encoding 
is as follows: 

(1) Deletion of all vowels unless the vowel is the first character of 
the surname. . ". 

(2) Elimination of all double consonants by deleting the second contig­
uous usage of any consonant. 

(3) Reducing all encoded names to a maximum of six characters. This 
is done by retaining the first thr.ee and last three encoded char­
acters. 

The lengths of each pair of encoded names (input and PNI item) are 
examined.* If they differ in length by more than two, no similarity 
comparison is performed. A minimum acceptable similarity rating is 
established for each pair of encoded names as follows: 

Sum of lengths is 4 or less; rating of 5 
Sum of lengths is 7 or less; rating of 4 
Sum of lengths is 11 or less; rating of 3 
Sum of lengths is 12; rating of 2 

The minimum acceptable rating establishes which PNI surnames are not 
"similar enough II to be considered by the agent. 

Comparison of encoded names is then performed. This comparison is from 
left to right, character by character. Matching pairs of characters are 
deleted. This comparison continues until etther encoded name has no re­
maining characters. All unmatched characters in both encoded names are 
packed to the right and comparison proceeds from right to left. On 
completing these comparisons the number of unmatched characters in the 
longer name is subtracted from a value of six with the result being the 
similarity rating for that PNI item. 

, 
Each PNI item that has a similarity rating equal to or greater than the 
minimum rating established for this time will be added to the Ret~ieval 
Control Record [RCR]. This program will add to the RCR until the record 
is filled. At that point additional entries will replace other items in 
the RCR which have lower similarity ratings. If no item with a lower 
rating is found, the PNI item will be ignored. 

*That is, the length of the encoded input name is compared with that of 
the encoded name in the file. 

19Gail Hogan, op.cit. 
18 

• 
I 

~ 

• 

• 

• 

• 

• 



Table 2.4-3 Rules for Developing Phonetic Frequency Codes 
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made to achieve a uniform distribution of codes across a set of logical 
groups'. But in the actual implementation, some phonetically dissimilar 
symbols were assigned the same Phonetic Frequency code value as shown 
in Table 2.4-4. 

, Applying the rules shown in Table 2.4-3, the names J. Kuhns and G. 
Altshuler are reduced to the codes 16760 and 35797, respectively. How­
ever, as shown by the groups of letters associated with the same codes 
in.Table 2.4-4, 'T. Vines' would also reduce to 16760, and 'J. Butler' 
to 35797. Moreover, although these quite dissimilar names would be 
represented by the same code, 'Kuntz' -- a variant of 'Kuhns' -- would 
not. 

Returning to the issue of coding similar names such that they are al­
located to the same logical group, it is clear that this principle is 
especially critical for alternate spellings of the same name. This 
logic is based on the assumption that non-detectable* errors in record­
ing the name of 'Kuhns' may write 'Kuntz' instead. Also, persons 
changing their name to a more anglicized orthography and having file 
records listed under both spellings should be more easily traceable 
if additional phonological-to-orthographic coding rules were introduced. 

The NYSTIS coding technique introduces a few such rules -- e.g., KN -+ N, 
Z -+ S, as well as a number of ad hoc rules to achieve greater reliabil­
ity for the New York State Criminal justice name inventory. However, 
many of these rules are especially aimed at a large popu1dtion of Span-

. ish surnames and may at best not be useful for files with small popula­
tionsof Spanish surname records. At worst, they may introduce un­
desirable ambiguities, as in the case of 'Risque' in Table 2.4-5, which' 
illustrates the application of the NYS11S coding rules given in Table 
2.4-6 to a list composed mainly of OS1 employees. 

Again, JKuhns' and 'Kuntz' would result in different codes, whereas the 
-dissimilar Chinese surnames Li, Lu, Low, Liu, Lao would all result in 
the same code, 'L'. 

There is obviously still room for improvement, via the introduction of 
phonological-to-orthographic rules based on linguistic -- rather than 
ad hoc -- considerations. Moreover, such rules should be developed with 
a view to accommodating a variety of ethnic surnames used in the United 
States without biasing the coding techniques such that rules derived to 
handle one type of surname cause ambiguous coding of other surname types. 

*This is based on the assumption that most typographical errors can be 
detected by comparing new names to the existing name list for a file 
and generating a computer listing of unique occurrences for manual in­
spection. This of course assumes an investment of computer and human 
reSOurces for error detection and correction. 
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Table 2.4-4 Letter Distributions for Phonetic Frequency Code Name 
Lookup Technique 

PHONETIC CODE VALUE ASSIGNED 
FREQUENCY 
GROUP 0 1 2 3 4 5 6 7 8 9 

S C F A L 0 E G 

PFl Z K P B 0 H t4 J 

Q u R I N T 
V W X 

S C F A 0 D M G U E 
PF2 Z K P !3 R H N J V L 

Q X I T W 
..-- ~-'-

B D F G M R S Z 

C T L J N Z E 
PF3 K p X H 

Q I 

V 0 

U 

W 

Y 
MN STN STR 
TR SN SR 

DRS PRS TN 
TD 
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Table 2.4-5 Illustration of the Application of the NYSIIS Coding Techniques* 

;:-

(1) (3) (5a) (5b) (5e) (5f) ~6) j7) 9) RESULT 
WORTHY W WARTHY WARTY WARTY 
KUHNS CUHNS C CAHNS CANS CAN CAN 
REITZ R RAATZ RAATS RATS RAT RAT 
TU T TA 

T T 
OGATA 0 OGATA o GAr OGAT 
WHELCHEL W WHALCHAL WALCAL WALCAL 
MONTGOMERY M MANTGAMARY MANTGANARY MANTGANARY 
REVENTLOW R RAFANTLAW RAFANTLAA RAFANTLA RAFANTL RAFANTL 
RISQUE R RASQAA RASGAA RASGA RASG RASG 
COSTALES C CASTALAS CASTALA CASTAL CASTAL 
TREFFTZS T TRAFFTZS TRAFFTSS TRAFTS TRAFT TRAFT 

\ ~- .~--- '$ - , -
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Table 2.4-6 NYSIIS Name Coding Rules 

1. If the first letters of the name are 
'MAC' then change these letters to 'MeC' 
'KN~ then change these letters to 'NN I 
IK' then change this letter to lei 
'PH' then change these letters to IFF' 
IPF I then change these letters to IFF' 
'SCH' then change these letters to 'SSS' 

2. If the last letters of the name are 
lEE' then change these letters to IV"' 
lIE' then change these letters to IY"I 
lOTI or IRTI or 'RO' or INT' or IND' 

then change these letters to 10~' 

3. The first character of the NYSIIS code is the first character of 
the name. 

4. In the following rules, a scan is performed on the characters of 
the name. This;s described in terms of a program loop. A pointer 
is used to pOint to the current pOSition under consideration in the 
name. Step 4 is to?et this pOinter to point to the second charac-
ter of the name. . 

5. For each successive position of the pOinter, only one of the fol1ow~ 
ing statements can be executed. 

a. If blank go to rule 7. 
if the current position is a vowel (AEIOU) 
and if it is E followed by V then change to' I AF,' 
otherwise change current position to 'AI. 

b. If the current pqsHion is the letter 
'Q' then change the letter to 'G' 
I Z' then change '~,,:ne 1 ett@r to I S I 
I W then change t~1e 1 etter to IN' 

.. ,\ 

c. If the current position is the letter 'K' 
and if the next letter is 'N' then replace 
the current position by IN' otherWist~eplace 
the current pas; tion by I C' i"", 

v 

d. If the current position points ta the letter string 
'SCHI then replace the string with 'SSS' 
tpW then replace the string with IFF' 

e. If the curr~nt pOSition is'the letter 'H' and either 
the preceding or following letter is not a vowel (AEIOU) 
then replace the current pos'ition with the preceding letter. 

23 

---'- --- -----'-------~-

(. 



Table 2.4-6 NYSIIS Name Coding Rules (Continued) 

f. If the current position is the letter 'WI and the preceding 
letter is a vowel then replace the current position with the 
preceding position. 

If none of these rules applies, then retain the current posi­
tion letter value. 

6. If the current position letter is equal to the last letter placed 
in the code then set the pointer to point to the next letter and go 
to Step 5. 

The next character of the NYSIIS code is the current position 
letter. 

Increment the pointer to point at the next letter. 

Go to Step 5. 

7. If the last character of the NYSIIS code is the letter'S' then 
remove it. 

8. If the last two characters of the NYSIIS code are the letters 'AY' 
then replace them with the single character lVI, 

9. If the last character of the NVSIIS code is the letter 'A' then 
remove this letter. 

The NYSSIS coding rules are, in several instances, subject to different 
interpretations. As a result, implementation in software may differ 
slightly from one system to another. This illustration demonstrates the 
results of one such implementation. 
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An example of a pragmatically developed name lookup technique is that in 
use at the Medical Information Bureau. In this system, neither a 
Soundex nor a phonetic technique ;s used. Robert W. Keighley, Director 
of Systems and Planning at the Recording and Statistical Division of 
Sperry Rand, the servicing agent for the MIS, describes the technique 
as follows: 

"The MIB system is a completely automated on-line batch 
oriented name look-up system in contrast to a visual 
terminal inquiry response system. The processing of in­
quiries is not accomplished through use of an algorithm 
such as a Soundex or phonetic technique; instead, a name 
key is generated (group spelling number) through. use of 
our name dictionaries. These dictionaries of surnames and 
given names reside on a disc file. The dictionarY is used 
only to convert the incoming surname or given name to a 
unique group number. This group number represents names 
which are confused with one another. In addition, for 
given names, alternate groups are generated for situations 
such as nicknames and other confusions which do not neces­
sarily sound like the given name in the inquiry. 

In contrast to other popular algorithms which attempt to 
accomplish the above, but do not fully, we have manually 
grouped our names according to our experience over the 
last eight years. This has come about by having to either 
search or update at least 160 million records over this 
span of time. Needless to say, our dictionaries are 
fairly complete at this point in time." 20 

This technique, used in conjunction with a highly specialized search 
strategy (discussed later in this section),nas given excellent results. 
Mr. K~jghley states that: 

, --.-:~ 

"In order to giVe you some measure of our success, we 
handle all the situations above (compound names, nick~ 
names, cross reference names such as aliases and maiden 
names, etc.) against a file of 14 million records, pro­
cessing an average of 80,000 inquiries a day. It should, 
also, be pointed out that no manual intervention, either 
at our computer site or at our subscribers location is 
needed prior to conveying the results of our search to 
the end user, since we identify the individual with a 
high degree of c;tccuracy.1l21 

20personal Conmunication from Robert Keighley, Director of Systems and 
Planning, Recording and Statistical Division of Sperry Rand, the servic­
ing agent for the MIB, October 14~ 1975. 

21Ibi d. 
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This example illustrates the feasibility of developing a highly success­
ful retrieval system based on a name lookup technique. But the high de-" 
gree of special treatment given to development of this system was a time­
consuming and very expensive process. It is equally important to point 
out that successful systems based on modified Soundex rules are also 
available: for example, the retrieval system in use at the Department of 
Justice in the Immigration and Nat~ralization Service. In other words, 
although the MIB system represents ~ high level of attainment, there 
exist algorithms within the public domain which. can be used very effect­
ively. 

A fundamental consideration associated with the adoption of any technique 
is of course the tradeoff between computer costs for implementing and 
executing complex algorithms', human resources for monitoring computer 
activities, and the cost of missing a record in a search, which may have 
social and legal implications. In view of the latter, it seems more rea­
sonable to accept larger selectivity ratios based on name lookup, assum­
ing that other non-unique attributes ca.n be effectively used to filter 
lists of file items retrjeved by surname lookup. 

2.5 IMPLEMENTATION OF NAME LOOKUP TECHNIQUES 

"fhe high selecti~ity of value of name as a non-unique identifier has 
prompted the emphasis on name lookup techniques. But it is also true 
that this emphasis has repercussions regarding selection of retrieval 
techniques. Some of the more sophisticated techniques will not be 
easily available due to the nature of possible errors in the data. For 
example, it is doubtful that hashing techniques would be useful in the 
processing of surnames since a misspelling either at data entry or re­
trieval request time coul~ result in a complete misdirection of the 
search. '.' ", .' 

Use of name lookup techniques facilitates grouping of closely related 
names. Thus, if SMITH and SMYTHE are encoded in such a way that a sort 
of the file on the encoded field places them close to each other, the 
likelihood of finding the alternate spelling during a search is greatly 
enhanced. For example, if the Soundex code appears to be adequate for 
handling the mix of names in the file, the approach taken could be as 
follows: apply the Soundex algorithm to the SURNAME field in all records, 
perform a sort on the encoded field, and write the records, in sort order, 
on a storage device. The records will be recorded in convenient logical 
groups variously called blocks or buckets. (Both terms imply the number 
of physical records involved in a single read or write operation.) 

If the procedUre described above were followed, it would be likely that 
SMITH and SMYTHE would be recorded in the same, or at least in adjacent, 
buckets. Indices would then be formed for use in locating buckets during 
a search. In a small file, there might be a single level of index based, 
for example, on the Sou'ndex formulation of the input surname. The first 
two or three alphanumeric~ of the resulting code could point to a bucket 
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that wuuld be expected to contain the desired record. In a larger 
system, a multi-level index scheme might be used with the highest level 
pointing to a secondary index containing a breakdown of names starting 
with the letter'S.' In all cases, the indicated bucket will be read 
in and a matching algorithm followed until either an exact match is 
found or the contents of the bucket have been exhausted. If no match 
is found, the search may continue through use of the preceding and sub­
sequent buckets. In some cases, it may be reasonable to look in logical 
blocks that are two or three buckets away since in the case of very 
common names the instances may stretch over sever~l buckets. 

The system developed by the Immigration and Naturalization Service fol­
lows this type of approach with the Soundex codes producing the tap 
level index. The resulting graupings are then further segregated on 
the basis of the first names. The third level af index, BIRTHDATE, 
gives flexibility to. the retrieval system. The program is capable of 
handling requests for the records of individuals of exactly this age or 
for the records of those within bounds of plus or minus nine years'. The 
user has the option of asking far a count of hits be fare results are 
printed in case an unmanageable number of records have been retrieved 
due to. speCification of a wide age range. 22a Obviausly this aption is for 
use by inquirers who. are not sure of the individual's exact age and nat 
by the individual requesting his awn record. However, the number of \1 

problems than can occur with the AGE/BIRTHDATE variable make it nat un­
likely that an individual cauld be mistaken abaut how his awn age has 
been recarded. The handling af such an error cauld be simplified by 
the availability af a range field. 

The search mechanism emplayed by the Immigratian and Naturalization 
Service necessitates use af three levels af indices befare the actual 
accessing of the recard(s). The number af required index ar file 
searches can be reduced thraugh use of encading techniques to. farm a 
compound pOinter. A clever appraach to using several attributes as a 
record-key index or compound pointer was developed for the Central 
Califarnia Red Crass Blaod Center. The program, whose main purpose ;s 
to maintain and develop a danor poal of repeat donors, was ;n operation 
at Stanfard University at the time of this study. 

"Donor recards are ... stored in contiguous blocks by blaod 
type, 3D/block, and the danar inqexes that point to. these 
records are store9 255/block. By this method of indexing, 
the indexes themselves can be sarted by blood type, date 
of last donation, 'etc. relatively easily so that one set 
af danors can be dealt with individually."22b 

22aPersonal Communicatian from Rabert Rabinson, Directar af ADP Systems 
Branch, Imm; grati on and NatuY'a 1; zati on Servi ce, Department of Jlfsti ce, 
September 22, 1975. "'''' 

22bLudwig, H. R., "An Interactive Camputer-Based Danor Management System,1I 
Camputers in Bialogy and Medicine, 5 (1975), pp. 69-75. 
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The donor index contains the following attributes: 

- a two-byte donor i .d. cCi1sisting of the first three l.et­
ter's of the 1 ast name and the bi rthdate. Thi s informa­
tion is reduced to two bytes through use of the following 
algorithm: 

3 

Key = r; (ai263-i )+J-2400 
;=1 

<where ai denotes the numerical value of each of the first 
three letters of the last name~ e.g. A = 1,B = 2, ..• and 
J denotes the Julian value of the birthdate with the base 
beinq 1900. 

a two-byte pointer that specifies both the physical block 
and the logical record number. For the current file, 
this is a number between 1 and 29,940. The organization 
of the file.is such that this number also implies blood 
type .. 

- a two~byte data field to indicate date of last donation. 
To reduce field size, this is a Julian date from some 
base year (in this case, 1972). 

- two one-byte fields for coded information: number of 
entries on the eligibility list, total donations to 
date, indication of rare blood types, etc. 

The system has been designed so that updating of some levels of infor­
mation can be handled by reading in only the index level, and, when a 
donor record is required, it can be fetched directly. 

.1 

• 

• 

A very sophisticated example of use of an encoding technique occurs in • 
the MIB system. This system places a high premium on accuracy of 
retri eval , Di cti onary lookups are performed to obtai n group numbers 
both for surname and given name. Mr. Keighley has summarized the search 
algorithm as follows: 

liThe process of looking up an lndividua1 using surname, given • 
name, date of birth, place of birth (optional) and territory 
of residence (optional) is as follows: 

1. Look up surname in surname dictionary to obtain its group 
number. " 

2. Look up given name in given name dictionary to obtain its 
gtOUP number avId any alternatives (nicknames etc.). 
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3. Generate a key consisting of surname group number, given 
name group number, date of birth (coded), place of birth 
(optional-coded), and territory (optional-coded). 

4. Using the generated key from Step 3, search the data base 
on a direct access basis (index sequential) for records 
applicable to the inquiry. 

5. Screen each record in detail and mathematically determine 
what the degree of probability is that the record being 
screened pertains to the person being searched. 

6. If any record being screened has a high enough proba- 23 bility, it is selected as a response to the inquiry.1I 

In this instance the encoding technique has not cut down on the number 
of required accesses, but has instead been used to generate a very 
accurate fil ter. 

2~6 OTHER SEARCH STRATEGIES 

Analysts considering potential system changes will do so in the context 
of the operational environment of thetragencies. In some instances, 
no gre~t emphasis will be placed on search strategy. Yet, in other 
situations, particularly when the file size is large, the selection of 
an efficient search strategy will be crucial to effective system per­
formance. The number of requests to be processed, batch/interacti\/''.; 
capabilities of the system, size of the file, etc., will be determining 
factors in these decisions. A general discussion of some available 
search strategies is given here as-background for those who must concern 
themselves with this issue. 

W.A. Burkhard and R.M. Ke11er have described an approach to the problem 
of " ... searching the set of keys in a file to find a key which is 
closest to a given query key ... Three fi 1 e structures are presented to­
gether with their corresponding search algorithms, whic~ are intended to 
reduce2~he number of compari sons requi red to achi eve the des ired re-
sult.1I They describe their result as follows: 

, liThe study oescri bed here is concerned wi th the general 
problem of efficiently searching files in the following 
situations: (1) find a keyin the file closest to a 
given query key, and (2) find all keys in the file 

23Keighley, op.cit. 

24W. A. Burkhard and R. M. Keller, IISome Approaches to Best-Match File 
Searching,lI Communications of tlt,~ ACM, 16, (4 April 1973), p. 230~ 
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closest to a given query key. By 'closest' we mean ac­
cording to some suitable measure of distance, specifically 
a 'metric' in the mathematical sense. These situations may 
arise in information retrieval applications in which mem­
bers of a file are keyed to a number of numerically~re­
presented attributes. Our search algorithms have the 
following common basis: let b be the 'best' key found at 
a certain point in the application of the algorithm. 
Based on certain 'cutoff criteria' which depend on b, sub­
sets of the fil e remaining, to be examined are el iminated' 
,without explicitly comparing the keys in these subsets 
with the query key. Our experimental results (on randomly­
generated files) indicate that large segments of the file 
may be eliminated from consideration using these cutoff 
criteria." 25 

Abraham Bookstein has described a hybrid search technique which 
H ••• has the advantage of retaining'the simpli~ity of search keys while 
also including some of the flexibility that Boolean expressions of key 
words have for uniquely defining an item. .., The only indexes that 
must be maintained are the hash tables; the ot~er indexes •.. are replaced 

~ by the ~~~rch fllgQrHhms~.u 26Soo kstein goes on to say:, , 
==-~~--:::-----.~-=:=--~--'.-".. - - --, - -

IIA user would begin by entering into the system search key. 
If the system finds that the number of items that would be 
retrieved exceeds a preset threshold, it would output a mes­
sage requesting that the user enter a set of key words taken 
from various fields in the records; ... The system first genera­
tes a subfile of records having the desired search key. If 
a hashing technique is tised, constructing this subfile can be 
accomplished quickly and at a relatively little cost in space 
for tables. Once the smaller file is formed, a complete 
search of the, full records can be made for the key words. 
Since the system operates in two phases, it is less sensitive 
to the number of records the search key retrieves as far as 
user considerations are concerned. Ease of use becomes the 
dominating objective in designing the search key ... In the hy­
brid system, we can think of the search key not as an access 
mechanism •.. but rather as a file reduction mechanism. This, 
system trades the cost of maintaining and storing lar'ge indexes 
for an increase in costs of computer processing; only relatively 
easily maintained h~sh tables for fixed length search keys need 
to be maintained.,,2 

25Ibi d., p. 236. 

26Abraham Bookstein, IIA Hybrid Access Method for Bibliographic Records~" 
Journal of Library Automation, 7:97-104, (2 June 1974), p. 99., . 
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The use of Malcolm Harrison's hash technique to expedite the search is· 
explained as follows: 

"A fixed number of bits, or signatures, (is) added to each 
field on which a search can take place; these additional 
bits are derived in a well-defined way from the original 
field. This subfield is a fixed-size representation of the 
full field in a form that can be used to very rapidly elimi:--, 
nate most records which woul d not pass the key word matchil]9 
test. It is stored in the index to the file along .with the 
address of the record. Though tit; s pre 1 1mi na r.v tes tis not 
foolproof, it could considerabh' reduce the size of the sub­
file that requires a more costly complete search, thereby 
reducing the number of di sc accesses. 1128 

The author quotes a false drop rate of approximately ten percent for the 
bibliographic application being described. This is of course too high 
a rate for personal data file retrieval systems, yet a careful implementa­
tion of a similar combination of such techniques might be appropriately 

• applied to the retrieval problem at hand. 

Retr~ievaltechni~que?· d'escrfffed lh thiS . sectfonwere~seleCcte~d·because of 
their relevance to the present discussion of use of non-unique identifiers 
in search algorithms. Those interested in pursuing a broader range of 
retrieval techniques might begin with Dennis Severance's generalized 
model for exploring the relationship between alternative search techni­
ques 29 and Knuth's work on sorting and searching30. 

28Ibid. 

290ennis G. Severance, "Identifier Search Mechanisms: A Survey and 
Generalized MOdel," ComRuting Surveys, 6 (3 September 1974), pp. 175-194. 

30Knuth, op.cit. 
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3.0 IDENTIFICATION OF WEIGHTING FACTORS 

3.1 ACCURACY CONSTRAINTS IMPOSED BY THE PRIVACY ACT 

One of the most important facets of the privacy legislation is the 
imposition of accuracy constraints on the agencies maintaining personal 
data files. The intent of these provisions is to protect the individual's 
privacy by insisting that data pertaining to him be correct, up-to-date, 
and relevant. The new law gives the individual the right to review his 
own record and to request that any relevant corrections be made. Disputed 
information maintained in the file must be so identified. 

This emphasis on accuracy of personal data held in computer files is a 
function of data availability, not of an increase in error rates due to 
computerization of the data. Manual recorcj-keeping systems have, in 
general~ a higher error rate than computer systems. Susan Wooldridge, 
et al. have stated that an error rate Of up to 10% is not unusual in 
paper-based files. IIIndeed a frequently used justification for computer­
izing is to raise the accuracy of the files. 1I31 

Alan Westin has quoted Dr. Collen of Kaiser~Permanente as indicating that 
manual systems in the hospital setting are plagued by errors. 

IIErrors have become so common in traditional medical 11ecords 
that physicians are accustomed to handling them, from finding 
a woman's lab test in her husband's file, to prescription 
errors in the hospital. 1I32 

Dr. Collen went on to say that, after installation of a computerized 
record-keeping system, they had found that: 

1I ... some 10 percent of our computer records contain lerrors.1 
We don1t know what the error level in manual files is, but 

• 

• 

it certainly couldn't be less. Gradually we hope to get • 
the computer file error level down to around three percent. 
To get to 0 percent would be prohibitively costly, and 
probably isn't possible, anY\'Jay. 1f 33 

Before the emergence of computeri zeq fil eS', few organ i zati ons took time 
to study their own systems from the pOint of view of accuracy and possible • 
means of improvement.34 There was far less concern with the problem, to a 

31Wool dri dge, Susan, Col in Corder, and Cl aude Johnson, Securi ty Standards 
for Data Processing, John Wiley and Sons, New York$ 1973, p. 60. 

32Westin, A., Databanks in a Free Society, Quadrangle Books, 1972, p. 210. • 

33Ibid . ~ 

34 Ib 'd . 433 _1_, p. • 
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great extent because clues other than the data itself were readily avail­
able. These clues took the form of the handwriting in whith data was 
recorded, the color of the form used, the placement of the paper in the 
file, the age of the document, etc. In many cases, the person reviewing 
the data was conversant wi-th the general structure of the file, and often 
even with the individual case. He thus brd~ght his own background to the 
perusal of the material. 

Automation has had the effect of depersonalizing the data, reducing it 
artificially to a level of uniformity that masks the disparities in 
~ccuracy while at the sarne time making it readily available to abroad 
spectrum of users. The loss of visual clues such as ancient appearance 
of the document or illegibility of the data is particularly important 
from. the point of view of timeliness of the data maintained. in the file. 

James Martin, in his book entitled Security, Accuracy, and Privacy in 
Computer Systems, has discussed this problem. 

"In addition to patent errors, large files also accumulate two 
other kinds of troublesome material~-the decaying and the un-
evalt1a,ted. The former is characteristic of biographical details. " 
Informati on gets 1 ess r~ 1 i ab l~. the .farj:Dex oaWiijlj;t~tsf~r:om.~tbe_ .. ~.~~.=~ .. ~~~~~ 
source. References and testimonials, to say nothing of college 
degrees, lose their relevance as their subject grows older. The 
facts remain facts in the environment of their collection, but 
they may be inaQpropriate in the context of the use to which 
they are put. 1135 

The decay factor inherent in much biographical data might be thought of 
as the length of time during which the data is more likely to be right 
than wrong. For some variables, such as birthplace, there is no decay. 
For others., such as current age, decay is at a constant rate. For still 
others, the amount of decay will depend upon the time at which the data 
was collected~c.e.g., the variable HIGHEST DEGREE ATTAINED will have a 
much greater potential for change if it refers to a student than if it 
refers to a professional person. 

Form 3.1-1 identifies some of the standard biographical data items that 
are subject to this type of variability. The privacy legislation has 
emphasized the importance of the timeliness factor since clearly much of 
this data deteriorates over time. In the context of the current discus­
sion, this factor is an important indicator in the assignment of weighting 
scores to be used in a final determination of selection of non-unique 
identifiers for retrieval algorithms. 

35Martin, J., Security, Accuracy, and Privacy in C::omputer Systems, 
Prentice-Hall, New Jersey, 1973, p. 431 . 
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Form 3.1-1 Decay Factors of Standard Biographical Date Elements 

NON-UNIQUE IDENTIFIER 

MALE 
LAST NAME 

FEMALE 

First Name 

Middle Name 

Sex 

Birthdate 

"Blrthplac~ 
- ~ " 

Marital Status 

Address 

Occupation 
-

Education 

Physical Characteristics 

*Changes are rare 
**Changes are not unusual 

DECAY FACTOR 
Does this variable remain constant 
over time? 

YES* NO** 

I 

I 

I 

I 

I 

I -
I 

I 

I 

I 

I 

I 
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3.2 DETERMINATION OF WEIGHTING FACTORS FOR EXISTING FILES 

In the establishment of a computer file, errors can be introduced at any 
stage of data handling. They sometimes result from the individual's 
misunderstanding of a question, sometimes it is 'a transcription error on 
the part of the clerk filling out a keypunch form, sometimes it is a 
problem in the file management system that creates or updates the record. 
A determination of the likelihood of such errors having occurred requires 
evaluation of procedures followed during the key stages in data handling: 

1. data base defi.nition and forms design 

2. data collection techniques 

3, keying of data and input controls 

4. computer edit routines 

5. manual accuracy check of record as printed by the computer 

Thus, an acquaintance with the evolutionary process throughwbtghJb~_"~="~o=== 
HIe came into' existence is essefltlalto"aneva1uation Of the-aegree-of- . 
accuracy of the. data it contains. A comprehensive examination of this 
evolutionary process should answer such questions as: is the data 
contained in the files consisteht? (i.e., did all of the individuals 
who filled out the forms understand the same thing by the questions? 
Was the question asked thasame way each time or has the wording changed 
significantly?) and: which data items in the file are likely to be 
most reliable? 

The following sections describe each stage of data collection in terms of 
appropriate error detection procedures. Acknowledgement of the possible 
~xistence of such errors is important, but, since data base deficiencies 
will differ greatly from system to system, it would be helpful to be able 
to characterize these weaknesses in more-specific terms. One approach 
would be to, 8.ssign weighting scores to the various biographical identifiers 
in the file in such a way that the weights se~ve as indicators of the 
adequacy of the collection procedures for each variable. In the following 
discussions, a vehicle for making such a determination has been suggested. 
Included with the description of each stage of data collection is a table 
in which YES/NO questions are postulated for each of the problem areas ° 

identified. These questions are to be asked for each of the biographical 
identifiers used ;n the hypothetical file under consideration. A summary 
chart is used to record the total number of NO checks for each of the data 
elements. These totals then become the identified weighting scores for 
the various data items and thus produce a gross picture of the validity of 
the biographical identifiers in the file. 

The weights thus arrived at for each of the standard biographical data 
elements will be used in a final determination of identifiers for the 
retrieval process (see Section 4). 

35 



(.') 

---------~----------

• 
3.2.1 Data Base Definition and Forms Design. The determination of an 
appropriate set of data items to be included in a system is an important 
part of the design. If the items requested are inappropriate or the 
wording of the question obscure, difficulties arise which are not obvious 
from looking at the data. The importance--and the difficulty--of obtain- .' 
ing such uniformity of data is discussed in the'Uniform Hospital Discharge 
Data Demonstration report. This project was directed toward improvement 
in health care delivery through collection and evaluation of discharge 
data from a large number of hospital facilities throughout the country. 
A subcommittee of the U.S. National Committee on Vital and Health 
Statistics handled selection of the basic data set. Collection of the • 
data was carried out systematically, with personnel at the hospital sites 
being trained with respect to abstracting of data items from the charts, 
and quality control checks implemented throughout the data collection 
procedure. 

"In all instances, the system manuals used in the test hospitals 
were modified to conform the UHDDD manual ... Coding examples were 
provided to elaborate on the tndividual items and to cover 
anticipated contingencies such as when the date of birth, ZIP 
code, or married status was unknown, when patients from foreign 
cgY!1t-rJes~whQ_do not have ZtP codes were treated, etc. Exampl es 
to clarify ihe'concepts'ofClhepHnciQal diagnosis and the 
principal procedure were also given. 1I36 

Even so, many data collection problems have occurred. For example, the 
categories established for MARITAL STATUS are: 

IINow Marr'jed refers to persons who state they are married and 
not ~eparated. Divorced or Separated is used for persons who 
state they no longer live together, whether or not legal action 
has been taken. Never Married (Single) refers to persons who 
state they have never married or whose only marriage has been 
annulled. Widowed includes widows and widowers. 1137 

Yet,as noted in Section 2.2, there were difficulties in collecting e~eiF~ 
this very well-defined data in the following instances: 

ItPersonsliving in common-law relationships who do not wish to 
be classified under any of the alternatives. Divorced persons 
who consider themselves single and state so at admission. 
Single females admitted for childbirth do not generally want 
to be identified as single and state they are married."38 

• 
36Hodgson, D. A., L: E. Kucken, and J. M. Ensign, The Uniform Hospital 

Discharge Data Demonstration, Sumnary Report, Health Services Founda­
tion, Chicag~, Illinois, 1973, p. 24. 

371bid , p. 12. 

38Ibid , p. 31. 
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They cO,n elude: 

liThe original intent of this item was to attempt to secure some 
indication of the living arrangement of a patient, but it proves 
to be of marginal utility for this purpose. This is a complex 
variable to establish if the many socia-economic factors which 
enter into the underlying health care implications associated 
with 1 iving arrangements are consi dei'led. 1I39 

Form 3.2.1-1 contains an analysis of the inherent characteristics of a 
sample set of biographical data elements. The results indicated in the 
form reflect good experience, but it is"assumed that counter instances 
could be found. The analyst should compare his own evaluation of similar 
elements contained on the forms used in his data collection procedures 
with these results. 

The data requested in Form 3.2.1-2, unlike that shown in the earlier 
~orms, is dependent upon the actual collection procedures involved and 
1S, therefore, left empty. The analyst is encouraged to produce similar 
tables, using the identifiers relevant to his file, and then, using a 
selection of random records from the data base in conjunction with the 
forms on which the original data collection took place, to answer the 
questions in the table. The answers will supply the required weights 
for this stage of the data collection procedure. 

3.2.2 Data Collection Techni~~. Perhaps the best possible guideline 
for successful data collection would be: capture the data as close to 
the source as ~~ssible. This might equally well be stated as: the fewer 
manual transcr1~tions of the data, the cleaner the data. The reasoning 
behind this is that the individual is normally the person 'best qualified 
to monitor collection of information about himself. He would not be as 
likely, for example, to transpose numbers in his street address as would 
a clerk whose job is to transfer his descriptive data onto a keypunch 
form. Assuming this is' a reasonable generalization, an ideal data col­
lection sy~tem would then call for the individual to enter his data 
directly 'onto a keypunch form (which need not look like the standard 80 
column fonm, but which must be marked with column numbers that are re­
cognizable to the keypunch staff), or, in some cases, for the indiVidual 
to interact with the computer, via terminal, in a question/answer dia­
logue. If .the questions are easily understood, if they are available in 
the 1 anguage spoken by the i nd; vi dua 1, and if he pri nts (or types, if a 
tel1ninal is us~d) acceptably well, this may indeed "be the best way to 
capture the ~ata . 

39 Ibid• 
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Form 3.2.1-1 Inherent Characte.ristics Qf Biographical Data Elements 

NON-UNIQUE RECOGNITION FACTOR RECOLLECTION FACTOR CONSISTENCY FACTOR 
IDENTIFIER Is the meaning of the Is the data easy to Is the data easy to 

variable easily recall ? record accurately? 
understood? 

YES NO YES NO YES NO 

LAST MALE .; I I 
NAME FEMALE .; I I 

FIRST NAME I I I 

MIDDLE NAME I I I 

I I 
,'-

I SEX 

BIRTHDATE I ,j .; 
;~ , 

BIRTHPLACE .; I I 

MARITAL STATUS I I I 

ADDRESS I I I 

OCCUPATION ,j ,j I 

EDUCATION ,j ,j ,j 

PHYSICAL .; ,j I CHARACTERISTICS 

• • • " • ,. 
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Form 3.2.1-2 Data Base Definition Weighting Factors for Biographical Data Elements 

NON-UNIQUE Has thi s infoY'- Are there in- Are compound Is the sys- Are codes carefully 
IDENTIFIERS mation always structions names handled? tern c,apab 1 e' speci fied? (E.g. under 

been requested for fill i ng (E.g. are there of handling OCCUPATION are categorie 
in the same out the form rules for handli~ very long listed? Under ADDRESS, 
way? wi th examples surnames (Von/Van names?* can suburb names be 

~= showing the derl de la, etc.) confused with city nam~ 

if r ~~;~~~~~t~~~?1 ~o~~~~}\~~~~~~(Q~~sr . . -. c~~i:j~~~!o~~;~~~=9~O~Q2~~ 
~ 

-- -.-.- ~ -': -"-" 
. - -

YES NO YES NO YES NO YES NO YES NO 
/ 

LAST MALE 
NAME FEMALE . 

-

FIRST NAME 

MIDDLE NAME 

SEX 

BIRTHDATE . 

BIRTHPLACE 

MARITAL STATUS 
!' 

ADDRESS 

OCCUPATION 

EDUCATION 
PHYSICAL 
CHARACTERISTICS .. 

_,/1 

"~ 

*Applicable only to NAME, BIRTHPLACE, and ADDRESS fields. 
**Applicable only to BIRTHPLACE, MARITAL STATUS, ADDRESS, OCCUPATION, EDUCATION and PHYSICAL CHARACTERISTICS 

fields. 



The problem is usually not so straightforward, however. If any al~biguity 
exists in the wording of the question, or if coding of the data is re­
quired, it may be far more relevant to have the forms filled out by 

. i trained interviewers who understand the intent of the questions and can 
guide the individual in determining what is for him, the appropriate 
answer. 

These generalities concern data collected specifically for entry into 
the computer. There is another set of instances which involve collec­
tion of data after the fact, as in the case in the Uniform Hospital 
Discharge Data Demonstration summary. Here existing medical records are 
being assigned to the abstracting task. The methodology for this 
abstractin\~ procedure has been carefully lai d out. Even so, the accuracy 
checks carr'ied out by means of a re-abstracting procedure for the data 
collected in Months 1 and 4 at each hospital in some cases reflect a 
surprising1y high error rate. 

I 

In the following paragraphs, the re-abstracting procedure is quoted as 
it appears in the project manual, along with the summary rates of errors 
tha t occurred. 

liThe demonstration design called for two samples of medical 
records to be re-abstracted in each test site. The first re­
abstracting was designed to compare the data produced by 
applying the UHDDD definitions to the data generated from 
the same medical records using the definitions in effect 
prior to the demonstration. The second re-abstracting com­
pared the data produced by the hospital during the fourth 
month of the demonstration, with the data re-abstraCted by 
the pruject medical record librarians ... Table 2 provides a 
summary of the discrepancy rates for individual items from 
the second re-abstracting analyses. In almost all instances 
the errors with items having low discrepancy rates were the' 
result of clerical errors; e.g., an error in transcribing 
data from the medical record to the abstract. 
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Table 2 Percentage of Abstracts with 
Discrepancies by Test Sites 

ITEM MAINE PENN. WIS. CAUF. 

PERSON I. D. 0.1 0.6 NA* 0.1 
DATE OF BIRTH 0.3 1.2 0.7 
SEX 0.8 0.6 1.2 0.5 
MARITAL STATUS 1.0 0.8 1.8 1.1 
RACE 0.2 0.4 1.0 0.5 
ZIP CODE 1.1 .2.6 0.5 
ADMISSION DATE 0.1 0.3 
ADMISSION HOUR 1.3 24.0 15.5 2.0 
DISCHARGE DATE 0.1 0.2 NA 
ATTENDING PHYSICIAN 0.4 1.4 11.6 4.1 
OPERATING PHYSICIAN 0.1 2.4 19.7 NA 
PRINCIPAL DIAGNOSES 8.3 11.8 10.7 NA 
OTHER DIAGNOSIS 14.6 21.0 30.5 NA 
PRINCIPAL PROCEDURE 1.9 6.5 22.4 NA 
OTHER PROCEDURES 1.5 9.3 15.8 NA 
DATES OF PRINCIPAL AND 

OTHER PROCEDURES 0.1 7.4 18.2 
SERVICE TO WHICH ADMITTED 2.6 3.2 3.7 2.5 
DISPOSITION OF PATIENT 0.4 1.2 3.9 0.4 4 
PRINCIPAL SOURCE OF PAYMENT 3.7 2.2 1.6 2.7 0 

*Not Available 

Obviously the principal difficulty in this data collection procedure is 
in the training of clerical staff charged with properly interpreting the 
available data. C. R. Newing, in discussing data collection problems "in 
the insurance business, points up the necessity of checking data collec­
tion procedures and tracing errors back to the point of origin. 

IIIn our efforts to control quality, training of clerical staff 
plays a large part particularly as most of the data sheets 
which we use are quite complicated and contain a large amount 
of information in coded form. We have found it worth while to 
return documents which contain errors to the originator and 
while this is not popular it does seem to be having effect. 
There was a time whe~20 percent or so of documents contained 
errors but we have reduced this to around 5 percent ... Having 
adopted the principle that the files which we hold are the 
responsibility of the user departments as far as content and 
accuracy are concerned, we co-operate in helging them to apply 
any checks which they may wish to operate. 1I41 \:) 

40Ibid., p. 38. -- . 
41NeWing: C. R., "Data Arrangement and Checking in the Insurance 

Business,1I Applied Statistics, Vol. 2, No.1, 1972, pp. 45 ... 52. 
41 
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In another' paper on a sfmilar subject, W. F. l{~msley emphasized tile 
detailed analysis required for data that is initially "crude" in form. 
He reported on a survey directed at collection of II ••• statistical data 
on monetary transactions in the personal section. 1I Data collection 
procedures called for family interviews as well as preparation of a 14-
day diary by the family. Many problems were encountered by the editors. 

"Some deficiencies become obvious as soon as the entries are 
examined; others come to light when data in one part of the 
budget are compared with another part. Some inconsistencies 
are found in comparisons between diary entries and interview. 
data; others when interview data are compared with individual 
or family circumstances."42 

In general, he felt that the necessity for making editing changes had 
resulted from: 

"(a) duplicated information; 
(b) difficulties in applying definitions; 
(c) incomplete or inconsistent information; 
(d) timing of transactions; 
(e) changes in household composition." 43 

Form 3.2.2-1 contains a set of questions relevant to the methodology of 
data collection for each item. If the information contained in the file 
was handled differently at different stages of evolution, the analyst may 
want to fill out two sets of.taqles, or he may choose to use the latest 
methodology. If he does this, he must rbmember that his final results 
do not fully reflect the status of the current file. 

3.2.3 Keying of Data and Input Controls. The entry of data into a com­
puter file is accomplished in one of two ways: interactively, via 

• 

.-

• 

• 

• 
terminal operating in a real time environment, or batch, with data being J 

keyed ahead of time to cards, tape, disk, etc. Error rates for these 
methods tend to be in the same general range (from 1-4 percent) .. Con-
sequently, it is the degree of control placed on the overall handling 
of the data by the system that makes the difference, and not the choice 
of keying device. Entry of data via terminal, however, creates an 
entirely .different set of problems. In this case, control is a function 
of system efficiency and error rates will depend on the degree of • 
sophistication of the programs themselves. James Martin has discussed 
this difference in approach: 

• 42 Kemsley, W. F., IIPre-Computer Editing of Budgets for the Family Expen-
diture Survey," Applied Statistics, Vol. 2, No.1, 1972, pp. 58-64. 

\ 

43 Ibi d. 
42 
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Fonn 3.2.2-1 Data Collection Procedure Weighting Factors for Biographical Data Elements 

NON-UNIQUE 
! 

Was the form Was data Was the original If the data was Is there an on-
IDENTIFIER filled out by the printed or form used as the obtained from going training 

individual him- typed? source for data extant documents, effort for 
self or by an (not hand- entry? was are-abstract clerical staff 
interviewer in written) ing check per- covering this 
his presence? formed? item. 

YES NO YES NO YES NO* YES NO YES NO 

LAST NAi~E 

FIRST NAME 

MIDDLE NAME 

SEX 

BIRTHDATE 

BIRTHPLACE 

MARITAL STATUS 

ADDR/:SS . 
OCCUPATION 

EDUCATION 
PHYSICAL 
CHARACTERISTICS 

*Enter 1 check mark for each time the data was transferred to a separate form. 



" ~1~ 

"In some systems all information stored originates from the 
terminal operators. Sometimes the terminal operators work in 
a fairly casual manner, compared with the card-punch operators 
and verifiers of batch data processing. Clearly the viability 
of the concept of~ building up a data base in this way depends 
upon whether we can control the accuracy of the terminal input, 
catching the errors that occur. 

liOn certain systems the errors are cumulative. The files con­
tain information about a set of items that is kept for several 
months and is updated periodically by terminal operator actions. 
If occasional operator actions cause errors in the files, as 
the months pass by the files will steadily collect more and 
more inaccuracies. This situation could clearly bring the 
system into disrepute, and controls must be devised to prevent 
it. 

"A number of factors make real time systems worse than batch 
systems for the control of accuracy. First, there are likely 
to be more terminal operators creating the input and they are 
scattered over many areas. They tend to be more diverse and 
less controllable than the operators in a keypunch room. 
Second, the verification operation found in a keypunch room 
is usually not.employed. Third, batch totals and other batch 
controls often cannot be used, as the transactions originate 
singly, not in batches. Fourth, equipment failures will be 
experienced. It is often when a terminal, line, or computer 
fails, or during the recover period, that errors originate. 

"We do, however, have one factor that is strongly ;n our favor 
in real time systems. This is that in an appropriately designed 
diaglogue most of the errors made can be caught in real time 
as the operator makes t~~m. The mistake or discrepancy is then 
rectified on the spot." 

Because of the differences in approach between batch and interactive 
systems, the respective weighting factors are being handled separately. 
(See Form 3.2.3-1 and 3.2.3-2). 

3.2.4 Computer Edit Routines. Checks by computer program of value 
ranges, formats, data consistency, etc., not only have the advantage of 
allowing for rapid processing of the data, but further act on data that 
has already been stored in the computer file and is, therefore, past most 
of the stages at which new errors are introduced. Susan Wooldridge et al. 
comments on the importance of thIs process. 

44Martin, James, op.cit., pp. 70-71 
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Form 3.2.3-1 Keying and Input Control Weighting 

Factors for Batch Input 

NON-UNIQUE Was data Was input Were check 
IDENTIFIER verified as batched and digits used? 

part of the were batch 
~nput proce-
Illre? 

tota 1 s checkedi , 

YES NO YES NO YES NO 

LAST MALE 
NAME FEMALE 

FIRST NAME 

MIDDLE NAME 

SEX 
tt-_" 

lj! 

BIRTHDATE 
'J 

BIRTHPLACE 

MARITAL STATUS 

ADDRESS 

OCCUPATION 

EDUCATION 
PHYSICAL 
CHARACTERISTICS 

• • • 

/1-



NON-UNIQUE Was data 
IDENTIFIER verified 

as part of 
the !~~ut'l oroe ure'! 
YES NO 

LAST MALE 
~ 

NAME FEMALE 

FIRST NAME 

MIDDLE NAME 

SEX 

BIRTHDATE 
.' 

BIRTHPLACE 

MARITAL STATUS 

ADDRESS 

OCCUPATION 

EDUCATION 
PHYSICAL 
CHARACTERISTICS 

• • • 

Form 3.2.3-2 Keying and Input Control Wei ghting 
Factors for Interactive Input 

Are adequate Do the programs allow the Are there adequate controls 
backup operator to see the data over who can change which 
procedures before updating it? d~ita items.? 
available? 

YES NO YES NO YES NO 

... 
.. 

~ 

,-
'. 

". 
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liThe first program in any system should be an edit, or a verifi­
cation program. All data for a system should go into one simple//, 
edit program, if at all possible ••. The basic principle of the 
edit program ;s that it detects all errors tn'at are 1 ogica lly 
possible to detect, including - or perhaps especially - rare and 
unlikely ones, for these are the errors which, if allowed to pass 
into the system cause the most trouble later on. "45 

Programmed checks wi 11, of course, refl ect' the characteri sti cs o'r the 
data in the fil e but may include format check; ng, (i s there a number ; n 
the numeric field?), range (is the age given as greater than 99?), 
internal consistency (do the birthdate and current age agree?), reason­
ableness (would someone really have 30 children?), etc. In some cases, 
an error situation is obvious as ;n the case of alphabetic data occur\!:'ing 
in a numeric field. Where a determination of r.easonableness of the data 
is required; the computet program may not be able to make a final 
determination. In such case the data must be flagged for further action 
by the data p}'ocess i ng department. . 

Other important factors in determining the likelihood of errors in the 
file are the length of time for which the computer editing program has 
been available as well as consideration of the points in time when 
improvements have been made in its implementation. If only part of the 
data has been run against the edit program, a first step in data cleaning 
may wen be to run the entil"e file through the editing routine to assure 
that all obvious errors have been caught. 

Form 3.2.4-1 lists some of the principal areas of error diatection that 
can be performed by a computer editing program. The analyst is encour­
aged to check the variables in the current file against ~his list.' 

3.2.5 Manual Checks for Accuracy. Valuable as other checks on data 
validity are, there is no substitute for human judgment in reviewing the 
records'. Final determination of the accuracy of a record demands that 
the printed version of the data be manually checked against th~ original 
document. In describing the creation of new files, Wooldridge, Corder 
and Johnson state that: 

1I ... after the data has been transferred to magnetic files the 
first time, it must be printed out in full. Every item must be 
checked. This is a time-consuming and tedious job; it is the 
responsibility of the user department, and plans should be made'"-' 
well in advance for laying on extra staff, authorizing oyer-time, 
etc. All discrepancies between the computer files and the 
manual ones must be checked out. Sometimes the error will be 
in the old files, ih which case it must be corrected from 

45Wooldridge, Susan, et a1., op.cit., p. 58. 
47 



Form 3.2.4-1 Computer Editing Weighting Factors 

NON-UNIQUE Does an Has all Does it check Is missing Are there Are there checks on 
IDENTIFIER adequate data in for errors data reasonable- internal consistency? 

edit the file in field foY'- reported? ness checks? (Is reported age 
routine been run mats? (Alpha (No married cons'istent with 
exist fOl against data in nu- 6-yr. olds birthdate?) 
this this edit meric field, etc.) 
variable? routine? etc. ) 

* 
YES NO YES NO YES NO YES NO YES NO YES NO 

LAST MALE , 
NAME 

F~:MALE 
'> .. ' \'- I' 

FIRST NAME 
;; 

MI DDLE NAr~E 

SEX 

13IRTHDATE 
~: .. 
BIRTHPLACE 

-
MARITAL STATUS 

" 
~-

ADDRESS 

OCCUPATION 

EDUCATION 
PHYSICAL 
CHARACTERISTICS 

*If no, place checks in all NO columns on this form for the variables affected. 
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scratch ... it is very dangerous to start live processing with 
unchecked data, and it should never be authorized. Print-out 
and checking should continue for the first few cycles of the 
system; undetected program bugs and input errors are not only 
likely but extremely likely."46 . 

Robert Goldstein, in his Datamation article entitled "The Cost of Privacy" 
has suggested that, as standard procedures are adopted for reviewing the 
contents of files for compliance with the Privacy Act, approximately 10% 
of the records will either be dropped or rechecked in any given year. 
Under such a procedure, he estimates that: 

",For a typical system, about 10% o{ the records would expire 
each yeCj.r.,- and 90% of these woul d be rechecked rather than 
dropped. " 2j. 7 

This emphasizes the importance of such manual checks. Richardson and 
Cunningham have pointed out that audit trails can be kept with each data 
item in the file in such a way as to enhance the review of edlted data. 

"Reviewing of edited data can benefit considerably from 'data­
marking', i.e., storing a bit-string with every item to 
indicate whether the item: 

(i) 
(i i) 
(i i;) 
(i v) 
(v) 

has been queried without correction; 
is to be accepted regardless; 
has been corrected manually; 
is a candidate for automatic correction later; 
has already been automatically corrected. 1I48 

An evaluation of the current file must include an analysis of the type 
of manual checking procedures employed to date. Form 3.2.5-1 gives the 
reader an opportunity to score the variables in his file with respect to 
these manual checking procedures. 

3.3 SUMMARY OF WEIGHTING FACTORS 

Form 3,,3-1 can be used to determine final wei.ghting factors for each of 
the standard biographical data elements in the table. The check marks 
appearing in the NO columns of each of the preceding charts should be 
totalled for each variable and the results entered in this form. These 
results are used to determine candidate fields where error and omissions 
are likely to occur. . , 

46Ibid., p. 61. 

41Goldstein, Robert C., liThe Cost of PrivacY,1I Datamation, October 1975, 
~" , ':<--

p.65. 

48Richardson, M. and A. D. Cunningham,1I Ve'tting Of Industrial Survey 
Questionnaires," Applied. Statistics; Vol. 2, No.1, 1972, p. 54. 
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NON-UNIQUE 
IDENTIFIER 

LAST . 
MALE 

NAME FEMALE 

FIRST NAME 
, • ~a 

MIDDLE NAME 

SEX 

BIRTHDATE 

BIRTHPLACE 

MARITAL STATUS 

ADDRESS 

OCCUPATION. 

EDUCATION 
PHYSICAL 
CHARACTERISTI CS 

• 

Form 3.2.5-1 Weighting FaQtors for Manual Accuracy Checks 
, --

Is the record pripted Is the printed output 
out after storage jn checked against 

,/ 

file? original document~ 

YES NO YES NO 

. 

" 

• • • . .. • 

Are update proced- Did the personnel 
ures audited by receive special 
printing and verif~ training for 
ing t~~ updated this work? recor . 

YES NO YES NO 

,,; 

• 'L~--'--- • ... -~~----'~ 



NON-UNIQUE DECAY INHERENT 
IDENTIFIER FACTORS CHARAC-

TERISTICS 

LAST MALE 
NAME FEMALE 

FIRST NAME 

MIDOLE NAME 

S~X 

BIRTHDATE 

BIRTHPLACE 

MARITAL STATUS 

ADDRESS 

OCCUPATION 

EDUCATION 
PHYSICAL 
CHARACTERISTICS 

-~- --, • .. ~--
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Form 3.3-1 Cumulative Weighing Factors for 
Standard Biographical Data Elements 

DATA COLLECTION INPUT COMPUTER MANUAL 
BASE PROCEDURE PROCEDURE EDITING CHECK 
FACTOR FACTOR FACTOR FACTOR FACTOR 

.... 

, 

I': 

- '. 

• • 

CUMULATIVE 
WEIGHTING 
FACTOR 

. 
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4.0 FILE VALIDATION 

4.1 INTRODUCTION 

Agencies currently maintaining personal data files will be concerned 
with the development of procedures for complying with the Privacy Act 
provisions regarding the relevance, timeliness, and accuracy of data in 
the i ndi vi dua.l records. The fil e val i dati on techni ques thus established 
will also have implications with respect to the evaluation of the level 
of accuracy maintained in the file over time. Statistics reflecting 
the number and type of problems detected when selected recoy'ds are pro­
cessed should give a clear picture of improvements in data handling. 
For purposes of the current discussion, performance of file validation 
is crucial to formulation of a reasonably accurate estimate of the re­
trieval reliability for each of the variables maintained in the records. 

4.2 VALIDATION TECHNIQUES 

Section 3 emphasized the importance of the source document with respect 
to the ultimate accuracy level of the file. The CUMULATIVE.WEIGHTING 

• 

• 

• 

FACTOR column in Table 3.3-1, Cumulative Weight Factors for Standard • 
Biographical Data Elements, gives the total number of negative points 
accumulated for each variable during that analysis procedure. If all 
of those variables have approximately the same final scores, then the 
information gained is not discriminatory, but rather implies what is 
to be anticipated in the area of accuracy for the entire file. If, 
however, a few of the variables have much-higher scores than the others, 
these should automatically be eliminated from consideration as retrieval 
keys. These values are not as directly quantifiable as error and 
omission rates, but should instead serve as guidelines in the retrieval 
key selection process and, incidentally, as indicators regarding future 
use of these variables. 

Evaluation of error and omission rates must be accomplished through man­
ual checks of the source documents against listings of the records con­
tained in the computer file. The first decision to be made regarding 
this procedure involves determination of the number of documents to be 
checked. A reasonable starting point would be to consider using a small 
test sample, say 100 records, for this procedure, and then to select a 
sample size according to the procedure given in Section 5.4. It appears 
that a determination of error/omission rates would be satisfactory if 
the standard deviation is less than or equal to .01. The procedure 
described in Section 5.4 is based on this degree of accuracy. 

Once the sample size has been established, the selection of the actual 
records can be made. The most important factor here is that the records 
must be selected from different physical locations within the data base. 
This is essential to avpid skewing of the results due to system problems 
such as the existence of bad tape, overwritten disk blocks, etc. Further, 
since both the accuracy and the nature of the data may have varied over 
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time, randomness in selection of records is essential to a fair evalua­
tion of the state of the data base. The number of physical locations 
used in a given data base will depend upon its size, but that number 
should not be less than four if a reasonable sampling is to be aChieved. 

For purposes of recording error and omission counts, a chart similar to 
that shown in Table 4.2-1 should be created. This chart may also serve 
as an audit document demonstrating the problems detected, resulting error 
analysis, problems remaining unresolved, action to be taken, and, finally, 
indication that the file has been corrected and checked. The analysis 
results for each record should be kept on a separate sheet for ease of 
use and also as a precaution against the introduction of confusion be­
tween records. 

4.3 FILE VALIDATION EXAMPLE 

An example of the techniques involved in manual eyaluation of the ac~ 
curacy of the information contained in the files is given in this sec­
tion. This discussion is based on use of a small dummy data file con­
sisting of one hundred records constructed through random accessing of 
the telephone book and the random number generator. Separate accesses 
were made for each component of each name and for each number group. 
Thus the entries are entirely fictitious . 

The ten records (in this case ten percent of the file) selected for 
validation are shown, in the most accurate source format available, in 
Table 4.3-1. This data ;s assumed to exist on the application forms 
filled out by each of the individuals. It is also assumed for purposes 
of illustration that the printouts shown in Table 4.3-2 were obtained 
for each of these records from the computer file. 

Table 4.3-3 contains the results of the manual check performed on records 
number 20 and 30. In this case, data has been stored in the file for a 
set of twins, HECTOR and HARRY GENERAUX. As is clear from the source 
documents, the twins lived at the same address at the time the applica­
tions were filled out. In the intervening period, HECTOR moved to Laurel 
Street) and a system update was initiated by the operator when he re­
ported his new address. The update to the record was made on the basis 
of SURNAME, and BIRTHDATE, and thus it was easy for the mistake toiioccur. 

"'oo~ 

In record number 70 an obvious case of number transposition has occurred 
in the address field, in this case affecting both street and house 
number. Record 80 has a mistake in the spelling of the SURNAME where 
an III has incorrectly been input as 'EI, And in record 100, a mistake 
has occurred in entering the birthdate. These errors are summarized in 
Table 4.3-4. 

Use of these rates is discussed in Section 5. 
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Table 4.2-1 Suggested Format for File ~alidation Record 

RECORD ID INITIAL CHECK BY DATE ------- ----- -----
, 

I i 
LISTING 

BIOGRAPHICAL SOURCE ERROR DETECTED CORRECTED CHECKED: 
DATA ELEMENT DOCUMENT (S ) MISSING INCORRECT BY (initials) BY (initials) 

DATA DATA ON (date) ON (date) 

-

, 
i 
I 

it 

• • • e • 
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., 

SOURCE 
OF DATA 

Applica-
tion 
Form 

Vpdate 
Sheet 

I, 

\i 
"-

.-----. -~ .• ~- - '. 

Table 4.3-1 Source Docum~nts for Ten Sampl1e Records from the Dummy Data, Base 

CASE # SURNAME FIRST NAME MIDDLE STREET ADDRESS DATE OF BIRTH 

10 BROADWELL MEYER A. 3G90 S. Oxford September 18, 19Qp 

20 GENERAUX HECTOR M. 3872 Tremne July 7, 1932 

30 GENERAUX HARRY M. 3872 Tremne July 7, 1932 

40 INIQUEZ VIRGINIA A. 1409 Avenue Fifty-One September 18, 1953 

50 LIRA JAIME J. 3018 Second Ave. October 1, 1938 

60 NARITA MASATO - 5611 Towne November 22, 1925 

70 RICHMOND JOHN - 7012 W. 41st December 28, 1909 

80 STRIGLOS ARNOLD S. 1513 Beverly February 4, 1952 

90 l~ALL ROY E. 2800 Geer May 18, 1936 
{/ 

100 ZWEIG EDWARD - 430 2nd Avenue October 15, 1955 

20 GENERAUX HECTOR M. 4904 N. Laurel July 7, 1932 
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Table 4.j-2 Computer Listings for Ten Sample Records from the Dummy Data Base 

CASE # SURNAME FI RST NAME 

10 BROADWELL MEYER. 

20 GENERAUX HECT~IR 

30 GENEKAUX HARRY 

40 INIQUEZ VIRGINIA 
\ .. -/' 

50 LIRA JAIME 

60 NARITA MASATO 

70 RICHMOND JOHN 

80 STREGLOS ARNOLD 

90 WALL ROY 

100 ZWEIG EDWARD 

MIDDLE 
INITIAL 

A. 

M. 

M. 

A. 

J. 

S. 

E. 

STREET ADDRESS 

3690 S. Oxford 

3872 Tremne 

4904 N. Lautel 

1409 Avenue Fifty-One 

3018 Second Ave. 

. 5611 Towne 

7:D41 W.12th 

1513 Beverly 

2800 Geer 
() 

~~ti~)nd Avenue 

If 

DATE OF BIRTH 

9/18/06 

7/7/32 

7/7/32 

9/18/53 

10/1/38 

11/22/25 

12/28/09 

2/4/52 

5/18/36 
;:;:. 

10/10/55 

. il 
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Table 4.3-3 File Validation Record for a Sample Record from the Dummy Data B.ase 

RECORD 10 __ 3_0 ____ _ INITIAL CHECK BY ----- DATE 12/10/75 

LISTING 
BIOGRAPHICAL SOURCE ERROR DETECTED CORRECTED '. CHECKED: 
DATA ELEMENT DOCUMENT(S) MISSING INCORRECT BY (initials) BY (initials) 

APPLICATION DATA DATA ON (date) ·ON (date) 
FORr~ 

SURNAME X 

FIRST X NAME ./ 

~ 

X 
STREET X SHOULD BE 
NUMBER " .- - 3872 

>" 

STREET X 
X SHOULD BE ADDRESS TREMNE 

DATE 
OF X 

BIRTH . 

> ~-:~) 

c 
;, 

,. l:' ~---
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Tab 1 e 4.3-4 Summary of Errors and Omi ss ions Detected in Anal ys i s of 10% of the 
File 

r- BIOGRAPHICAL - TOTAL NUMBER OF ERRORS DETECTED 
MI SS I NG-~-""-----fNCORRECT .-------

DATA ELEMENT DATA DATA 

SURNAME 1 
~~ .. , ." ... ' ,. -'\~)--'-"' 

FIRST NAME 
. ~. . ' ... -.... ~.--~-.---.-

STREET NUMBER 3* 
. . . ..... ~~. .. ~ ~~----...---.. - --

STREET NAME 3* 
, '--'" .,-_.-

DATE OF BIRTH 1 

" 

" 

*Since the wrong record was updated for the Generaux twins,and another address 
error exists, there are a total of 3 incorrect addresses in the file., 
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5.0 COMPUTER'SIMULATION OF DATA BASE RETRIEVAL 

5.1 PRECISION AND RECALL 

The preceding sections 'have introduced methodologies for determining the 
·reliability of currently existing data bases. It was seen that a large 
part of the privacy problem reduces to the technological capabilities of 
information storage and retrieval systems. This section therefore deals 
with concepts related to these questions,such as effectiveness of re­
trieval techniques, precision, and recall. Finally, the quantification 
of these concepts provides tools for information systems managers to use 
in evaluation of the effectiveness of their systems. Computer simula­
tions are a powerful aid in performance of such evaluations. Accordingly, 
a mathematical model and its associated computer simulation are presented 
in this section. 

As noted in Section 2.4, the effectiveness of information 'storage and re­
trieval systems has classically been measured by two parameters: recall 
and precision. Recall is defined as the per~~ntage of 'relevant records 
which are 'retrieved in response to a particu"dr query, while precision 
is the percentage of the retrieved records which are relevant. An ideal 
system returns 100% of the relevant records in the data base in response 
to each query, and"in that subset of the data base retrieved by the system, 
100% of the r'ecords arereievant. Such high levels of f"'ecall'~aiid preCi'5-ion'~-c--,~~ 
can be simultaneously achieved under the fol)owing conditions: 

1. Queries refer only to key fields where the data is perfectly 
recorded (no errors or omissions). , 

2. All of the records in the data base are examined to determine 
if they meet the query criteria. 

Many storage and retrieval systems are operated as if these conditions were 
true when, in fact, they are known to be false. Condition 1, perfectly 
valid data, can be approached, but never really reached; condition 2, 
examination of all records in the data base, can be simulated by the use 
of indexed file structures and multi-level searches. Indeed, when 
queries consist of only terms upon which indexes have been built~ condi· 
tion 2 holds for real data bases . 

It'should be pOinted out, however, that the recall and precj~ioh figures 
discussed in the preceding paragraph refer only to the rela~ionship be­
tween the query as stated to the system and the retrieved records which 
resulted from the query. Normally this process ;s simply a surrogate 
for the more complicated process of locating"the record or records in a 
data base which match some aspect of the real world. Often the criteria 
by which the user wishes to select a record are not those criter'ia which 
were embodied in the indexing system of the data base, thus causing the 
user's query to be translated intq one or more ,system-oriented queries 
before the search is carried out.' Under these conditions, the most 
interestlngqueries 'are likely to be those which the systemoannot answer, 
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and which are thus not translatable into equivalent system oriented q~ery 
formulations. Consequently, the system-oriented translations of such' 
queries, even if answered with 100% recall and precision, do not provide 
high levels of recal'i and precision with respect to the real query -­
that specified by the user. 

Errors in the data base become most important when queries are made very 
specific and when total recall (with respect to the real world, not just 
to the query) is required. When, for example, there is a statutory re­
quic;'ement to identify the records in a data base which contains personal 

• 

• 

data in order to provide benefits to those persons who meet the necessary • 
qualifications, there is at least a social cost associated with neglect-
ing to properly identify those individuals who should be provided with 
the benefits, and there is an economic cost which results from improperly 
providing benefits to ineligible recipients. There is also a statutory 
requirement that agencies which maintain personal data bases provide, 
upon demand, the records which pertain to an individual and allow the • 
subject of such records .to cha1lenge errors of fact, etc. The problem 
here is .one of providing the inquirer with his, and only his, record, 
without requiring him to provide sufficient information to create a 
record on him if it d~es not alread'y exist. 

. '\ 

Errors in the data basE.l may be of t~i,) types: ·.des tructi ve, where the er­
roneous data in a particular field errs in such a way that it will not 
satisfy any real query against the data base, and transformational, where 
the content of .a data field is wrong, but satisfiable. An example of the 
first type of error would be something like AGE=28 (alpha data in a nllmeric 
field), which will never match a numeric query statement. An example of a 
transformational error is NAME=SMITH (when the name is really SMYTHE). 
Destructive errors cause a record to become inaccessible via the particular 
key field in which the key value has been destroyed, while transformational 
errors will cause the record to be returned in response to queries for 
which it is irrelevant, and to be missed when it shOUld be found. The 

c effect of error rates in the various data fields employed in a query can 
be quantified as follows: 

1. Given a query Q consisting of the conjunction of n keys 
K1, K2, K3, ... Kn, where the Ki each represent a parti­
cular value of a particular key field in the data base 
records, and 

2. If each of the fields in the query Q is associated with 
confidence factors (equal to 1 minus the sum of error 
and omission rates) c1 ' c2' ... cn' 
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then the recall rati 0 associ ated wi th the response to query Q is the pro­
rluct of the confidence factors associated with each of the key fields:* 

n 
3. G = TT c. 

i =1 1 

It fo110ws that queries which reference more key fields in an attempt to 
,achieve more precision tend to be subject to smaller recall ratios sincel! 
the ci are always less than or equal to 1. 

5.2 QUERY FORMULATION FOR BEST RESULTS 

Queries should be formulated using the most restrictive key fields in 
order to provide the most specific answers.,' Additional precision can be 
achieved by utilizing the conjunction of more fields in each query, al­
though this may result in a decline ;n the recall ratio~ thus causing 
records to be missed which are actually contained in the data base, Equal­
ly, those fields with the lowest error rates (i.e., with the highest con­
fidence factors) should be preferred over those known to be badly in error. 
Qualitatively, the following order pr9vides the greatest discrimination 
among records: . 

1. Name (Surname and Given Name), although the discriminatory 
power of this field varies depending on the nature of the 
surname. Matching a name like TREFFTZS provides much more 
information than matching a name like SMITH, for example. 

2. Surname. 

3. Residence address (Street Number, Street Name~ City, and 0 

State), although this information tends to decay rapidly 
with time. 

*Recal1 ratio is defined as the proportion of relevant recoras retrieved 
in response to a query, or equivalently, as the probability of a relev~nt 
record being retrieved. For the purpose of this discussioh (as pointed 
out above), a relevant record is one~orresponding to an individual who 
has exactly those attributes defined by the query. However, the actual 
recoy'ded key values may either be:,;n error or omitted. Thus, th<!! pro-
bability of the key value in the ith key field being correct) and hence, v 

retrievable by the query, is ci, If the retrieval mechanislTl is-,,~uch 
that a record is retrieved only if it matches on each of n key values 
in a query, then it follows that the probability of a relevant record 
being r:~trieved';'is the product of all the n probabilities; i.e.; 

1:",) 

G ;: c x c2 x ••• xc::: fr G., 
1 n . 1 "1 1= 

and so this is the~ecall ratio. 
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4. Date of Birth (Year, Month, and Day). 

5. Place of Birth (City, State), although this also varies: 
Sparta, Illinois as a birthplace provides more identify­
ing information than does New York, New York. 

6. Sex. This is an example of a key field which provides 
very little information -- it may partition the file into 
two equal halves at best. In more extreme cases where 
the contents of the file are heavily skewed (all males 
or all females) this field provides, in general, even 
less information, only being useful in the rarer cases. 

Subjective estimates on the discrimination of various keys are provided 
in Table 5.3-1 while statistical data on surname records are given in 
Table 5.3-2. 

5.3 SOFT MATCH TECHNIQUES 

IlSoft-Match" techniques may be utilized to overcome the decline in recall 
which is normally associated with improvements in precision. The increas­
ed error rate which is associated with increases in the number of variabl~s 
entering.into the query can be reduced by examining the records retrieved 
by the sub-queries. For example, a query containing three key fields,would 
ideally return a record (or set of records) in which the three required 
values are found. Errors in the recording of either the original data 
or the query may, however, have produced only a partial match, i.e., for 
either one or two keys. The problem is to devise a method for accounting 
for these partial matches. Such methods are called "Soft-Match" techniques. 

The result of a Soft-Match Technique is not only a set of retrieval records, 
but also a numerical weight assigned to each record to indicate its degree 
of responsiveness to the query. In Appendix III a specific weighting 
scheme for a Soft-Match Technique is presented. 

5.4 EXAMPLE OF USE OF FILE VALIDATION SUMMARY DATA 

In Section 4.3, an example of the use of file validation techniques is 
given. Tables 4.3-4 detailed the summary'of error and omissions within 
the sample data file. The final tally of errors shown in the table for 
each of the va~iables is: 1 

Variable 

SURt\~ME 

FIRS\~"NAME 
STREET NUMBER 
STREET NAME 
DATE OF BIRTH 

62 

Error Count Per 10 

i ; 

1 

a 
3 
3 • 

1 

• 

• 

.' 
• 

• 

• 

• 

• 

• 
{ 
f <It",:' 
, 



I r. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Table 5.3-1 Retrieval ~atios (EstimatJs of Proportion of File Retrieved)* 

.. 

Field Number Contents Retrieval Ratio 

1 Day and Month of Birth 1/~65 

2 Month of Bi rth 1/12 

3 Year of Birth 1/50 

4 State 1/50 

5 Sex 1/2 

6 Street Number 1/10,000 

7 Street Name 1/5,000 

8 Education 1/15 

9 County 1/3,000 

10 Date of Birth (YMD) 1/18,000 

/'-

\j \, 

*The VqJ ues used are based on subjecti ve estimates taki ng into cons; der­
,.ation the meaning of the k~~ys. These values are used in the model de-
scri bed ,; n Secti on 5.5. '. 
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Table 5.3-2 Statistical Classification of Surname Records as compiled 
from Social Security Administration Accounts. 49 

DECILE* Number of Records Retri eved** % of File Retrieved** 

1 16.35 .00000987% 
2 408.17 .0002459% 
3 1,599.28 .0009635% 
4 4,515.456 .00272037% 
5 8,000.00 .00481966% 
6 10,999.94 .006627% 
7 20,997.32 .01265% 
8 80,000.62 .048197% 
9 130,000.80 .07832%· 

10 561,773.3 .3384% 

*Decile 1 corresponds to the least common names, Decile 10, the 
most common (e.g., Smith). 

**Based on 1 value per surname key. Each decile contains 10% 
of the population. 

49uReport of Distributions of Surnames in the Social Account Number 
. File," Department of Health, Education and Welfare, June 1, 19Q4. 

64 

• 

• 

• 

• 

• 

• 

• 

•• 
-' ~'" 

• 

• 



• 

• 

• 

I 

• 

o 

These error rates imply that the file as a whole is heavily riddled with 
serious errors: the single error in the surname sample implies::;tat 10 
of the records in the file are coded with an erroneous SURNAME -- this 
is 10% of the file. Three detected errors in the STREET NUMBER again 
imply that 30% of the street numbers in the file as a whole are in error, 
etc. Based on this information, a typical query against this file, using 
the keys of SURNAME, GIVEN NAME, STREET NUMBER, STREET NAr~E, and DATE OF' 
BIRTH, would have a combined confidence/recall factors of only 39,69% -­
less than half of the truly relevant records would ever be located in 
response to a query. 

Normally, of course, statistical methods would not be used on a file as 
small as the dummy data base discussed here, but would be used for a file 
containing thousands of records. The procedure is as follows: 

Suppose we want to determine the error rate (or the omiss'ion rate -- the 
theory is the same) so that the true value differs from the measured 
value by less than 0.01 with a high probability (say 66%). This means 
we want to choose a sample size so that the standard deviation in the 
determination of the error rate is less than 0.01. The standard deviation 
is given by the formula: 50 

o error rate' J error rate x (1 - error rate) 

Sample Size 

Therefore, if we wish the standard deviation to be less than D.01, we 
must have 

Sample size> 10,000 x error rate x (1 - error rate). 

Since the product of the error rate and its complement is bounded by 0.25, 
a sample size of 2,500 will assure a standard deviation of less than 
0.01. But a smaller sample size may be used, depending on the magnitude 
of the error rate. To determine this, select a small test sample, say 
of 100 records. Estimate the error rate for this test sample. Then a 
safe determination of an adequate sample. size is given by 

Sample size = 10,000 x estimate of error rate. 
l 

For example, if the estimate is 0.1, then the sample size should be 1000. 

Having determined the error and omission rates, the confidence factors 
(see Section 5.1) can be calculated. The recall ratio for any query in­
volving the key fields for· which these confidence factors have been 
developed is simply the product of the confiden~e factors. 

50Hoel , P. G., Introduction to Mathematical Statistics, John Wiley and 
Sons, New York, 1954, pp. B7-BB~ also pp. 107-10B. This is the usual 
formula for the standard ~eviation of a mean value. 
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Assuming that the error and omission rates for the variables SURNAME, 
STREET NUMBER, STREET NAME, and DATE OF BIRTH were 0.01,0.03,0.08,0.01, 
respectively, then the resulting confidence factors would be: 

SURNAME 0.99 
STREET NUMBER 0.97 
STREET NAME 0.97 
DATE OF BIRTH 0.99 

and a query involving all four of these fields would tend to retrieve 
0.99 x 0.97 x 0.97 x 0.99 = 0.922 or 92.2% of the relevant records. 

Use of these data will be shown below. 

5.5 PRECISION AND PROBABLE MATCH 

Given a certain retrieved record, the question arises: Is it in fact 
the correct record for the requester? The answer to this must be ex­
pressed as a probability. The theoretical formulation of this probabil­
i ty problem is presented in Appendi x I I. 

A computer program was written to calculate probability values resulting 
from the use of various combinations of keys. Recall that the basic pro­
blem is to evaluate the probability that a record will match a requester 
given~,the presence in the record of a number of key values K , ... , K 
whi(L)natch the request. The probability values are develop~d in ter~s 
of f~e following auxiliary quantities. 

(1) p = the .!p~'>iori probability that a randomly selected record 
corresponds to that record desired by a requester. 

(Notation in Appendix II, Equation(16), p = P(Mi )) 

The range of p should be from liT (where T is the largest population from 
which the data base is selected) to liN (where N is the number of records 
in the data base). . 

For each key j on which the search is conducted, let 

(2) aj = error rate in key j (a proportion) . 

(3 ) b. 
J 

= relative frequency of omission of data in key j. 

From (2 ) and (3), We calculate 

(4) c. = 1 - a· - b .. 
J J J 

Thus Cj is the probability 
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P(K.jM.) 
J 1 

given in Appendix II~ Equation (8b). 

(5) Let nj be the number of records with specific matching data in 
key j~ i.e., the number of records retrieved matching the re­
quested value of key j. Let N be the number of records in the 
data base~ then define 

r. = n./N 
J J 

Thus rj is the probability P(K) given in Appendix II~ p. 176. 

(6) For each key value j we define 

s· = c./r .. 
J J J 

(7) We then have from Appendix II, Equation (18), the probability 
P(MiIKj} given by 

qj = PSj 

(8) An auxiliary quantity F (Appendix II, Equation (23)) is then 
calculated: 

( 
p ) n - 1 fr (1 -qj) 

1 - P . 1 q. . J = J . 
F = 

where n is the number of key values which match the request. The quan­
tity F is used as shown below. 

(9) Finally, the r.equired probability (i.e., the probability that 
a record is that desired by a requester conditional on a match 
on n key values in the query) is given by 

V-I - n EF 

where E is a quantization of a certain independence relation between the 
keys. (see Appendix II~ pp. 179-180). The smaller the value of E, the 
greater t.he ability of the keys to discriminate. Independent keys mean 
that E = 1. If E < 1, then V > 1/(1 + F). 

The probability value V corresponds to the precision of a retrieval of 
one record. 

Results of the computer simulation are shown in Appendix 1. The tables 
. shou 1 d be read as follows: 
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(1) Each table is identified by the data fields used in the 
simulated query. All simulated queries utilized the sur­
name field. 

(2) The surname decile identifies the discriminatory power of 
.the particular surname used in the query: Surnames in 
the first decile are the most specific (TREFFTZS, for 
example) while those in the tenth decile are the more 
common surnames, such as JONES and SMITH. 

(3) The column headings reflect the three sample file sizes 
which were simulated: 1 million, 4 million, and 220 
million records. 

(4) The left column of the table reflects the recall factor* 
obtained by multiplying together the simulated error rate 
for each of the fields utilized in the query. These rates 
were varied in parallel from a (no errors) to 6% errors 
in increments of 0.5%. All fields were assumed to be 
subject to ~hesame error. 

(5) The body of eacH! table tabulates the precis~on of each 
retrieved result with respect to the query. Values of 
1.0 imply that unique records were properly identified. 
Va 1 ues 1 ess than 1. a imply that the probabil ity of 
unique identification i~ less than 100%. 

The model reflects the precision and recall resulting from the attempt 
to locate the record pertaining to a ~~ecific individual in a data base 
of the specified size, subject to given error rates, for several types 
of hypothetical queries. Three file sizes are postulated: a file of 
220 million records, one of 4 million records, and a smaller file con­
taining only 1 million records. All the queries are assumed to consist 
of a surname and one or more other key values. The discriminatory power 
of a query varies with the discriminatory power of the key and key values 
used and the confidence factor in the data base. The precision of a 
retrieval made against the three file sizes given the retrieval confi­
dence factor of 92.2% in the example of Section 5.4, and utilizing the 
four key fields of surname, street number, street name, and date of birth 
can be read from the fifth line (recall 0.922) of Tables 5a - 5j in 
Appendix 1. The tables present 10 different values for the retrieval 
precision of such a query, depending on the value of the surname: names 
such as Jones have far less discriminatory power than names such as 
Trefftzs or Krcmar. It can be seen that the precision of a query im­
proves as the file size decreases. Files smaller than 1 million records 
will provide proportionately better results. 

* The definition of recall is given in Section 5.2. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

The preceding sectivns have addressed the problem of accessing individual 
records from personal data files using non-unique identifiers where 
accessing includes updating, purging, and other bookkeeping tasks. The 
value of the legislation requiring Federal agencies to make such 'records 
available on request to individuals whose dossiers exist in their files 
is obvioui, but compliance with this legislation is a complex matter for 
which there ,can be no single generalized approach. Each agency must 
determine independently the most appropriate solution given its own 
operational environment. 

Exphasis in this document has been on one aspect of the required imple­
mentation: the retrieval of the individual IS record through use of 
identifiers that he can readily recall and that do not include his Social 
Security account number. The analysis has included examination of the 
characteristics of standard identifiers with emphasis on the varying 
selectivity of these variables. The high discriminatory value of the 
NAME variable resulted in inclusion of descriptions and evaluations of 
several of the currently available name lookup algorithms. Techniques 
applicable to this type of retrieval problem were discussed along with 
indexing schemes ranging from the most straightforward to complex systems 
of encoded pointers. 

The selected examples for generating the precision tables from the mathe­
matical model (see App. I) clearly show that retrieval through use of 
non-unique identifiers is, indeed, possible. It must be understood, 
however, that the search keys used in these examples are illustrative 
only. In practical cases it may be necessary to employ search keys with 
more discriminating power. Furthermore,'such retrieval has been carried 
out in a variety of ways and has proved to be practical. For example, 
the 3-level index scheme developed by the Immigration and Naturalization 
Service presently retrieves 5,000,000 records (anticipated growth up to 
10,000,000 records) with a response time per record measured in seconds. 

The discuSSion of available techniques also made it clear that the degree 
of success resulting from use of such techniques depends directly on the 
quality of the data items being used as search keys. (The assumption 

. is made that the query data itself if correct and that it has been 
entered properly.) The reliability of retrieval through use of non-unique 
i dentifi ersVias further demonstrated through use of a probabil ity model 
programmed to generate the precision (i.e., the probability that a record 
if. retrieved as matching .the query, as formulated, ,on a variety of keys, ( 
will be in fact the correct record), given a wide range of recall factors I 
(i. e., the probabil ity that the record, if in the fi 1 e, wi 11 be retri eved \ 
based on a range of confidence factors simulating a reasonable level of 
err'or and omission rates). Results from this modeling procedure again 
indicate, that retrieval mechanisms based on high discrimination keys 
are practica'l. 
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It is also clear, however, that these techniques must be implemented with 
great care. The use of non-~nique identifiers results in very high pre- • 
cision but rather low recall. This effect is obvious from considera-
tion of the fact that the more identifiers used, the more complete the 
identification of the individual becomes. At the same time, the intro-
duction of more keys increases the potential for problems in matching 
exactly the information that is contained in the file. For this reason, 
a Soft-Match Technique, such as that described in Section 5, may be • 
necessary as back up to the retrieval procedure. 

6.2 RECOMMENDATIONS 

The Office of Management and Budget has interpreted the language of the 
Privacy Act to mean that the mere existence of personal data items in a 
file is not sufficient to bring it under these legislative constraints. 
In accordance with the definition of "system of records II (Privacy Act, 
Sec. 552a (a) (5)) these items become relevant only when they are used 
as retrieval keys: . 

"This language further suggests that the Congress did not 
intend to require that an individual be given access to 
information which the agency does not retrieve by referengr to his or her name or some other identifying particular." 

. A first step in compliance will then be to determine the exact keys cur­
rently in use and from that list to determine whether or not the legis­
lation applies. 

The current 'considerations apply only to the specific problem of the 
retrieval of an individual IS record. But even this single aspect of 
the legislation will require a review of existing systems to make the 
fo 11 ow; n9 determi nat; ons': 

1. Are the personal identifiers contained in the file necessary? 

2. What non-unique identifiers are currently available as 
retrieval keys? 

3. Are these curl"'ently available retrieval keys adequate for 
accessing the required records in a cost effective way? 

4. If not, how can the existing capabilities be expanded or 
modified to make the required records accessible? 

Each of these considerations is discussed below. 

51 Office of Management and Budget Circular A-108 and accompanying 
"Guidelines for Implementing Section 3 of the Privacy Act of 1974," 
Federal Register, 9 July 1975, Vol. 40, No. 32, pp. 28948-28978. 
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6.2.1 Evaluution of Current File Access Capability. If it does ·apply, 
the agency should make a determination of acceptability of the current 
retrieval capability in the context of the legis1ation and the OMB Guide­
lines. Using the search keys that are both available and relevant, 
weighting factors should be formed as outlined in Section 3. Thi!s pro­
cedure should be followed by an analysis of the error and omission rates. 
for these variables as suggested in Section 4. From these rates, confi­
dence factors can be fanned, using the methodology described in Section 5, 
and a determination of precision and recall made for some combinations 
of these variables using the computer-generated tables shown in Appendix 
I. If the variables that are already available as retrieval keys are 
not adequate to the task, then current system capabilities will require 
expansion. Some discussion of available techniques is given in Section 
2 for consideration under these circumstances. It should be noted, how­
ever, that the Office of Management and Budget has stressed use of exist­
ing capabilities whenever possible. 

H ••• the development of new retrieval and indexing capa­
bilities is not encouraged, rather agencies should ex­
ploit existing capabilities to serve individual ne.eds. IIS2 

6.2.2 Evaluation of the Data Base. The most difficult aspect of the 
analysis procedure is that involving evaluation of the data base itself. 

An orderly sequence of steps should be taken to evaluate any data base 
in order to bring it into compliance with the requirements of the Privacy 
Act. A simil ar sequence shoul d be foll owed when establ i shi ng any new 
data bases containing personal data. For existing data bases, the re­
quired actions fall into the categories of: 

1. Ana lys i s of present data val i dity, 

2. Correction of errors, 

3. Retirement of obsolete data, and 

4. Establishment of a review cycle to keep data current. 

For new data bases~ the first of these steps is replaced by an analysis 
of data reqUirements and initial data collection steps. 

l~hile it is unrealistic to aSSUltle that any data base is error-free in 
any data field, all fields which comprise the data base shpuld 
contain data which are as accurate as possible. Error rates which ex­
ceed four or five percent tend to throw the util ity of the data base into 
question, and fields with such error rates should be either corrected 
(at some cost) or deleted from the file. The basic test of any personal 
data base is whether the peop 1 e represented by the records in the da ta '.' 
base can, in fact, be found and shown to be the individuals to whom the 

. records are assumed to refer. As time passes, addresses change, 
names change, ages change, occupations change, and people move. 

1>2: Loc. Cit. 
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Files which have not been subjected to ongoing verification and update 
activities, particularly those in which the subjects are not actively 
involved in the maintenance process, may be found to contain a large 
cast of fictional characters. 

The requirement for the maintenance of such files should be reviewed 
at the highest levels--certainly such information should not be made 
the b~sis of substantive policy decisions, and the very need for the 
file in question should be carefully considered. Files which are really 
necessary, however, should be evaluated periodica·lly to determine their 
accuracy and to cor.rect erroneous data. 

The utility of such files--and compliance with privacy legislation-­
requires that a high level of accuracy be maintained, and that suitable 
resources be expended to insure such a level of accuracy. 
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APPENDIX I 

PRECISION TABLES 

Tab1e IDs Variables Selected Pages 
Surname and Sex . . . .;. . . 1a - 1j 

2a - 2j Surname and Street Number . . . 
74 - 83 

84 - 93 

94 - 103 3a - 3j Surname and Birthdat~ (month/day) . 

4a - 4j Surname and Birthdate (year/month/day). 

5a - 5j Surname, Birthdate (year/month/day), street Name 
and Street Number . --

6a - 6j Surname and State . . . . . 

7a - 7j Surname, Sex, and Birthdate (month/day) 

8a - 8j Surname, Sex, and Birthdate (year/month/day). 

9a - 9j • Surname, Street Name, Street Number, and ?tate. 

lOa - 10j Surname, Sex, Street Name, Street Number, and 
Birthdate-rY~ar/month/day) .......... . 
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104 - 113 

114 - 123 

124 - 133 

134 - 143 

144 - 153 

154 - 163 

164 - 173 

o 
~~_~.,, ____ -..... ~~"""""""' ............. _ .......... o..-....-~ -
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Table la. PRECISION P.F RETRIEVED RESULTS FOR DATA FIELDS 

AHD SURNAME 
________________________________ .... 1 ____________________ ..... __ .... ----___ :.-______________ ... _________________________ ._ .. ___ ....:.0 

! 
! SURNAt1E DEC ILE I 
!------------------------------------------------------------------------------------------------------------! 

ERROF~ Ri~TE RECALL FACTOR FILE S 12E ! 
1--------------------------------------------------------------------------j ! ! 1 t-lILUON ! 4 t"lIl.LIOH 1 2;;::0 I'lILLION ! 

1-----------------------------------------------------------------------~------------------------------------! 
1 ! ! ! ! 

B.8BU ! 1.0000 0. 10000000E 01 I 0. 10000008E 01 0.88051399E-01 
I 

! 0 sen 0.9900 0. 10000000E 01 I 0. 10000800E 81 0.87230503E-01 
! I 
,! 1 .00n 0.980 i 0. i 8008000E 01! 8. 10000000E 01 0. 86-H 2558E-01 
\ I 

1.50:..: 0.97'02 0.10000000E 01 0. 100000130E 81 0.85597557E-61 

2.00n 0.9604 0.10000000E 01 o . 100000€10E 01 0. 84785554E-el 

2. 50~~ 0.9506 o . 10000000E 01 0. 18000000E 01 0.83976528E-81 

3.1307. 0.9409 8. 113000080E 01 0. 1 £10000i:l0E 01 £1.83170526E-01 

3.507- 8.9312 8.18888881::1E 81 13. It:1000088E 61 0. 8236?54?E-((1 1 

4.00~ 0.9216 o . 10000000E 81 0. 10000088E 01 0.8156?G16F.-01 

4. 5 elY. 0.9120 13. 1000130£I13E 01 0. Hl00fJel80E 01 £1. 807?0?35E -13 J 

5.887- 0.9025 0. 10000000E 01 0.. 18000t;101?1E 81 8. 7997G9S0E -EH 

5.:;587. 0.8930 B. 108088130E 01 0.10000'300E 01 8.79186244E-01 
! 
! 6.esr. 0.8836 0.10000000E 81 8. 10008000E Ell 0. 783986'=2E-01 

• • • • • • • • • 
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Table lb. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 

AND SURNr~ME 
---------------------------------------.----_--._--------------_..-_-----_ .. _------- ---.. --.----------------~.- .. --.. _-------

SURNOME DECILE 2 
(i 

1---------------------------------------------------------------------------------------------------------___ 1 
. ERROR RATE ! RECALL FACTOR ! FILE SIZE i 1-----------------------------------------------------_____________________ 1 

i 1 MILLIO!-l t 4 1"1ILLION ! 220 !1ILLION ; 
!------------------------------------------------------------------------------------------------------------! 
! ! ! ! ! ! 
! 0.B0~ 1.0008 1 0.57820207E 00 0. 18457080E 0.0 0. 3698 t724E-82 ! 

B.5ey. 0.99t18 8.57491933E 130 fl, t8298137E 00 0.3E!;534642E-02 

1 . Bey. B.9801 8.57162050E £10 0. 18139592E 88 0.3616S1373E-82 

! 1. 50~1 0.9;-'82 0. 56830561:lE 08 8. 1 ('9813i'0E 88 0.35885922E-82 
""-I ! 
01 ! 2 ~ tlel~t 0.9604 0.56497'469E" 80 8. 17823478E 80 B.35444293E-82 

2.507- 8.9506 e.56162793E 80 tl. 1766592 iE 00 8.35084401E-02 

3. Be~: 0.9409 e.55826540E 0e 0.1?5t'8784E 30 O.3472648?E-82 

3.f.",Or. 8.9312 0.55488715E fle 0.1 i'351835E 00 0.3437H318E-02 

4. F.li3~~ 8.9216 0.55149'332E 00 0. 1719S320E 00 0.34015963E-02 

4.50<;: 8.9120 0. 54808400E 00 8.1?039160E eEl 0. 33663422E-Et2 

S. 00~; 0.9025 0.54465935E 08 8. 16l38?36?E 88 D.33312?22E-l'l2 

5.50>;: 0.8930 8.54121939E 013 0.16727941E 130 8.2'~963833E-02 

5.00U 0.8836 0.53776428E 00 0.16572891E 00 8.326t6766E-02 



Tab 1 e Ie. PREC IS IIJH OF RETR I EVED RESULTS FOR DATA FIELDS 
SEX 
AND SURNAME . 

-----------------------------------_.-------------------------------------------------------------------------­,. 

SURNAME DECILE 3 
. 1----.------------------------------------------------------------------------------------~------------------i i ERROR RATE , RECALL FACTOR! ' FILE SIZE i 

I ! - ... -----------------.-------------.--.--------------------------------.. -------.! 
I ! 1 I"liLLION !. 4 f1ILL ION 1 220 MILLIOI'I ; 
! ----------------... ---------------------------------------------------------.----------------------------.------I 
I I I I I I 
1 I I I • , 

! 0.00r. 1.0000 0. 18805843E 00! 0.505816~J7E-0j 0. 94308455E-03 

0. 50~~ 8.9908 0. 18644465E 00' 0.50896085E-01 0.93368396E-03 

t.00r. 0.9801 8. 18483400E B0 \1. 19612513E-01 0. 92-433031E-83 

i.59:>: 8.97fJ2 8. i8322655E 00 0.49138986E-ti1 0.9 1 50234'3E-03 
"-I! en, 2.80U 0.9604 0. 18162232E 80 0.48651503E·-01 0. 98576377E-03 

! 
;2.5(:JU 8.9506 £1.18802145E 08 0.481?4885E-01 121. 89655103E-03 

3.00r. 0. 940!:J e. 17'842393E eEl ft. 4(,6987 19E-131 0.88?3fI526E·-03 ! .:-
1 

3.50U 8.9312 0.1?682985E 88 0. 4?225427E-D 1 0.8?8266S0E-03 

4.r:lem 13.92!6 8, 17523927E 00 Et. 467542P.l8E -fj 1 0. EI,6919469E -f11; 

4.50U 0.9120 0.1?365220E 1210 0.46285861E-01 0.86016991E-(13 

5.130«: (~ .9025 6. 1 ?206f378E 121ft 0.458188086-01 O.85119218E·-03 

5.5(3U 13.89313 121. 1712148901E 1210 e.453531348E-;31 a.8..:.i226140E-fl3 , 

6.80U 8.8836 8. t6891298E 
1 .... 01-

68 0.448981 ?F1E-Q 1 \:1. 63337?48F-03 
-----------------.--------------------------~j------..--- .... -------------------,.....--, ..... -- .... -..--------.---.... -,~-- ...... ------------
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Table Id. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SE~ 
nND SURNFIME 

• • 

----------------~---------------------------------------------------------------------------------------------

SURNAME DECILE 4 1------------------------------------------------------------------------------------------------____________ 1 
i ERROR RHTE ! RECALL FACTOR ! FILE SIZE i 

1---------------------------------------------------------------------------! 
! 1 t''11LUml ! 4 tvlILLION ! 228 I'HLLIOH ! 

!------------------------------------------------------------------------------------------------------------! 
0.00U 1 • Stl8G 0.70912752E-01 0.1.8212487E-81 O.33412327E-03 

n. 5e~~ 13.99813 0.70242635E-81 tl.18033273E~-01 €L 33079124E-03 

i.S0X 13.9881 e.695(,5182E-61 0.17854903E-01 t.327475F.:7E-03 

L50~ 0.9762 e,68918182E-81 0. 176(7383E-01 8.32417716E-Fl3 
...... ! ! ...... , 2. 00~~ 0.9684 0.58247861E-01 0. 175130?06E-01 I 0.32089516E~83 " 

! 
! 2.507- 0.9586 o . l~75881 ?5E -01 0. 17324881E-B1 0.31762986E-03 

:3. B0,~ 13.9409 0. 66931119E -€II 8.1?149983E-Bl 8.31438124[-03 

3.5£1U 8.9312 8.66276714E-01 0. 169?5???E-01 0.3111493 r;;:--03 

4.807. 0,9216 €I.656249?0E-01 13 . 1 r58025~i2E-01 o . 31379341:11 E -83 

4.S8r. 0.9128 0.64975889E-\11 0. 16638876E-81 \j. 3t14?:?5<'~4F.:-83 

:5. Et0~~ 8.9025 8.64329493E-01 0.164585031::-01 8. 381 ~33,)GE -f;l:3 

:::.50~ 0.8930 0.63685?84E-01 e.1628?783E--81 £I • 29S3P83B~ -f33 

6.08~ 0.8836 0. 63044777E--'21 1 :a.16117917E-01 8.29523984E-B3 
--------------------------------------------------------------------------------------------------------------

'-, 

• 



Table Ie. PRECISION OF RETRIEVED RESULTS FOR DA;~ FIELD? 
SEX 
AND SURNAME 

---------_ .... -----------------------------------------------------.------~-----.--------------.-------------------,. .. _- ... 

! 
I SURNAME DECILE 5 
1------------------------------------------------------------------------------------------------------------1 
! ERROR RATE ! RECALL FACTOR ! FILE SIZE ! 
! !--------------------------------------------------------------------------! 
! 1 MILliON ! 4 MILLION 220 ~lILLIml 
! ------_._------------------------_ .. _-.. _------------------------------------------------------------------------ ! 
! 

tI.013x 1.01300 

0.50r. i1.9900 

i .80~ 0.9801 

! 1.50U 8.9702 

0.40653255E-01 

0. 40259974E-81 

0.39868403E-01 

8.39478556E=01 

0. 10320643E-81 

0. 10218484E-01 

0. 101168i8E-01 

8. 16015650E-01 

8. 18860356E-03 

B.186?2250E-83 

0.184851388E:-03 

0.18298866E-03 
'-I! 
co! 2.08t1: 0.9604 

2.50% 0.9506 

3.00;.: 0.9409 

3.58% 0.9312 

4.00r. 0.9216 

4.50~ 0.9120 

5.00r. 8.9025 

5. 5':-J~~ 8.8930 

6.\30~ 0.8836 

0.390904i.9E-01 

0.3870482.1E-[H 

6.38319346E-01 

0.37936406E::"01 

0.37555203E-01 

0.37175748E-81 

0.36798021E-01 

0.36422ti51E-01 

0.36047829E-81 

0. 99149744E:"'S2 

0.9814?979E-82 

0.97151154E-02 

0. 96159385E-82 

tl.9517242;::!E-€12 

0.941985~2E-82 

0.93213565E-02 

0. 92241597E-02 

0.91274603E-02 

0. 18113586E-83 
! 
., 0. 17929250E-03 

B. 1 ?74S:358E-03 

0, 17563405E-03 

0. t 7381894E-03 

0.17201328E-03 

0.i?021705E-83 

.!- 0. 1684:3823E -03 
! 
I 0.t6665283E-G3 

--------------------------------------------------------------------------------------------------------------
' . 
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Tab 1 elf. PREC I S I l1t~ OF RETR I EVED RESULTS FOR DFrTA FIELDS 
SE>', 
A~iD SUR~lAME 

zzw ,. - ~ .. 
• • 

--------------------------------------------------------------------------------------------------------------
! ' SURHAI1J:: DEC T LE 6 ! 
1------------------------------------------------------------------------------------------------------------1 ! ERROR RATE ! RE"CALl FACTOR ! FILE SIZE- ! 

~ -- _________ .oOt ______________________________________ "I .. '.'_--.... ---~ ... ---- ... ~-------.--- J 

j 1 MILLION 4 MILLIDN ~20 MILLIO!'l ! 
[------------------------------------------------------------------------------------------------------------1 

1 
0.0eu 1.00130 tI.2973E196SE";01 e.75165388E-02! 0. 13717E143E-03 

0.5Ij(:' 0. 9'?!fJf~1 0.29440941E-01 0.?4419786E-:0? 6. 13580229E-03 

1.01311 0.9801 0.29152233E-01 0. 736?'7843E-G2 0. 13444103E-0J 

1.507- 0,9702 8,-288648461:'-81 0.72939548E-f32 0. 13388658E-03 
I 
! 2.8B?: 13.96134 B.28578?69E-131 8.r2204983E:-02 0.131(3~02E-03 

.2.50~ 0.9586 i3.28294ti'i?E-01 8.71473985E-82 8. t3039831E-03 

3.80U 8.9409 13.28010589E-01 8. ?0746S57E·-02 ~ . 129£16445E-B3 

3. 513~t 0.9312 0.27728488E-81 0.7€n3228?8E-02 8. 12773745E-83 

.::I. f)~'1U 8.9216 0.2744?715E-01 8.6SI302845E-02 0 . .t-2641 ??8E-fJ'3 

4. 50~~ 8.9128 13.2?168273E-0i tt. G8586~'l?3E-02 B.1251 13299E-B3 

5.80u 8.9025 0.26890161E-01 8.57873756E-02 0. 12379?55E-fl3 

5.Ci0u 8.8938 8.26613382£-01 £1. 67164700E -132 0. 1224S1798E -03 
l' 

6,80~. 8.8836 0.26337936E-el 0.h64593132.S-02 8.12120524E-03 ! 

--------------------------------------------------------------------------------------------------------.-~---
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Table 1.g. PRECISION OF RETRIEVED RESULTS FOR DATA ~IELDS 
SEX 
AND SURNAME _______________________ \..'r-~-----_______ """':-____ ... ., ______ ---------... ------..... ----------------------.-------.-- ... ---------_ 

SURNAME DECILE 7. 
f ----------------------.------------- .... -----,.-.---------------------.-----.... ------------------------------------------ ! 
! ERROR RATE RECALL FACTOR ! FILE SIZE ! 

1-----------------------------------------------------------------------:---1 
! 1 MILLION ! 4 MILLION 1 220 1'1I~LION ! 

l---------------------------------~--------------~-----------------------------------------------------------! 
! ! . 

0. tI86~298E-04 

! 
! 
! 

a .e0~~ 
e.~8~ 

1.00~ 

i . S8r. 

2.00r. 

2.50r. 

3.08r. 

3.50~ 

4.00r. 

4. 5,0~ 

5.00~ 

S.50r. 

6.0Br. 

1.8888 

0.9900 

o .98E,1 
I 

8.9702 

0.9684 

8.9506 

0.9489 

0.9312 

0.9216 

0.9128 

8.SG25 

0.8930 

0.8836 . I 
----------------------------------~. p 

•• • 
- ----

0. 15686289E-01 

0. 15531641E-0 1 

0. 15377724E-01 

0.15224551E-01 

8. 15072109E-01 

8. 14920410E-0i 

o . 14769446E -81 

0. 14619:223E-01 

0.1446974(aE-01 

8.14320997E-01 

0. 141?'2994E-01 

0. i4025734E-0 t 

,. ; 1387St215E...,01 

0. 39447738E-02 

0.39055408E-82 

0. 38664996E-02 

0.38276548E-02 

0.37890030E-02 

0. 37505466E-82 

B.37122833E-82 

e.36742153E-02 

0.36363417E-82 

0. 3598662 iE-02 

8.356117?3E-02 

0. 3,5238867E -02 

8.34867911 E-02 

8.71145512E-04 

0.70432318E-04 

B.69722711E-84 

0.69016705E-04 

0.68314274E-04 

0.67615402E-04 

0.669202i8E-04 

0.66228574E-04 

0.65540521E-04 

0.64856065E-04 

tL 64175201E-84 

8. 6349?925E-04 
: '0, .'.~-'------------ .... --... --------------.,:,;---------------________________ • __ • __ _ 

"'\\ 

'\\, ,,~ 
,. /': -.::~~c:::--- '~l 

• • • 



, 
• • ~-~.~-~--.---,.--.-__ .-. ___ --• ...--.i ----..-. -.~~""""'-""''''-i~-~-.~~ --~ ~-~.----

Table Ih. PRE;CISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX 
AND SURNAl"fE 

---------------------------------------------------------------------------------------~---------~------------

ex> ..... 

, 
! SURNAME DEC ILE 8 ! 
I---------------------------------------·~-------------------------------------------------------------------1 
! ERROR RATE ! RECALL FACTOR ! FfLE SIZE ! 

! 1--------------------------··-----------------------------------------------! 
! ! 1. MILL ION ! 4 MILL IOtJ 1 2213 MILL ION ! 

f--------------------------------------------------------------------------------------------------------------I 1 1 1 1 • . 1 j 
• I I • I , 

! 0.e0n 1.0000 e.41410479E-02! 0. 10369714E-02 ! B.1886i808E-04 ! 
! I 

0.S0r. 0.9980 0. 40998683E-82 - ! 0. 10265366E-02 El,1867365?E-04 

1. 00~: 0.9801 0. 405889 t5E-02 0. 10162533E-02 0.18486456E-04 

1.50U 0.9702 t.:L 40181193E-02 0. 10068218E-02 0. 18380198E-84 
! 
I 2.007- 0.9604 0.39775588E-82 0.39584185E-83 0.181148851:-£14 
! 
! 2.50U 8.95@6 0.39371847E-82 0.98571351E-63 0.1?938511E-ti4 

3.00U 0.9489 0.38970238E-82 0.97563689E-83 8. 17747883E-84 

3. 5fl:'~ 8.9312 ~3 .38578666E-02 0.96561i91E-03 0. 17564:;;97E -04 

4.00U 0.9216 0.38173132E-02 0.95563863E-03 8. 17383853E-84 

4.50U 8.9128 8.37777638E-02 0.94571687E-03 0. 172824565:-04 

3.00~ 0.9825 0.37384187E-02 0.935846£)SIE-03 8. ! ?EJ22?9!JF.-04 

'3. 50~~ 0.8930 0.36992770E-02 8. 9:2602841 E:~'''B3 0.168440861::-84 

rS.0tl# 8.8836 0.36683398E-82 0.91626174E-83 0. 16666315E-Et4 
-------------------------------------------------------------~-------------------------------~---------------~~ 

.g .... 



ex> 
N 

Table Ii. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX 
AND SURNAME » 

--------------------------------------------------------------------------------------------------------------
! 

SURNAI"IE DECILE 9 ! 
1--------.----------------------------------------------------------------------------------------___________ 1 
. ERROR RATE RECALL FACTOR ! FILE SIZE ; 

!------------------------~---------------------------.·--------------~------I 
! 1 MILL IOi'1 ! 4 t"IILL ION ! 22El MILL ION I 

I--------------------------------~---------------------------------------------------------------------------/ 
I ! I 

8.00n 1.8080! B.25583722E-02! 0. 63828294E-83 0.1i607321E-B4 

Ei.50~ 8.9900 0.25249805E-02 0.63183983E-tJ3 o .. 11491540E-84 

1. eBU 121.9801 0.24997149E-82 0. 62550864E-83 8. 11376339E-04 

1 . 50~~ 0.9782 0.24745757E-02 0.61.920929E-83 0.11261716E-04 

2.00r.: 0.9604 B.24495621E-B2 0.61294164E-03 0. 11147676E-84 

2.50U (3.95(36 0. 24246756E-02 8.60670597E-83 8.11834215E-04 

3.80U 8.9489 0.23999149E-B2 B.60850203E-t13 8. 18921335E-04 

3.5flU 0.9312 B.23('52808E-02 6. 59432994E-03 fL 18889034E-04 

4.08U 8.9216 0.23567733E-02 8.58818982E-83 8.18697315E-04 
!. ." 

4.50~ 6.9120 B.~\.1263918E-02 0.58208140E-83 0. 185861(6E-i)4 
! 

5.80~ 8.9025 6. ;'~3821::3?0E-02 8.!5'?600486E-03 0. 184756! 7'E--84 ! 

0.22?80E'J88E-02 
I 

S.58r. 8.8930 0.56996015E-03 13. 18365639E-(:14 I 
\ .. 

(5.138'-1 6.8836 0.22548056E-02 0.56394?24E-03 0. 10256239E-04 ! 
------------------------------------------------------------------------------~---------------------------.---

• • ' . • • • • -a .. • ., 
./~ 



ex> 
w 

.. • • • • • • • 

Table Ij. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX 
AND SURNAME 

9 .. -• • 

----------------------------~---------------------------------------------------------------------------------

SURNAME DECILE 10 ! 1------------------------------------------------------_-------______________________________________________ 1 
i ERROR RATE RECALL FACTOR FILE SIZE . 1-------------------------------------------------------___________________ 1 

i 1 MILLION I 4 MIL.UOH ! 220 MILLION I ! _____ ~ ______________________________________________ ~--------------------------------------__ - ___ 0-_-___ ---__ ! 

e.f.10~ 1.8888 8.59884252E-03 8. 14774326E-03 {3 • 26864349E·-05 

B.5er. 0.9980 O.58495150E-03 B.14626968E-03 e.26596377E-05 

1.00~ 8.98131 8. 57988987E-03 0. 14488348E-03 8. 26329749E-05 

1.50r. 8.9782 0. 57325778E-03 0. 14334468E-03 0. 26064464E-05 

2.087- 8.9684 e.56745503E-03 8,14189323E-03 0. 25808524E-05 

2.5137. 0.9586 0.56168192E-03 0,14044921E~03 0. 25537924E-05 

3.88U 0.9409 0.55593825E-03 o • 13901254E-(33 0.25276669E-05 

3,50~ 8.9312 e.55022405E-03 8.13758326E-83 8.250i6758E-"05 

4.eEl~ 0.9216 0.54453930E-03 0. 13616138E-03 0. 247'58187E-85 

4.50tl! 8.9120 8.53888403E-03 0. 13474685E-03 0.24500962E-el5 

5. 0ft;>~ 0.9025 0. 53325828E-83 0, 13333973E-03 8.24245081E-05 

5.50% 8,8930 13.52766196E·-03 0. 13193998E-03 8.23990642E-05 

G.08u 0.8836 8.52209513E-83 fJ.138!;i4761E-03 0. 23737'345E-05 
-,--------------------------------------~--- ------------------ .... --------------------------~---------------'------

JI "", 

• 



--------------~----------------------------~,1~ 

Table 2a. PRECISION OF RETRIEVED RESULTS FOR DATA FrEI_DS 
STREET HUMBER 
AND SURNAME 

--------------------------------------------------------------------------------------------------------------
I 
! SURNAt'lE DECILE .t ! 
!------------------------------------------------------------------------------------------------------------1 
! ERROR RATE ! RECALL FACTOR ! FILE SIZE ! 
! I 1-----------------------------------------------------------------~--------! 
! f 1 1 (,JILLIDN ! 4 ~'lILLION !. 220. t1IlLION ! 
!------------------------------------------------------------------------------------------------.------------! 
! 

II 
! 

8.00U 

0.58r. 

1.00r. 

1.58r.. 

1.1.:11308 

8.9988 

S.9801 

0.9702 

0.1EH300080E 01 

0. 18008808E 01 

0.10008008E 81 

£1 . 10080000E 01 

0. 10000000E 81 0. ';J979329?E 0E1 

8. 18088080E 01 0.99791169E 08 

G.10000000E 01 0.99789808E 00 

0. 10000880E fit 0.99786813E 00 
I 

00' 
.j::>1 2.887. 13.9604 0. 10000000E 81 i e. 100£113860E 01 ~3 . 99?84585E 00 

• 

! 
! 2.507-

3.00(;: 

3.5BU 

4. 0e(~ 

4.5e:\: 

5.00U 

5.50U 

6.et?m 

8.9506 

0.9409 

0.9312 

0.9216 

0.9120 

0.9825 

0.8938 

0.8836 

! 
0. 18£10et000E 01 . ! 

0.18000000E 01 

0. 10008008E 81 

0. 1 ElI)E1000fJE 01 

\3 • 1000000BE 01 

0. 10000000E 01 

8.i8000080E 01 

B.10000000E 01 

0. 10000£100E 01 0.99782323E 00 

13. 10000000E 01 0.99?80025E 08 

8. 1 000B00BE 81 0.9977"."691 E 00 

£1. 100S8I:J00E 01 6. 99??5328E 08 
! 

0. 100000l30E 01 0.99772912E 00 ! IJ 

tl. 1 El0l?)l'1000E 81 0.997?(1466E 80 

0. 18008001jE 81 0. 99?6?:;.8£lE £to 

0.i00808e8E r:'1i 0.99?65455E 00 
----------..... _-------------------- ---------- ..... _-----.... -------- ..... ------------_ ..... _-_ ...... _-------------_ ...... - ........ _--'----------

• • • • • • • • 



• • • • • • • 

Table 2b. PREC1SION OF RETRIEVED RESULTS FOR DAT~I FIELIr3 
STREET NUMBER 
AND SURHAME 

• • 

--------------_._---------------------------------_ ..... _- .. --.-----------------------------------._-----_ ...... _-----~-------
! 
! SURHAME DECILE 2 ! 
.!----------------------------------------------------.-------------------------------------------------------I 
! ERROR RATE ! RECRLL FACTOR ! FILE SIZE ! 

\---------------..,.------- -----.--------- -- ----------.• ----.--... ------------... --_- I 

! 1 MILLION 4 MILLION 220 MILLION i 
1 _____________________________________________________ --------------------------------------------.• ----~_--__ I 

i ! ! 1 • 

! 0. 00~ ! 1 .8000 0. 99985558E 08 0. 99911939E 00 e. 948??861jE 80 

0. 5e;~ tl.9900 0.99985362E 08 8.99911001E BEl 0.904828068E 08 

i . a'2lU 0.9Sg1 8 • ~19985162E 08 0.99910048E 00 0.947?8381E 88 

! 1 .5E1U 0.9762 13 .99984968E 813 0. ~J9989081E 08 0. 94727998E 88 
co! 

0.99908099E O"l! 2. 00t~ 8.9604 8. 99984753E 00 00 El.94676880E 00 
! 

2 • 5111~ 8.95@6 0.99984544E Cl8 0.99987181£ 88 .! 0.94625038E· 88 
. ! 

3.eB;.~ 0.9469 0.99984331E 0('1 8,999£16088E t:lB ! 0. 945(2449E 08 

3.5eu 8.9312 8. 999841 t~E 1317.1 8.99905051?E 08 8 1945 1 S\ 113 1 E 00 

4.13:3% 0.9216 0. 99983894E B8 0.99904013E BEl 0,9·1464979E 80 

4.50%t 0.9120 13.99983669E Em 0.9990:295EIE 80 8.9441006?E· £lEI 

5.00Y. 8.9025 8.999834t-l-1E 80 8.999018781: 08 0.943~4351E 00 

5.5eu 8.8938 B.999832A9E :38 8.999087731:: 1?J0 13.9429(,814E 00 

G.E-lW': 8.8836 0.99982973E fl~ 0,99899658E 88 0. 942~H3444E 00 
-----------------------------------------~.--------------------------------------------------------------------

• 



co 
0'1 

• 

Tab 1 e 2c. PRECIS ION OF RETR lEVED RESL!L TS FOR DATA F IF-LDS 
STREET NUM8Er~ . 
AHD SURNHME 

------------------------------------------------------------------_ .. _-----------------------------------------
! 

! SURNAME DECILE 3 1 
! ------- ---------------------------------------- .. _-------:-----...)--------------------------_._-._---------------- , 
! ERROR RATE ! RECALL FACTOR ! FILE SIZE ! 

! ! -----------.----.---------------.. -------~---------------------------------- ! 
! ! 1 MILLION ! 4 MILLION ! 220 MILLION ! 

!------------------------------------------------------.. ---------------------------------------~ .. ------------I 
! !!! 

El.eex 1.8888 o . 99~J 14586E 88 0.99626935E 80 0.825 ! ??53E 00 

Et.5e~ 0.9900 0.99913672E 00 0.99623136E 08 0. 82372623E 88 

1.00% 0.9801 8.99912744E 00 0.99619279E 88 0.82225889E 813 

1.5e~ 0.9782 e.99911881E 88 0..99615363E 00 0.82077287E 00 
! 
I ~.00U 0.9604 8.99918844E 88 8.996113'87E 80 8.81927034E 138 
! ! 

2.50r. 8.9506 ! 0~99989871E 80 0. 99687358E 013 0.81775826E 00 

3.88% 0.9409 .! 0.99908884E 80 0.99683230E 00 0.8t621237E 80 
( 

3.50~ 0.931~ r . 13. 99987880E 00 0.99599886E GE1 0.81465642E 00 
l 

4.00~ 0.9216 i 0.99986861E 80 8. 99594858E 80 0.81308216E 00 

4.5fm 0.9120 0.99985825E 138 0.99590562E 00 0.81148930E 130 

5.B0u 0.9825 0.99904772E 00 8.99586199E 00 B.8098;-'762E 0(3 

5.50:-': ! B.89"3(1' 0.99903763E el0 0.99581766E 80 0.8B82A683E 00 

6.08n 0.8'836 8.99902616E 08 8. 9957'7263E 08 0.80659664E 00 
--------------------------------------------------------------------------------------------------------------

• • • • • • .. ..... 



- ---~ • • • • • • • 

Table 2d. PREcrSIO~l OF RETRIEVED RESULTS FOR DAm FIELDS 
STREET NUMBER 
AND SURNA~1E 

• • 

--------------------------------------------------------------------------------------------------------------
! SURHAl1E DEC ILE 4 
1------------------------------------------------------------------------------------------------------------1 
, ERROR RATE RECALL FACTOR ! FILE SIZE .. f 

J----------------------------------------------------~---------------------1 
l ! 1 t'HLLION 1 4 t-1ILLIOH ! 220 ~lILLION ! 

1---------------------------------------------------------------------------------~--------------------------I 1 1 1 1 . 1 1 
• • • • • I 

1 ~.00u 1.01308 B.99741254E 0B! 0.98935990E 88 8.62564351E 08 
I. 
! 

! 
oo! 
""-I! 

! 
! 

2/. 50'~ 

1. B8~ 

1 . 50;~ 

2.00~ I. 

:::!. 5g~~ 

3.00~ 

3 50'~ 

4.807-

4.S0n 

5. (j0~ 

5.587. 

6.807. 

8.9980 8.99738591E 

8.98131 B.99?35t388E 

8.9702 8.997'33142E 

0.9684 0.99730355E 

0.9506 I. 0.9972752'-lE 

13.94139 0.99724650£ 

13.9312 8.99721?30E 

0.9~16 B.99718?64E 

0.9120 0.997157521:: 

0.9025. 0 . .9:J71.2691 E: 

0.8938 0.99709582t 

0.8836 8.99786423E 

80 0.98925322E 80 8. 62329232E 80 

80 0.98914494E 80 0.62892348E 80 

00 8. 98903503E 00 13.61853668E 88 

88 0.988923-.145E 013 e.61613201E 00 

88 8.988810t8E 00 0.61370933E 00 

80 17). 98869518E 00 ~ • 61126851 E 08 

138 El.98fJ57848E 130 0. 60880S144E 08 

00 (~ , 98845982E 88 0.6e633200E 013 

80 ~{. 98833940E 08 0. 60383609E 00 
II 

80 0~98821?10E 08 8.68132165E 00 

1)0 0.98889288E 08 0.59878853E 80 

00 8.987966r8E 00 8. '39,6236G4E (18 
-----------------------------------------------------------~--------------------------~-------~~--------------

-----~ 

• 



...,....-----------------------------------------~----~ --- ---

Table 2e. PRECISION OF RETRIE\~D R~SULTS FOR DATA FIELDS 
STREET NUMBER 
AND SURNAI1E 

------------------------------------------------------------------------------------------------_ .. ------------
I 1 
! SURNAME: DEC I LE 5 ! 
1-------------------------------------------------------------------~----------------~-----------------------] 
I ERROR RATE 1 RECALL FACTOR 1 FILE SIZE ] I I \--------------------------------------------------------------------------1 
I I l.l MILLION ! 4 t1ILLION 1 220 MILLION ! 1-------------------------------------------------------------------_________________________________________ 1 
ii' ,i 

0. 0a~ I 1. 8.000 I a. 99534926E 08 0.98122841 E 00 1 0.48539514£ 88 ! 

! 
co! 
oo! 

I 

0.56~ 

1.50~ 

2.00~ 

2.50~ 

3.138r. 

3.5e~ 

4,eeu 

4.50~ 

5.08U 

5:5em 

5.00~ 

I I 1 
I 8.9908 ! 0.99538189E 138 e,98104215E 80 
! 
I 
I 
1 
I 
I 
I 
I 
I 
! 
I 

0.9881 

13.9?132 

. 8.9604 

8.9586 

13.9489 

0.9312 

0.9216 

0.9126 

8.9025 

0.8930 

8.8'836 

e.99525380E as 0.98085312E: 88 

0.99520498E 88 0.98066128E: 00 

8.99515541E: 00 13.98045657E 013 

0.99510588E 88 13.98826893£.00 

0.99505397E 00 8.98806838E 08 

8.99500206E 00 0.97986463E 08 

0.99494934E 60 0.97965785E 80 

e.99489579E 138 8.97944790E 80 

e.99484140E 08 8.9792:6471E 00 

0.9::1478614E 00 0.97901822E 80 

0.9-9473000E 80 - - el.97879836E 08 

- ! . I 
1 
I 
! 
f 
! 

0.48289121E 08 

8.4803?555E 08 

0.47784815E 80 

ft.47538901E 00 

8.47275818E 00 

t1.47819571E 00 

- 0.46762154E 80 

8.46583574E 88 

0.462438:33E 00 

8.45982937E 08 

0.45720882E 60 

0.45457678E 08 

! 
I 
I 
I 
I 

. ! 
! 
1 
I 

- ! 
I 

---------~-------------------------------~---------------------------------------~--------------_._---------_. ,-I, 

• • :.-.... ---~ ,,> • • ---- ----~ -- ........ • • • • • " , 'it~ ." ~/.,.: . 
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Table 2f. PRECISION OF RETRIEVED RE.SlILTS FOR P~ITA FIELDS 
STREET NUMBER 
AND SURNAI1E 

• • 

------------------------:-----.--------"'!"---.----------.... ----'--------.... _--_ .... _--- .. _------------.----------_ ..... ------------

SURNAME DECILE 6 
!----------------~---------------~-----------------------------------------------------------.---------_._-----\ 
I ERROR RrnE ! RECALL FACTOR f FILE SIZE ! 
I ! --------------------------------------------------•• -----------------.------! 

I ! 1 t'lILLIO~1 I . 4 t'llLLION ! 220 MILLION I 
I----------~-------------------------------------------------------------------------------------------------\ 

I 
00 1 
\.O! 

!. 
! 

0.80~ 

0.50~ 

t .e8~ 

1. 50~~ 

?. 80t-~ 

2.50r. 

:; .13er~ 

3. 5e~~ 

.-4. 00~ 

4.50r-: 

'1. 80,~ 

5. 58(~ 

6.00U 

! !' I 
1.8880 0. 99357975E 88 

B.9980 B.99351466E 00 

8.9801 0.9S::i44859E 013 

0.9782 0.99338152E 00 

0.9684 0.9933 L,342E 88 

El.9506 0. 99324427E 88 

8.9489 eJ.99317486E 88 

0.9312 0.99310276E t10 

0.,9216 0.99303835E 88 

l' 0.9120 0.99295681E 08 
! 

0.9025 8.99288211E BPI 

13.$938 0.99280622E 80 

0.8836 8.99272913E 88 

0.97433411E B8 B.48687224E 00 
! 

0.97408141E GEl I 0.48445S05E 08 
I . 

0.97382582E 08 ! 8. 402133836E 08 
I i 

8. 9735648tlE 8et I 8.39959819E 88 1 

0.9733M81E 0el 0.39715864E 80 

0.9738328SE 88 0.39471175E 00 

8. 97'276888E 80 l?f.39225758E 00 

~3 . 97248482E 08 8. 3897!'3622E el8 

0. 97228459E 00 0. 38732770E 80 

-a.9719;:!812E 00 0.3M85211E 08 

€I • 97 1 f.3131?lE B0 0.38:!!36954E 08 

0.971~3806E 130 O.::':?98E:004E 80 

B.97104031E 8tl o . ;:~7738366E 08 
-------------------------------------------------~--~-------------------------~--------------------~----------

• 



-'-"-, -

Table 2g. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
STREET NUt1BER 
AND SURN~lME 

----~-------------------------------------.....,----.---------------------_ .. _-------------_._--------.-----._----_ .... _.....,----

=...:.::~_._:o.;.-c_'_"""_"_,_:_o--:.-.--_~·"'""!-·--~ .... ~;;-.;;.~..:;;;;.;..-:.._~...:--~.:::.-- ..... :..:.':....:"-_--__:---....,- ...... --------.----------------------~-- ......... ---------------------.... ------------- I 

! ERROR RATE RECALL FACTOR ! FILE SIZE ' 
!-------------~------------------------------------------------------------! 

! ! ! 1 MILLION ! 4 MILLION ! 228 MILLION. ! 
!------------------------------------------------------------------------------------------------------------! 
I I Iff f 
i B.G0n ' 1.0088 ' 8.98772796E 88' 8.95284285E 80 i 8.26435E.25E 80 i 
! I 

.! 
! 

! 

0.56U 

1.00;-;: 

1.50t..: 

2.00(;: 

2.50U 

:3. f381~ 

3. 50;:~ 

4.B0X 

4.50n 

5.80'7-

5. 58:~ 

6.80U 

8.99813 

0.9881 

8.9782 

8.9604 

8.9506 ' 

0.9489 

0.9312 

0.9216 

0.9120' 

0.982S 

8.8930 

0.8836 

8.98760474E 08 

0.987"g?967E 88 

0.98?352?3E 00 

0. 98722386E £18 

! 8.98709303E B8 ' 

0.98696020E 88 

0.98682533E 00 

8.98668839E 013 

0:98654931E 80 

0.9864088?,E 80 

0.98626462E 00 

0.98611891E 1313 

0.9515E:122E 88 8.26241119E 88 

0.95111382E 80 0.26046563E 00 

8 . 958f~39?7E 80 0.25851968E 88 

8.95815891E 00 0.2565?639E 88 
! 

8.94967114E 80 .. ! B.2546268BE 130 
! ' ! 

8.9491763eE Be ! 8.25268088,E 80 , 
00 

! 
0. 94867428E 80 0. 250?3323E I 

0.94816492E 80 0.2tl87B63'?E 88 

0.94764810E 813 8 • ~\4683952E 08 

O.94712367E 08 e.24489284E 013 

8.94659148E 80 8.24291635E 00 

0.94685139E 013 8.:24180f31?E 8£1 
----------------------------------------------------?---------------~--------------------------~--------------

Ij • • • () • 0 • '\m • • " ... ,. • • .. - -• d • .. be 
• -



• -~-------,: • • • • 

Table 2h. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
STREET NUMBER 
AND SUR~lAME 

• • 

-------------------?---------------------------------------------------~--------------------------------------
I I . . 

• 

==",_= .. ~-L __ ccc_"~ _. ___ .. -~ _ .cc_' -_~, .-=o=-£.u.R~!ftt1E.-nJ;'.f'.Jj ·L_R __ ~c=~.c,= __ ~c:~ __ ~ ___ . ---.-_: __ . _-_,_:: __ .: .. _.~~.~ __ ~-c~=-=·Oo-=-c,==l=-====" 
1---------------------------------------------_·_------.-------------------------------------------------------I 
! ERROR R~TE ! RECALL FACTOR ! FILE SIZE ! 1-----------------------------------------------------_____________________ 1 

! i 1 t-lILL:ON i 4 MILLION : 228 tHLLION i 
1-------------------------------------------------------------------... -----------------------.----------------- 1 
! ! ! ! ! . 

B.00~ ! 1.000121 0.95454816E 0B! B.83878098E 130 I e.86186388E-Bl 

e.50X 8.990121 0. 9541121856E 00 0.83741865E 00 8.85400079E-01 

l.01217. B.9801 0.95366268E 1210 0.D3604B12E 88 8.84616359E-81 

i .5121r. 0.97'82 0.95321041E 08 8. 83464518E 00 0. 83835265E-Bl 
1.0 1 
...... 1 2.8Bu 8.9684 0.95275162E 80 8. 83323359E BB 0. 83056799E-01 

2.50u I. 0.9506 .0.95228619E e0 B.83180508E 00 8. 8228B972E-01 
! 

3.06:-': 8.94B9 0.95181400E 00 0. 83035942E 00 0.81507821E-01 
,~--

3.587. 8.9312 8.95133492E 88 0,828896J6E 138 8. 8873?344E-l;jl 

4.1387- 0.9216 0.95084880E 88 0.82741563E 88 0.79969570E-81 

4.58U 0.9128 0.95835553E 80 0.82591698E 00 0.79204514E-01 

5.00,f. 8.9825 0.949854951:: 80 0. 82440814E 88 0.78442185E-81 

5.507. 13.8938 0.94934693E 88 0.82286483E 88 8.?7682t:85E-81 

0:94883133E 
! 

6.80r. 8.8836 00 . ! 8.82131881E 88 8.769257941::-81 
-----------------------------------------------------------------~--------------------------------------------

.. ----------------------------------------------------~~--~~----~------- ~ 



Ta b 1 e 2 i . PREC IS ION OF RETR LEVED RESULTS FOR DATA F raDS 
STREET NUr'1BER 
AND SURHAME 

==C~='~1='';~-''-~£~_~-~~~;;;;~~'===:::~~C::,,:,,::,::,::=.2'~~-'::: ____ -~:': ___ -::7~~:::::~~~'~~~2~~:-~:~~~:::=:-:=:«~~~ .. ______ .. ___ . _______ . ____ .. _ .. ______ ~--! 
I ERROR RATE I RECALL FACTOR I FILE 812E ! 
! ! ---------------....... ..,------------.---------.-.-------- --------------:.,~':'7------------ ! 

1 l"lILLION I 4 HILUOI..! 22(1~lILLIot" 
I--------------------------------------------~------------------------------------------------_______________ 1 i !! ' 

-----------------------------------------~--------------------------------------------------------------------

--, - - - • • o • • 



• • • • 
I,i' 
\ ' 

• • 

Table 2j. PRECISION OF'RETRIEVED RESULTS FOR DATA FIELDS 
STREET NUMBER 
fitm SURNAr1E 

• . -' 

--------------------------------------------------------------------------------------------------------------

• 

===*! == .. --__ .. _ ---._._._ .--.- --, ----' -',-" -, .SJ.lRt:lf-tt1E_ll£C~LE_J.£L._ ... ___... _ .. ~,~-=~~.-=~_.~.,_~.,-~~c====_"'=~~~"_==o~=!=====. 
! ---...:-...::.-=-======--=====:::..-.:;::.-=-..::::::=--=-===-...::-::-=-.::::::=.::::-..::---.:-::~:..===-===.:..-~:.:.:=:.:=:.:...::.-:.-..:.-====-====.- ... -------------.•. ---------.---.--------

ERROR RATE I RECALL FACTOR ! FILE SIZE 1 1-----------------------------------------------------_____________________ 1 
i 1. MILL ION ! 4 MILL ION ! 228 t'lILL ION ; 

1------------------------------------------------------------------------------------------------.------------I 
1 ! ! ! ! 

! 
\.0 1 
W' , , 

! 

I 

! . 

0.007-

0. !J0~~ 

1.00U 

1.51~tt 

2. 00(~ 

2,~e;'(. 

3.0i3U 

~. 50j.~ 

~·4. 8(,:IP:! 

4. 50~~ 

':) • tJ~.;;7.: 

::.;. Sf~~; 

6 ffjC~ 

1.0'2)0(:) 

0.9980 

8.9861 

8.97132 

0.9604 

B.95E16 

13.9413.9 

El. 93 12 

121.921.,) 

13.9!~0 

EJ.9f;;?!5 

8.89::':0 

12).8836 

121.7491 if306E 130 (1" 425!51B8 IE ee 

0.747211:.18E 130 e.4230S885E 68 

0.?45293'65E 00 EI • 42059837E 88 

(3. 7 ,::j·;")35661 E 00 EL 4181:?942E E18 

13.74140007E 130 0.41565287E 08 

0.?3942304E Be e.41316638E 00 

13. ?3742?67E £/0 0.4186?2:32E 00 

0.7354 t i33E Ele 0.408i7085E 0B 

13.733374591;: ~I?J \'1. <lE1565954E 0fJ 

0.73131?25E 80 n .... 10314f192E 00 

0. 72923908E (113 o • 4Fl~)6 J. 423E 13@ 

0. 72?-13383E 8(1 8.:398El?954E 00 

(3.725f3192:::f: F10 f:) • 395536'32E" (;0 

e. 1325·47'??E -01 
i 

8. 1312'::i287E-B 1 

El. 12994422E-01 

8. 12865179E-81 I 

" I 
0. 12736S56E-01 I 

! 
0. 12608554E-01 

0,12481174E-01 

0.123':'"'1417[;-01 

(,'I. 12c~2B283E-01 

(1. i210;;:~?71E-0 t 

0. i 19778l:':4E-01 

0. 1 i 853620£ -,) 1 

£1. 117'29q8:::·E·~01 
.... ------- '" "," -_ .. -_ ..... ---_.---,.;,. ..... - - -- .... _._-- - .. ,,----_._._----- _ ..... _ .... _ ..... _--- .... -_._-_.- -._-_ ...... __ ... -.-........... _. --------'-'------,---""----_ ..... - --------

• ___ ~ _ • __ """- __________ .loL~.L •• · __ ~~. 



Tab 1 e 3a. PREC IS ION OF RETR IEVED RESULTS FOR DATA FIELDS 
DATE OF E3IRTH (MONTH AND Dli'r' ONLY) 
A~ID SURNriME 

--------------------~-------------------.. --------------------------------------------------------------"------
SURl'lAMI=, DECILE 1 

" !-------;---------------:-------------------.,.-----~'----------~-.~.-~-------------.----.--------------.-.-... -----------! 
ERROR RATE RECALL FACTOR ! FILE SIZE 

!----------------~--------------------------------------------------_._-----) 
! ! "1 ·MILLIOI'I ! 4 MILLION 1 228 MILLION ! 
!-------------------------------------------------------------------------------------------~----------------1 
! r 

0.00r. i .0800 0. 101301.3088E 01! (I, 100888013E 81 0. 95269238E 08 
! 

B.50r. 0.9908 0. IfJ000800E 01 0. 18008(380E 01 0.95222752E 00 ! . 

1. t1\3:.: 8.9EJ01 0. 18008800E 01 8. 10008800E 81 0.95 t'75681r-: 00 

l.58x 8.97'02 0. 13888080E 01 0. 10080808E 01 0.95127772E 00 

, 2a08~ 8.9604 0. 1008801!l0E 81 8.113008000E 01 0.95879252E 80 
.\.0 ! I .~ 

! 2.50r. ,8,9586 8. 18080088E OJ 13 • 10888080E 81 ! 8.95030029E 08 
I . , 

a.94988888E 00 3.8Sr. tL940~r' 
,. 

",1 0. 1008[1808E 01 8. 10800800E 01 I 
,); 

3.58~ 8.9312 8. 100880081::: 01 8. 10008880E 01 8.94929418E 80 

4.08%' 8.9216 0. 10000000E 81 8. 10800000F 01 8.94878803E 80 

4.5er- 8.9120 fJ. 113088080E 81 8. 10080088E 81 8.9482582'9E 08 

5.00U 0.9025 0. 18008000E 01 0. 101308000E .: 1 B.947?2882E 88 

5.:=0r. 0.89313 o . 10tl80080E 131 0. 188013880E 81 8.94719146E 88 

6.013r. . ! 0.8836 0·. 'lB0088t:H3E 01 0. 10000008E 81 0.9466460?E 00 
---------~---------------~--------------~~----------~----------------------------------------~-~-------.-------

• • • • • • • • ---~-~-



1.0 
01 

• • 

Table 3b. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
DATE OF 8IRTH (t'IOr!TI-1 AND DAY ONL'I') 
I~HD SURNAI'1E 

• 

------------------------------------------------------~---- .. -------------------------------~------------------
! 
! SURNAME DECILE 2 • 
1---------------------------------------------------------~--------------------------------------------------\ 
I ERROR Rf-lTE I RECALL FACTOR ! FILE SIZE ! 
! ! !-----------------------------------~--------------------------------------1 
I! l MILLION 4 rlILLION \ 220 MILLION ! 
1------------------------------------------------------------------------------------------------------------1 ill Iii 
, 0.ee~ , 1.0000 ' 0.99651603E 00 i 0.9792593BE 80 i e.43583044E 80 ' 

0. 50~t El.99fJB 13 .99646903E ElEl 6. 97984309E 80 8. 43336482E 80 

1 • fj13r. 0.9801 e.99642126E 08 6. ~J(882364E 80 0. 43889087E 88 

1 • 5EJt~ 8.9782 0.9963?278E 08 0. 97860887E 88 0.42840628E 00 

2.f30~ 8.9684 0.99632333E 00 0,97837473E 00 0..42591347E 00 

2.50~ 0.9506 0,9962'(3151:: Ejf~1 8.97814515E 08 8.42341t?5E 80 

3.130% 0.9489 0.99622213E 08 f~l. 9779 1285S 88 O.42090186E 013 
." 

3.50U 8.9:<:12 0,99617025E 00 0.97767538E 00 8. ,'I18'38159E 08 

4.00r. 13.9216 0. • 996 11 ?5SE 00 1-1.9??43585E 80. 8. 4158'3330E 00 

4. 58~~ 0,912E'l E1 .99606386E 00 EI.'J7i"19098F. 08 El. 4 t331630E 08 

5.eet.! 0.902S 0.9960t3930E 08 8,9717~4312E 00 0. . 4113'(7860E 80 

5.50r. 8. t3'33EI 8.99595382E £10 ;7) .971S,69137E 08 e • 4~182162'9E 88 
! } , 

6.0:ln E'l.t:1836 , 0.99589738E 80 ~) • 976435661:' 88 (j,46S65345E 00 

• 



1.0 
01 

Table 3c. PRECISION OF RETRIEVED RESU!_TS FOR DATA FIELDS 
DATE OF BIRTH (MONTH AND DAY Oi'/LY) 
AND. SURNAME 

---------------------------------7~·-------------------------------------------------------------------~------
.-.--'- __ •. _..::.....o:.~"::--:-.-=_ -.~-=~-~~~::..::-:~=== 

.l .- ..... ~. . SURNAMt: Vt::.CILE 3 ! 
1--7---------------------------------------------------------------------------------~~----------------------I 

ERROR RATE RECALL FACTOR ! FILE SIZE ! 
!-------------------------------~------------------------ .. ~-----.-------~--! 

1 t-lI'lLlON 4 MILL ION 220 MILL IO~I 
I---------------------------~------------------------------------------------.-------------------------------! 

! ! ! .! 
8.80U 1. 0888 0. 97972i'?4E 08.! 8. 917444Ei4E 00 0·. 16449893E 00 

0.50~ 0.9908 8.9?951602E 8El . 
1 .00~ 0.9881 ·0.9793tll11E 138 

1.5e~ 0.9?02 e.97988296E 08 
! 

2.8B~ " ! 8 .. :3604 !' 8.9788615£iE 08 
l 

2.50r. 0.9506 ! 8 . ~78Ei3667Ei~0 
! 

3.BB~ 13.94051 I B • 9'?840839~ 08 
, 

3.58r. 0.9312 8.97817660E 80 

4. i'j8r. . 0.9216 8. 97.794123E 00 

4.58x 8.9128 8.97770219[; ~0 

5.00Yo 13.9825 8.9??45!J44E 08 

5.50X 0.e930 e.97?2i28?E 80 

6. 00~:! 0.8836 0.97696242E 88 

! . ., 
.' 1 

! 

! . 

0.91667214E 

0.9158B899E 

.0. 91509S'28E 

0.9t429058E 

0.91347494E 

0.91264809E 

0.911889B:3E 

8.91895996E 

8.91Q89825E 
i 

8.90922454E 

8.908338S6E 

0.90744812E 

88 

00 

08 

88 

08 

88 

OEl 

GEl 

00 

00 

st::r 

80 

0: 16312542E 08 

0.!61?5429E 88 

0. 16038568E 130 
.-.! 

0.i5901940E 80 <·,J.t 
! 

8.~576'35?6E 08 . ! 
r 

0. 15629467E 08 ! 
I 

8. 15493624E 0El 

8. 15358048E 88 ! 
! 

0.152227 46E 00 . I 
! . 

0.'lS88?719E 80 I ! 
I 

0. 1495;~9(6E 80 I 
! 

0.1481851?E 88 
-------------------------------------------------------------------------------------------------------------~ 

• • ~ • • '.lIo..-

., 
<>,~.~ 



- --• 

~ 
'-I 

• 

Table 3d. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
DATE OF BIRTH (MONTH AND DAY ONLY) 
AND SURNAME 

• • 

SL1Rt~AME DEC I LE 4 f 
l----~---------------------------------------------------------------------------------------------.----------I 
! ErROR RATE ! RECALL FACTOR FILE SIZE . ! 

! ~---------------------------------.--------------------------.--------------. I 
! ! 1. 1"1lLLION ! 4 MILL ION ! 220 HILLIOH ! 

!------------------------------------------------------------------------------------------------------------! 
! ! ! ! ! ! 

! 
! 
! 
! 
! 
!-

(1.007. 1. 01300 0. 94091883E 08! 8. 79463892E 00 ! 0. 65168938E -0 t 1 

0.513~ 8. 99l~0 0.94034824E 

1 • fJe(~ 13.9801 8. 93976964E 

1.507. 0.9182 El.93918287E 

2. ('j0,~ 8.9604 0.931358780E 

2.5i3ro O~9586 e.93798426E 

3.00U 8.9409 0. 9373721flE 

3. 50t~ (L9312 e .936751 i6E 

4.8(~x 0.9216 0.9'3612127E 

4.587. 0.9120 Fo.93548227E: 

5.emx 0.9025 0.93483399E 

5.50ft £1.8930 0.9341?624E 

6, e~j~ e. 8 Er:l 6 13 . S13350886E 

08 8.7~299041E 

88 0.?9132381E 

138 . 0. 78963888E 

0El 13.?8?93538E 

013 . 8.78621386E 

08 0.?8447170E 

00 8.782?1184E 

08 0.78\393082E 

08 8.779131379:::: 

1313 0.77731e1?lE 

00 0.n5478~0E 

08 0.7?366931E 

! 
80 ! 

00 

88 

80 

88 

tIS 

13B 

1~0 

80 

i30 

88 

Em 

~j. 64560883E-01 

0.639549:23£-01 

0.63351318E-01 . 

0.627 49998E --01 

0.62i58970E-01 

0.6i554240E-01 

8.60959835/::-81 

0.6e36??48~-01. 

8.59778.084E-01 

0.59198601E-01 

(1. !'iRhI35;j58E-0 t 

O.58.02287?E-01 

! 
!. 

.! 

_______ ......... _________ .... ______ . __ ... ____________ ... ______ . _______ ..,._.e. ______ , .. _______________ .. _~ ______ . ______ ..... ___________ ......... ). __ _ 

• 



• 

Table 3e. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
DATE OF BIRTH (t10NTH Arm DAY ONLY) 
AND SURNr~ME 

---, ~-----------------------------------------------------_ .. _------------------------------------------------
! SURNAt'lE DEC Ii-E 5 ! 
1------------------------------------------------------------------------------------------------------------! 
1 ERROR RATE ! RECALL FACTOR , FILE SIZE ! 1----------------------------------------------------------_______ ·. ________ 1 
! ! ! 1 11ILLION ! 4 t'lILLION 1 220 t'lILLIOH i 
1-------------------------------------------------------------------------------------------~------~---------I 
I I I 'I I 1 

i B. e0~ i 1. 0BEle i 0. 8983955?E 00' 0. 68506567E 00 ! 0. 37855398E-lH ' 
!! I 

0.5~~ 0.9900 0.8974668GE 00 0.68289299E 00 ! 0.37491931E-01 
! 

0.9801 0.89652596E 00 ! 8.68070133E 80 0.37130016E-01 

0.9702 0.89557267E 00 0.67849053E 00 0.36?69651E-€)1 

13.9604 0. 89460677E 00 0.67626842£ Be 0.36410838E-01 
" ! 

8.9506 ! 13. 83362805E 08 0, G740le84E 80 8.36853595E-01 
! 

8.9409 0.89263628E 00 8.67174161E 88 8.35697911E-01, 

0.9312 ~.89163126E 00 8,66945257E 00 0.35343797E-01 ! 
! 

0.9216 £1. 890612"?'6E 00 0.66714355E BEl 0.34391253£-01 \~ 
\) 

0.9120 0.8895f3054E 80 £1. GG481438E 80 8. 34640291E-I~ 1 .. , 
0.9025 0. 88853437E 08 0. 66246494E 80 8. 34290907E-01 

0.8930 0.88747401E 08 0.660094S8E 00 0. 33':J43105E-8! 

0.8836 0.88639921E 00 8.6577'0440E S8 ! ' eJ.'335968geE~01 

• . .. ___ ._........i..:_. __ ~ ___ --'--. • 



• • • • • . ,~) 
C" 

Tab 1 e 3f. PREC IS ION OF R"ETR IEVED RESULTS FOR DATA FIELDS 
DATE OF 8IRTH (1'10NTH AND DAY ONLY) 
AND SURHAf-IE 

• • 

-----------------------------------------------------------------------------~----------------.---~------------. . 

SURNAME DECILE 6 
!-------------------------------------------------------------------------~----------------------.------------I 
! ERROR RATE ! RECALL FACTOR I FILE SIZE ! 
! !-~--------------------------------------------------------------_._--------! 
! ! 1 MILLIO~I ! 4 t1ILLION ! 228 MILLION ! 
!-----------------------------------.-------------~-----~---------------------------------------------------~-! 
! ! ! ! ! ! 
! e. 88r. L 0008 8. 86474967E 00! 0. 61236893E 80 0. 27817838E-81 

6.507. 8.9900 8.86356358E 08 8.68998191E 00 0.27547992E-01 

1.86,t 8.9801 0.86236277E 08 0. 60757764E 80 O.27279351E-81 

! 1.50n 0.97B2 B . 86114700E 80 0.60515598E 00 0.27811910E-01 
I.O! 
1.0, 2.88n 0.9604 0.85991602E 80 0.60271672E 08 0. 26745680E-81 ! . 

2.50ro 0.9506 B.85866958E 88 8. 601325985E 013 0.26480663E-01 

3.0137- 8.9489 0. 85748748E 013 0.5977E:1531E 08 0.2621G852E-01 

3.50(~ 0.9312 13. 85612944E 00 13. 59529298E 00 8.25954263E-01 ! 

. 4.08n 0.9216 0. 85483524E 68 8.592782?8E 130 0. 25692885E-81 

4. 51!J:~ 8.9128 8. 8535246CE 80 8. 59825460E 013 0. 25432?31E-01 

5. !:l(1~ 0.91325 0.85219728E 88 8.587?'0836E 00 ' I 0.25173795E-01 
I 

5.587- 0.8930 El.85085299E 08 0.58514395E 00 0.24916084E-01 

6.0El~ 0.8836 0. 84949146E 80 8 .. 58256132E 80 £1.24659595E-81 
--------------------------------------------------------------------------------------------------------------

• 



I-' 
0 
0 

• 

Table 3g. PRECISION OF RETRIE'>lED RESULTS FOR DATA FIELDS 
DATE OF BIRTH (MONTH AND DAY ONL'r') 
AND SURNAME 

-------------------------------------------------------------------------------------------------------------
! SURNAME DECILE ? ! 
1-------------------------------------------------------------------------------------------------------.----1 . . 
! ERROR RATE ! RECALL FACTOR ! FILE SIZE 1 
! 1--------------------------------------------------------------------------1 
II! 1 MILLION ! 4 r1ILLION ! 220 t'!TLLIot~ ! I---------______________________ ~ _____________________ -----------------------------------------------------__ 1 

; I . I' 
6.00~ 1.0080 0.76879851E 00 0.45238829E 60 ! £1. 14768161E-81 ! . 

13. 50{~ 0.9908 0.76700429E 00 0.44990337E £18 0. 14623081E-.tl1 

1 .00r. 0.9801 8.765151129E 88 0.4-1740843E tiO 0.14478'525E-01 
! 
! 1.50% 0.9782 0.76335937E 08 0. 44490360E 00 0. 1436473(:;E -01 
! 
! 2.00r. 0.9604 0.761513824E 08 0.44238883E 130 0. 14191632E-01 

2.50r. 8.9506 0.75963768E 00 0.43986419E 80 8. 14049215E-01 

3.00% 8.9409 0.75774745E 00 0.43732968E 88 8.13907·485E-[11 

3.50u f1. 9312 0.75583734E 00 8.43478541E 08 8. 13766445E-01 

4.0!.1(~ 0.921.6 0.75390710E 00 8 • (~322313'lE 88 8. 13626094E-Gl 

4. 50~~ 0.9128 B.?5195647E 08 f3.42966765E 00 0.13486433E-01 

5.00u 0.9025 8.74998524E 08 fa. 42789431 E GEl 8. i334?461E-01 

5.50% 0.8930 0.74799316E 00 8,~2t.l51133E 80 0,13209180E-Al 

6.00u 0.8836 0.74597997E 08 O.42191885E 80 0.13071591E'~1 
--------------------------------------------------------------------------------------------------------------

, b' 

• • • • • • 



/" 

• • • • • 

Table 3h. PRECISIO~l OF RETRIEVED RES~L.TS FOR DAm FIELDS 
DATE OF BIRTH (MONTH ArID DAY DHLY) 
~lND SURNAME 

" .. '!' 

• • 

------------------------------------------------------------------------------._------------------------------
! 

! surmAME DEC rLE 8 ! 
1----------------------------------------------------------.--------------------------------------------------I 

ERROR RATE RECALL FACTOR ! • FILE SIZE ! 
!--------------------------------------------------------------------------1 
I 1 MILLION I 4 MILLIOt-l 1 220MII.LlON I 1--__________________________________________ ----_____ -------------------------------------_u ________________ I 

, ! 1 ! i 
, e ,0EW 1. 8880 ! 8. 46456954E 00 8. 17?9754?E 80 8. 39186978E -~j2 

0.58~ 0.9988 8.46207365E 88 0. 1765138?E 88 8.3879?6El'?E-82 

1. 00t-~ 13.9881 8.45956?,12E 88 0.1?'5135284E 00 8.38410151E-02 

1.58X 13.97132 0. 45?84998E 88 8. 1 ?359483E 88 8.3882462iE-fl2 
..... ! 
BI 2.08r. 0.9684 8.c.J5452228E 8@ 0. t ?'213989E 80 0.3?641011E-82 

I 
2.san 8.9506 13. 45198396E 00 0.1;'868564E 08 0. 37259325E-02 

3. 00~~ 0.9489 0.44943519E 00 13. : 6923459E 08 8.368?9557E~02 

3.50~ 0.9312 0.4468?598E od 0.1tS?'78595E 06 0.36501?18E-02 

4.88~t. 0.9216 0.·14430618E 00 13. 16633978E 00 0.36125801E-02 

4. 58~~ 0.9128 8. 441 ?26~1'jE 88 D.16489t512E 08 0.357518t8E-02 

5.0e~ ! 8.9025 0.43!:113558E 00 8. 16345587E 80 8. 35379750E-02 

5.5fJX 0.893£1 B.4365~4?4E 80 £1, 1628166 E 00 0.35889613E-02 

G.0B~ 13.8836 8.43392369E 130 f.j,16858086E 00 fl. 34641401E-02 

• 



Table 3;. PRECISION OF RETRIEVED RESULTS FOR DAT~ FIELDS 
DATE OF ElJRTH (MOHTH AHP DAY OHL V) 
AI'll) SURNAME 

--------------------------------------------------------------------------.----~-----------------~------~------

SURNAME DECILE 9 
!------------------------------------------------------------------------------------------------------------! 
! ERROR RATE RECALL FACTOR FILE SIZE ! 1---------------------------------------------------------______________ --_1 
! ! i 1 MILLION ! 4 ~lILLION I 220 1'1ILLION i 
! ----------------------------------------------------------------------.. _--_. ----------------------------------\ 
I I ! I ! I 

8.00:-l 1.0000 0.34790396E 80 Et.11755083E 013 0.24151414E-02 

6.50~ 8.9900 0.345631l6E 00 0.11651465E 00 0.23911081E'-02 

1.80rt 0.98131 0.343354B2E 130 a.11548128E B0 0.23671948E-02 

1 1.513X 8.9?82 0.34107258E .80 0. 114450?0E 00 e.23433990E-82 ....... 
o! . I 
N! 2.0eJ;t 6.9604 ! 8.33878694E 08 0. 11342295E 00 8. 23197.234E-02 

! 
2.50~ 0.9506 ! 0.3364971?E 00 0. 11239807E 00 e.22961675E~02 

I' 
3. 0El~~ 0.9409 ! o • ·33420334E 00 0. 111376139E 00 0. 22727305E-82 

! 
3.50% 0.9312 8.33190555E 00 0.11035701E 00 0,22494131E-02 

'1.88% 8.9216 8.32960390E 00 0. 10934l?l90E 00 0.22262153E-02 

4.5El~ 0.9120 0.32729841E 80 0.108327756 08 8.22031370E-02 

5.00r. 0.91325 0.32498924E 88 0. 1I37'31762E 00 8.2188178€)E-82 

5.50r. 13.8930 0.32267639E 00 0.10631051E 80 1 tl • 21573385E -02 
1 

6.0Elr. 0.8836 a.3203G002E 00 8. 105306466 80 .! t:L 21346 184E-02 
---------------------------------------------------------*-----~----------------------------------------------

• • _~, ~~ ~ ~.-----oa.... __ ~_ """'--- ___________ ~ __ ......... __ • 
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Table 3j. PRECISION OF RETRIEVED RESULTS FOR DATA F;I;:LDS 
DATE OF 8 IRTH < MONTH AI'fD DAY O~jL y) 

. AND SURNANE 

• • 

--------------------------------------------~-------------------------------------------------------~---------
I 
I ~SUR"lAt·1E DEC ILE !.13 ! 
1---------------------------------------------------··--------------------------------------------------------r 

ERROR RATE RECALL FACTOR ! FILE SIZE I 
!------------------------------------------------------------_._-----------! ! ! 1 MILL ION I 4 MILLION ! 22liJMILLIOH 

!---------------------------------------------------------------------------------------------~--------------! 

0.G0X 1.131300 0.1!J98118E1E 08 8.29901143E-81 0. 56080237E-83 

1:1.5er- 8.9908 8.18883451E 88 8.29611G83E-81 0.55441947E-83 

I 1.00X 0.9801 0. 10786078E f."2) o ,293235a6E-0 1 8. 54886444E-03 
1 
! 1 . 58~~ 8.9782 13. 10688985E 88 8. :'90366121E -81 8. 54333748E-83 

...... 1 
81 2. 00~~ 8.9684 0. 18592175E 80 8.28751000E-01 0. 53783822E-03 

2.50U 0.9506 0. J.0495649E: 88 0.28466679E-01 0. 53236699E-03 

3.00X 0.9409 0.10399411E 130 0.28183645E-01 0.52692361E-03 

3. 50~~ 0.9312 0. 103'Z13462E 88 0.27901903E·-01 0.52150825E-83 

4.00;:~ 0.9216 0. 102f37805E 00 8.27621455E-01 8.516J.2079E-03 

4. 5t3~~ 0.9120 0. 101~2442E 00 0.27342301E-01 0. 5l0TE, 132E-03 
',-::J 

5. 00t~ 0.91325 0.10017378E 80 (:J • 27064452E -01 o . .505(~2974E-03 
5. 5El1~ 0.8938 0.99226130F.-81 8. 26787900E-0 l' E1.5E1012608E-03 

6.!!:l0~ 0.8836 8.9828150'3E-0)' 0.26512654£-01 8,49485038E-83 -----.--.------------------------------------____ "' _____ -----------_._------_ .... _,---.--_._--_ ... _----:.0-.... _------- ,-________ _ 

o 

• 

. 0 
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~ 
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Table 4a. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
DATE OF BIRTH (YEAR,. MONTH. AND DAY) 
r~ND SURNAME 

----------------------------------------------------.. ---------------------------------------------------------
! I 
! SURNAME DEC IlE 1 I 
1------------------------------------------------------------------------------------------------------------\ 
! ERROR RATE ! RECALL FACTOR ! FILE SIZE ! 

1 !--------------------------------------------------------------------------1 
1 MILLION ! 4 MILLION ! 220 MILLION t 1------------------------------------------------------------------------------------________________________ 1 . , 

! I ! ! I I 

! B.B0r. ! 1.1301313 0.10000888E 01 0. 18808800E 01 ! 8.99885864E 88 ! 

0>:Sgl,/,; 13.9980 0. 18080000E 01 0. 1 El060000E 01 e.99883879E 80 
~~" 

1.00r. ! 0.9801 8. 18000808E 01 0. 10008808E 01 0. 99882676E 00 
1 

1.50;.: I 8.97132 0. 10000888E 01 0. 10000060E 01 0.99881455E 00 
I 

2.00r. 8.9604 0.18800088E 81 0.1001t10000E 01 0.99880215E 08 

2.60r. 0.9566 0.10000006E 01 0. 180080t)0E 01 0.99878955E 00 

3.80U 13.9409 0. 1880B80BE 81 \3. 100tt0000E 01 0.99877676E 00 

3.50U 0.9312 0. 10000800E 81 0. 18000008E 01 - 0. 99876377E 00 

4.00U 13.9216 0. 10080000E 01 0. 10880000E 01 0.99875858E 00 

4. 50~~ 0.9120 0. 10000800E 01 0. 10000000E 01 e.998?2717E 00 

5.813;, 0.9025 0. 18000830E £11 0.1(1080800E 01 8.99872355E 00 

5.50~ 0.8930 13 . 1813~313800E 01 0. 10f100000E 01 El.99870972E ~}0 

6.0BU 0.8836 0. 100130001jE 01 e. 1 t1000000E 81 0.99869566E 00 
------------------------------------------------------------------------------------------------------------~-

.------~~ ----- • • • ~-~ ---~- ---- ~~ -" ~~ -_.- • • • '·tt. +. ~ -

~s· 
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Table 4b. PRECISION OF RETRIEVE]) RESULTS FOR DATI~ FIELDS 
DATE OF BIRTH (YEAR, MONTH .. AND DAY) 
AND SURHAME 

• • 

-------_.----------------------------------------------------------_._------------------------------------------
1 

SURNAME DECILE 2 i 
\------------------------------------------------------------------------------------------------~.------------I 
! ERROR RATE r RECALL FACTOR I FILE SIZE ! I l--___________ ~ _______________________________________ - ____________________ 1 

•• • I 

! ! 1 1 MILLION ! 4 MILLION ! 2213 rlILL iOH ! 
! --------------------------------------'--.-----------------.. -----------.----------------------------------.------ I 
! \ ! I I ! 

I-'! 
01 
CJ1! 

I 

e . 00n 1. 0008 0.99992841 E 80 8. 99951156E m) ! £I • 97087717E 00 ! 
! 

8.56r. 0.99613 0.99991933E 813 0.99950635E 88 I 0.97059289E 00 
! 

1. 0e:~ 8.9801 0.99991822E 80 0.99950186E 80 FJ • 97'f138286E 00 

1. 50~ 0.9702 8.999.9t710E 88 8.99949569E 013 0. 97'080939E 08 

2.08% ·0.96eJ4 8.99991596E 88 0.99949023E 1:)8 ! 0.96971159E 80 
I 

2.50:Y. 0.9506 e.99991480E 138 "0 , 99~348469E 88 J 0.96940938E 00 
! 

3.00:Y. 0.94El9 0.99991362E B0 8. 999~1?906E 80 I 0.969182681:: 00 
! 

3.50U 0.9312 0.99991243E 08 0, 9994?'334E 88 8.96879148£ 8l] 

4.0fjr. B.9216 0,99991121 E BE) 8.99946754E 00 0. 96847544E 80 

4. 58:~ 0.9120 8.9999iZ1997E 138 8.99946163E 00 0.968Hi4?2E 88 

5.80% 8.9025 O.999908?lE 130 0.99945564E 8tl 0.96782914E 80 . 
5.50n 8.8938 0.99990742E 08 0.39944954E 88 0.96?49859E 60 

6. eI8;~ 8.13836 0.999g0612E 00 8.99944335E 00. 8.96716299E eEl 

• 



Table 4c. PRECISION O~ !\'ETRIEVED RESUL T8 FOR DATA~,FII::LDS 
DATE Of 8 I RTH (YEAR. 1'10NTH rAND Di'fY) 
AND SLlR~IAME 

-----------------------------------~--------------------------------------------------------------------------
! 

! SURNAME DEC I LE 3 ! 
1------------------------------------------------------------------------------------------------------------! 

ERROR RATE ! RECALL FACTOR ! FILE SIZE ! 1--------------------------------------------------------------------______ 1 . . 
! ! ! 1 MILLlOl'1 ! 4 MILLION ! 220 tilLLION ! 
1------------------------------------------------------------------------------------------------------------! 
1 ! ! ! ! ! 

8.88U ! 1 .0080 8. 99952913E 80! 8. 99'(92813E '38 ! 8. 89469778E 80 ! 

8.58% 0.9988 0.99952487E 88 0. 9~J79069EIE 88 8. 89374927E 88 

1 .08r. 0.9801 8.99951893E 80 8.99788558E 80 0.~92788o::j2E 88 

! 1 .50% 8.9?02 0'.999513725 80 8.99(,86369E 00' 0.89181500E 00 
..... I 
o· 
O'I! 2. 88~t 0.9604 0.99950841E 88 8.99784155E 08 8.89882881E 88 

! 
2.50tt 8.9586 I El .99958303E 00 0.99781906E 00, 0.88982964E 08 

! 
.. ! . 

3.13B~ 0.9489 0.999.'19756E 00. 8.99779623E 88 0.88881n7~ 88 
! 

3.50% ! 0.9312 8.99949208E 08 0. 99777304E 80 0.88?79147E 88 
! • 

4.00U ! 0.9216 0.99948636E 00 0. 99774948E 08 0.88675283E 00 
! 

4.58Y. 8.9120 0.99948062E 0EJ 0.997?2555E B0 o . .88569869E !:l0 

5.B8U 0.9025 0. 9994?479E 08 0.99778125E 00 {j.88463125E 00 
! 

5.50r. 0.8930 r 0.99946887E 00 0.99767655E 00 0. 88354946E 00 

6.00t:: 0.8836 0.99946285E £1(3 0.99765146E 
!. 

00 ! 0.88245303E 00 
---------------------------------------------~----------------------------------------------------------------

G 

• • • • • • o Q. • 

~' '-<.-._'4It.: ~r.~'_ :A"i ." ~,;·.,j:Vf.'~. ",(~I~~~.,.;{..Il 
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• .- ....... .. ..... • • • • • • 

Tab 1 e 4d. PREC IS ION OF RETR I EVED RESUL T5 FOI~ DATA FIELDS 
DATE OF BIRrH (YEAR. MotHH. AND D!W) 
AND SURNAME 

• • 

-----------------------------------------------------..... _--------- .... ---_ ... ---- ...... ---.---~---------- .. _----------------

SURNAME J'lECILE: 4 
!------------------------------------------------------------------------------------------------------------! 

ERRO~ RATE RECALL FACTOR ! FILE SIZE ! 
1-------------------------------------------------------------------------~! 

! ! ! 1 1"1ILLION ! 4 MILLJOH ! 220 t1ILLION I 
!------------------------------------------------------------------------------------------------------------! 

I I ! 
0.08r. 1. el0El0 0,99857248E 130 0.994872591; 08 0.75052162E 80 

0.50r. 8.9980 8.99855?71E 60 0.99401282E 08 0.?4863958E 00 

1.88r. e.9881 0.998542?2E 00 0.99395214E 0£1 8,746?3860E tjl3 

I ....... i .58r. 8.·9782 0.99852749E 60 0.99389054E 80 8.74481844E 00 a! 
~ 2.08;:,: 8.9684 0.998512B3E 00 0.99382800E 00 0.74287889E 00 

2.50~ 0.9506 8.99849633E 08 8.99376451E 08 0.740919741; 88 
. ! 

3.00'~ 8.9409 0.99848039E 80 0.9937000:5E 88 0.738940?6E 00 

. 3. 58;~ 0~9312 0.99846419E 00 0.99363456E 00 0.73694!73E 00 

4.0Eltt 0.9216 0.99844774E 130 0.99356807E £10 f1~73492239E 80 

4.50r. 0.9120 ! 8.99843102E 80 8.99358053E 00 B.732B825?E 00 
! . 

5.Ber. 8.9025 8.99841405E 138 e· El. 99343194E .. 88 0.73082203E 00 .! 

5.50r. 0.8938 0.99839679E 80 0.99336226E 80 0.728740536 08 .- ! 
f 

6;00~ 8.8836 0.99837926E 08 0.99329147E 
." ,: 

Be) 0.72663781E 88 " 

---------------------------------------~--------------------------------------------------------------~-------

• 



Table 4e. PRECISIOH OF RETRIEVED RESULTS FOR DATA FIELDS 
DATE OF BIRTH (\)EAR .• MONTH, AND NW) 
AND SURNAME 

--------------------------------------------------------------------------------------------------------------
SURNA!"lE DECILE 5 

1------------------------------------------------------------------.-------------.. ----------------------------I 
! ERROR RATE ! RECALL FACTOR ! FILE SIZE ! 
! 1----------------------------_·_-------------------------------------------1 
! ! ! 1 !"IILLION ! 4 tlILLION 1 228 ~iILLIOH ! 
1-------------------------------------------------------------------------------------------------------~~---! 
! 1 1 I ! 

o • 0e(~ 1 • 13131313 ! 13 .997'43178E 00 13 • 98950448E 130 (3. 62934034E 00 ! 

B.50U 0.9900 0 c 99748546E 00 8.9893993.4E 00 0. 62699853E 00 
! 

1 • r;38:~ 0.9801 ! EI .99?37873E £18 0. 9892926.3E 013 0.62463895E £1£1 

1.50U 0.9702 0.99735160E 138 0.98918431E 08 8.62226144E eel ...... , 
o· 
001 2.00% 8.%84 8 . S9732~W}6E 1313 \:1 .98987 434E 80 G.61986586E 00. 

! 
I 2.5BU 8.9506 e.9972968SE 88 8.98896271E 08 8.61745216E 130 
\ 
I 3.130r. 0.9489 0. 99726767E 80 0.98884936E 00 0.61502B21E 813 

3.5Br. 0.9312 0.99723882E i?J0 8.98873427E 08 0,61256985E 80 

4.0e~ . 0.9216 0.99?28951E 00 8.98861741E 80 0,61810181E 80 

4.SBr. 0.9128 0.99717975E 80 B.98849873E 813 0.607613E.0E 00 

5.80~ 0.9825 0.99714950E 00 8.98837820E 00 0,60510752E 0~) 

5.50U 8.8930 0.99711878E Btl 8. 98825577E 80 0.68258268E 00 

6.00U 8.8836 0.99708756E 08 0. S-tl8 131...:12£ 80 8.60E1[-J38??E 0B 
--------------------~--------------~--------------------------------------------------------------------------

.... ~ .. \) 

~~-~~--~~.-~~---.-. --.. ~.~I~_~~--~~~.~--·-.~---.~ 
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Table 4f. PRECISION OF RETRIEVED RESULTS FOR DATA FIELnS 
DATE OF BIRTH (Yf:AR. MONTH. AHl) ;':AY) 
AND SURNAME 

------------------------------------------------------.-------------------------------------------------------
! 

I SURNA~lE l)EC I LE 6 I 
1------------------------------------------------------------------------------------------------------------! 

EPROR RATE ! RECALL· FACTOR ! FILE SIZE ! 1-----------------------------------------------------------_______________ 1 , , 
I ! 1 MILLION 4 t'I1LL 101'1 2::::0 t'lILL 10N I 
1------------------------------------------------------------------------------------------------------------! 

!! ! 
0.0\?JU 1.00130 0.99645179E 00 13.9856851£E 88 e.55251374E 00 

e.5lJU 8.991313 0.9964155?E 00 0.98546164E 80 El.5S885:?64E 00 

J • 001!! 13.9801 13.99637'8813E 613 6.9853159?'E 80 0.54755860E 00 

! i.5er. 0.97'02 0.99634146E 00 ElEI 00 
51 

8.98516813E 0. 54504847E 

~! 2.00X 13.9604 0.99630355E Be 0.98501806E 80 B.54252328E 00 

2.50U 0.9506 0.99626506E 81f) 8,98486572E 813 8. 53998297E 08 

3.El0X 13.94B9 0.996225~?E eJ!3 • 13.98471186E 138 0. 53?4:2?49E 08 

2:. 5fJ~t El. 9312 0.99618627E 80 0.98455403E 80 0.53485684~ 138 

4.00n 13:9216 0.996145gSE 00 0,9843!3460E 00 0,53227093E 00 

4.50~ E)'9128 0.99610499E 130 O.98423270E 80 0.52966980E 80 

5.El0~ 0.9825 e.99606339P! 80 0.980406829E B0 0.52785340E etl 

5.5'3X 13.8930 0.99602112E 88 S.98398132E 80 0.524421?lE 08 

6.0Br. 8.8836 8.99597'81 (BE 00 er.983?31?3E 88 El.S21?7'.:IG4E 80 
------------------------------------------------~-------------------------------------------------------------

1/ __ ~ __________ ........ __ J 

• 



Table 4g. PREC IS ION OF RETR I EVED RE'SLIL TS FOfi: D~TA FIELDS 
DATE OF BIRTH (Y'EAR,_I'"IONTH. AND DAY) 
AND SURNAME 

--------------------------------------------------------------------------------------------------------------
[ SURNAME DECILE 7 
,----------~------------------------------------------------------------------~------------.------------------I 
! ERROR RATE RECALL FACTOR ! FILE SIZE I 
! !~--------~---------------------~-------------------~----------------------1 
I I 1 MILLIOH I 4 MILLION I 220 MILLION ! 
!--------~----------------------------------------------------------------------~----------------------------I 
I ! I ! ! ! 

e.ear. 1.eaee a.99319984E 00! 8.97282956E 80 8.39278489E 80 

0.5a7. a.9900 0.9931309fJE 08 0.97256245E 00 ~.' 39039549E 00 

1. ear. EL 9881 8.99306091E 08 0.97229142E 00 e.3880ee17E 00 

1.507. 0.97e2 0.9929i3987E 00 0.97281642E 80 0.38559817E 80 
..... , 
..... 1 o· 2.ElElU 0.9604 0.99291?73E 8(:1 0.97173734E 00 0.38318955E 00 

! 
! 2.50~ ! 0.9586 0.9;1284450E 08 0.9?145412E 813 0.38877432E 80 

I 
. 

3.ea~ 1 8.9409· 0.99277013E 00 0.97116667E 138 0.37835265E 08 
! 

3.50~ 13.9312 El.99269461E 00 ! 0.9?087491E G0 0.3?592456E 00 
.( . 

4.eJ0r; 0.9216 0.99261792E 80 0.97857875E 88 P.l.3?349~12E 00 

4.5Ei~ 0.9128 0.99254002E 00 0.9?02?812E 80 0.37104939E 00 

5.80r. 0.9025 0.99246090E 130 0.96997290E 00 f1.36860252E 00 

5.50;':1 0.8938 e.99238052E 00 8.96966302E 80 8.36614950E 80 

6.El0~ 13.8836 0.9922988?E B0 e.96934839E 00 0.3b369045E ee 
--_._-----_._----------------------------------------------------------------------------------------------~----

• • • • • • • • ,~- ....... - ...... "'-, 

'i:. 

• 



• c ... =: -• • • .-- • • • 

Table 4h. PRECISION OF.RETR1EVEI: RESULTS FOR DRTA FIELDS 
Dlfl.iE OF BIRTH (YEAR~ MONTH, At·lJ) DAY) 

• 

AN~I SURNAME _____________________________________ ~--M---------------------------------------------------------~-----------
!: SURNr:lME DEC ILE 8 . ! I ________________________ -----------~~----------------____________________________________________ -----------1 

; ERROR RATE ! RECALJ... FACTOR 1- F 1LE S,flE - ? i 
! ! - !----------------------------------~---------------------------------------! 

! 1 MILLION \ 4 MILLION ! 220 MILLION I 
1------------------------------------------------------------------------------------------------------------\ 
1 / ____ \ I I I I I 

;/ i 0.0;1~ .. / 0 1.0000 i 0.97443133E 00 i 8.90369576E 00 ' 0. 14513361E 00 ! 
I, I 

1-'1 
I-' r 
1-" , 

I , 

0.5eu 

1.00% 

1.5B~ 

2.013% 

0.9900 

,0 .• 9881 

0.97'02 

0.9604 

0.9?41??80E 00 

.0.,9?392053E 00 

1 0.97365947E e0 

£I.9i-'339453E 88 

! , 0.90281?55E 00' 
! \\ 

'-2' 0.98192776£ 08 

0.9818·?60'('E 00 

0.9801 i242E 08 

8e 

8.14389416E 

8. 14265735E 

B.14142324E 

0.14019184£ 

0. 13896318E 

80: 

80 

80 

00 

00 

! 
! 

1 
1 

2.50~ 0.9506 

0.9484 

! 0.91312564E 
! . 
\ 8.97285272E 

00 e .89918.657E 

Btl 0. 898:24838E 013(; 

,,~\, 

0. 13773?33E 13f:J 
! 
.I. 

! . 
! 

3.00~ 

3.50~ 

4.08% 

4. 50(~ 

5.13fm 

r:;.50~ 

G. 0B~~ 

0.9312 

0.9216 

0.9120 

13.9025 - , ! 
8.8930 

8.8836 

r:.1 .97257'568t; 08 

8.97229446'E 00 

0. 972013895E 00 

0. 9f1t ? r;.f89E ~je· 

0.9714247?E £10 

0.97112591t; 80 

I, ,n 
,1,;: 

;/ ' 
II I 
II 0 f I 

/, { 
II 
! 

.. -·<~~8 .891297'39E -----", __ i £10 

0.8963336.4£ 08 ! 
r 

\3.89535682E 00 " i 
I 

8.89436669E 0tt 

0.8!33363113E eo 
8 . 89234~'561E M 

,? 

0.136514~lE 

0. 1352'J415E 

0 .. 13407693E 

8. 13206265E 

0.13165137E 

0.1304.4311£ 

'0.8 

80' 

88 

88 

0fl 

88 

! 
! 
I 
k 
! 

• 

---------------------------------------~---~.---.-------------------------------------------------------------\ 
l} 

:i 

/i 
1) 

':';.1 

l!! 



..... ..... 
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• 

Table 4i. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
DATE OF BIRTH (YEA'<, MONTH, AND MY) 
AND SURNAME 

_ ... _------_.-.--------------_._-------------------._- .... ---------.----.---------, ... ---------,--------.. -----~-----.. _-_.-_ .... ----.... 

SURHI')l"lE DEC l LE 9 
1---------------------------------------------------------------------------------------------~--------------1 
! E~RDR RATE ! RECALL FACTOR ! FILE SIZE 1 

I----------------------------------~---------------------------------------1 
\' 1 1 MILL!ON 1 4 MILLION ! 220M1LI.ION ! 

! ----------------------------------,-.------------------------- .... -------_ .... -------------------------------_._-------- ! 

0.00~ 1.00138 0.9598?313E 00 0.85236535E 00 0. 94593066E-01 

0.50::: 0.9900 0.9586?393E 00 0.85109628E 00 8.937'37908E-01 

1. ear. 0.9801 el.95826898E 00 8.84981179E 80 0.92885439E-01 

1.50~ 0.9782 0.957t;3S,?18E 00 0.84851162E ea l3,92035667E-01 
' / 

2.007- 0.9684 0.95744142E 00 11.84719553E 813 0.91188621E,,:,01 

2.50~ 0.9506 0.95?01858E 00 er.84586333E 1313 6.90344316E-81 
\" - , . " ! I 

3.00r. a,.9409 0.95658954E 00 ,0.844514?2E 1313 0.89502771E-01 ! ' 

3.56~ 8.9312 8.95615419E 08 0.84314946E 813 0.886640EH3E-01 

4.00" 6.9216 8.955?1241E 138 e. 84~ 76734E 88 @.87828036E-01 
,\, 

4.50,.; 8.9120 0.955264137'1:7: 0f.) 0.84et36806E 013 e:86994889E-r:!1 

5.00~ 8.9025 0.95498903E 00 8.838951351: 00 0.86164591E-01 
,"~<) 

5.5em 0.8930 0.95434?1?'E 80 8.837'5169rE: M 13.8533?,146E-01 

£.00r. 6.8836 8.95387.836E eEl !. a. Er3G86462E 00 ' (, r1.845125?4E-01 
------------------------------------------------------------------------------~----------~-~--~~-----~~--------

" 

(/ 

c 

o • .-. • - ......... _--_. ~ • __ 'ftn_..-.c+ _' _.__ _ _ .... _----....., • • • o • 

// 



• • • 

Table 4j. 

, . 

• • .' • 

PRECISION OF RETRIEVED RESULTS FOR DATA FIELI1S 
DATE OF 8IRTH f,YEAR~ MONTH, AHD.D8Y) 
AND SURNAME 

.......,..-- -• • 

--------------------------------------------------------------------------------------------------------------
SURHAI1E flEC I LE 10 

• 

, - -- -- -- -- - ~ - ,-I-."_~.;,~~. ~ ~_~._.....-
=--="' -i~---~~~ITR-:-~~t~:--~-:-~~EALL:-;~tf6~~7.1..,-:--- -,. --:" , .. :--,.,-., -::-~,- .. ~-o"" """'F'ILE=sT2it--":"-~..,..,...,---.,--c----'~--· -.. -,,0 .... ---------! 1 _________ ~ ___________________________________________ - _______________ -----1 

, 1 MILLION 4 mLLION 220 MILLION . 
!------------------------------------------------------------------------------------------------------------! 
!! ! ! 
! 0.a0~~ 1.01388 0.84419429E 130 0.57189911E ~0 B.23609111E-01 , 
! B.san £I :9980 0.84285881E 08 0. 56943('::)0E 08 0.23379105E-81 
! 
! 1.087.: 0.9801 8.84150728E €I8 8.56b95962E 0e 0.23158145E-81 .. 

I. 
... ! 1.50r. . ! 0.9702 8.84013948E 88 0.5644E605E 00 8. 22922236E-eJ1 
~ ! 
w 2.00r. ! 0.9604 0.83875517E 00 0.56195653E 130 0. 22G953?3E-01 

<: 

2.50ro 0.9506 0.83735413E 0Et 0.55943186E 00 ! 8. 22469559E-81 
! . 

3. 00t~ 0.9409 8.83593608E 88 0. 55688947E 00 e.22~44797E-01 

3.56% 0.9312 13.83450074E e0 13.55433178E 86 (3.22821089E-131 

4.007- 0.9216 0. 83304790E 68 0.551('5794E 130 0.21 (198434£-81 

4.5E'17i 0.9120 0.83157729E 80 0.54916798E 80 0.21576836£-01 
\\" 

5.00% 0.91325 8.83008863E 60 0;54656158E i36 0.21356298E-81 . 
5.58% 0.8930 8.82858166E 88 8.54393898E 08 8.211368171:;:-81 

6.00Y- 8.8836 0.82705609E 00 0.541308E12E 00 0.28918397E-01 
Wi 

------..... ------------------------------------------ ..... -------------------.-"'--- .... ----------------.-------~-------------

i' 

\~ . 



I-' 
I-' 
~ 

Table Sa. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
DATE OF BIRTH (YEAR, 1'10NTH .• AND DA'O 
STREET HAt'IE 
81 REET NUl"lBER 
AND SuRNAME 

SURNAME DECILE 
f----------------------------------------------,---------------------------------~-----------------.-----------I 

ERROR RATE RECf-!LL FACTOR I FILE SIZE ! 
! -._------------------------------ --_. -------- ------------------------------ - ! 
! 1 MILLION ! - 4 !'HLLIOH (220 t'HLUON ! 

1-------------------------------------------------------------------~----------------------------------------! 
I I I I ! 
! ft • Be1~ 1 ,0008 8. 100130008E 81 0. 18008000E 01 t 0. 10308808£ 01 

0.50~ 8.9861 0. 1012112181388E 81 o .,10000lj00E ¥J 1 0. 18t~13:3808E 01 

1.00u 0.9686 8. 18800000E 01 0. 18008880E-81 0. 108000(:)8E 01 
! 
! 1 . 50~~ €t.9413 8. 18880EII38E 81 0. 1130088081:: 81 0. 100l3008J3E 81-
! 
! 2."B8~ 1:1.9224 ~3. 1800012180E 01 El.1000000121E 01 0. 18000000E i31 
! 

2.$0:~ 0 .• 9037 0. 100013GS0E 01 8. 10r100000E 01 8. 1I3008080E 81 

3.88% 0.88'53 o . 10880008E 81 0. 10000000E 81 0. 101000fJfJ0E fli 

:3. 50,t 0.:3672 0. 10008000E 8), 0,100B0000E Ell 0. 100mJ000E 81 

4.00n t1~8493 8. 1008B000E 01 o • 100e18000E: 01 0. t000012100E 01 

4. 50.lt 0.8318 0. 10008800E Ell. 0~1121i300E!80E 81 0. 18\"1813000E 01 

S.00g 0.8145 0. 1000tt000E 01 0. 1008000121E 81 0,. 10081-1800E 81 

5.50g 8.79('5 0. 100813000E 01 0. 1008!j80'3E 01 13. 10001:1I;'300E a1 
6.0;3% 0 • .7807 0. 1801300tH3E 0l 8. t 0808808E 131 0. 18080006E 81 

__ -'" ____________________ ~ ______ .. ______________ \oooo-___________ ---.... ----.- .... --~r--- .... --'--.... --- ...... -_______ .... __ -, .. _ ..... ..- ___ ..... _ ......... _________ -.', __ 

') 

e e" Q • ~~.- .... ~ 

, 
o 



~- ......... ~'-~.,. .~ 

• 

...... ..... 
(J1 

• • • • • • 

PRECISIOI'! OF RETRIEVED RESULTS FOR DATA F XELD5 
DATE OF BIRTH (YEAR. MGHTH. fiND DAY) 
STREET NAt-iE 
STREET tlU1'18E~ 

• 

AND SURNAl'lE ,'; 

----.... ---'----.-----------.~----------------- .... --.--.--,------------.----------~ .. -------------..... --------------'~.~":'\'.-.""':!-----.:...-
SURHAME DECILE 2 

I----------------------~----------~-------------------------.. --------------------------------.~--------------- ! 
! ERROR RATE ! RECALL FACTOR ! FILE SIZE ! 
! ! ! ----------------~---------------- .. _---------------------------- - .. --------- ! 
! 1 I'IILLIOH 4 MILLION 228 l"lILLTOH 
[----- -- - ----------------._- --------------------------_._._------------------_._-.---------_.---------------------- ! 
! I I ! ! .! 
I e. fn3X ! 1. 8000 ! B. 100081300E 81! 0. 100801300E 81 0. 10088080E 01 ! 

0.587- a.9SB! 

1. B0:~ 0.5606 

1.50% 0.9413 

2.00U 0.9224 

·2.50~ e .,';lB37' 

3.80% B.Fl8S3 

3.50X 0.8672 

4.56~ 0.8493 

-4. 5EJt~ 8.8318 

:;:,. i10~~ 0.8145 

5. 58?~ 8.('9('5 
! 

0. 10000:3E1I3E 01 

13. 10808080E 81 

0. 10008800E Bl 

o • 10800088E '-0 1 

0. 10000008E 81 

0: 10888J80E 81 

8. H3000000E 81 

0. 100000A0E Bt 

8,113000800E 01 

13 • 1000BB00E 81 

11. 1088e0f~8E 81 

8. 10008008E 81 

8. 10f100880E 01 

0. 10M0008E 81 

0. 10000088E 01 

(I L 100a8800E 01 

0. 10008008E 01 

0. 18000808E 01 

8. 1$0e0880E 81 

0.1ti080000E,01 

0. 10880B00E 81 
, i 
I 

o • 1000000€lE 81 

0. 10008008E 01 

8 • 10008800E 8 1 

0. 10800000E 01 

£1 • 100008ei0E 01 

0 . .10t:i002/tl8E 01 

0. 10008880E 01 

0. 10000080E 01 

a. 10000800E 31 

0.1000000@E 01 

O.1000l'!0tl8E 01 

! 6 . 80;~. Ie. 7807- 13. 10000BB0E €I1 e. 1 BB68080E 81 0. 10~ae00aE 81 
-------~-.-------------~.~----------.--~-.:;--------------.---------------------.. ----.-----------.----------------~1"- .... -

• 



Ii 

Table 5c. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
DATE OF BIRTH (YEAR, MONTH,. AND DIi"r') 
STREET NAME 
STREET NUMBER 
AND SURrlAI'lE ___________________________________________ ...... ____ .. ___ ----------------.~.------------------------ .. -'l--~-,- ..... - -----.--,,--

I 
I SURNAI'lE DECILE 3 ! 
! --------------------------_._---------------------------------------_._----.-----.-----------:-.-------.-.----. .,------' ! 
! ERROR RRTE I RECALL FACTOR ! FILE SIZE I 

! !--------------------------------------------------------~-----------------! 
I 1 MILLIO~I I .::I MILLIOH 228 t'iILLION I _________________________________________________ ~ ___________________ - ______________________________________ 1 

. . 
I I 

I 
...... , 
E;:;! 

! " 

, . 
0.007. 1.8088 0. 1008000.8E 81 0. 10880£1013E 81 0. 18008088E 81 

8.'50r. 8.9801 o • 113000000E 01 0. H1000880E 61 O.10080008E 81 

1 • 00~~ 0.9686, 0. 10880880E 01 0. 10008800E 01 8. 10809000E 81 

1.58r. 0.9413 13. 10008080E 01 0.1080000@E Ell 8.18000000E fli. 

2.00U 0.9224 8.10088000E 01 8. 10808800E.01 {I 0. 18088880£ 81 , 
2.50r. 0.9837 0. 18888000E 81 0. 1800f.l000E 81 0. 10008000E 81 ! 

I I 
3.00U 0.8853 I 8,18013000I3E 81 0. l0000000E 01 8. 18eJ80080E 01 • ! 

!, I 
3.5eJX 0.86('2 0.188001?HZl0E 01 13. t 8001313€lBE 01 0. 10081'3000E e 1 I 

! 
4.00~ 0.8

J
f93 0. 10013B130EiE 01 0. 1000E1!300E £11 8. 18080000E 01 I 
Ii ! 

4.51j~ 0.8318 "0. 100800130E 01 f!l. j 0000000E 01 8. 18000088E 01 

5.067- 8.13145 8.1.0000800E 81 0. 1 a£100800E 81 0.f0888808E01 

5.58~ 0.('975 0. 1000EH3130E 81 0. 10000008E 01 0. 1000ru380E 81 

6.Bau 0.78B7 0. 10000000E 01 i 0. 18000000E 81 G 0. 10088000E 01 
--------------------------------------------------------------------------------------------------------------

• • • • • 

0 

'0 





._-'--_.....&.....-- ___ ... .J __ • _ • .fi._._.~ 

I 

1 

I 
t 

I 
1 

1 



• • • 

Table 5d. 

• • • • 

PREC IS ION OF RETR IE'v'ED RESULTS FOR DATA FIELDS 
DATE OF I3IRTH (YEAR, MOi'ITH, AND DA'e') 
STREET tiAnE 
STREET NUI"IBER 
AND SURNAME 

--......-~. --- - - ~' .... ----• • • • 

______________________________________________________ ----------_________________________________ 0. ___________ _ 

! 
j 8URNH~1E DEC 1 LE 4 ! 1------------------------------------------------------------------------------------------------____________ 1 
i ERROR RATE ! RECALL FACTOR ! FILE SIZE i 

I 1------------------------------------------------------------------.-------1 
I I 1 MILLIOH I 4 MILLIOH ! 220 MILLION i 

!----------------------------~-------------------------------------------------------------------------------1 
1 ! ! 1 

f.I.00~ 1.0000 B.18f:l0000eE 01 0. 10000800E 131 0.959.9S1999E 130 

e.50X 0.9801 0. 10iD0BEJ00E 01 0. 1801j00E)0E 01 0.99999999E 00 

1 ...... 1 • E.10~-t e.9686 o . 1 eJ00f3000E Ell e. 10000000E 81 0.9999S999E 130 
..... I' 
"! 1 . 50'~ 13,9413 0. 113080ElI?j8E 81 8.1I3'::J08000E 01 0.9999999~E 08 

2.00;:: 0.9224 B.lfl8B0B!:l8E 01 0. 188013800E 01 8.99999999E 80 

2.507- 13.9037 0.18080800E 01 0. 1E)0EH3006E 81 8.99999999E 00 

3.08~ 0.8853 0. 18080000E 81 8. 1001j13000E 31 0.99999999E 1~10 

3.50~ 0.8672 0. 100f300eJl'1E 131 E). 10000800E €Ii 0.99999999E 00 ! 

4. 00~~ 0.8493 0.1i30000t10E 01 0. t000008EIE €Ii 8.99999999E 138 

4.50X 0.8318 0. 1000El0f!l0E 01 ~. i0E1E18008E 81 0. 99999999E: 013 

5.00~ 0.8145 0. 1000e008E 01 0. 10008000E 01 0.99999999E 00 

5.587. 0.7975 0. 10000008E 01 0.10013@800E 01 0.99999999E 80 

6.00% 8.7'807 @.10000000E 01 e; i 'En?)00fJ0 E'lE 01 0.99999999E 00 
--------------------------------------------------------------------------------------------------------------

'\\ 



Table 5e. PRECISION OF RETRIEVED RESUtTS FOR DATA FIElDS 
DATE OF BIRTH (YEAR, MONTH, AHD DAY) 
STREET NAl"lE 
STREET NUMBER 
AND SLiRNAME 

--------------------------------------------------------------------------------------------------------------
SURNAME DECILE 5 1--------------------------------------------------------_-------___________________ -________________________ 1 

. ERROR RATE ! RECALL FACTOR ! FILE SIZE i 
! ---------------------------------------------.--------------------------~--- ! 

! l' t1ILUON ' 4 MILUat-! . J '228 MILUot~ ! 
!----------------------.-------------------------------------------------------------------------------------! 
1 1 1 1 - • 1 I 

i 0 • 00~ . i .8000 . 0. 18008800E 01 i 0. i 80880BI3E 8 i . 8. 99999999E 88 . 

0 1 50U 0.9801 0. 10000800E 01 0. 1 P.l8080E18E fJl 8. 99999999E 88 

I 1.00~ 0.9606 8. 188088138E 81 13.18813881313E 81 8.99999999E 80 
~ . 
~ r 00; 1.S0U 8.9413 0. 100081300E 01 0. 108011888E 81 8.99999999!t 80 

I .' 2.80r.- 13.9224 0. 100880138E 131 e.108880813E 131 8. 99999999E 88 

2.50~ 0.9037 0. 100f313000E 01 0. 100fi0880E 131 8.99999999£ 80 

3.£l0~ 0.8853 0. 18000880E 131 8. 10888880E 81 0.99999999E 00 

3. 5~j~ 0.13672 0.10008800E 01 0. 10800008E 01 0.99999999E 00 

4.00~ 0.8493 0. 1000080QE 01 0. 10000888E 01 E1.99999999E 0£l 

4.50% ·0.8318 0.10000000E 01 0. 10000El':J0E 01 0.99999999EtH0 

5.00,; 0.8145 8.10000080E 01 0.j0088000E 01 A. 9999EI999E 00 

5.50~ 0.7975 0. 10000000E 01 £1. 10800008E 01 0.99999999E 00 

6.00r. 0.7887 0. 10080080E 81 8. 1800001101:: 81 0. Sr9999998E01Z1 
--------------------------------------------------------------------------------------------------------------

• • • • • • '. ., --- - • 



.---. • • • • 

Tab 1 e 5f. PREC IS ION OF r~ETR IEVED RESULTS FOR DATA FIELDS 
DATE OF 8 IRTH ('YEAR, MONTIL AND l)AY) 
STREET NAME 
STREET rlUMBER 
AND SURi'IAt'lE 

• • 

-------------------------------------------------------------------------------.-----------------~-------------

! SLlRN(.)ME DECILE 6 
!-----------------------------------------------------------------------~---------------------------,---------I 

ERROP RATE RECALL Ft4CTOR I FILE SIZE ! 
1---------------------------------------------------------------------------1 
J 1 MILLION I 4 t"lILUON ! 220 t1ILLION ! 

!~-----------------------------------------------------------------------------------------------------------! 

, 
~I 
'-O! 

r 
! • 
l 

0.00~ 

8.50r. 

1 .0er. 

1.58~ 

2.0fjr. 

2.50~ 

3. 00~~ 

3.50,t. 

4.007.: 

4.5B~ 

5.00~ 

5.50% 

6.00ft. 

1.0000 0. 10008000E 

0.9801 0. 100001?J00E 

8.9606 e. 10888000E 

0.9413 8. 10000008E 

0.9224 0. 10e00000E 

8.9037 0. 10B1300E10E 

0.8853 0. 1 B0B~H300E 

0.8612 o . 10000000E 

0.8493 o . 10EH301~00r.:: 

0.8318 £1. 100e0130EIE 

0.8145 0. 180000(H~E 

8.7975 O.1BP.J00000E 

13.('8137 0. 1000Eff:l00E 

li'l1 o . 10000000E' 81 

01 8.i8080000E 01 

01 0. 108000081:: 01 

81 0. 10000000E 01 

01 0. 18l':J80000E 01 

01 0. 10080000E 01 

01 0. t000000E1E 01 

131 8. 1 J30EI~3000E 01 

81 i?1, 1 EU30Elf300E 01 

131 0. 18000000E 01 

f:ll 0. 100t;18000E 01 

81 0. 1 B000130HE 01 

01 8. t 8C100000E 01 

0.99999998E 00 

0.99:J99998E 00 

0.99999998E 60 

0.99999998E 00 

0. 99999~)98E 00 

0.99999998E 80 

0.99999998E 08 

8.99999998E 08 

0. 99999998E Efe 

E1.99999998E 80 

13.99999998E 00 

0.99:'399998E 00 
c~:< 

0.9999:39981:: B0 

! 

------------------------------------------------~-------------------------------------------------------------

• 



Table 59. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
DATE OF BIRTH (YEAR. /"lDNTH. AND DAY) 
STREET NAt'lE 
STREET NUMBER 
AND SURNAf-IE 

--------------------------------------------------------------------------------------------------------_.----
SURNAt'IE DEC ILE (' 1------------------------------------------------------------_______________ --_______________________________ 1 

, ERROR RATE RECALL FACTOR ! fILE S !ZE ' 
I----~---------------------------------------------------------------------1 i 1 MILLION ! 4 MILLION 228 MILLION i 1-____________________________________________________ ---------------------------------______________________ J 

i ! ! ! I i 

\-'! 
NI 
a' r 

! 

o . 80~ ! 1. 8000 8. 18880800E 01 0. i 888£1000E 81 I 8. 99999997E 80 
! 

13.58U , 8.9801 0. 18800000E at 6.18000£180E 81 0.99999997E 80 
I 

1 .0137- !' 0.9686 0. 100800138E 01 l 0. 180138000E 01 0.999999'\;)7E 88 - ,. 
1.58~ fj,9413 o . 18088008E 81 I 8. 18880080E 81 8.99999997E 80 

2.00% ' ! 8.9224 0. 10008800E 131 8. 1013808130E 81 8.S9999997E 88 

2.50U 13.9837 0. 100138888E ell 8.11313808013E 01 0.999999971:: 88 

3.80% 0.8853 0. 18080000E €I1 0. 18888880E 01 8.99999997E 00 

3.50% 0.86"(2 0. 1000€1080£ 01 8. 108130000E 81 8.999g~'-396E 88 

4. 00~~ 8.8493 0,18080088E 81 8.10088000E 01 0. 99~1~::"\96E 08 

4.58% 0.8318 0. 100080el0E 01 0. 1 B8000f10E 81 8.999999961:: 08 

5.00~ 0.8145 o . 10000080E=: 01 0. t 0000800£ 81 0.99999996E 00 

5.50% 0.79"(5 8! 100001308£ 81 0. 18008000E 01 0.99999996E 00 

G.8er. 0.7807 0.\~000080E 81 8.18e00800E 01 0.99999996E 00 
-------------------------------------------~-----------------------------------------------------------.--~---

() 

• • • • • • • • - ... ,~ I; 
w'~_ -

• 'm (be t • 

co 

rr' 
Ic 

• ,. 



• • • • • 

Tab 1 e 5h. PREC rs ION OF RETR IEVED RESULTS FOR DATA FIELDS 
DATE OF BIRTH (YEAR. MONTH. AND DHY) 
STREET NAME 
STREET NUMBER 
AND SURNAME 

• • 

--------------------------------------------------------------------------------------------------------------
! 
! SURNAME DECILE 8 ! 
1------------------------------------------------------------------------------------------------------------1 
; ERROR RATE ! RECALL FACTOR ! FILE S 12E . ! 
! ! --------------.------.---------------.--.. ------------------------------------.- I 

! 1 MIl.LIOH I 4 MIL.LIOH f 228 lilLLION I 
!-------------------------------------------------------------------------------------~----------------------! 
I I 1 ., , 

0.e0~ 1.0006 S.18000088E 81 0.108S000~E 81 8.99999988E 88 ! 
I 

8.5B~ 8.9801 0.180808B0E 81 0.1B000000E 01 8.99999988E 00 I 
! 

! i.Sen 0.96B6 8.1B88080BE 01 0.1B808000E 01 0.9999~988E 08 I 
~ I I 
~! 1.58~ 8.~413 8. 100008B0E 01 0. 10800080E 81 0.99999987E 00 r 

! ! 
2.08% 0.9224 B.18000BB8E 01 0. 10000008E 81 0.99999987E 08 I 

I 
2.50U 8.9037 0'. 1 E1880f)08E 01 ! 0. 18008000E 01 0.99999987E 00 

t 
3. 0e~, 8.8853 8.18000t10ElE 81 \\ ,., B.10008000E 81 8~99999987E OO 

II' 
3. 5EI;~ 8.8672 o . 18000080E 01 1 0. 1 fl00000f:JE 01 0.99999986E 08 

4. 80~~ 8.8493 0. 18008808E O1 0. 1000B000E 81 0.99999986E 0PJ 

4.50U B.8318 8. 10000808E 01 '13",--l8.gU10 8 0 8 E 01 8.99999986E' 00 
-,--,:-

5. 00t-t 0.8145 8. 10000088E 01 o , j 0Ellp0000E 01 8.99999986E 00 

5.50U 0.79?5 8. 10008000E 01 0. 10000000E 01 0,99999985E 08 

6.P.mx 0.78137 0. 18008000E 01 0. 10130B000E 81 0.99999985E 06 
--------------------------------------------------------------------------------------------------------------

\ 
g.o, 

• 



..... 
N 
N 

• 

Table 5i. PRECISION OF RETRIEVED RESULTS FOR DAm FIEl.DS 
DATE OF BIRTH '('('EAR. 110NTH. AI-lD DA"t') 
STREET NAt-IE 
STREET NUMBER 
A~lD SURNAME 

--------------------------------------_._-... _-----------... --.--.. --------........ --.- .... ---- ... -----------... ,.--~-- ...... --...... ~- .... -------- ..... -
i 

! SURHAf"lE DEC I LE 9 t 
!----------------------------------------------------------------------------------------------,--------------! 

ERROR RAT;: RECALL FACTOR I FILE SIZE : ! ___________________ M __________________________________________________ - __ ! 

, 1 MILLION ! 4 MILUm,! ! 226 MILLION ! 
f---------------------------------------------------------------------------~~-------------------------------! 
i ! ! ! ! ! 

! 
I 
! 
! 
! 

a.sex 1.0088 0. 1000000BE 01 0.10000080E 81 I 0.99999981E 88 
! 

0.50~ 0.9881 0. 10000080E Bi B.18000000E (11 0.999999f38E 00 

1.80~ 0.9666 0. 10000f300E 01 E). 1. 0E10E1E10BE l:H 0.99999980E 013 

1. 50,~ 0.9413 fJ. 180000(10E 01 o . 10fH308Fl0E; 81 0.99999980E 00 

1~. 00(~ 0.9224 'ill, 10!300680E 01 0. 10000008E 01 0. 99999979E 00 

2.5B~ 13.9037 0. 10000000E (H 8. 1080800BE 81 0.99999979E 00 

3.B0,¥ 0.8853 0. 10000000E 01 8. '.10000000E 01 0.99999978E 00 

3.50X 0.867'2 0.10080000E 01 0. 10080000E 01 0. 999999?8E" 00 

4. 88ft 0.8493 8. 10M0000E 01 13 . 1 e000013~lE 81 0.99'3999??E £1£1 

4. 58t~ 8.8318 0. 10000800E 81 '3. 18000000E 131 0. 999999?7E 00 

5 .~)0~ 0.8145 0. 10001:J000E 01 8. 1000000ftE 01 0.9999997GE (':)0 

5. 50~t 0.7975 i?t. 1000000BE £II 8.1080B000E 81 e.99999:376E BEl 

6. oem 0.7807 1:1 • l.88~10€100E 81 0. 100088':10E 81 0. 99999975E 88 
" 

--------------------------------------------------------------------------------------~-----------------------

• • • • • • • __ ~--...'...Jr.. • 



• • • • .' • 

Table 5j. PRECISION OF RETRIEVED RESULTS For~ DATA FIELDS 
DHTE OF 8IRTH (Y'EAFL MONTH~ AND D.1'O 
STREET NAME 
STREET NUI'1BER 
AND SUR~IAME 

• • 

---..------.--------_ .... --------------------.-------.... _-.------.... -~-.----- .... -----.. --------------"...-------... ----""--------------

SURHAME DECILE 10 ! 
/--___________________ --______ -_---___________________ ----------------------------------------------------___ 1 

ERROR RATE ! RECALL FAC',-OR ! F TLE SIZE i 
\--------------------------------------------------------------------------j 
I 1 MILUm! I 4 t1ILLlON I 228 t·lILLJON 

! ----------_ ..... _--.---- -----_ .. _-------_._-------------------_. -----------------------_ .. ---------_._------....... _-_._-- ----- ! 
i 1 
1 0.613% 1.8808 B.1BBB008BE B1 0.99999999E 80 B.99999917E 08 

13.50(1: 8.9881 B.18B88888E 81 13. 99399998E 80 8.99999916E 5E1 

I 1 • el3~ 8.9606 0. 18880000E 81 e,9999999EtE 88 8.99999914E 88 
\->' 
NI 
w! 1.50~ 8.9413 13. 18E1E1£113813E 01 13. 99999998E 8e 13. 99999912E 88 

1 
! 2.913% 0.9224 13. 10080e013E 81 13. 99999998E 08 e.99999910E 80 

2.50U 13.9133? G. 18ElEl0008E 81 8.99999998E 88 8.99999908E 80 

3.00% 0.8853 13. 18El80G08E 01 0.9999999BE 88 8. 9999998?E 08 

3.50U 8.8672 13.1e00(313E18E {H 8.:39999998E 80 0.99999905E 88 

:r. 80~ 8.8493 8. ~013081380E 81 8. 99999998E 88 8.~9999903E 00 

4.50Y. 8.8318 8 • 18000008E 81 0.99999998E 08 0.99999901E 130 

5.60% 13.8145 f:l.10060000E 81 0. 9~?999998E 88 8.99999'198E 88 

5.50;>:: 13.7975 8.1fl800000E 01 0.99999998E 08 8.99999896E 08 

IS. !?l0~ 8.7887 0.t080088GE 01 0.99999998E 08 e.99999894E os 
__________ • ________ - ____________________ ..i- ___ - _______ ..- _ __________________ • ____ .... ____ ............ __ • __ ...., ____ ..... ______ ..... _, ________ _ 

• 

!) 

~:\ 



..... 
N 
~ 

• 

Table 6a. PRECISION OF RETRIEVED RESULTS FOR DATA FIELIJS 
STATE 
MID SURNr:ll"lE 

----------.... --.... ' ..... ~ .... ------------------------------ ..... ------------~---------~-.. ~--- -----------.... - .. ~- .. -- .... -~ .. --.- - .... _-- --.~ ..... _---_. 
! 
! SU~NAME DECILE 
1----------------------------------------------------------------------------------------------------------__ 1 i ERROR RATE ! RECALL FACTOR ! FILE SIZE i 

, I--------~---------------~-------------------------------------------------1 
! ! ! 1 I"IILLION ! 4 MILLION ! 228 r'1ILUot~ 1 

1-----------------------------------------------------------------_---------------------------------_________ 1 
ill I I i 

I • , , I , 

! 0. B0g 1 .8668 0. 1000080SE 01 8 . 10000080E 81 ! 0. 70?87353E _ 80 

0.5Br. 8.9988 8. 10000880E 01 3. 10B06080E 01 0.?8494264E 00 

1 ,f30U 8.9801 0. 10888000E 131 8. 100BB£H30E 01 B.70279222E 88 

1 • 58(~ 8.9102 0. 10000000E 81 8.10 JjfitH:l80E 81 8. 70062209E _·80 

2.00X 8.9684 8 . 10000000E EJ 1 0. 100013808E 01 8.69843209E-00 

2. S0tt 0.9586 0.18006800E 81 8. lEi808B00E !:J 1 0.69622198E £10 

3.607.'. 0.94139 0. 113f.l00808E 01 0.10088000E 81 ! 0.6:::J398165E 08 
! -

3.50~ 8.9312 0. 10880008E 01 8. 10080888E 81 ! 0. 6917·~083E 00 
! 

4.00X 0.9216 o • 10000!300E 01 B.10000800E 01 0.68946945E 0r~ 

4. 5a~: 0.9120 8. 100000\:10E 01 8. 10000000E 01 0.68717718E 00 
! 

S.S0U 0.9825 8. 10000008E 81 0. 10000000E 01 ! 0.68.:.iC,6396E 00 
! 

5.50~ 0.8930 0. 10800080E 01 0. 10B80080E 01 ! 0.68252951E 00 , 
6.00:;: 0.8836 0. 10008t.180E 81 e.100008B0E 01 ! 0.680t?'368E 00 , 

----------------------------------------------~---------------------------------------------------------------

• • 
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Table 6b. PRECISION OF RETRIE\iED RESULTS FOR DATA FIELDS 
STATE 

·AND SURNAME 

• • 

--------------------------------------------------------------------------------------------------------------
SUR~IAME DEC ILE 2 

!--------~--------------------------~------------------------------------------------------------------------1 
! ERROR RATE! RECALL FACTOR !. FILE SIZE t 
! I !----------~---------------------~--------------~-----~--------------------! 

r ! 1 MILuml ! 4 NILLION ! 220 t'lILLION ! 
I-------------------------------------------------~----------------------------------------------____________ , 
; ," I , 1 i 
• , t , I , 

! 0.00~~! 1.0088.! 0.97i64868E: 00 8.84982i40E 00 ! 0. 8474B634E-01 ! 

! 
! 
! 

1. 00~~ 

1.50r. 

2.00r. 

2.50U 

3.00~: 

3,50~ 

I 
,.,\; 
'-'-', 

0.9988. 

0.9801 

0.9782 

8.9684 

0.9506 

0.9409 

8.9312 

:! !. I 
I! 0.971275.91E 813 EJ,848~64?3E 813 0.(j3973551E-81 
\! 
\\, 
l·, 0.970897;.;8E 
! 

,. 

l 0.~7051269E 

0.97012201E 

fl. 96972[; liE 

8.96932198E 

I: ~ e.96881222E 

00 

00 

00 

00 

.08 

00 

0. 8457El 1 $3E 88 

0.84429444E 80 

0.842870081? 00 

0.841428J5E 00 

0.83996841E as 

0.8328104?E-01 

0.82431162E-01 

0.81G63895E-01 

0.8S:399271E-01 

0.8813?304~",01 
~\, 

",\" 

• 

4. ~30t~ EL 9216 0. 9684959SE 00 0.83849859E 08 

O.793780t)8E-!ZlYc.-".1. 
r 

8. 78621408E -01 i "'\ 
4.58u 8.9.128 

\. l, 
U. 96F.187295E 

5.0(jU -·~·,9825 0.96764310E 

5. 5e~~ 0.893tl e.96?28625E 

6. 0B~~ 8.8836 8.96576225E 

88 

80 

00 I 

80 

0.83699439E f1i'J 

o 83547959E 80 
(I 

.0.833S14S84E 88 

i:l.83239291E 08 

0,77867508E-01 

8. n 116330E-01 

[I,?6367892E-01 

0.75622212E-01 
--------------------------------------------------------------------------------------------------------------



' .. 
Tab le 6c. PRECIS ION OF RETR IE'v'ED RESULTS FOR DATA -F IELDS 

STATE 
AND SL!RfiArlE 

--------------------------------------------------------------------------------------------------------------
SURNAME DECILE 3 

!-------------------------------------------------------------------------------------------------------------I 
ERROR RATE RECALL FACTOR FILE SIZE ! 

!---------------------------------------------------------.----------~------! ! 1 MILLION ! 4 MILLION ! 220 MILLION ! 
1-------------------------------------------------------------------------------------------------------------I , " 
I! !!! 

a.0e. ! 1.8808 8.85273914E 88! 0.57117042E 00 0.23055283E-01! 
!. 

a.5ax 8.9988 e .8S148254E 08 0.56868El52E 88 8.22830586E-01 

! 1.88% 0.9801 0.85004955E 80 0.566174?6E 08 0.22686753E-01 
! 
I 

~i 
1 . 58:~ 0.9782 8.84867990E 08 8.56365305E 88 8.22384025E-01 

O)! 2 .88~~ 0.9684 0.8472933?E 0E! 8.56111534E 80 0. 22162:325E-01 

2. 58:~ 8.9506 8.845889?8E 00 0.55856164E B8 e .. 21941655E-01 

3.El8X ! 0.9409 8.84446864E 88 0.55599182E 08 0.21722817E-01 .. ! 
3.50% El.9312 0.84382991E 88 8.S5348588E 80 0.21503407E-01 

4.0elX 8.9216 0.8415?32?E 00 0.550S0377E 80 0.21'285836E-81 

4.50~ 0.9120 0.8400983.9E 08 0.54818542E 00 6.21869296E-81 

5.·e01t 0;9025 8.83860506E 00 0. 54555084E 80 0.2E)853793E-01 

5.5'ar. e~893e 0.837'09298E 00 0.54289994E 00 0.20639331E-01 

6.1301;: 0.8836 ~,83556188E 88 El, 5'~fl23272E 80 0.20425903!:-81 

• • • • • • • 

~ I 

•..... ~ 



-• .... 
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Table 6d. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
STinE 
AND SURNAME 

• • 

---------------------------~----------------------------------------------------------------------------------
f 

j SURNA~lE DECILE 4 ! 
j--------------------------------------------------------------------------------------------------~---------J 
I ERRO~ RATE 1 RECALL FACTOR ! FILE SIZE ! 1-----------------------------------------------------_____________ --------1 

i l. t"iILLION ! 4 t'lILLIOH ! 220 mLL iof.i' i 
1------------------------------------------------------------------------------------------------------------! 

..... ! 
Nl 
"'! 

I 

. , 
! 
! 

I ! 
2.80% 1.0080! 8.65614718E 00 0.31682971E 00 0.82866327E-02 

tf.S0r.: 0.9980 B.65383859E 00 0.31465378E BfJ 8. 82046453E-02 

1. BElt..: 8.9801 0.65151126E (:10 8.31247511E 08 8.81230547E-02 

1.5f1r. 8.'3782 0.6.4916508E 08 0.31829379E 08 0.00418628E-02 
I 
." 

2. B0t~ 8.9684 0.64679989E 80 8.30818985E 00 0.7961El678E-82 

2 .50t~ 8.958G 0.64441555E 88 8.30592344E 80 0. 78886723E-02 

3.130% 13.94139 B.64201197E 88 B.3£1373468E 00 8. 780f:)6753E-Q2 

3.50% 8.9312 B.63958898E 0~ 0.30154344E 0\"3 £1. i''?218756E -132 

4.B13r. 13.9216 0.63714647E 00 0.299350£12E 013 0. ro41F,?54E-02 

4.50% 13.9120 0.63468425E 00 0.29715442E 00 0.75630741E-02 

5.813% 8.9825 B.63220224E 813 0.29495675E 8f.J B.74:346728E-82 

5.513r. 13,8930 0.62970031E 00 n.292757B9E 013 0. 74B66698E-02 

6.130U 13.8830 0.62717831E 00 EI • 29E155554E 88 el.73290662E-02 
------~----------------------------~-------------------------------------------------------.------------------

• 



Tab 1 e 6e. PREC IS ION OF RETR IEVED RESULTS FOR Dr:'ITA FIELDS 
STATE 
AND SURNAl'lE 

-----------------------------------------------------~--------------------------------------------------------

SURNAME r'JECILE 5 
:-----------------------------~---------------------~--------------------------------------------------------1 

ERROR RATE RECALL FACTOR FILE SIZE 
!---~----------------------------------------------------------------------1 

1 MILLIOI-j' 4 MILLIOH 220 ~iILLION 
I----~----~---------------------------------------~·------------------------------------------------------~---l 

8.06r. 1.8800 0.51443352'E 80 0.20679E07E 00 0.46938431E-02 

0.50.~ 8.9900 0.51190246E 00 8.20515223E 0El 0. 46472372E-02 

1.00~ 8.9801 0.50935818E 80 8.283505'90E 00 0.46088610E-02 

! 1.58~ 0.9702 0.50680068E 00 0.28186917E 08 8. 45547142E-82 ...... , 
N. 

8.9684 001 2. 86t~ 0.58422998E 08 0.28023886E 00 0. 4588?962E-82 

2.50~ 8.9586 e.50164592E BEl 8. 19859271E 88 8,44631082E-82 

3.88U 8.9489 8.499El48?2E 88 8.19695?iI2lE 1210 8.441765121513;-02 

3. 50;~ 8.9312 ·8.49643826E 88 0.195~2333E 08 8.43724211E-82 

4:887- 8.9216 El.49381468E Elf:) 8. 19369145E 80 , 0. 432?4221E-02 
I 

4.58% 0.912E.l 8 . 49117?7'0E 0tl El. 19206154E BEl 8.42a?b529E~02 

5.80r. -0.9025 8.48852757E 08 0.19843366E 80 8.42381137E-82 

5.58~ @.8930 0.48586429E 813 e:18888?85E EJe 8.41938841E":'~2 

6.007. a. 8836 ~ 

------------------------------~ . 
\ B.4831;8781E 88 8. 18?t8420E 00 

i . 

'>~r/ ..... !fr----------------------------------------;;-..... ------------------------------0. 4149?244E-02 

\1 

• • " , 
• .l..il ..... I:~.-- • 



• ..... --- • 

Tab 1 e 6 f . PREC I S ION OF RETR I EVED RESUL T5 FOR DATA FIELDS 
STATE 
AND SURNA~1E 

• • 

-----------------------------------------------------------------------------------------------------------~--

! SURNAl"lE DEC I LE 6 ! 
1--------------------------------------------------------------------~--------------------------------~------I 
! ERROR RATE , RECALL FACTOR ! FILE SlZE i 

. I--------------------------~-----.--~--------------------------------------1 i 1 MILL ION ! 4 ty lILL ION '228 MILUOH i 
f------------------------------------------------------------------------------------------------------------1 
1 1 I I I I 

. B . 0B~ . 1 .0000 . fL 4337'7625E 00' 0. 1 ~919675E 00 i 0. 34180088E -02 i 
0.50~ 0.9900 B.43129673E £18 8. 15785690E 00 B.338~0284E-02 

1.B0~ 8.9801 0.4288B832E 80 0.15651959E 80 0.33502162E-82 

..... ' 1. 50(~ 0.97132 0.42631104E 00 0.15518.482::: 00 f).331657i8E-02 
N! 
~! 2.00~ 0.9604 B.42388489E 00 0.1S385265E 00 0.3283095?E-02 

2.50~ 0.9506 , 0.42128994r:: 00 0. 15252312E 00 0.324978??E-02 
, • J 

3.B0~ 6.9409 0.4187663)E (10 8.15 t1962?E Be 8.32166481E-tl2 

3.58r. 0.9312 0.41623408E ee i:J.14987215£ 00 0.31836r63E-02 

4.~13~ El. $1216 8.413693i0E 88 0. 14855882E 0El 8.31588730E-02 

4.50r. £1.9128 0.41114365E 00 0. 14723231E 00 a.31182380E-02 

5.00~ 8.9025 0.4885856?E 88 8.14591665E 80 0.3885??13E-02 

5.50Y. 8.8930 0.4l3601~32E i!l0 0. 14460390E 00 0. 30534732E-02 

6.0m~ 13.8836 0.4834445?E 138 8. 14329411 E 88 El.30213429E-e2 
---------.. ------------------------~------------------------------------------------------------------------¥--

"ltJL. 

• 



I-' 
W 
0 

J 

Table 6g. PRECISION OF RETRIEYED RESULTS FOR DATA FIELDS 
STATE 
AHD SURNAME 

--------------------------------------------------------------------------------------------------------------
! 

SURMr~ME DEC 1 LE 7 ! 
! _________________________________ ~------------------~~------------------------------------------------------I 
! ERROR RATE ! RECALL FACTOR I . FILE SIZE . 

!-----------------------------------------------------------------~--------l 
I 1 MILLIOI~ I <4 !"IILLION ! 22£1 tom.LION 1 

0.flax 1.8a08 0.2849 t825E 813 0.98891078E-01 0. i 79:34G,45E-02 

1-----------------------------------------------------__ -____________________________ --__ -___________________ 1 . . 
I ! ! ! ! ! 

13.50;>: 0.9908 0. 28286407E 80 0.89271841E-81 0. 1775GH62E-02 

1.G0X e.9881 o • 28el81657E 138 8.88455243E-81 0. 17578367E-02 

1.5Br. 13.9702 . 0.. 27876794E 00 0.8(641339E-:0~ 0.17401562E~02 

2.0.0X 13.9604 f-j.2?6?1813E 08 [1.868301 y.12E -01 8. 1 ?225645E.,.02 

2.50X 0.9506 6.27466?32E 88 0.i:l6821594E-01 8. 1 ?0513616E~82 

S.00X 0.9409 \3,27261553E 88 ~l" 852 j 5?91E-01 8. 16876488E-02 

3.5ElX 13.9312 8,2?B56288E E,1e ~. 84412?'43E··f.! 1 0. 16?83229E-02 

4.00U ! 0.9216 (I,26850942E £Ie 0.83612456E-01 0.1G5388?2E-02 
') 

;, 

4.50:Y. 0.9120 8.26645524E 130 0.82814944E-81 0. 163594[31 E -82 
., 

S'.00r. 8.9025 8.26440041E EH3 o ,132020235E-01 8. 16188821E:"'62:; 

S."50r. 0.8938 8.26234509E Sf3 0.81228333E··01 0. 1681913)E-02 

6.8f~% 0'.8836' e.26028S29E 8E) £1.8f1439280E-Ell eL158S8331E-E12 __________________________ ~ ___________ • _________________ - ______________________ w ______________ ~_* ____________ _ 

........ ~~_~~. an 



• 
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Table 6h. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
STATE 
AND SURNAME' 

• • • 

---------------------------------------------------------------------------------------------7----------------
! SURNAME DEC I LE 8 
.1------------------------------ .... ~-I----__________ , ___________ 4 __ .... --------.. - ------- -'- -----.- --..... -------.---.----- - ____ ! 

ERROR RATE RECALL FAGTOR ! FILE SIZE 
!--------------------------------------------------------------------------1 
! j MILLIOH ! 4 1'1ILL![I1i ! 220 l'ELl. lOr! . 

!-----------------------------------------------------------------~--------------------------------- ._-------! 
8.88~ 

0.58~ 

1.08~-t 

1.50~ 

2.00r. 

2.50~ 

3.08Y. 

3.50% 

4.00% 

4.587-

5.00~ 

5.50~ 

6.00~ 

! 
! 

! 
. ! 

1.0080 

13.9900 

8.9881 

0.9702 

@.9604 

8.9586 

8.9489 

8.9312 

13.92.1.6 

0.9120 

0.9025 

8.8938 

0.8836 

0.941?1453E-01 

8.9331885S1E-81 

0. 92468949E .... 81 

0.9t621?62E-01 

0.~0?7?298E-01 

fl.89935575E-01 
--~~~ 

e.8~p96650E-01 
)' 

0.Sfl26049'3t-01 
/> 

~~8?42? 1151 E-EI1 

0.86596646E-01 

e.85?68983E-81 

€L 84944187'E-0l 

f.J.84122285E-01 

0.252926?8E-01 0.4713:il?8E-03 

0.25046640E-81 (1. 4666:32J6E -03 

0.2<.f001716E-81 0.4619564?E-03 

.! 0.2455?896E·-01 8.45?30417E-83 
! 

f3. 24315 193E-01 0, 45267536E-83 

8.2407368?E -131 0. 44807803E-03 

13.23833141E-01 0.4434E:828E-0~ 

0. 23593792E-01 [l.438929~4E-63 

I~ • 2~i35556f,E -01 f1.43.:J':1::l52f1E-03 

0,231184(;lE-01 e . 4298iJ-101E -03, ! 
! 

0. 228824fi(!C -01 '0. 4253gt-;26E-03 

0. 2264'r629E-G 1 0 . .:t2093208E-83 

8.2241390t'E-81 8. 41649 1..::18E-03 
-------'-.----------------:----------------r-------- ----.-------.. ~------.. --. ----.. ------- .... - ..... ---- -- -----.--.. _-_ .... ----- ... ---..... -

• 
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Tab 1 e 6 i . PREe I S ION OF RETR I EVED RESULTS FOR DATA FI ELDS 
STATE 
AND SURNAME 

---------------------------------------------------_.----------------------------------------------------------
I 

i SURHAl'1E DEC ILE 9 ! 
1-----------------------------------------------------------------------------------------------------------~I 

ERROR RATE t RECALL FACTOR 1 FILE SIZE \ 
1 ______________ • __ ..... _<w ______ - ______________ .... ______ ---________ , ______ ----------- . 

! 1 MILL 101'-1 4 MILL ION 220 MlLL ION 
!-------------------------------------~----------------------------------------------------------------------1 ! , 

0.00~ 1.0eea3 0.60l384473E-01 0. 15714562E'-01 fJ.29010226E-03! 

0.50;t E).9900 8.59520434E-01 8. 1556E1223E'-:) 1 0.28728932E-03 

1.08~ 8.9801 0.58958S56E-01 8.151066J2E-01 0. 28433086E-03 

1.50r. 8.9702 0.58398848E-01 8. 15253726E -01 \3.28146687E~03 

2.00% 13.9604 8.57841309E-01 0. tS101565E-ai: 0.27861738E-03 
! 

2.507- 0.9506 0. 57285964E-81 a.1495fH36E-01 ! 8. 27578238E-83 
! . ! 

'W ( ••• 3.68U 0.9409 8, 567'32816E-0 1. 0.14?994;33E-8t 0. 27296189E-133 
j 

,"J' ", 

~~~< t . . , 
3.50% 8.9312 

! 4. 00~~ 0.9216 

4.50~ 13.912e 

5.08% 6.9025 

5.58r. 13.8938 

6.00r. 0.8836 , 

8.56181872E-01 8. 14649459E-B1 

8.55633149£-131 0. 1450021.9E-01 

B. 55086639E-£t 1 e.143517136E-'61 

0. 54542362E-01 0: 1420392GE.,-ef 

B.5t:l0eEl325E-81 e.14856877E-01 

0. 53468S36E-01 8. 13910562E-01 

8. 270155'S0E -el3 

0. 26(,36429E-03 

0.26458(23E-83 

0.26182466£-03 

8.25967658E-03 
() 

0.25634296£-83 

I 
I 
! 
! 
! 
! 
! 
! 
I 

----~---------------------------------------------------------------------------------------------------------

,.! -- • -"" ...... 



...... 
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w 

Tab 1 e 6j. PREC IS ION OF RETR I EVED RESULTS FOR DATA FI ELDS 
STATE 
r:1ND SURHAl"lE 

SURHAME DECILE 18 

• • 

1------------------------------------------------------------------------------------------------------.-------! 
! ERROR RATE I RECALL FACTOR FILE SIZE . 1 1----------_-------------------------_________________ ---------------------1 

I i MILLION ! 4 MILLION ! 220 MILLION i 
1 _____________________________________________________ -----------------------------------------------________ 1 

i I ! I I i 
I 13 . 00U 1. 0080 8 . 14565223E -81 8. 368135? 47E -82 0.67156551 E -04 

e,58U 0.9900 8. 14422007E-81 8.36439931E-82 E1.66·186708E-A4 

1.80~ 0.9881 0. 1427'9467E -·01 8.36075924E-02 13.6!582G217E-134 

1 . 5B?~ 8.9702 13.1413?'68dE-01 0.35713725E-02 8.65157896E-04 

2.811;1'. 8.9604 0. 13996418E-81 B.35353330E-02 0. 64497323E-84 

2. 50~f 0.9506 0. 138559 t3E-01 El.34994753E-02 e. 6384~j905E'-04 

3. eH3~~ 0.9409 0. 13716088E-01 0. 34637977E-El2 0.63187851E-04 

3.50U 0.9312 8. 13576941E~01 0.34283011E-02 0.625381451::-04 

4.08U 0.9216 0. 13438.:475E-01 B.33929855E-02 0.61891805E-84 

4. 50~1 0.9120 Et. 13300689E -81 0.33578506E-02 8.61248819E·-04 

5.00U 0.9825 8. 131r53585E-111 0,332:28972E-82 B,6B689189E-04 

5.50:lt 8.8938 8. 1382? 1642-01 121. 32B8i245E -82 0.5iJ972916E-04 

6.08U 0.8836 0.12891426E-01 0.32535332E-02 1::1. 59340000E -04 
--------------------------------------------------------------------------------------------------------------

• 



Table 7a. PREC,tSION OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX >-. 
DATE OF BIRTH (MONTH AND DAY 1,:.,_.\') 
AND SURNAtvlE 

! SURHAME DEC ILE 
! -----------------------,-----.--.------------------------------- ---------•. ----------------------------.---------- , 
! ERROR RATE RECALL FACTOR FILE SI~E 
! . 1--------------------------------------------------------------------------t 
! ! ! 1 MILLIOI~ ! 4 rlILLION ! 228 MILLION ! 
1--------------------------------------------------------------------------~----------~-----------.~----------I 

! I ! ! 
B.B0~ 1.0000 0. 10080B00E 01 0. 10000080E 01 0.97577313E 00 1 

8.50% 0.9851 B.1021138008E 01 0. 1013138008E 01 0. 97548938E 80 

1. 0e;~ 0.9703 0. 10130808BE 01 0. 108013000E 01 0.97503831E 00 
I 

I-' • 
w! 1.50n 0.9557 0. 10000800E 01 0. 10008800E 81 0.97465997E 00 
-r:=-, 

I 2.08u 0.9412 0. 10000000E 81 /,0. 10080080E 01 8.97427411E 00 
;. ~" ... 

! . '. "8: 18000800E ! 2.5B~ 0.9269 e. 10088088E tl1 01 0.97388055E 00 
!' 

3.00u 0.9127 8.113000008E 01 8. 10M0080E 01 0.97347909E 00 

3.5Br. 0.8986 8.113000000E 01 8. 10808808E 81 0.97386955E 00 

4.8m~ 0.8847 0: 18680080E £11 \3 • 10e88808E 01 0.97265173E'80 

4:50r. 0.8710 B.100000£10E 01 0.10000000~ 01 B.9722:!"!541E 80 

S.ffer. 0 .. 9574 0.180000001:: 01 0. 10080800E 01 .0.9717.9E13BE 00 

5.50u, 8.8439 8. 10808080E 81 0. 10800000E 01 0.97134643E 00 

6:807- 8.838,6 0. 10808088E 01 0. 100E18008E 01 0.97089333E 88 
--------------------------------------------------------------------------~~-*~-----------------.-------------~-

• 

C) 



~---. 

Table lb. PRECISlON OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX 
DATE OF B IRlli (f'IOI'ITH AND DAY ONL.Y) 
AfiD SURtj~lME 

• 

--------------------------------------------------------------------------------------------------------------
I 

! SURNAME DEC I LE 2 ! 
1---------------------------_··_------------------------------------------------------------------------------I 

ERROR RATE RECALL FACTOR ! FILE SI~E i 
!---------------------------------------------~----------------------------f 
! 1 MILL ION I 4 f'lILL ION '220 f'lILL ION ! 

l--------------------------------------------------------.----------------------------------------------------I 
! , \ ! ! ! 
! 0.08% ! 1.8008 I 0.99825498E 08! 0.98952098E 00 ! 0.6070?787E 00 
! ! ! I 1 

0.50X 0.9851 8 • =J~)822252E £10' 8. 98935794E 00 I 8. 60348300E 00 
I 

1.0BX 0.9783 0.99818935E 08! 0.98919158E 88 0.59985868E 00 
I 

1.513r. 0.9557 0.99815544E 08! 0.98902183E,00 0.59620496E 00 

2.130% ! 

2.50~ 

3. E1I3r. 

3.50~ 

4.50X 

5.08U 

'5.507. 

6.08X 

, . 

!. 

0.9412 

e.g:269 

6.9127 

0.8986 

0.884? 

0.8710 

13.8574 

8.8439 

0.8306 

0.9981207?E 00 

0.99808532E 00 

B .99884'3(:17E 08 

0.99801201E 08 

0.9979?4!0E 80 

0. 99793532E E10 

0. S19?89566E B0 

0. 9978F.588E 00 

0.99781356£ 88 

0.988848S9E 80 0.59252189E 00 

0.98867177E 00 0.58880951E 00 

0.98849129E 88 0.58586777E 80 

tl. 98830785E 00 0.58129687£ 00 

o ~ 98811896E 80 0.5??496?3E 80 

0.98792691E 01;:l 0.S?366754E 00 

0.98?n881E 88 ! 0. 56980933E 08 
! 

0.98753053E 00 
"' 

o . 5659222E1E 08 
! 

0. 98732598E 013 0.56200628E 00 

D 

• 



I­
I 

---~----------c--------------~ -~-~ ______________ ~_~_~_~ __ _ 

Table 7e. PRECISION OF RETRlEVED I~ESULTS FOR DATA FIELDS 
SEX 
DATE OF BIRTH (MONTH AND DAY ONLY) 
AND SURHAME 

--------------------------------------------------------------------------------------------------------------
I 
! SURNriME DEC I LE 3 ! 
1---------------------------------------------------_·--------------------------------------------------------I 
I ERROR RATE I RECALL FACTOR ! FILE SIZE ! ¥ \-----------_______ ---________________________________ ---------------------1 
I I 1 MILLION I 4 MILLION I 220 ~llLLION' i 
\--------------------------------------------------------------------------------------.---------------------! 
\ ! 

a.BBy. 1.08B0 B.989768S9E 0e! e.95694523E 88 0.28252311E 00 

0.58U 8.985l 8.989600581: 00 0.95631.581E 013 0.27948448E 00 

I 1 • 08:~ 6.9703 0.!38943('82E 00 8.95567440E 88 13.27645877E 80 
..... 1 

6.9557 8.98927173E 08 8.9558287'3E 88 8.27342224E BE1 WI 1 .58r. en' ! 
! 2.E'JB~ ! 8.9412 8.:38910223E 80 eJ.95415451E 130 e.27839926E 00 
! I' , 2.58U 8.9269 gI.98892923E 08 0.95367546E 08 0.25738213E 130 
! 
I 3.a0r. €l.912'( 0.98875265E 00 0.95298326E 80 8.26437188E 80 
I 

3.SElr. 13.8986 8.:38857238E 00 8.95227762E 88 0.26136648E 80 

4.80r. 13.8847 8.988388~4E 00 8~95155822E 08 0.25836859E 0B 

4.50~ (;1.8710 8.98820041E 88 0.95082472E 88 0.25537774E 1313 

5. 88~: e.Sl:l74 0.98880852£ 80 0.95007681E B0 0.25239419E 88 

5.5BU 8.8;l39 8.98781255E 88 0.94931413E 80 €!.24841830E 08 

6. 8B~~,., 0.83136 8. 98761;~40E 88 0.94853632E 013 0.246458275 08 
-------._-------------------------------------------------~--------.. ------------------------------------------



_. 
" -, . tt.C • • • • • • • 

Table 7d. PRECISIDN OF RETRIEVED RESULTS FOR DATJi FIELDS 
SEX 
DATF. OF BIRTH (I10NTH At·jD My' ONLY) 
AND SURNANE 

---------------------------------------------------------------------------------------------------------------
SURNI11'1E DEC I LE 4 

!------------------------------------------------------------------------------------------------------------! 
ERROR RATE RECALL FACTOR 1 FILE SIZE ! 

1------------------------------------------------------------------.--------! 
! 1 MILL YOH ! 4 11ILUON I 220 t'IILLION I 

!------------------------------------------------------------------------~-----------------------------------/ 

! , 
...... I W, 

'" I 
I 
1 
1 

·1 

! ! 
0.0eN 1.0800! 0.96956024E 00 0.88556?72E 00 0. 12236357E 00 

0.50U 0.9851 e.969107'51E 08 8.88483220E 80 0. 12075775E 80 

1.00~ El.9783 11. 9686459GE 88 El. 8S2<!l 58913E 80 8. 11916217E 88 

1.50::1 0.9557 e.96817539E 88 8.8812187936E 00 0. 11757691E 08 

2.B8P. 8.9412 8.96769558E 88 8.87926384E 88 8. 11600282E 88 

2.S0X 8.9269 8.96720638E 80 I 0.87'?61945E 88 O. 114·~3761 E eEl . I 
3.80% 8.9127 8.96670733E 88 I 8.87S94886E Eli3 8. 11288367E 08 

! 
::!l.S0r. El.8986 8.96619843E 88 8.8?424837E H8 0. 11134031E 80 

4.8E1U 0.8847 8. 9656?'936E ee 8.8725198:3E 80 8. 1 El980755E 88 

4.5Br. 8.8710 8.965.1498?,E 00 8.87876186E 0El ~. 18828548E (18 

5.00r. 0.857<4 0:9646a978E 80 0.86897394E 138 8. 10677412E 8f;l 

5.50U 8.8439 0.96405860E 08 0.86715547E'88 0. 10527355E 00 

6.88P. 13.8306 0.96349628E eJ0 0,86530590E 138 8. 10378.379E 08 
------------~----------------------------~-------------------------------------~------------------~-----------

., 
... 

--'<.~ 



Table 7e. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX 
DATE OF 8 IRTH (MO~nH f.lNIl DAY ONL'I') 
A~ID SURNAME 

----------------------------------------------~-------------------_._---------------------------------------, 
ERROR RATE " RECf1LL FACTOR ! FILE SIZE ! 

,. !--------------------------------------------------------------------------1 
\. 1 MILLION 4 MILLION ! 228 MILLION' r 

1 _________________ --''------___ • ___________________ • ____ ---"----,-------------•• -----~-----------------___ ••• ------- J 

i ! !! ! ! i 
! 8.08~} 1.1301313 0.94647884E 00! 8.81318268E 80 ! e.72949273E-01 I 
, ! ! 
! 
1 

<; 
..... 1 
w! 
(X)! 

o .!:5B:~ 

1.!?I0X 

1.5ElX 

2.8BU 

2,58% 

3.138r. 

3.50X 

4,08~ 

4,50X 

5.Ber. 

S.58r. 

(;. 001~ 

! 
, ! 

! 
·1 
! 
I 
! 
I 

8.:;851 0.94570640E 

8.97133 1?).94491952E' 

13.9557 I ";,, 0.94411788E 
! 

8.9412, t:f.94330113E 

0.9269 0.94246894E 

8.9127 0.94162096E 

8.8986 E1.940'(5682E 

0.8847 P.l.93987616E 

8.8718 0. 9389?'859E 

8.8574 0.938863?4E 

0.843!3 0.93713118E 

8:83136 0.93618052E 

08 0.81080261E 80 0.7'1938794E-01 

88 0.80846S1?E 80 8 .. 70936250E-01 

BEl 0.80610190E 88 0.6994163GE-01 

80 0.88370825E 00 0. 68954966E-01 

08 0.88126377E 80 8.67976262E-01 

80 0.798?9192E B0 0.6('00:3512E-81 

130 0.?9628422E @EJ 0.66042?25E-0t 
' . 

l/ 

130 0.79374017'E 88 8.6508?988E-81 

00 0 79115919E 08 11 .641411::160E-01 

88 8.78854086E Ell3 0.63282192E-01 

0~ 8.78588457E 00 0.622?~:296E-01 

88 8.783i89133E 88 8. fi 13483?3E-tJ 1 
-------------------------------~-------------------------------------------- .-------------~---------------.. ---

• (; ().' ;; c~ ~ ~; s!Dt' • a 'lilli, __ ,.,;;;; _;; _""' ....... ______ ~,.;. •. ___ ~. - r-.... ~ ! • • 



r~ ___ ..... "- -----~ ').~ ........:-----------

• • • • • • 

Table 7f. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SE>< 
DATE OF BIRTH (1"10NTH AND DAY Of'lL Y) 
AND SlfRt~AME 

--------------------------------------------------------------------------------------------------------------

• 

SURNRr1E DEC I LE 6_ ~ ~_ .~~ c._~..c.l~~ .. <~= 
r i·'';...... ... ~-~-'-~-.......... ,-'-" ..... -·-.i ..... ....,;-·--;.. ............... ;;;;;. ..... ;;.;.;.;;.;;.;;,~---.;;...,..;;,.,;...--~-.;;....:..---;...-.-.----------~-=:.:;.....;::. .---:.....;.-.;;;;,~;-;;.;;-.-:-:....---..:.::.---_::.. __ • _________________ ._.----.- ______ ! 

ERROR RATE RECALL FACTOR ! FILE SIZE : 
!--------------------------------------------------------------------------! 

! ! ! 1 MILLIOH I 4 1"1ILLIOH 228 ~lILUON 
,------_______________________________________________ -------------------- ..... --------------------------------___ I 
I! . t 

0.0e~ 1.088£1 0.92747005E 00 0.75958915E 00 0.54129901E-01 

8. 50~~ 8.9851 0. 92644658E 80 8.?56828?5E 80 0.53365 t07E -01 

1 . 80:~ 0.9783 B.92540462E 00 0.?5403292E 013 0.526A6?43E-01 

.... , 
1.58~ 0.9557 0.92434375E 80 0.75128L28E 00 0.51854?88E-01 W' 

le! 
2.8B~ 0.9412 tl.923263S6E 00 0. 7483332;C:E (:)0 0.51109262E-01 

'! 
2.50~ ! 13;9269 0.92216364E 00 0. 74542852E 0(j 0.50370152E-81 

3.8B~ 13.9127 0.921043571:: 00 0_71248676E 00 0. 49637440E-01 
I'·'" 

," 

3.50~ 13.8986 e.91990291E 08 8.139587536 00 - 13.4891114tlE-01 

4.0Br. 8.8847 8.91874122E 00 0. 73649048E 00 0.48191221E-01 

4. 5e~~ 13:8710 8.91755803E 80 8.733435i3E BEl 8.4?47?703E-0i 

5.00r. 0.8574 8.91635288E 00 0~ 73P"34114E 00 0. 46770559E-01 

5. 50~~ 0.8439 0.91512528E 00 8.727'20818E 00 '1. 46069790E -81 

6.130'- 0.8306 0.91387475E 00 0. 72403563E 00 0. 45375372E-01 
--------- .. -------.. ---------------------------~---- .... -------------- ..... :-- -.---------------------------~~.--.----- .... ------ .... 



Table 79. PRECISION OF RETRIEVED RESULTS FOR TJATR FIELDS 
SEX 
DATE OF BIRTH (MONTH AND DAY ONL.Y) 
AHu SURNAME 

-----------------------------------------------------------------------------------~--------------------------
! 

=::;;;::::.....--:;:-~.:....-_.;::- -" 0--:-::,-"'4~:::....- =--"' : -< ~ •• 1-----------------------------------------------------_______________________________________________________ 1 
i ERROR' RRTE RECALL FACTOR FILE SIZE i 
! !--------------------------------------------------------------------------! 
! ! ! 1 1-1ILLION ! 4 MILLION ! <, 228 l'IILUOH ! 
/-----.. ------------------------------------------------------------------------------------------------------I 
/ ! ! ! ! ! 

...... 1 

.j:::al 
o· 

! 

I 
I 

. I 

13 • \10~ 1 .60136 ! 0 .86928908E 08! 0. 62295'?84E 013 0. 29l0E473E -01 I 

8.58X 0.9851 0.8675661BE 08 8.61941685E 88 0.28684514E-01 

1.00r. 8.9703 0.86581508E 08 8,615845iSE 88 0.28266412E-01 

l.5er. 8.9557 0. 86403568E 08 8.61224283E 80 0.27852154E-81 

2.6l:tr. 0.9412 8.86222786E 08 8.608609726 ell3 8.27<141735E-81 

2.50r. 0.9269 0.86038899E 60 0.t50494592E 00 0.27035139E-81 

3.00U 13.9127 0.85852082E 08 0.60125131E 80 B.26632357E-01 

3, 50~~ 0. :3986 8.85662204E 00 0,59752602E 136 0.26233381E-01 

4.087- 8.8847 8. 85469209E 80 £1. 593770B2E 00 0.25838193E-01 

4.SBr. 0.8710 0. 85273840L-.: 80 o . 58~198329E M 8.2544678?E-01 

5.0Br. 13.8574 0.85073641E 88 0.58616596E 138 0.25E159149E-01 

5.50r. 0.8439 8. E:487'8954E 08 8.58231799E !~t1 8.24675266E-01 
. ! ,; 

! 6. 00~ I 0.8386 8. 84664921E 0B'~S",_. Jf' 8. S'?134'3~54E 88 0. 24295124E-81 
_._------- ..... -............ _----_._----------------------------------..... --;;;~.::.----------------------*- ..... --------- ..... ~--- ... --------_. __ ..... 

.. • • 



• • • • • 

Table 7h. PRECISION OF RETRIEVED r;:~ESULTS FOR DATA Ficl..DS 
SEX 
DATE OF BIRTH ct10NTH AHD DAY DHL Y) 
AN)) SURNAME 

------------------------------------------------------------------------------------------------_._-----------
! 

=~~== .~= _ -·t-•. -.-. " 
!------------------------------------------------------------------------------------------------------------! 
! ERROR RATE REC~lLl FACTOR FILE SIZE / 

!--------------------------------------------------------------------------y 
! ! 1 t·lILUml ! 4 MILLION ! 226 ~lILLION ! 

!------------------------------------------------------------------------------------------------------------! 
\ 

8. eh3(~ 1.8080 0.63441127E eEl 8.30217183E 08 fj.788E8032E-82 

13. 5€h~ 0.9851 £1 .6309 1365E 00 0. 2990(j975E 00 .0. ?691 i 826E-02 

1 .00~ 0.9783 0. 62738447E 1)8 8.29585€192E 80 [l.7576T3905E-02 
.-. 1.S8U 8.9557 0.62382376E 00 0.29269574E 88 13. 74633228E-02 :;::. 
I-' 

2. 0e:~ 8.9412 0.62823138E 80 ! 8,28954444E 00 0.7351\:.1751 E -£12 

2. 50~~ 8.9269 0.61668729E 0El 0.28639735E 00 0. 72399418E-02 

3.08r. tL 9127 0.61295153E 80 0,28325484E 00 g.(,1299175E-0;2 

3.50~ 8.S986 0.60926401E 80 1:1.281311719E 00 f) • 78289981 E -02 

4. 80~~ 8.8847 0.60554473E 88 0.27698476E 130 0.691317?4E-02 

4.5(lU 0.8718 8.60179366E 013 0. 27385780E 80 (1. 6@64531E -o;~ 

5Jh3,~ 0.$574 8.59801089E 08 ;~1. 2('137367' 4E ~1I::i 0.6(,iJ08163E-82 

5. 5'3(~ 0.8439 0.59419629E 00 0.26762179E Ija 0.6S%2642E-02 

6.f10U 0.8386 ;3. 59035J2103E fH3 fJ.26451339E 00 8.6"-i92?985E-02 

• 



Table 7;. PRECISION OF RETRIEVED RESULTS FOR DRTA FIELDS 
SEX 
DATE OF 8IRTH (MONTH flND DAY ONLY) 
AND SURNAl"lE 

--------------------------~-----------------------------------------------------------------------------------

SU~NAME DECILE 9 ! 
I-------------------------------------------~------------------------------------------------__ . ____________ --I , . 

ERROR RATE RECALL FACTOR FILE SIZE ! 1-----------------------------------------------------_____________________ 1 
i, i MILLION I 4 MILLIOH I . 220 MILLION i 

I-----~------~---~~------------------------------------------------------------------------------------------! .. ! 
0.08~ 1.8088 0.51621582E 00 13.21037227E 00 e.48186451E-02 

0.50r. 0.9851 0.51245661E 00 0.20788488E 80 0. 47470682E-82 

! 1. Bar. 0.9783 0.58\367785E 00 0.20540675E 88 8. 46761964E-02 
I ....... 

.J::a! 1.50X 0.9557 0.50487899E 00 e.?f:l293829E 00 0.46860261£-02 
N! 

! 2. 00~~ 0.9412 8.58186818E e0 13. 20047960E00 0.45365554£-02 
! 

2.56X o .9~~:::'~-, 
. ", "t'''-

0.49722178E 00 0. 19813~1391 E 813 0.44677889£-82 

3.0e~ 0.9127 ... ! 8.49336395E 88 0.19559239E 00 0.43996981E-82 

3.50~ 0.8986 0.48948782E 00 0. 19316424E 80 0. 43323846E-02 

4.130% 13.8847 0.48559127E: 00 13. 19074669E 00 0. 42655969E-02 

4.5fli1 0.8710 E!.48167690E 00 0. 18833984E 88 0.41995721E-02 

5.00% 0.8574 8. 477?4432t:: 00 8. 18594397E 80 0.41342263E-02 

5.50~ 0.8439 8.4737937eE ee 8.1t\355921E 88 0.4a695564E-02 

6.80~ 13. 83116 13.46982546E 130 e. 18 118577E 00 0.40055584£-02 
--------------------------------------------------------------------------------------------------------------

aI' 



I-' 
.~ 
w 

-. • 

Table 7j. 

• • • . .. 
PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 

SEX 
T)ATE OF B1RTH (MOHTH AND DA't' ONLY) 
A~ID sURNAME 

• • • 

-------------------~------------------------------------------------------------------------------------------

SURNAME DECILE 10 
!------------------------------------------------------------------------------------------------------------1 
! ERROR RATE I RECALL FACTOR I FILE SIZE ! 

! -------------------------------------,---,-_._-------------... ----------------- ! 
! 1 MILLION ! 4 MILL ION I 220 t'1ILLION I 

1------------------------------------------------------------------------------------------------------------\ 
I 

ELB0X 1.00B0 €I,19?89152E 68 13. 580660613E-Bl 0..11193??9E-02 

e.5\3~ B.9851 e. 19551488E €1I3 0. 57:248979E-01 8. 11r126896E",.82 

1.BBr. 13.9783 0, 193148E:18E 613 o . 564;3867 4E -01 8.t0861674E-02 

1.50U 0.9557 8. 191379 135E 1313 0.55635146E-81 0. 18698189,E-02 
! 

2.B8r. 0.9412 f3,1884448r.:lE 80 0. 54838382E-81 I 0. 18536189E-8? 
\ 

2.50:1, 8.9269 13.186H1867E 08 0. 54e48398E-81 I' 13. 18375909E -02 

3.00u 0.9127 \3. 18378311E (t8 0.53265149E-81 ! ' 0. 18217258E-02 
I 

3,513~ 0.13986 €I ,18i46829E 88 0.52488669E-131 I \3. 1006Et231 E.:..02 

4.0BU 13.8847' 8. 17916437E 130 8.517'18943E-01 0..99048161E-03 

4.58i't 0.67113 \3. 17G87 152E 06 0.50955960E-01 8. 9751E1I391 E-03 

5. 00~~ 0.85('4 13 • 17458995E 08 8.50199711 E -'01 0,9598799!.E-83 

5,50U 8.8439 e. 1 i"231977E ('\8 0. 49450. 193E-1j1 0.944817E'1E'-03 ! 
I 

6.00U e.8306 0.17006119E 13[1 0.48707404E-01 £1.929913(,7E-03 ! . 
_______ .. __ ..... ___ ...Io( _______________________ .... ____________ ...... ~ _______ ___ ... __ ..J __ .... _________ .... ___________________ . ____ - ________ _ 

______ ___ ~ _ ____'______-__ .:...o.... __ ~ _ _'__~,c::,5) 



I-' 
;j:>o 
..j::> 

... ~\ 

Table 8a. PRECISION OF RETRIEVED RESULTS FOR D~TA FIELDS 
SEX 
DATE OF \1.IRTH ('l)EAR. MONTH .. AND DAY) 
AND SURNAME 

----------_-.._-----------------"'!" ...... ...----------.... ------------_._- ----... _--_ .... --"-------------_._--~-------- .... --------.------.. -_. /,-
~I ~ 

! SURNAME DEC Il.E 1 I 
!------------------------------------------------------------------------------------------------------------1 

ERROR RATE ! RECALL FACTOR ! FILE SIZE r 
1--------------------------------------------------------------------------! 
I 1 1'1ILLION ! 4 MILLION '220 1'1ILLION ! 

1------------------------------------------------------------------------------------------------------------! 
II! !' ! ! 

! 8. 08~ 1. El088 ! .8. 108800BElE 81! 0. 1£1008000E 01 ! 8. 99942499E 00 

El.5e:t 0.9851 8. 100008£10fZ 01 0.1800008BE 81 8.99941614E 80 

1.e8~ 0.9703 0. 10000800E01 8. t 8008El08E 81 8.99940711E 00 

i.sen 0.9557 8.10080000E 01 0. 108!;l8000E 01 0.99939790E 08 

2.00X 0.9412. ! o • 100808B0E ~:H 0. 10000000E 01 0.99938849E 00:\ ,. 
2.513~ 0.9269 e.16.0130000E 01 0. 1000008f3E 01 0. 9993?889E 0@ 

3.80X 0.9127 '. o . 10000000.E 01 0.1800000eE 81 0.99936909E 00 , 

3.50X 0.8986 0. 10000000E 01' 8,10000000E 131 0.99935909E .00 

4. 13 ex 0.884'i" 0. 18080800E 01 1:1. 1800000i:')E 01 0.999348871; 08 . 

4.5a~ 0.8710 0.18000800E 01 0. 18000008E01 0. 99933844E 80 

5.08~ 0.8574 8. 101300000E: 81 0.10000000E 01 a.99932778E 00 

5.58~ 0.8439 1 8.100013000E 01 0. 10600000E .01 0.99931698E €I8 
f 

6.BBU 0.83136 ! 0. 10000000E 131 a~10000080E 01 8. 9993IJS78E 80 
--------------------------------------------------------------------------------------------------------------

// , /1 \ .- !' 
// 

\. /I 

(~l 
'1.\ II \' 

.~J / 
•• • ~ . .' • • • I~, • 

_If, . '!.'!' 



• • 

Table ab. PRECISION OF RETRIEVED RESUL"iS FOR DATA FIELDS 
SEX 
DATE OF BIRTH (YEAR. MONTH. AND DAY) 
AND SURNAME 

• • 

----------------------------------------------------------------------------------------------------------- .. --
[ SURHAME DECILE 2 i 
!---------------------------------------------------------------------------------------------------_--------1 
f ERROR RATE ! RECALL FACTOR ! FILE SIZE . ! 
! ! 1--------------------- .------.-----------.-------______________ ~ _______________ 1 
! ! ! 1 1'1ILLIOH ! 4 I'tILLIO~1 ! 228 MILLION • 
1-.------------------------------------------------------------------------------------------_________________ I 

" 

. '~ 1 ' 1 Iii 
, I , I I 

e. EJ'E.lr. 1.0808! 6. 99996026E 0EI 0. 99975572E 130 0. 98522342E 00 ! 
! 

8.SE.lr. 0.9851 0.99995946E00 0.999751H7E 00 0.985B8275E BEl 
r-
I 1 . 80~~ 8.9783 0.99995878E 08 B.99974795E 1}0 0. 98477778E 00 
1 

I-' • 
.j::>! 1.50r. 0.9557 B.99995792E €I0 0. 99974394E 00 0.98454816E €I8 
U'lr , 

! 2.80r. 8.9412 0.99995712E 88 0.99973985E 08 0.9843i4B3E 00 1 

2.58r. 8.9269 e.99995631E 136 a: 99973567E 00 e.98407518E 
. ! 

00 

3.08y' 0.9127 0. 9999554j?E 00 0.99973141E 80 0.98383149E 08 

3.50U 0.8986 0,99995462E 08 0.99972785E 00 0.98358286E 80 

4.00U 0.88·47 '0.99995375E eEl 8.99372260E B'0 E).98332914E 08 

4.50~ B.8710 l).99995286E 00 0.999718C6E 80 8.98307021E E10 

5.0137- 0.8574 0.99995t95E 00 £i.999(1342E Hfj 0.98280595E 00 

5.50~ 8.8439 0.99995102E 00 8.999?0868E 00 0:. 98253621E 138 

6.00U B.83fJ6 0.99995006E 08 0.99978383E 08 0.98226085E 00 
---------------------------------------------------------- ---------------------------------------------------

• \\ 



Table 8e. PREClSION OF RETRIEVED RESUL T6 FOR DATA FIELDS 
SEX 
DATE OF 8 I RTH (YEAR. t1fJNTH, AHD DH'i) 
fiND SURNAt'lI~ 

! EiURNAME DEC I LE 3 
! ------------ -----------------------------.-------------------------------_._-_._---------- '--' -- '---"-- - -,------- ! 
! ERROR RATE RECALL FACTOR , FILE SIZE ! 
I ~ 1-------------------------------------------__________ ---------------------1 
i ,f/ ! ! 1 MILLIOH ! 4 t"fILLJOH ! 221:'1 t"IILLION i 

~-i------------------------------------------------------------------------------------------------------------I 
! ' , ! ! 
! 0,00K 1.8013'3 8.99976451E 08 0.99896299E 88 8.944<12268E eel 

,- ~I 

! 8.50% 0.9851 0.99976878E 80 G.99894713E 80 B.94362794E 08 , 
! .t. 0B'~ 0.97133 0.99975698E 08. 8 . ~J9893895E 88 0.942811344E 88 
I 

~l j .50% 0.9557 0.9997531BE 00 13. 99891444E 130 0.94199384E 00 
O'I! 

! 2. 00~~ e.9412 EI.99974:....13E 08 8.99889758E 88 8.94115382E 80 I 

"i 
2.5137.: 8.9269 

! i 
13. 99974508E 80 8.99888El38E 88 8 . 9402~3801 E 130 

3.00~ 0.9.127 
i/ 

0.999740S5E £lEI o . 9'38136:i'~82E 00 a.93942608E 88 

3. 50~t 0.8986 0.999736?~E 8a 0. 99884489E 80 8.93853?64E 88 

4.00," 0.884? 0.99973241E 80 8.99882659E 00 0.9:?763232E 00 

4.50U 8.8710 0.99972881E k'10 !3.99880?9BE 813 8. 93670974E 80 

5.1?J0r. 0,8574 0.99972351E Btl 0.998?8881E IjB 0. 935i'6952E 00 

5.50% 8.8439 0.999?1891E 60 8. 99876932E 88 0.93481f24E eel 

6.00U 0.8306 0.99971421E 80 . 8.9987 4948E 00 13 . 933834.:t6E 130 

• • • . ' • • • • , 
.~ 



..... 
~ ......, 

• -- --~--------.,.-.~---- ---,-------..----. • • • • • 

Tab 1 e 8d. PREC IS ION OF RETR I EVED RESULTS FOR DATA FIELDS 
SEX 
DATE OF BIRTH (YEAR, MONTH. AND DAY) 
AHD SURNI:'1ME 

SURNAME DECILE 4 

• • 

1-----------------------------------------------------------------------------------------------------_______ 1 
. ERROR RATE ! RECALL FACTOR ! FILE SIZE • 

1---------------------------------------------------------------------------1 
! ! 1 MILLION .! 4 MILLION I 220 MILLIOl~ 
! -----------._.--------------------------------...,----------.---------------------------------------------_._--_.----! 

! ! 
8. 00~~ 1.£1£100 €t.99928573E £18 0.99702749E 00 0.857413341E 00 

0.50~ 8.9851 0.99927471E 88 G .99698i!38E 08 0.855.63568E 00 

1 . e13r. 8.9703 8.99926347E 08 0.99693635E 08 0.85375962E 00 

1 . 50~~ 0.9557 0.99925199E 130 0.99688940E 00 12I.85185172E 00 

:7~, 08~ 8.9412 0. 99924028E 08 0.99684147E 80 0.84991446E 00 

:2 t 50~~ 8.9269 0. 99922832E 00 0.99679257E 00 8. 84794634E 08 

3.00r. 13.9127 0.999216i2E 80 0.99674265E 00 0. 84594680E 08 

3. 50~~ 0.8986 0.99928365E 00 0.9966917t1E 00 0.84391538E 00 
! 

4. 80~~ 0.8847 8.99919893E 00 ! 0.99663968E 00 0.84185127E 88 
! 

4.!38U 8.8718 0.99917793E 00 ! . 0. 99658li57E 130 8.83975420E 80 

5. ~30r. 8.8574 0.99916466E 88 0. 99653234E EH3 0. 83762.:352E 00 

5.513# 13.8439 8 .999151113E 80 8. 99647696E 00 8. 83545863E 80 

6.80"; O.£t306 0,999137251;: 08 0. 99642tJ40E 00 0.833258!33E' 00 

.-.--... -----~, 

• 



Tabl e 8e. PREC IS ION OF RETR IEVED RESULTS FOR DATA FIELDS 
SEX 
DHTE OF BIRTH (YEAR, ~10NTH, AND DAY) 
r~Nl: SljR~jAt'JE 

_______________ - ____________________________ .... ___ o-r _____ ----.----. - ______ -. __ .... ______________ • _____ • _______ ..... __ ,_~-____ ._ ._ .. _ 

! SURNt~ME DEC I LE 5 ! 
1------------------------------------------------------------------------------------------------------------! 

ERROR RATE I RECALL F8CTOR ! FILE SI~E ! 
t--------------------------------------------------------------------------! ! I 1 MILLION 4 MILLION 220 MILLION 

!------------------------------------------------------------------------------------------------------------! 
I I I I I I 

! 0. 0Eltt . 1. 8000 . 13. 998? 1424E 08! 0. 994?2456E 138 . 8. 7725fJ93?E 00 ! 
! 

e . 50~ 0.9851 0. 99869453E 00 8. 994644i3i:IE 8El 8. 76985569E tl8 I 
! 

1.80% 8.9703 0.99867441E 80 8, :J:J4SG343E i3£1 0,?6?16688E 08 

...... I 1.5e~ 0.9557 0.99865388E 8E1 0.:19448041E 130 0. 76444246E 30 .,J::o • 
co! 

! 2.08~ Er.9412 0.99863293E 00 o . 99~i39S69E 80 0.?6168284E 00 
! 

2.5er. 8.9269 0.99861155E 60 (, 0.99430925E 00 0,?S888518E 80 

3.00i't 0.9127 0.99858972E 118 0.99422183E 08 0.?5605149E 00 

3.513~ 0.8986 0. 99856?43E 08 0 . .99413098E 813 0.75318848E e'3 

4.00~ 0.8847 0.99854468E 00 0. 394039tl6E 08 e.75Jj271?3E 08 

4.58~ £1.8710 0.998521.44E 00 0.99394522E 00 fJ.74?32486E 80 

5.88U 8.8574 0.998497?lE 00 11.99384948E 00 8'. 74433944E 08 

5.5Ei~ 0.8439 e.99847348E 60 8.£19375157F. 88 0. ?4L31500E 88 

6.00% 0.8386 B.9SI8448?,::F 88 0.9936S)66E 00 G. 73825 1111:: 00 

• • • • • • .. 



• , 

• - - .. • • • • c-! • 

Table 8f. PRECISION OF RETRIEVED RESULTS FOR D(.m~ FIELDS 
SEX 
DATE OF EtIRTH (YEAR, MOHTH. AHD DAY: 
AND SURl'lAl"lE 

• • • 

1 
I SURHA!1E DEC 1 LE 6 ! 
!------------------------------------------------------------------------------------------------------------[ 
I ERROR RATE I RECRLL FACTOR 1 FILE SIZE ! 

!--------------------------------------------------------------------------! 
i MILLIOH I 4 MILLIDN 220 MILL10H ! 

1-------------------------------------------------------------------------------------~----------.-.---------! 
! ! 

! 
! 

e.6e~ 1.eSBe 0.99822275E 00 0.9927504~E 08 , 8.71178324E 00 
! 

B.50~-.: 0.9851 0.99819556E 00 8.992641B7E 80 0.70868833E 88 

1.emu 13.9('03 0.99816(,83E 0f:? 0,99252953E OEl 0.78555826£ 80 

1-'1 
~. 1.30U B.955(, 0.99813953£ 00 8.99:'41515£ 00 ~.70239261E 00 
~! 

! 2.00% 0.9412 8.99811l364E 8El 0. 99229965E 00 8.6991S1123E 08 

2.50% 0.9269 13.99808116E 00 o .99218118E £18 0.69595377E 00 

3.130% 0.9127' 8.99885186E 06 (3. 99206E128E 80 0. 69267999E 00 

3.50Y. 0.8986 0.99802034E 80 13 . 9919J69t:lE 08 0.68936964E 00 

4.00U 0.8847 a.99798897E 00 0.99181895E 130 8.68602239E 00 

4.5eU 0,87t0 0.99'(95':594E 00 0.99168~39E €I0 0. 68263889E 00 

5. t'J0U £1,8574 e.99792423E 08 8.99155113E £10 e.67921646E 8e 

5.S0U el.8439 8.99789082E 88 0,99141?' 1,£ 00 0.67575727E 88 

b.EI0X 0.83G6 0.99785670E 80 p). ~9128027E 00 J (1.6722:602ElE 00 '. _______________________________________________________________________________________ -_M ____ ~ ______________ _ 

-, b·,..)' h 

1\' 



Table '8g. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX 
DATE OF BIRTH (YEAR. MONTH. AND DAY) 
AND SURNAME 

------------------------------~--------------------------_. ------------------~.----------------------~.---------

! SURHAf'1E DECILE 7 ! 
!--------------------------------------------------------------------.---------------------------~------------I 

ERROR RATE j RECALL FACTOR I FILE SrZE ! , ,---------~-------------------------__________________ ---------------------1 
, . 1 MILLION ! 4 l'IILLIaN r 220 MILLION i 

I------------------------r.--------------------------·----------__ -;.~---r---------_ ---------------...:.-----------,;..---- ! 
! 

8.B8;;: 1.8000 0.99658832E 08 0.986227 68E 88 0.56402?26E 88 

0.587. 8.9851 0.99653636E 80 8.98h82149E 88 0.56032585E 00 

1 • 00;t 13.9783 0.99648334E 013 8.9858111SE 80 r1.5565$905E 80 
! .... , 

(J'1 • 

of 
i.sex e.9557 0.9%42923E 08 0.98559668E 88 e.55284693E 00 

2.emn E}'9412 ' ! B.99637482E 06 0.98537?B6E 80 d 8. 549El6967E 08 
! " ! 
! 2.50~ 8.9269 8.99631768E Be 8.98515464E00 0.54526733E 0(1 
J 

3.f30U 8.9.127 0.Sl9626017E 1313 8.984926$SE 00 0.5414401?E 80' 

3. 58~~ O,8986 0.99620146E 08 8.98469448E 813 a.53758827E 08 

4.I?lBr. 0.8847· 0.99614152E: 00 0.98445732E 00 ! 8.53371183E e0 
).. . ! 

4.50Y. 8.8710 13.99608032E 80 o . 9842 1529E I?le 0. 52981103E 138 

5.eeJy. 13.8574 13.99601783E 86 9.98396824E 00 8.525886141:: 00 

5.S8r. 8.8439 e.99595.::102E 80 0.983716El7E 80 o .. 52193728E 00 

6.08Y. 0.8386 8.99588884E 013 e.98345863E 80 0.51796469E 00 
-------------------------------~.---~-----------------~--------------------------------------------------------" 

• • t 
4!" .... _ .. ft • d « • • • 



... ~. -"" -. --~-~ -- -~---. ~ . . . • • • 

Table Bh. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX 
DATE OF BIRTH (YEAR. MONTH· A~ID DAY) 
AND SURNAME 

• • 

--------------------------------------------------------------------------------------------------------------
! 

I SURNAME DE~ I LE 8 !eee 
1------------------------------------------------------------------------------------------------------------i 

ERROR RATE ! RECALL FACTOR ! FILE SIZE ! 
! l--------------------------------------------------------------------------1 

I I I 1 MILLION ! 4 MILLION I 228 MILLION ! ~ 
!--------------------------------------------------------------------------------------------------------------I 

0.E'lElU 1.G000 

B.5er. 8.9851 

t.00U 0.9703 
I 

..... 1 
tJ"\ • 1 . 5e~~ 0.9557 ..... , 

! 2.00U 0.9'412 

2.50U 0.9269 

3.00U 0.9127 

3.58r. 8.8986 

4.0BU 0.8847 

4.50U 8.871£1 

5.00U 0.8874 

5. 50~: 8.8439 

6.80r. 8.8306 

! 
~ ! 

8.98785012E 88 

0.98685517E 08 

8.98665632E 00 

0.98645349E 00 

0.98624657'E 08 

0. 98603546E 00 

13.98582005E 08 

0.9856EH:;123E 80 

0.98S37590E 130 

0.98514694E (H3 

o . 98491322E8~1 

0.9846?463E BEl 

8.98443103E 08 

1 ! 
0,9494119}E 08 8.2534?892E 08 

0.94868361E 00 8.25064386E 08 

8.94794159E 8a 0.24?81588E 08 

0.94718562E 00 0.24499521E 88 
" 

0.94t;~1536E 88 0.242113213E 80 

0,94563051?1E 00 0.23937687E 8e 
0. 94483070E B0 0. 236S7973E 08 

8.94401562E 00 0.23379093E 08 

0.94318492E 1313 o . 231010"?3E~p0 

0.94233821E 00 o . 2282394~)E 00 ! 

Ij.94147514E 80 0.22547729E 00 
!e ! ' 

8.94059531E 08 0.22272453E 0(3 

8.93969836E 8€1 0.21998140E 00 
-----------------~----------------------------------------------------.. _--------------------------------------

• 

o 



Table 8i. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX 
DATE OF'8 IRTH (YEAR, l"!ONTH .. liHD DAY) 
AND SURNAME 

--------------------------------------------------------------------------------------------------------------
SURNAME DECILE 9 

/------------------------------------------------------------------------------------------------------------1 I ERROR RATE ! .RECALL FACTOR / FILE SIZE , 
/ ! I-------~---------------------------------------------_____________________ ! 
! 1 rllLLIOH I 4 t'lILL ION I 220 fv1!LLION , f----------------------------------------_. ___________ ----------------~-----------------______________ ~ _______ I 
/ !!! 

B.BBn I.B800 B.97918909E BB B.92029941E 00 B.l?2~3696E 08 I 
.1 ! f 

0.507-
,?',,~ -"y 

'" ~t:.' e0~~:· 
! 

t:; ! 1. 5BU 
NI 

2.88r. 

2.50~ 

3.08r. 

3.5B:>: 

5.50r. 

-----------------------------------------.----------~----------------------------------------------------------

• • •• 
(:\., ... ~".~ 

• 



---. • • • • 

Table 8j. PRECISIO~I OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX 
DATE OF BIRTH (YEAR, MONTH. AND DAY) 
AND SUR~IAI1E 

• • 

-------------------------------------------------------------------------- .. -~---------------------------------
1 

SURHAl"lE DEC I LE 18 i 
1------------------------------------------------------------------------------------------------------------1 
! ERROR RATE ! RECALL FACTOR 1 F IU:: SIZE : 
I ! !--------------------------------------------------------------------------! 
! ! 1 t"lILLlON 1 4 rlILLION f 220 l"ilLL TOi'l ! 
[---------.--------.-----------------------------------------------------------------------------------------1 

0.80t't 1.08f.10 0.91551565E 00 8.72765376E 80 0.4612915!1E-01 

0.58r. 8.9851- 8.91433796E 80 0. ?2465895E 138 0.4547 19:38E -l:i 1 

1.88% 8.9703 0.91313939E 88 0.72162855E 88 '3. 44820443E-81 
I-'! 

8.44174582E-01 tnl 11r 5b;~ 0.9557 0.91191953E 08 0.7t856231E 08 
w! 

I 2.88% 8.~t412 8.9106?79f3E 80 0.715459842 08 8 . .,:.t3534425E-01 

2.50U 8.9269 0.9094141:2E 80 0.71232893E 80 0.~2899896E-01 

:; ~ r:'?~ 0.9127 0.9[181276(;[ 00 8.70914512E 00 0.4227t018E-91 

3. 5€1~~ 8.8986 13 . 906818E!6E 00 '7' • 7059~:221 E 013 0. 41647774E-01 

4. 00t~ 8.8847 13 . 913548485E 08 0.70268188E 88 0.41030152E-01 

4.513U 13.8718 0.90412753E 80 
, 

0. 69939378E 80 0.40418151E-01 : 
! )., 

:'/t 

5.Ber. 0.8574 e.90274559E 00 0.69€05765E 00 0.39811.760E-01 

5.50«: 8.8439 0.90133851E 00 8,,69270328E 08 0. :::921£:1960E-01 

6. 00~~ 0.83136 EJ.139998577'E 80 11.68930013E 88 0.38615?41E-Bl 
---------------------------------------------------------------~----------------------------------.------------

• 



Table ga. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
STREET NAt-1E 
STREET NUMBER 
STATE 
Ali}) SURNAI1E 

-------------------------------------------------~------------------------------------------------------------

SURNAME DECILE 1 [ _____________________________________________________ -----_________________________________________________ I 

I ERROR RATE ! RECf~LL FACTOR ! FILE SIZE ! 
1--------------------------------------------------------------------------1 ! 1 t-nLLIOH ! 4 MILLIO~l h: ! 22[1 MILLION ! 

!------------------------------------------------------------------------------------------------------------! 
! 1 ! 

')f 0.00~": 1.1313130 8 • itl8000tl0E Ell 0. 10110800BE 81 O.99999999E 08 
! 

0.58g 0.9801 1 8. 1808ee8EIE 01 8.100080£n3E 81 0. 99999999E 80 
I 

1.00g 8.96'36 0. 100EI0800E 01 G. 101?l00880::: 01 0.99999999E 813 
I 

...... j 
CJl • 

0< i 
1 . 50~t 8.9413 0. 18E100808E 81 B. 18080£1fj0E 81 0.99999999E 138 

.j:::o! 
f 2.00U 8.9224 o • 1800t:h300E 01 0. 1012100000E 01 0.99999999E 00 

2.58U 0.983? 0.10888000E 01 8 • 1013000A0E 81 o • 99999~)99E 1:113 

3. e0~~ 8.8853 8. 100080E1I3E 01 0. 10000000E 01 0.99999999E 80 

3.5871 8.8672 0. 100000013E 01 8. 10000000E 81 8.99999999E 80 

4.13B.I~ 0.8493 0. 10t1efH:J00E 01 0. 1B000012If1E Ell 0.99S999.99E 08 

4.5m~ 0.8318 Ei • 113000088E 01 0. 10E.i0000tjE 131 0.99999999E 00 

5. 00t~ 0.8145 0; 10(300000E 01 0. 1800000GE 81. 8.9S1999999E 00 

5.51:JU 0.7975 0. 1880£1.fi130E 81 0 .. 10800008E 81 8. 99999999E 00 

6.00~ 13.78E1? 0.10000000E 01 13" 100000i':'10E 81 13 • 99999~J99E 00 
------------------------------------------------"----~--------------------------------------------------------

}/ 

• • • • • • • • • • ___ "'-----' ........... - ... --~ .". .- __ .l .. ___ .: ~ _~_____ .... 

<0 



_ ."""C • • • • • • • • 

It 

Tab 1 e 9b. PREC IS ION OF RETR IEVED l<ESUL TS FOR DATA F IE.LDS 
STREET NAME 
STREET NUMBER 
STATE 
AHD SURHAME 

--------------------------------------------------------------------------------------------------------------
1 SURNAME DEC ILE 2 
!---------------------------------------------- ---------------------------------------------_._--------------! 
! ERROR RATE I?ECALL. FACTOR ! FILE 812E 1--------------------------------------------------------------____________ 1 

i 1 MILLION ! 4 M1LLION 228 MILLION i 
1------------------------------------------------------------------------------------------------------------! 
! 
! B.BBu 1.BBBB 0. 1008BBBBE 01 0.10008009E 81 0.99999978E 80 

B.58~ 0.9801 0. 10000000E 01 8 _ 18088880E 01 8. 99999978E 00 
1 

...... , 1.0Gu B.9606 Ij. 10000B80E 01 £1. 1000008EfE £11 0. 99999978E 08 
01! 
01 1 1.50~ e.9413 0. 10000888E 81 8. 10088880E 01 0.99999977E 80 

2.00U e.9224 B. 18000000E 01 0.1£10888£10E 81 8. 99999977E 80 

2.50Y. 0.9037 8. 188£10000E 01 8. 108013088E 01 0:99999376E 00 

3. 00~~ 0. 88IJ3 0. 10080000E 01 0.10080080E 01 0.99999976E 00 

3.50u 0.8672 0. 10000Si30E 131 8. lOS00888E 01 0.99999975E 00 
! . 

4. 013~~ 8.8493 8. 10880000E 81 0. 10000S08E 131 0.99999975E 813 

4.50U 0.8318 0.188S13000E 01 B. 180138808E 01 ,13.99999974E 88 

5. 80~~ 8.8145 e. 1000881j0E 131 0. 1000EH:l00F.: 01 8.99999973E 013 
,'\ 

5.517jf;! 0.7975 0. 1001313800E 131 0. 1 El808000E 8i. 0. 99999973E 80 
I 

6.'d0~ 0,7se17 0.1008880ljE 81 0. 1 BI~800B8E '01 0. 99999972E 00 ! ---------------------------._----..---------------------,----------------------, .... _ ....... -------_..-----------------_ ..... _---

_i!L __ 

• 



Tal)le 9c. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
STREET NAME 
STREET HUMBER 
STATE 
AND SllRtIAI-1E 

-------------_ ..... _---------------------- ..... _------------------- ......... -----------.---------------------,--_ ..... _---._._------- "--

SllRHAME DECILE 3 
J----------------------------------~-------------------------------------------------------------------------! 

ERROR RATE RECALL FACTOR FILE SIZE 
!-------------------------------------------------------------.-------------~ 

! ! 1 NILLIDH 4 !'lILLION 228 MILLIOH 
1---------------------------------------------------------------~--------------------------------------------I 
I I I I I 1 
I I I 1 t I 

! 13 . B0n ! 1. 8000 ! 13 . i 0800808E 01! 0. 99999999E 80 ! 13 . 99999915E 013 ! 
! ! I 
1 B.50n 13.9881 8. 10080800E 01 13.99999998E 88 B.99999914E BB I 
! I 

...... 1 
c.n! 
(J)I 

1 

i .00r. 

t.'58r. 

2.00r. 

2.507. 

3.00ft 

3.587. 

4.007. 

4.513~ 

5. 00:~ 

5.Se7. 

6.0f1U 

0.9606 

0.9413 

0.9224 

13.91337 

0.8853 

0.867'2 

0.8493 

8.8318 

0.8145 

0.797'5 

0.7807 

0.18000808E 01 

8.113000880/::' fll 

8. 10000080E 01 

B. 10000080E 01 

0.10000000E til 

o . 1060080tlE' 81 

B.lfJ000000E £11 

e. 1 v.te100000E 01 

e. 100000aBE 01 . ! 
! 

0. 10000000E 01 I 

8.108008001:; 131 

B.9C\999998E 0tl 8.99999912E fj0 

8.99999998E 130 8, '399999101:: 00 

0.99999998E 08 0. 999999B8E 00 

0.99999998E 00 0.99999986E 80 

0.99999998E 1:10 0.99999904E 00 

0.99999998E ti0 0.99999902E 00 

o . '?9999998E 80 8.99999900E 00 

e.999999Si3E 80 0.99999898E E10 

0.99S199998E: 00 0.99999896E 00 

0.99999998E 00 13; 99999894E 88 

0.99999998E 00 0.99999891E as 
--------------------------------------------------------------------------------------~-----------------------

• - ... • • ~ . • • • 



Table 9d. PRECISION OF RETRIEVED RESULTS FuR DATA FIELDS 
STREET ~lAME 
STREET NUMBER 
STfHE 
A~fD SUR~IAME 

• • 

--------------------------------------------------------------------------------------------------------------
! 

! SURNAME DEC I LE. 4 ! 
!--------------------------~-------------------------.--------------------------------------------------------I 
! ERROR RATE RECALL FACTOR I FILE SIZE 1 I 1--------------------------------------------------------------------------! 

! 1 1'"1ILLION I 4 t"ITLL toN t ' 228 ~1ILLION I 
1------------------------------------------------------------------------------------------------------------i i I ! 1 I ') 

0.00U It. 00013 ! 0. 99999999E 013 I \3. 99999996E eo 13.99999761 E 00 ! 
, ! 

B.50U a.9':=101 0.99999999E (1(3 0.99999996E 08 8.9999SI?S5E 00 

! 1. eH3~ 0.96B6 El.99999999E 80 0.99999996E 8£1 0.99999751E fJ0 
'-'I (J'1 • 

"'..J! 1. 50~ 0.9413 EI.9SJ999999E BEt 8,99999995E 88 8. 99999746E 00 

2.138U 0.9224 0.99999999E 80 0.g9999995E 00 8.99999741E 00 

2. 58t'. B.9037 0.99999999E 80 0.999~9995E ee 0.999997351;: 00 

3.087. 6. 885~?o 0.99B9f)S'J£39E 86 ~.99~99995E B0 8.99999730E 08 
! 

3.5e~ 13.8672 6.999~9999E 06 8.9999999!:.iE 813 , 0. 99999724E 08 , 
4. 013~~ 0.8493 8.99999999E 01,? 8.999~9995E 00 I. £1.99999718E 80 

! 
4.S0x 0.831B B.99999999E G0 EI. Sl9399995E 08 I 0 .. 999997121:: 08 

I 
5.08x 8.8145 8.99999999E 813 8.99999995E 08 r 8.9999~706E 812'1 

5.58X 8.7975 e.99999999E 08 8. 99999'395E 00 13 • 99999nlElE 08 

6. 13e~~ 0.('8a7 8.89999999E 013 0.99999~94E 00 13.99999E93E 1'30 
----------------------------------------------------------~---------------------------------- .. --------.. -------

___ .:.ili...:._ 

• 

( 
.:;."'~ 



Table ge. 

" 

PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
STREET NAME 
STREET NUMBER 
STATE 
AHD SlIRNf)ME 

________ • __ • ____ ""!'" .. ".~--------'-----------------------'!"""'--____________________________________ .... _____________ ..t.. ________ 0_ 

I 
I SURNAME DECILE 5 ! 
1------------------------------------------------------------------'----------------------------_ . ..,----------------- j 
! ERROR RATE ! RECALL FACTOR ! F ll.E SIZE ! 
! ! "-----------------------------------,----------------------------------------- ! 
! ! ! 1 t1ILLION ! 4 trILLION ! 220 MILLION ! 
1------------------------------------------------------------------------------------------------------------\ 
I I I I • I I 
• • I I • I 

! B.00X 1.8000 0.99999998E 00 0.99999~92E 00 e.99999576E 00 ! 

8.58~ 8.9801 0.99999998E 00 0.99999992E 80 0.99999567E 08 

I 1 . ee~~ 13.96136 0.99999998E 813 0.99999992E 08 0.99999559E 08 
1-" 
011 
co! 1.5B~ 8.9413 0.9~999998E· 00 0.99999992E 80 0.99999550E 00 

I . ' ! 
2.eex 0.9224 0.99999998E 00 8.99999992E,00 0.99999540E 00 

2.50<; 0.9E137 E1.99999998E 00 0.99999992E 80 0.99999531E 88 

3.00X 8.8853 0.99999998E 00 0.99999991E 08 0.99999521E 88 

'" 3.50U 0.8672 0.99999998E 08 0.99999991E 88 8.99999511 E 80 

4.00U 0.8493 8.99999998E 80 0.99999991E 80 8.99999501E 88 

4. 50t~ 8.8318 8.99999998E 00 0.99999991E 88 0.99999498E 00 

5.00r. 13.8145 13.99999998E 08 8.99999991E O@ 8.99999479E 80 

S.5sn 8.7'975 8.99999998E 0El 0.99999998E 08 8.99999468E 08 

6.60% 13.78137 8.99999998E 88 13.99999990E 80 8.99999457E 00 

", .... • 



Tabl e 9f. PREC IS IOH OF RETR TEVED RESULTS FOR DAWI F lELL\S 
STREET tJAl"lE 
STf~EET 'NUt'lBER 
ST(HE 
AH;~l SURt'IAME 

• 

~~----------~-----------------------~~------------------------------------------------------------------------

\ SURNAME DECILE 6 ~ ! 
!----------~-----------~------------~~~----------------------------------------------------------------------! 

ERROR RATE RECAt:L FACTOR ! F t LE S rZE ! 
1--------------------------------------------------------------------------1 

. ! f MILLION .! 4 ~lILLroH I 22£1 l'nLLION i 
t---________ ~------------------------------------------------------------------------------------------------! 
; ; "Ill 1 i 
, \ ~ I I I I 

El. 00~r 1.0000 8.99999997E 0ft 

f:1.50r. 8.980J 8.99999997E 88 

I 1 .00,: 0"'.96136 80 
~! 

o .99S19.9997E 

1.0 ! 

! 
! 

1 .50r. B .9413 

2.00U 0.9224 

2.58U 0:9037 

3.00U 0.8853 

3.50r. 0.8672 

4.etm 0.8493 

4.513U 0.8318 

5.00~ @.8148 .! 
!' 

0. 99999957E 

0.99999997E 

13.99999997E 

B.99999997E 

8: 99999997E 

0.99999997E 

8.99999997E 
,..-",;" 
-~..-<./ 

8 . 9~?99S997E 

00 

£10 

130 

BB 

08 

80 

80 

eel 

! .. 
! 

. ! 
! 

5.50n 8.7975! A.9999999?E 00 O.99999987E 00 0. 99999269E'00 
! ! ! .. ! ! 

~------~:.~~:----~---~--~.~~~~~--.---~------~.:::.:::~:~~-~~----~~------~~~:::::~~~-~~------.~---.-~.:.~:~:~~:~~-~~--~~-!. \ 

/1 , 

f/ 
u 

...-;::;:-;? ,~, 

__ ...;... ___ ...... ~ ___ ~ ___ ~c:/:::::../..--~~----"",~ 

• 



Table 9g. PREC 15101'1 OF RETR 1EVED RE5UL T5 FOR DATA F IELD5 
STREET NA~1E 
STREET NUI"IBER 
STATE 
AND SURNAME 

SURNAME DECILE 7 
,---------------~------~-------------------------------------------------------------------------------------! 

ERROR RATE RECALL FACTOR ! FILE SIZE I 
I~-----------------------~---------~----------~----------------------------/ 

I 0 I 1 MILLION ! 4";M1LLICtN / 220 MILLION 1-----------------------------_·---------------------------------________________ ----_____________________ . __ 1 
o ' 0 

I l / ! 1 / 
,! 0.00% 1. 0088 ! e. 99999995E 00 8. 99999980E 00 0 . .99998887Eo 00 
1 

..... 1 
0'\1 0, 

).! 

! 

e.56% 0.9801 

i . a!3ro 6.9606 

1.56~ , 6.9413 ! 
,. / ,.. ~ .. !' 

2.0,0r. ! 0.9224 ! 
! 

2.50x e.9f.l;3? 

3.08r. £1.8853 

3.5ax 0.8672 

4.0Sr. 0.8493 

4.56U 0.8318 

5.0Bu 8.8145 

5 .50;~ 0:7975 

0.99999995E 80 0. 99:399979E 

8..P9999995E 08 8.99999979E 

fL 99999995E 08 B.99999979E 

8.9999Sl995E 08 0. 9999997aE 

e.99999995E tIEl 8.9999'9978E 

0.99999994E 08 H.99S9997?E 

0.99999994E 01::1 ~\ 99999977E 
, . 

8.99999994t ael a.99999976E 

B.99999994E 013 e.9999997GE 

8.99999994E 08 0.999999?5E 

0.99999994E 00 0.99999975E 

0El 

00 

08 

80 

8El 

88 

00 

88 

80 

88 
1 

e~ 

0.99998864E 08 

e.99998841E 0e 

8.999988181:: 0Et 

8.99998793E 88 

0.99998768E 80 

8.9999B743E 88 

8.99998716E 80 

0.99998689E 80 

0.99998662E 00 

0.99998633E 130 

6.9999B604E 80 l 
" '! 

(1 • 00~~ Ie. 7887 0 ~ 999999.94E 88 8.9999997 4E 88 J C) 0.9999857 4E 08, 
~-----------------------------------~-------------------------------------------------~--------------~~-------'" 

'. • ~-," • 



• • • 

Table 9h. PRECISION OF RETRIE\lED RESULTS FOR DATA FIELDS 
STREET NAME 
STREET NUMBER 
STATE 
AND SURNAME 

• • 

--------------------------------------------------------------------------------------------------------------
! 
! SLiRNAl"lE DECILE 8 
i-------------------------------------~-------------------------------~--------------------------------------! 
! ERROR RATE I RECALL FA.CTOR :\ FILE SIZE ! 
! 1---------------------------------------------------------------.----------! 
!. 1 MILLION ! 4 1'1ILLION ! 220 l"lILLION 
!----------------------T-------------------------------------------------------------------------------------! 
.! ! I ! ! 
e.80~ 1.0800 0.99999981E 88 8~~9999923E 98 0. 9999S?59E 00 

B.5ar. B..9801 8.99999981E 88 0.99999922E.00 13. 99995673E 80 

I 1.00~ 0.9606 8.99999988E 88 8.99999920E 08 8. 99995585E 08 
I-lJ 
0'\ • 
I-l! 1.50~ 8.9413 0.99999988E 00 ! 8.99999918E 00 0.99995495E 80 

1 
2.EH3~ 

2.5a~ 

! . . ! . I'" 
0.9224 ! 0.99999975'IE £Ie 0.9999991?'t:: ee ! 0.99995402E 80 

! \! 

0.9837 0.999999796 00 0.999999151: 08 . I 0. 9999530?E 138 
! 

3.0ar. 0.8853 ! :~ . 99.Qi~997'9E 88 0.99999913E BEl 0.99995210E 80 

3.50U 

4.00r. 

, . ! 
0.999&9978E 00 0.8672 0.99999911E BB 0 .. 99995'110E 08 \, , /:, 

0.8493 0.9999~878E 8E1 0.99999910E 08 8 . 999!~588(f.: 80 

4.50~ 0.8318 S:999999??E 08 0.9S999ge8E 80 8 . 9S\~9490~E \00 

5:08X 0.8145 B.99999977E 08 e:99999986E 88 0.99994793E 88 
5.50X 0:7975 0.99999976E 130 ~.99999984E 00 0.99994682E Be 

6.06r. B.rB0? 0.99999976E 88 O.99999902E 08 0.99994568E 1313 
--------------------------------------------------------------------------------------------------------------

• 

1--:, 

;: ; 



\.1 

I-' 
0"1 
N 

e 

Table 9t. PREC IS ION OF RETR I EVED RESUL, T8 FOR DATA FIELDS 
STREET NAME 
STREET NUMBER 
STATE 
AND SURI'IAME 

-----------------------~------------------------------------~----------------------------------------.-------

SURHAME DECILE 9 1------------------------------------------------------_________________________________________ --___________ 1 , , 
ERROR RATE RECRLL FACTOR FILE SIZE ! 0 1------------------------------------------------------_-__________________ 1 

! ! '·1 t"PLUOH ! 4 ~l1LLJOt-l· 220 t1ILl.ION i 
1-------------------------------------------------------------------------~----------------------------------! 
1 1 1 . I I I 
I • I • , • 

! s.aex ! 1.6000 ! 0.99999969E 80 0.99999875E 80 8.99993i09E 00 ! 
! 

e.5fm 8.9881 0.99999969E 88 0,99999873E BEt 0.Sl9992969E 00 

i.sex 8 • .9666 0.99999968E 88 0. 99999870E 80 0. 99992826E 00 
! 
! 1.5er. tiL 9413 0.99999967E 80 8.9999986i'E 00 0.99992679E 08 ! 

! .. ! 
2.00:-: 0.9224 8.99999967E 80 0.999998ti5E 08 0.9.9992529E 88 I 

2.501: 13;9837 8.99999966E 60 a.99999862E 88 0.999?2374E G0 
'!-; 

3,00:Y. 0.\"3853 0. 99999965E 813 6.99999859E 00 1].99992216~ 08 ! 

0.99999856E 
! 

3.50X 1.1.8672 [1.99999964E 013 00 0. 99992053E 00 ! 

4. ~]8x 8.B493 B.99999964E EI8 0.99999853E 08 0.99991087E 00 

4.58U 1.3.8318 0. 99999963E 08 0.999998513E 813 0 .. 99991715E 138 
! !. 

5,.0aX 1 0.8145 0 . .99999%21: [to 0. 9999984?E 819 O.99991540E 0£1 
'/ 

. I .' 
, >- :5.5011 0.79fl5 e.99999961E 00 8. 99999843E 013 ,8.99991359E 130 

b.01311 0.7807 B.99999960E 08 0.999998481£ l30 8.999911 ?4E 08 
-------------------------------------------------------------~~--~---~--------------------~-------------------

/J 
o () ----- -~ _e~ ___ ...:... ____ . ~,...;.~_ e. 

o 



..... 
C'I 
w 

--• "-....• • • 

Tab 1 e 9j. PREC 1 S ION OF RETR I EVED RESULTS FOR DATA FIELDS 
STREET NAI1E 
STREET NUl1BER 
STATE 
AND SURNAME 

• • 

-----------------------------------------_._--- -------- .... ---- - - .... _--------..------- ---"---------_. __ .... _- .... --.. ~ ------------

SURNAME DECILE 111 
!------------------------------------------------------------------------------------------------------------! 

ERROR RATE RECALL FACTOR FILE SIZE 
1--------------------------------------------------------------------------1 , , , 

! 1 MILLION ! 4 "nLLION ! 220 t'fILLIml ! 
! ------------------------------------------------------.----------,---------- -'-- ---- --------.-----.----- ------------- 1 

1 !!! 
0.mw 1.13000 0.99999857E 00 0.99999461E ('l@ 0.99976232E 00 

8.507. t3. 988 1. 0.99999864E ~10 0.99999450E 8El fl.99969629E 00 

1.00X 0.9606 0.99999861E f:J0 0. 99999d~~,8E 51:.\ 0.99969;"311E 80 
! 
! 1.50~ 8.9413 0.99999858E 88 0.99999427E GH 0.99968377E 00 
! 

~_0E'lr. E'l.9224 0.99999855E 00 13. 999994J.5E 08 0.99967727E 00 

2.50r. 0.903? 0.99999852E 00 0.999994@3E 88 0.S936?1360E 00 

3.807'. 0.8853 0. 99999849E 08 8. 99999391f. 00 8. 999663?6E 00 

3. 50~~ 6.8672 0.99999846E 0El 0.999993?8E 00 0.99965674E M 

4. 00~: 8.8493 0.99999843E 00 8. 999993r55E (lEi 8. 99964953E 08 ! 
! 

... -I.50P- 0.8318 fl. 99999848E 80 8.9'3999361E 00 0,99964214E 08 1 

5. GB~< 0.8145 0. 99999836E 08 0. 99'399338E 08 0.99963455E 130 

5~56% 8.7975 8. 99999833E 08 8.99999324E 8Et ,f3.99962G75E 80 

6.00:; 0.7807 e.99999B29E 00 0.9999931391:: 80 0.999611375E 00 
___________________ -----------------------------------__________________ .b _________________________ ~ __________ 

,~,! 
\)'./ 

\~ 

------------------------------------------~~--~~!~~, --~~--~ .. ~ 

• 

o 



G 

Table lOa. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SE~-: 
STRE:ET NAME 
STi<:EET NUMBER 
f'.4TE OF 8 TRTH (YEAR, I"fONTH, AND DR')") 
AND SURNAME 

SURNAr1E DEC I LE 
1------------------------------------------------------------------------------------------------------------1 

ERROR RrHE RECALL FACTOR FILE SIZE 
! --------------- -!~-------------------.-----------------------: ... ------------..... - ! 

1 1 MILLION' 4 MILLION 220 MILLION 1------------------------------------------------------____________________________________________________ --1 . . 

1 ...... 
0"11 
+:>1 

t> 

! 

! c,' 

! 

a.e8~ 1.0000 0. 1880f.H30eE 01 8. 10008000E Al 0. 1888fr0G0E 01 

B.5er. 8.9752 0. 10008080E 81 0. 10088£lf:Y:lE 01 (1. 1000008tJE 81 

1.88u 8.9510 8.10008000E 01 0. 1I300000BE 01 8. 181j0800E1E 01 
! I 

! . 58i1 0.9272 o . 10000008E 01 ! 13 • 10000000E 81 [J 0.1Pl000800E 01 ! 
! I 

2. 00~~ 8.9839 0. 10800808E 01 I 0. 18000080E: 131 8. 10800€1l30E 01 I 

2. 58~~ 8.88lf 0. 18000t108E 01 8. 18000000E 81 13. 180E18E100E 01 
! 

3. 00~t 0.8587 8 . 10800000E 81 0. 10880008E 01 13. 180e800t:lE 81 

3.58U 0.8368 8. 10800000E 01 8. Hl0El0000E 01 I 0.10000080E 01 

0.81\154 
! 'i 

4.0eu I o . 10008008E 01 0. J00l?J0000E 01 0.10068008E 01 ' 
! y-

4. 50:~ 0.7944 1 8.100E1000EtE 01 0. 10000000E 81 0. 18000E100E 01 u 

1 
5.BElr. 8.7738 1 0. 180800€t0E 01 0. 1000BBBElE 01 O.113000060E 01 

, ! 
5.58r. 0.7536 0.1813E10et80E 01 121. j 080G80i3E 81 0. 1888El0E18E 01 

K ! ~! 

6.80% 0.7339 a.10000R00E 01! 0. 1008000BE 01 ! 8.IB3e8aB0E 01 ! 
------____ • _________________ ._-________________________ ... - ______ ~j .. ___ - ____ ..... -..;,;. _______ I~ ____________ , ____ ) ... _ _____ • ... ____ 1.· 

~'I 

• • . ... " . 

0 

- 0 

"-. 



11 , 

II 

I; 



" , 
__ ... ~ ..... ~ ........... ~ __ ...a.-.!.~""""'~ 

I 
1 
j' 

I' 

I 

I 
I 
t 
I 
f 

I 
! 

I 



- -.~ 
~- • 

Table lOb. PRECISION OF RETRIEVED RESULTS FOR DATri FIELDS 
SEX 
STREET ~jA/,lE 
STREET NUMBER 
MTE OF BiRTH (YEAR. MO~nH. AND IJAIO 
AND SIJRNAt-1E 

-------_''_ ________________ .... _____________________________ ----- ..... - .... -. ___________ .. _____________ ._. ___ &>00 ______ ""' __________ _ 

I 
SURNm'lf. DEC ILE 2 ! 

1--------------------------------------------------------------------------------------------------M--_______ 1 
! ERROR RRTE I RECALL FACTOR I FILE SIZE i 

! ! ------- ...... ---------_._-------- ..... -_._-------_ ..... _---------_ .. ------~-....... ~-.- .... ---------,-- ! 
! ! ! 1 MILLIOH I 4 MILLION ! 220 MILLIOH ! 
\------------------------------------------------------------------------------------------------------------! 
! ! I I ! ! 
! B. El0~ ! 1 .8000 0. 188B8080E 81 0. 11~008f:J0E1E f11 8, 10888000E 01 

! 13.513;:;; 8.9752 8. 1800B88BE 01 8. 180068EHaE 01 8. 101380800E 81 
J-'! 
en! 1 • B0Y. 0.9510 
0"11" '" 

0. 10008008E 01 8.16806880;:: 81 0. 1000B8E1f:1E 81 

! 1.58u 8.92?2 8. 10000800E 81 0. 18880880E 01 0.10088080E 81 

2. Be;>;; 0.9039 8.10080600£ 01 0. IID8t)130r:JE 131 0. 10688800E 01 

~~ • 5£l~~ 8.881 (\ 0. t 008fH308E 01 era 10EH3f3800E , , 
\.:</ 

01 0. 1000E10t)0E 01 

3.0B?t 0.8587 8. 1808E}000E 01 13. 10800000E Ell 0. 10008000E 01 

3.50~ 8.8368 8.18008088E 81 B.ltr000008E 81 It, 0. 1888B08(1E 81 

4. B8t~ 0.8154 o . 100eJ0000E 01 0. 10000088E 61 0. 10El613800E 131 I' , 

4.50x 0.7:;144 O.ltJ008008E 
1 

0. 1~J000000E 81 81 B. 1800r'.O€1l?lE 01 

5.007. 0.77'38 0. 10B00000E 81 0. 18000000E 01 0.1E1880000E en 
;:;.50~ 0.7536 0. lE1000138AE 81 8.10088808E 81 8 • t 008800P.lC 01 

6.BBY. 0.7339 E1.1elE/(:)98et0E. 01 !~.10000880E 01 ' I EJ. t00001;j00E 81 
------------------------------------------------------------------------------------------------~-------------

~--, -

\\ 



Table lOco PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX 
STREET NAt-IE 
STREET NUM8ER 
DATE OF BIRTH (YEAR, MONTH, AND DAY) 
AND SURNI~ME 

----------------------------------------------------------.-----~---------------------------------------------

SURNAME D~CILE 3 
1------------------------------------------------------------------------------------------------------------! ERROR RATE ! RECALL FACTOR t FlLE SIZE 

\--------------------------------------------------------------~-----------! 
!! 1 MILLION ! 4 MILLIot~ 220 mLLION 
l---------------------------"------~---------------------------------------------------------------------------I 
! ! ! ! ! 
I 0.007- 1. 13608 8. 10000000E 01! 0. 10000000E ell 0. 10080800E 01 
I ! 
I B.507- 0.9752 0.18000000E 01 8.1B00008BE 01 0. 10000000E 01. 
I 

.,-a' 
enl 
en," 

1 .807- 0.9510 0. 10000000E 01 0. 10000080E 61 0. 1000€H308E 81 
! 

1.50;: 8.9272 

2.08~ 0.9039 

2.507- 6.8811. 

3.80r. 8.8587 

3.5e~ 6.8:368 

4.ee\v. a:8154 
!' 

4.50~ ! 0.7944 

5. e0~~ 0.7738 

5.50~~ 8.7536' 

6.607- 0.7339 

• ._.:r, ~ 
;6. .---Z. ___ • 

0.l000EJEl00E 01 

0. 10000ee0E 01 

0.1sa00000E 0i 

0. 10000000E 01 

B . 100BEl0BElE 61 

0. 1000000BE 01 

0.i0008800E 01 

0.10000000E 01 

€I , 1 tlEl0800BE 0 1 

0. 10000000E 01 

.. \-" 
I 
! 

0. 10080080E Ell 

0. 10000000E £11 

O. 1 gael00B0E: 01 

0.i00000£10E 01 

0. 1I3000000E 0 i 

i1; 18£1000081:. 31 

0. 1000E1f10ftE 01 

0. 100e0000E 81 

0. 10000008E 01 

0. 10000000E 1.11 

, ! 
! 
I 
! 

0. 10008008E 81 

8 • 100e0000E: e 1 

B.10El88000E 81 

-B. 10€168000E 81 

! 
! 
1. f/ 

! 
0. 10088000E 01 ~! 

! " 
. 0. 1130130800E g 1 ! 

0. 180B000ElE 01 

e. 100000StlE 01 

(:).18000f300E 01 

0. 10000EH30E 01 



Table lOd. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SE?~ 
5 rREET !-IAME 
STREET NUMBER 
DATE OF BIRTH ('rEAR, MONTH. AND DAY) 
AND SURI-IAME 

------------------------------~-------------------------------------------------------------------------------
! 
I SUPHAt1E DEC ILE ,4 
I-----~----------------------------------------------------------------~---·---------------------------------I 
I ERROR RATE RECALL FACTOR ! F 1 LE S r ZE . ! 
I I------------------------------------~-------------------~-----------------I i i 1 MILLION ! 4 t11LLIml ! 228 t1JL.LIO~1 i 
1------------------------------------------------------------------------------------------------------------1 I ! ! 

B.66,; 1.81300 8.18088000E 81 0. 1 f10 fH:"J00 13E 81 0. 10088080E ~31 

o t 50~t 0.9752 0. 10008800E 81 0. 10808088E 01 8. 10088008E 8t 
I 

I-'i m. 1 .130r. £1.9510 o . 1 €100000£IE 01 0. 1880008SE 81 o . i fJ00fJ01381: 01 
'"-.It 

! 1 • 507: 0.9272 13. 1 €18fjl::l000E 01 tj, 180£10000E 81 tl. 1000fll?)00E 1(11 

2 .• 0e~ 0.9039 o . 10088000E £11 0. 10008000E 01 O.10000000E 01 

2. 50;~ 0.8811 o .t0E100008E 01 0. 18000008E 81 O. 1080138[101: Ot 

3.00U 0.8587 8, 1 G880'0130E 01. 0. j 00Stir-l0SE 01 O. 1008iJD00E 1.31 
" 

3. 50~1 0.8368 8.18080000E 01 f2'J. 1 :_,00808EIE 0.1 O. 1000€t[J00E 81 

4.88u 13.8154 0. 10090i100E 131 v! 0. 18E100000E 01 8. t 00~H7if.·00E 81 
! 

4.50.r. 0.794-1- o • 10000BBr:lt: 01 o • 1000DflDI3E 01 0. tEJ01:H3C::108E Elt 

5.0er. 0.7(38 0. 1800'0000E 01 0. j 00f2'1000F.1E 81 0. 10800000E £11 

5.587. 0.7536 8.10800000E 131 0. If.1I2J80008E 0'1 fl.lB000000E 01 

6.00~ 13.7339 B.10'113131300E 131 0. 10000000E 131 8; 100880E1ttE 81 

-------------~-----------------------------------------~----------------------------~---------------.---------



I-' 

Table IDe. PRECISION OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX 
STREET !-lAME 
STREET HUMBER 
DATE OF BIRTH (YEAR, MONTI-I, Al-m DAY) 
AND SURt~r~ME 

! 
SURHAl'"lE DEC ILE 5 I' 

1------------------------------------------------------------- .. ----------------------------------------------1 
ERROR RATE ! RECALL FACTOR ! F!LE SIZE ! 

! 1--------------------------------------------------------------------------! 
! ! 1 i"lILLIOH ! 4 t'lILLION 1 228 t'HLLION ! 

1 ______ ------------------------------------------------------------------------------------------------------1 
1 ! I ! ! ! 

e . 80U 1 .8800 8. 1I3800080E 131.! f3. 18000000E e 1 ! 8. 9999999SIE 00 ! 

e. 50'~ 0.9?52 8. 10000000E 81 0. 100E,0000E 81 0.99999999E 0El 

! 1.00;'t 8.9518 0.1080808BE 81 8.10800000E B1 0.99999999E 00 0'1 
oo! 

! 1.50t;: 0.9272 0. I1j080080E 81 .0. 10000El08E 81 8.99999999E 08 
! 

2.00t;: 8.9039 0.10000800E 01 A.l€1000088E e 1 0.99999999E 00 

2.50~ 8.8811 0. 10000000E 01 8.100£n3000E 81 0.99999999E 08 

3.00U 8.8587 0. 18008800E 81 8, 100(30800E 01 o .<~~·1\99999E 00 
! 

3.50~ I 0.8368 0. 10000En38E 01 0.t0800000E 81 0'.:'«S9999E 00 ! 
"I 

4.J30U 8.8154 0. 18880800E 01 8. 18800000E 81 8.99999999E 00 

4.50% 8.7944 0.10t:300008E 81 0. 10000000E 131 13. 99999999E 130 

5. EH3g 0.7738 0. 10800000E 01 0. 18008000E 01 0. !:J9999999E 00 

·5.50~ 0.7536 £1 • 108~30000E 01 0. 188e0000E 81 >\ 0.99999899E 00 

6.88U 0.7339 0. 10088808E 81 0. 10Ei00808E 01 0.99999999E 88 
-----~-------~----------------------------~---~-----------------------------~--~-------------------~-------~--

o 

• °0 • :qe ... 



pi U e - - ~. --=---- ~ w ..... yo • • • • 

Tab 1 e lOf. PREC 1 S 101'1 OF RETR IEVED RESULTS FOR DATA FIELDS 
SEX 
STREET NAME 
STREET NUMBER 
DATE OF 8IRTrl (YEAR. 1'10NTH. AND DAY) 
AND SURt~At'lE 

• • 

-------------------------------------------------------------------------~------------------------------------

! SURNAI'IE DECILE 6 i 
1------------------------------------------------------------------------------------------------------------1 
! ERROR RATE I RECALL FACTOR ! FILE SIZE ! 

!--------------------------------------------------------------------------, 
! . I 1 MILLIOH 1 4 "'lILLION 1 228 /"HI-LION i 

!------------------------------------------------------------------------------------------------------------1 
! I I I ! I 

0.Sex 1.00GB I B.1BB000B0E 01 0. 1088000BE 01 B.99999999E 130 ! 
I 
! 0.507- 0.9752 B.10008000E 81 '3. 10000008E 01 8. 99999999E 138 
I ..... , 

0'1 , 1 . EJ07t 0.9510 B.10008BEJBE 01 8. 10000880E 01 0.99999999E 00 
I.O! 

! 1.50~ B.9~72 0. 10000000E fl1 0.100000BBE 01 0.99999999E 00 

2. Eh::J~~ 8.9039 8 . 18088808E e 1 o • 10808080E 01 0.99999999E 80 

2.50~ 0.8811 0. 10888808E 01 o • 1I:)000~300E 81 8.99999Sl99E 00 

3. 13Elt~ 0.8587 0. 10080000E 131 0,10000008E: 81 Et.89999999E 80 

3.S0U 0.8368 8.100@0808E 01 0. 100013000E 01 0.99999999E 00 

4.00U 0.8154 0. 180110888E 81 0.10080080E 01 0.99999999E 80 

4.513U 6.7944 0. 18000080E 01 0. 10000000E 81 0.99999999E 88 

S.00U 8.7738 8.18MB008E 01 8. 10000800F. 01 0.9999999,9E: 00 

5.50t: 0.7536 o . 18000000E 01 0. 100800tH3E 81 0. 99999999E t:H3 

6.00u 8.7339 e. 1800e080E Ell 8. 10£108008E 01 8.99999S99E 00 
-------.-------- ---------------------------------------------------------------------------------------------(i 



Table lag. PRECIS ION OF RETRIEVED RESULTS FOR DATA F IEl DS 
SEX 
STREET HAME 
STREET NUt'18ER 
D(HE OF BIRTH (YEAR. t'10NTH, AND DAY) 
A~lD SliRNAI'iE 

I SlIRl'lAME DEC ILE ? 1--___________________________________________________ ----___________________________________________________ 1 

i ERROR RATE ! RECALL FACTOR I FILE SIZE i 
1-------------------------------_··-----------------------------------------! 

I ! 1 t'IILLION \ 4 1'1ILLIOH \ 228 ~1Jl_L!OH ! 
!----_ .. _-----------------------------------------------------------------------------------------------------I 
! I ! 
I 0.013. 1.0000 8. 10000008E 01 0. 180080A0E 01 0.99939998E as 

0. 50~~ 8.9752 o • 10000000E 01 0.1t'808000E 01 0. 999SS!998E 00 
! 

~. 00:%! 0.9518 o • 10000000E ~31 r fl. 1 H0tH30E10E 01 0.9999C)998E 1313 
..... 1 I 
...... ' ., 
0\ I .50r. B.927:2 0.18000000E 01 0.10000000E 81 0.99999998E 09 

! 
2. 00~~ 0.9039 8. 10ElEIB0B0E 81 0. 10080000E 01 0.99999998E 00 

~.50n 0.8811 o . 10000008E 81 0. 1000f1000E 81 0.99999998E 00 

:3. e8~~ 0.8587 0.1B808000E BJ. I~. 100G('l80BE 01 0.99939998E EI0 

3.50~ 0,8368 o . 1 f'000000E 01 0, 100000130E 01 0. 999999::}8E 00 

4, 001~ 0.8154 0. 1000880BE Eli 1:1. 108813(lEHiE 01 O.99999998E 00 

4.50% 0.7944 8 , t 0000000E 01 0. 10000080E 81 0.9')999998E 013 

5.t30W 0.7738 e. 10F.H:H3000E 131 ! 0. 10000808E 01 0.99999998E 00 
! 

5.50u 0.7'536 0.100000E!0E 01 8. 18P,r0Ei0(38E 01 0.99999998E 00 

6.00~ 0.7339 o • 10BI~0008E 81 8. 1000A0!j0E 01 B.99999998E 0el 
--------------------------------------------------------------------------------------------------------------

II • • • • • • • 
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Table lOh. PRECISIOn OF RETRIEVED RESULTS FOR DATA FIELDS 
SEX 
STREET NAt"lE 
STREET I'JUMBEP. 
DATE OF BIRTH ('r'EI~lRr liONT}), AND DAY') 
AND SURNAME 

• • 

--------------------------------------------------------------------~-----------------------------------------
! 

SURNAt"lE DEC TLE 8 ! 
!-------------------------------------------------------------------------------------------.------. ________ ---I 
! ERROR RATE 1 RECALL FACTOR 1 FILE SiZE i 

!--------------------------------------------------------------------------1 
I 1 MILLIOH ! 4 MILt,10H ! 220 t"IILLIOH ! 1------------------------------------.---'-------------------____________ . _____________________ .. ____ ~. __ -___ . ______ 1 . , 

! I 
! 6.00% 1.0008 0. 10000800E 01 0.18088080E 01 8.99999994E 00 

0.;:0U 13.9752 8.113088000E 01 et. 18000880E 01 0.99999994E 88 
1 ........ 

0. 10800008E 81 0. 10800000E 01 0. 99999994E E1l3 . -.....J ! -1,60U 0.9510 
....... 

1. 5r;,~ 6.9272 £I • 10000088E 01 0. 10808880E 01 0. 99999994E 1210 

2 .. 00~~ 0.9039 0. 18008080E 01 8 . {tj088EH~(3E 81 0.99999993E 00 

2.58U 0.8811 0. 10008080E 131 8. 10808€flJ0E 81 0.999:J'3993E 88 

3.00U t1.858? 13.1130El00ElElE 01 0. 100.000138E tjj O.99S99~:33E 00 

3.50~ 8.8368 e. l0000EH30E Ell 8. 10BeOP108E 81 0.99999993E €H3 

4.00~ 0.8154 0. 10B00080E 6) o . 101'188e(')rIE 0: 9.99999993E 60 

4.50U 8.794,i· 0. 100801380E £i1 0.1013861300£ 0J 8.99999993E 80 

5.00X 1~.n38 fj..10008008[ 01 13 . 1 £H308 (300 E 131 0,99999992E 88 

5.513u 0.7536 0. 108001380E 01 fj. 1868PJ880E 8~ EI.99999:J92E 00 

6.132U 0.733S1 8.!8000000E PI1 0. 10080008E 81 o .99::19::J992E 80 . . -------- --.... ------~---------~,,-------------- .... --.... ----'----~--------------" - .... ------_ ........ - .... _---............. _--------- ......... _------_ ...... -

----~ 

=~~ 
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Table 10;. PRECISION OF RETRIEVE,!) RESULTS FOR DATA FIELDS 
SEX 
STREET NAME 
STREET HUriBER 
DIiTE OF BIRTH (YE:AF.!. MONTH. AND DAY) 
AND SURI'I(~t1E 

!. SUR~IF1ME DEC!LE 9 ! 
I-------~---------.:.,---------------------------------·--------,----.---.--'.-.-------------------------------.--------- I 
! ERROR RATE RECALL FACTOR ! FILE SIZE ! 

1-----------------------------------------------------------------,---------! 
! 1 MILLION 4 MILLION ! 220 t1ILLI0I'1 I _____________________________________ ~ _______________ ------------------_____________________________________ 1 

I ,. I 

l ! ! ! l ! 
Ii, 13. 08u 1. 88138 13. 186808B01:: 61-. 0. 18fl86Slj0E 01 !'8. 99999990E 80 
! 
I ~).50~ 13.9752 

1.00;t 0.9518 

1.50n 0.927'2 

2.80U 0.9639 

2. 50~1 6.8811 

3. B0~~ 8.8587 

:3.50~ 8.8368 

4. 136~~ 13.8154 

4. 513;~ 8.7944 

5.08~ ! 0. ?738 

5.50<: 8.7536 

6.0f1;'Y. e.733£:1 

! 
! 
! '; 
I '"" 

:; I 

! 
! 
I 
I '. 

B. 11301300013E 

El. 10000800E 

.. Jl . .181380008E 
"":.,:';;- {( -

8. 10006000E 

0. i8880000E 

e. 1 e000000E 

£). 10000800E: 

0. 10'000000E 

0. 10808000E 

8. 1008800P1E 

(1. 10800080E 

a. 10000008F. 

01 ' 0. il?1006088E 01 o • g999~j998E 00 

01 8. 1000008SE 81 0.99999990E 80 

81 8. 100000A8E 81 0.99999990E 80 

01 0. 1 t)880000E 01 0.99999989E 88 

81 0. 10000800E 81 8.99999989E 00 

01 8. 1000130081:: 31 e.99999989E 80 

81 IZI. 10000000E 01 0.99999S189E 00 

£11 8. 10000000E 01 i).9:3999988E 80 

01 8.J0000000E 01 8.99999988E 88 

81 0. 10080t'EH3E 01 0.99999988E 80 

131 0. 1 M06000E 01 0.::'999998?E 00 
! 

01 . I 8. 10008880E 131 0.9999gS8?E 80 ________________ >:-_,... ..... _________________ • ______________________ io,,: __ __._ ..... 0.- _________________ ..... ___ ..... _. _____________________ _ 

• • • .-", e.,. - ft' • • • ~ - .... ,. 
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Table lOj. PRECISION OF RETRIEVED RESULTS FOR DinA FIELDS 
SEr: 
81r<EET NAME 
SNEET I'IUMBER 
DATE OF BIRTH (YEAR. ~lDHTH. AND DAY; 
~11'1TJ SURNAr-1E 

------------------------------------------------------------------------------------------------------_._-----
SURNAl'"lE DECILE 10 ! 

\---------------------------------------- ------_.---- .• _--------------_ .. ------_.----------- - .. ---.. ---._-_. ,.-------- - ! 
! ERROR RATE RECALL FACTOR I FILE SIZE ! 

!-----------------------------------------~--------------------------------! 
! I ! 1 MILLIOH I 4 tvIILL.10H 1 22B 11ILLION ! 
! -----.-------.-----------------.---------- -------------------.--------------.---.-•.•. --.-------- ---------.. ··_--------1 
! ! I I I 
! 0.00~ 1.1.3£180 13. 18e08EH?l8E 131 8, 99399999E 00 0.99999959E 130 
! 
! 0.~i6U 0.9752 e.1S800000E 1.31 8.99999999E 80 f/.9::J999958E 80. 

..... ! 

....... 1 
W' 

! 
1 • El0,t 0.9510 O. 18000000E 81 0.999999991:: 00 8.99999957E 00 

! 1.50U 8.92"['2 13.100130800E 81 8.99999:199E 00 0.999::19955E 00 
! 
.! 2' .Et0'~ 0.91339 e.1013801388E 01 o . 9999999~)E 80 O.99999954E 88 
! 
! 2.5''17:. 0.881'1 8. 100800EJ8E 01 8.99999999E 80 0. 99999953E 80 

:?i. est-: 8.858(' 0. 10B80000E 81 0.99999999E 00 0.99999952~ 80 

3.ser. 8.8368 0. 10000000E 01 0. 99999999E 00 0.99999951E 00 

4. f:113(~ 8.8154 
t) 
'~',I 0. 1000l)0f10E 61 0.99999999E 08 0. 99999949E 00 

! 0 
4.50r. ! I 0.7944 0,10008080E 81 0. Sl9999999E 130 0. 99999948E t:18 

5. 00t~ 8.77'38 13. 1000el0t38E 81 0.99999999E e0 0.99999947E 00 

5 .50~~ 8.75.36 8. 10(30l)6EH:JE 01 ij • 9t)9~J9999E 138 8.5993'1945\::: 88 

fi .l30U 8.-:->339 0.1J3000000E 01 8.999999~9E 013 £1 • q:399?~14r.:\t:: 88 
--------------------------------------------------------------------------------------------------------------
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APPENDIX II 

A PROBABILISTIC FORi~ULATION OF THE NON-UNIQUE ACCESS PROBLEM 

I~ this appendix, we describe the theoretical basis of the probability 
m6del discussed in Section 6. The problem is to calculate the prob­
ability that a given retrieved record which has been accessed bya 
combination of retrieval keys such as name, date of birth, etc., will 
indeed correspond to an individual whose record is requested. It is to 
be noted that this theoretical development is completely independent 
of the retrieval algorithm itself .. It supposes that a certain record 
has been retrieved and that it has certain characteristics which match 
characteristics known by the inquirer. The question is· then: what is 
the probability that it is in fact the record desired by the inquirer? 

Note that there is some conceptual difficulty in even defining precisely 
when a record is, in fact, the record of a particular person. This is 
because the record may not uniquely cnaracterize a person or may contain 
erroneous information. There are also attributive values which carry 
more weight than others in identifying a record-person correspondence 
(e.g., name). For purposes of the discussion, however, we assume that 
it is meaningful to say that a record matches or cOY'responds to an 
individual, i.e., is the record of the individual. This proposition 
or event We designate as 'Mi'; that is, 

Mi = a given re:cord m~.tches the individual i 

(e.g., who has attributes name = xl' address 
, " . 

= x2, ... , attributet = ~J 

(I) 

The second event to be spe~ified in the probabilistic formulation is that 
a record contains a particular attribute value for the jth retrieval key: 

Kj = a given record has a particular attribute 

value for key j (e.g., name = xl) 

(2) 

It is useful to define a third "reference ll event that defines the universe 
of cliscourse or context of the probability formulation. We call this A. 

\ ' , ' 

In what follows we can consider A to be the selection of a given record 
from a d~ta bank where the mode. of selection is not specified. 

The basic probability to be calculated is then 

(3) 
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where 1&1 indicates logical conjunction. Thus (3) is the probability 
that a given record matches the individual i conditional on the fact 
that the record contains, certa i n attri bute values on the set of keys 
j = 1, ... , n. The basic problem of non-unique access is to select a 
set of keys so that the probability (3) is near unity. 

Let us first solve the problem of calculating probability (3) by study­
iYlg the case of a single key, i.e., the probability 

(4) 

By the multiplication principle we have 

P(M.IK. & A) = P(Mi[A) P{KjIMi & A) 
, J p(K.IA) 

J 

(5) 

For readabil ity we will omit the reference event A, thus (5) assumes the 
simpler form. 

P(M.} P(KJ·IM.) 
= --,:'--",,---,:'-

The factors on the right have the follo~ing ~eaning: 
, 

P(Mi ) = the a ~riori pr0bability that a 
ranaom y selected recora matches 
the individual i 

(6) 

(7) 

P(M.) = liN if N is the total population upon which the data bank is 
draWn.* For example, if the individual i is known to be a California 
driver and the data bank contains all and only California driver records, 
then N = the size of the data bank. On the other hand, if the data bank 
concerns information On adult U.S. citizens, then N = the number of adult 
U.S. citizens. 

~ . . 
In the complete formulation with the reference event A, A could be con-

sidered to contain the information regarding the population upon which 
the data bank is based. . . . 
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We next have: 

P{KjIMi) = the probability that a record contains 

a specific value for retrieval key j 

conditional on the fact that the record 

matches the individual i. 

.. , 

(8a) 

For example, if the jth key is i's address, then P{K.IM.) is the prob­
ability that i's record contains his correct address~ 1 It therefore 
follows that 

P (Kj 1M;) = the complement of the sum of the error 

rate in key j and the relative frequency 

of omission of data in key j 

(8b) 

Note that for perfect'ly accurate }'ecords, we would have P{Kj IMi) = 1.* 

The third factor P{Kj ) ;s estimated as the rela.tive frequency of the 
specific information given by key j in the bank .. For example, if two 
records are retrieved having the same value for key j and m is the size 
of the data bank then P(Kj ) is estimated as 21m. 

• 

• 

• 

Now if a set of keys j = 1, ... , n are independent, the probability (3) •. 
is calculated by putting tne conjunction Kl& ... &K(I for Kj in (5) (or 
the abbreviated Form (6)) and expanding the result lnto a oroduct for 
j=l, ... ,n;i.e., , 

n 
P(Mi IK1& ... &Kn) = P(Mi ) TT 

j=l 

p{K·IM.) 
J 1 

P{ Kj ) 
(9) 

However, the independence assumption is only valid for certain keys. For 
example, name and birthdate can be regarded as independent, but not birth-
date'\and year of graduati on from hi gh school. Independence also depends • 
on the conditional probability. We therefore must look for a more general 
solution. 

'* The error rate in.query formulation is not part of the probability (8), 
which has to do with the probability of the selection procedure being 
successful conditional on an error-free query. 
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One approach to this problem is to use some probability machinery 
developed by W. E. Johnson and reported in Keynes. 53 There are also 
versions of the Johnson work in Carnap.54 

We now present our version of the so-called "Johnson Cumulative Formula. 1I 

A set of relevance coefficients or coefficients of influence is first 
clefi ned. For any propos it ions (events) K1, .•. , K n, we def; ne 

P(K11K2 & A) 
:: 

P( K1IA) 
(10) 

(11 ) 

It is then easy to show that C(K1, ••• , K I A) has' the operator proPreer ~'t(,Y * n ~. , , 
/ " 

P(K1 & 
(see Carnap55). 

n 
& K I A) = C ( Kl' ... , K I A) Tf P ( K

J
. I A) 

n n j=l 

1/ ~ 

\,\~ "" 

"'" (12) ~ 

The coefficient (11) is thus a coefficient of independence and is unity if 
• the events K1, KZ' ... , Kn are independent relative to the event A. 

• 

• 

• 

The cumulative formula is obtained as follows~ 

Let K be the conjunction K1& '" &Kn, Then by the multiplication principle 

P(Mi [A) P(K1Mi & A) 
P(MiIK & A)=---~­

P(KIA) 
(13) 

Applying (12) to the numerator and denominator of (13) and then multiply­
i ng both ,sides of the r.esult by [P(M; I A) ]n-lwe get 

* We use our own notation for the coefficient. 

53Keynes, J. M., A Treat.ise on Probability, MacMillan and Co." London, 1929, 
pp. 149-155. 

54Carnap, R., The Logical Foundations of Probability, University of Chicago 
,Press, 1950, pp. 356.360. 

55 Ibid , p. 358, Formula T66-3C. 
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We now use the cumulative formula (14) in the following way. First intro­
duce the abbreviations. 

v ~ P(MiIK & A) 

p = P(Mi I A) 

q. = P{M·IK. & A) 
J 1 J 

By the multiplication principl~qj is the factor in the parentheses of 
(14), i.e., 

q. = P(MiIA) P(KjIMi & A) 

J P{Kj I A) 

Our problem is to study the expression for V. Using the abbreviations, 
the formula (14) becomes 

pn-1v ~ C(K1, ... , KnlMi & A) 

C ( Kl' ••• , Kn I A) 

n 
TT qJ' 
j=1 

(15) 

(16) 

(17) 

(18) 

(19) 

We now use (19) again, but this time substitute 'I\JMi" i.e., the negation 
of Mi' for 'Mj' in (14). The quantities p, V, and 4j are then replaced 
by their complements. We get. . 

: '-I. 
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n 
TT (1 - qJ') 
j=l 

(20) 

~ 

.' 
• 

• 

• 

• 

\' ,\'1 

/e 
/ II i,1 

!d " . ~ ( ) 
I. 

(,I 

"t,',I('>_.t 
\' 

"1\\ 
(,') i,' 
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• 

The ratio of (20) to (19) yields 

(21) 

where E is the factor 

(22) 

The equation (21) is the solution to our problem; that is, the right side 
of (21) is the product of the two quantities, E as defined by (22), and 

:: ( p \ n-1 n (1 ,- qj) 
F, I-p / JT q. 

J=l. J 

so that (21) becomes 

from which we derive 

1 V-I = EF 

v = --0.
1_ 

1 + EF 

(23) 

(24) 

We see that V depends not only upon the quantities qj but also on p, the 
.! priori probabil i ty of M. , and the quantity E. The value used for E is 
usually obtained by indep~ndence assumptions. 

Note that if 

E < 1 

then, from (24), 
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v > 1 
1 + F (25) 

This means that a lower limit to the 'probability of Mi conditional on the 
combination K, & K? & ... & Kh can be computed if E ~ 1. The value 
E = 1 occurs when the numerator and denominator of (22) are equal. In 
particular, this is the case when the keys 'are independent relative to 
both~Mj and Mi' The smaller the value of E, the greater the ability 
of the ~eys to di scri mi nate. " 

To summarize: We have three formulas for the desired probability Veach 
involving a different ratio of coefficients of influence: the formula 
(19), the formula (20), and the formula (24). In Section 5 we have 
implemented the formula (24) for a range of values of E. 

), 
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APPENDIX II I 

SOFT-MATCH TECHNIQUES 

. . 
In Section 5.2, we noted the classical problem of trade-off between re­
caJl and precision, Le., increasing recall lowers precision. But this 
al(.;ises only in the case where all retrieved records are treated on an 
equal par and npt subjected to further filtering. Our approach to th~ 
problem is to increase the recall and then to provide a mechanism for' 
additional filtering to improve the precision. In this section we dis­
cuss a method for increasing the recall called IISoft-Matching. 1I The 
result of a Soft-Match Technique is not only a set of retrieved records, 
but also a numerical weight assigned to each record to indicate its 
closeness to the query. As an example, consider the caSE:} of a query 
which is a conjunction of three key valu0s denoted by A, B, C. A tradi­
tional retrieval would select only records that matched on all three. A 
soft-match technique might be to also select those records that matched 
on A and B but not on C, on A and C but not on B, and on Band C but not 
on A. These secondary retrievals would then be assigned weights less 
than that assigned to a record that matched on all three. The retrieval 
could also be extended to tertiary retrievals such as records that match­
ed on A but not on B and not on C, etc. These would be given the lowest 
weights. 

In this appendix a heuristic weighing scheme is presented for filtering 
the candidate records. In Section 5.5 and Appendix II we presented a 
second weighting scheme based on probabilities which is in fact the 
measure of precision for a single retrieval. (That is to say, precision 
is the proportion of retrieved documents that are relevent, i.e., match 
the inquirer. Consequently, if exactly one record is retrieved, then the 
precision corresponds exactly to the probability that the record is in 
fact that desired by the inquirer.) 

On the basis of the above discussion, we see that a soft-match technique 
involves two components: (1) an algorithm for determining a subset .. of 
the data base of manageable size which has maximum recall; (2) a scoring 
function for assigning the closeness measures to each item in the subset. 

First, consider the problem of determining a manageable subset. Suppose 
that the retrieval prescription involves n keys 

K1, K2, ••• , Kn 

Then let S(I<i) be the set of records which match on the ith key. In 
principle~ the subset with maximum recall would be the set union of S(K1), 
.•• , S(Kn)· This approach would not be efficient however, so a method 
which utilizes the error and omission rates and the discrimination fattors 
is recommended. These quantities are defined as follows: 
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a
i 

= probability that the key value for the ith key is incorrect 

bi = probability that the key value for the ith key is omitted 

e. = a. + b. 
1 1 1 

(Thus, the complement of ei is the quantity ci defined in Section 5.1)'j 

The discrimination factor of a key is measured by the relative frequensy 
of a key value in the data base. Let R. be the relative frequency for 

1 

the ith key. This quantity R; is estimated for certain keys by the 
values given in Tables 5.3-1, 5.3-2; it therefore corresponds to the 
concept of retrieval ratio. 

It follows that the initial selection of the retrieval should be the 
union of, not all n sets S(K.), but a certain selection of fewer sets 

1 
say S(K. ), ..• , S(K. ) (m<n), that has the properties 

11 1m 

(1) R,. x R. x 
1 '2 

(2) e. x e. x 
'1 '2 

x R. is less than a certain threshold roo 
1m 

x e. is less than a certain threshold e . 
1m 0 

The first property guarantees that the retrieval set has manageable size. 
The second property guarantees that the probability of missing a relevant 
record is low. 

The second aspect of the soft-match technique requires the definition of 
the scoring function. For this purpose consider that we have an arbitrary 
quantitative II strength of match ll function for each key. For example, for 
a key designating home address, one such function might be 

f. ::: 1 
1 

f i = .5 

f - 0 i -

for complete match 

for agreement on the street name, part of the home 
address but not on the house number part 

otherwise. 

More complicated functions tan be defined·in obvious ways. For example, 
if the house number p~rtially matched, say it disagreed on one numeral 
out of four, then we could score this as .75. The simplest function is 
the binary function, '1' for match, ·0· for no match. 

In general, we see that a score for a key for which fi > 0 (i.e., a 
parti ally matching key) shoul d:' 

J.82 
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(1) Increase as Ri decreases 

(2) Increase as fi increases 

(3 ) Increase as ai (the error rate in the ith key) decreases. 

It is therefore plausible to take the contribution of the ith key to the 
total score (in the case that fi > 0) to be proportional to the quantity 

f. (1 - a.) 1 , 

Ri 

since this is a simple expression that satisfies the requirements (1), 
(2), and (3). 

It is convenient to normalize the scores, however, so we will take the 
constant of proportionality to be l/R where C 

n 
R = l: 1 

,. 1 Jr: = , 
Thus, the score for the ith key is 

S - 1 
i -T 

f. (I-a.) , 1 

R. , 

(1 ) 

(2) 

We now define the total scor:e as consisting of two components: a positive 
component made up of the contributions S. defined above ~nd a negative 
component to be defi ned below. ' 

The positive component we take to be simply 

n 
S = l: S. 

i=1 ' 
(3 ) 

(Note that this summation runs over all the keys .in the query, and not 
over just the subset of m keys used to get maximum recall.) 

By (1) arid (2) we see that S is a convex linear .combination of the terms 
fi (l-ar) where i ::: 1, ... , n, and so S can range from 0 to 1-

:!... 

To define the negative component, we See that if a key is error free and 
fails to match (f. = 0), then it should kill off the entire retrieval .. , 
Thus, in the case f; ::: 0 we should have a negative contribution w~ich 
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varies as (1 - ail. We therefore take th~ score when fi = 0 to be 

T. = -(1 - a.) 
" 1 

Since a value of Ti= -1 for only one key is sufficient to inva~idate a 
"retrieval, we take the total negative score to be, not the sum of the 

indiv1dualscores, but rather the negative of the maximum value of 
(1 -a'i), i. e. , 

T = - max (1 - a.) 
f .=0 J 

1 

Thus T ranges from -1 to O. 

The retrieval scoring function is thus 

U = S + T 
" 

An "example of how this scoring function is used is given in Table III-I. 
The example deals with the scoring of four records based on values of 
the parameters Ri (the retrieval ratio) and ai (the error rate). 
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Tabl e I II -1. Example of Soft-Match 

KEY 

NAME ADDRESS SEX 

Ri .003 .00002 .5 

ai .001 .01 0 

Table of Values for Ri' ai 

NAME ADDRESS SEX 

Record 1 match (1) match (1) no match (0) 

Record 2 match (1) partial match (.75)* match (1) 

Record 3 partial match (.83 )** match (1) match (1) 

Record 4 match (1) match (1) data absent 

Table of Retrieval Outcomes 
(values in parentheses ~re those for f i ) 

S T U 

Record 1 .9900 -1 -.0100 

Record~ 2 .7442 0 .7442 

Record 3 .9889 0 .9889 

Record 4 .9900 0 I .9900 

Retrieval Scores 

* The partial match example is for the case that one character 
out of four doesn't match. 

** The partial match example is for the case that one character 
out of six doesn't match. 0 
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APPEND1X IV 

FORTRAN, SOURCt, CODE FOR THE "PROBAB1LITY 'MODEL' 
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FORTRAN IV D66-~1 SOURCE LISTING PAGE eel 

aeat 
eee2 
eea3 
6084 
aaas 
ea136 
eeB? 
0008 
00139 

eel£\ 
8811 
ea12 
8813 

[';****>1<*************** 
C QUERY· S1 MULATES ·THE DP-tA. Bi!JSErUSER r.HTERACi I ON 
C************>I<**~~*** 

D I MENS 1 Ot~ H ( 11) • B ( 11) ,C ( 11) • R ( 11 ) • S ( 11 ) 
DIMENSION JARY(11),IFLD(11) 
DIMENSION ARGS(11) 
DIl1ENSION SURNM( lED 
COMMOl-1 IRAN. JRAN. EARY(;27) .PAR'r'(3) 
DATA ARGS<1)r.239?26E-2r,ARGS{2)r.S33333E-ir.ARGS(3)r.02/ 
DATA ARGS (4) / • 02/, ARGS (5) r . 5r~ ARGS (6) / • ElEJE) 1/, ARGS «(') / • 013EJ2/ 
D(lTA ARGS (8) /.0666666/, ARGS (9)"'.006333333/. ARGS (10) /. 555555E-41' 
DATA SURl-IM( 1)" SURrlH(2) • SURNM(3) • SURNM(4),... 987'E-? • 2459E-5 ... 9635E-5 

2. ,.272037E-4r 
DATA SURNM(5) , 8URNM(6), SURNMC?) r4. 81966E-5, 6. 627'E·-5. 1. 265E-4/ 
DATA SURNI1(S). SURNM(9) • SURNM( 10) /4. 8197E-4. 7. 832E-4 •• 3384E-~~,~ 
DATA . PARY( 1). PAR'r'(;2), PARY(3)/4. 545454E-9. 2.51:-7,1. E-6/ 
DATA EARYU) ,.EAR'r'(2) .EARY(3) ,.EARY(4)/.5.1. .2 .• ilL/ 

C>I<*'t<****'«******)jC***** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
1.':' 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

QUERY S I11LIUHES QUERY PROCESS I NG AGA I NST A DATA BASE. 
IT GENERATES VALUES FOR A(J)[THE ERROR RATE IN A FIELD] 
8(J) [THE 01'1188101-1 RATE OF DAT'A 11'1 A FIELDJ 
C(J) C l-(A(J)+B(J) J ••• THE CO~IFIDENCE FACTOR 
R(J) THE PERCENTAGE or- THE FILE RETRIEVED VIA A FIELD. AND 
8 (J) A QUERY SCORE, WH I CH RA~{GES FROM 1 TO THE FILE SIZE. 
S (J) I S HOM I HAl.L Y THE RAT 10 C (J) /R (J), AND I S ADJUSTED HERE 
TO riA INTA I N REASONABLE LI HITS. 
THE USER ENTERS THE NUMBER OF ARGUt1ENTS (FROM 1 TO 11) 
WHICH HE WISHES TO USE IN HIS QUERY. THE QUERY IS TREATED AS IF 
IT REQU I RED A SUCCESSFUL BOOLEAN AND OF ALL THE ARGUt1ENTS TO 8E 
SUCCESSFUL. 
TI-ict PROGRAH L.lILL TERMINATE WHEN THE NUMBER OF U!PUT ARGUMENTS 
IS 8ET TO' ZERO. 

FOR TH IS TEST THE VALUES OF A 0) Al-lD 8 (J) WILL BE TREATED AS ZERO. 
FOLLOLJING THE ENTRY OF THE FIRST NUMBER--THE NUMBER OF ARGU/"IEIHS 
TO FOU_OL.I--THE USER MAY ENTER NUMBERS CORRESPOND 1 t-IG TO THE ACTUAL 
ARGUMENTS. EACH ARGUME~IT HAS (-'fN ASSOC IATED R (J) > I,..IH ICH IS THE 
PE~CENTAGE RETR IEVf~L TO BE EXPECTED. iHE ARGUMENT NUMBERS AHD 
THE I R ASSOC I ATED VALUES (iRE AS FOLLOLJS: 

ARGUMENT NUMBER I-JEAN ING 

2 
3 
4 
5 
6 
7 
8 
9 

10 

DATE OF 8JRlH (MMDD) 
/"10NTH OF B UrTH 
YEAR OF 8 IRTH 
STHTE 
SEX 
STREET NUMBER 
STREET NAt1E 
EDUCATION 
COUNTY 

DATE OF BIRTH 

1 .... 365 
1/12 
1/50 
1/50 
1/2 
ir 1(j, 0130 
1/5.1300 
1/15 

RETRIEVAL RATIO 

1/3880 (ES.TIt'"IATED) 
(YMD) ir18.800 

C*****l1~*****\!t*'r.****** 
C BEGIN BY ASKING FOR OP~RATOR INPUT. 
C***~~l~*************** 

er::l14 1 '.JR1TE(6.205) 
C **'1I****,!«~IC*****'f;**:I!** 
C NOW EXAMINE NARGS TO START TH1NGS GOING • 

1'87 

c' 
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FORTRA~i XV DeS-8! SOURCE LISTING PAGE 002 

fJ8l5 
0016 

081? 
(jel18 
0\319 
/30213 
6821 
0B22 
13823 
0024 
0025 
81326 
8027 

0028 
i~B29 
8030 
e0?1 
0832 

,81333 
13034 
6835 
6836 
8037 
~e38 
(-,1039 
0040 
£1041 
8e42 
13043 
8044 
6(:145 
81346 
13047 
8048 
8049 
013513 
81351 
8852 
8053 
0054 
fa.'l55 
085';: 
!:lEt5? 
13858 
01359 
(;106f) 
l?i861 
Obl5;? 
00(~3 
f:i064 
0065 
00G6 

" ;\ 

C**,I<'f'****************' 
REAP (6.218) NARGS 
If· f~jfH~G8) 10tl. 1013. 18 

c**.,'*~()J<*'>I<*>f·:********** 
C (C';VIE HERE TO PREPliRE A QUERY SURROGATE. 
C**""'*****>f,II'*»:*'t<****** 
10 DO 20 I-I.NARGS 

ldRITE (6.228) 
READ (6.210) J 
An) "'(L 
B 0) "'0, 
(:(D"'1, 
R ( i) "r~RGS (J) 
S (J ) "<i'e ( 0 /R ( 1) ) 
JARY(!) =J 

20 CONTIi'llIE 
I.JR ITE ( 6 • 2 i 5 ) 

C*****************)f** 
C HOb.! CALL ON THE Mri iN COMPUTAT IOHriL ROUTIHE TO PREPARE THE TABLES. 
C *;"************)1<***'1'* 

JARY(NARGS+l)=11 
N =i'lARCf'+!. 
WRITE(5.200) NARGS 
DO 25 J"1. HARGS 
WR ITE (5.245) J. A (,..0 • J, B (J) • J. C (J) • J , R (J) ~ J .• S (J) • J • JJ~RY (J) 

25 COHTll'IUE 
D05e 1"'1 ... 10 
C(I~~RGS+pal. 
8 (NARGB+1) =fj. 
A (l'Inf?GS+ 1) "'8. 
R(NARGS+l) =SURNMC I) 
SCNARGS+l)-CCNARGS+l)/RCNARGS+l) 
ltiRITE(!;,;,250) 
DO 45 J=LN~lRGS 
GOTO (31...32.33.14.35 .• 36.37'.313.39 .• 40) JARY(J) 

31 WRITE(5.255) . 
GOTO 45 

32 WRITE(S.260) 
GOTO 45 

33 IJ.lRITE(5.265) 
GOTO 45 

34 IdPlTE(5.27e) 
GOTO 45 

J5 WRITECS.2?5) 
GOTO 45 

36 WRITE(S.28S) 
(oOTO 45 

37 WRITE(5 .• 285) 
GiaTO 45 

38 WRITE(S.290) 
GOTO 45 

39 WRITECS.295) 
GOTO 45 

4(1 WRIT'E(5.300) 
45 COHTIl-iLfE-: 

t..!R IrE r:S. 305) 
Wr~ITE(S .. 150:) 
1",1R!TE' (5.225) 
IdR 1 TE (S. 2~10) 

188 
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FORTRAN IV D06-01 SOURCE LISTING PAGE 003 

I.JR!TE (5.235) 
L.JR!TE (5.240) 
CALL PYCY(A.8.C.R~S.N.JARY) 
CONTINUE 
GO TO 1 

131367 
0868 
131369 
00713 ~10 
13071 
Bf:172 
0073 

100 CALL PVCYCA.8.C.R.S,NARGS.JARY) 
CALL EXIT 

C)j:**********;'()II')It)~";**)j'-'f< 
': FORMAT STATEt'lENTS 
c******************** 

01374 150 FORMATC1H ,13X.1113('-').7X) 
f"j?5 
13076 
80?? 
0078 
01379 
008(3 

2130 FORMAT(lHl,'NARGS·'.r2) 
265 FtJRt'irH (' 13 ENTER NUMBER OF ARGUMENTS' /) 
210 FORMAT (12) 
215 FORMAT Co EXITING QUERY') 
2Z0 FORMAT (' ENTER QUERY FIELD IDENTIFlER') 
225 FORt'lATCIH ,13X.'!',.108X,'!' .. 7X/IH .13><,'!',43X, 

1 'SURNAME DECILE',IX,I2,48X,' !'.7X) 
131381 :2313 FORMAT(lH,13X,'!',108('-'),'!'.7X/ 

1 1\-1 • 13>V' I' ,. 3X." ERROR RATE', 2.X,· I' • 2X." RECALL FACTOR''' > 
:2 2X.' !' ,28X, > FILE SIZE'. 37X.' !' ,7><) 

8882 235 FOR:-IAT( 1H ,,13X.·!· ,.15X.· !'. 17X,' !' .74('-"),' !,' ,.7X/ 
1 IH ,13X,'·!'.15X,'·!'.17>r~.'!'.7X.'1 tHLLIOf-l'·,7X."!'·.1t,lX. 
2 '4 I1ILLIOW,8X,'!',.5X,'220 MILLION'.6X,'i·,7X) 

0083 240 FORMAT< IH ,,13X.'!",. lEla e -'),' !' o. 7X) 
0EI84 245 FORMAT(1H0. 'A(,. 12,') ",' ,.EI5.8,3X, 'i3(', 12,') =' ,E1S.8. 

13X.'C(',I2.')·",EI5.8.3X,'RC".[2..')·'.E15.8.3X,'SC". 
2. 12.')·'.E15.8.3X.'JARYC'.I2.')~·,I2) 

13885 258 FORMAT(lH1.43X.'PRECISION OF RETRIEVED RESULTS FOR DATA 
1 FIELDS') 

01386 
ee87 
81388 
81389 
eage 
ela91 
0892 
0893 
0094 
t11095 
0096 
0097 

255 FORMAT ( 1 H • 48X. 'DATE OF BIRTH (MONTH RND DAY ONLY)') 
26e 
265 
270 
2('5 
288 
285 
2913 
2Cl5 

FORMfH( 11-1 
rORMAT<1H 
FORt1~r" ( 1 H 
FORt-jAT (IH 
FORMAT< IH 
FORMAT< IH 
FOR~lAT< IH 
FORMATe IH 

300 FORM:=lT( IH 
305 FORMi1T< 1 H 

END 

• 48X." MOf'lTH OF B IRTW ) 
.48X.'YEAR OF BIRTH') 
,48><'. • STATE' ) 
, 48X, > SEX' ) 
" 48?<-. 'srREET NUMBER'). 
.48X, 'STREET NAME') 
• 48X. 'EDUCATION') 
.48X.·COUNTY') 
," 48X, ... DATE OF 8IRTH (YEAR. MON'TH. AND DAY)") 
.48X,'AND SURNAME') 

189 ,\ 
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FORTRAN IV STORAGE MAP 

A ea0006 REAL*4 ARRAY ( 11) 
8 86886:2 REAL~I~ ARRAY (11) 
C ee0136 RH,L*4 ARRAY (1) 
R 0G8:212 REAL*4 r=iRRAY ( 11) 
S 800266 REAL*4 ARRA'r' 01) 
JARY 008342 IHTEGER*2 ARr<AY (11) 
IFLD 0003('8 INTEGER*2 ARRAY (11) 
ARGS E)88416 REAL*4 ARRA'r (1i) 
SlJRNM 000472 REAU!C4 ARRA'r' (lEI) 
NI~RGS 802180 INTEGER*2 VARIABLE 
I 8021f1;'2 INTEGER*2 VARIABLE 
J 002184 11-1 fEGER*2 VAR I(-l8LE 
N 082186 INTEGER*2 VARIABLE 
PVC'c" 8801:188 REAL*4 PROCEDURE E><IT 000080 RE(~L*4 PROCEDURE 

Cot1t"lON BLOCK // LENGTH 008174 

IRAN fj'0Et130G INTEGER*2 VARIABLE 
JR~l"l 000882 11'ITEGER*2 VAr~rA8LE 
EflR'r' 8138004 REAL*4 ARRAY (2(,) 
PAR'r' e0816~ REr-iL*4 ARRA~~ (3) • 

" 

il • i> 

1/ 
'I 

I;' 
I, 

II· 

II 
Ii 
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~ 

eJ 
I 
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FORTRF1N IV D06-01 SOURCE LISTING PAGE e81 

C*'t:****>fI***'i<~I)I~'I()'(**** 
C I"IHIH COt1PUTATION ROUTINE OF PRIVACY,MODEL--MARCH 1976 
c **~40TE: TH IS SUBROUTINE HAS BEEN MOD IF lED TO PRODUCE $ TASULAR PRIHrOUT. 
C***>t":'*****'!<"'!<*~K****** 

01301 SU6F.:OUT I HE P~/CY (~lJ • BJ. CJ, RJ, SJ. NARGS. JARY) 
c******",*****",****,}<** 
c DEC~ARE VARIABLES 
c.'\<**'!;******~('I:**"I(***** 

00132 DltlENSlml JARY( 1 1) 
f.1eJB3 DOLIBLE PREe IS ION 8 :GP I (11). F, VARY ( 13.3) 
0804 COrlHON JP.AN.JRI~N .. EARY(27) .PARY(3) 
eaB5 REAL AJ(11).BJC11).CJ(11),RJ(11).SJ(11).P 
13i1136 HEf.'L OAR\' ( 1 i ") 
(10e? DATA VARY ( 1 , 1) .... 9 . Em0/ 

c******:-::************* 
C f"l(-Hl-l LOOP STARTS HERE 
C 
C VALUES (iRE RETURHE'D IN iHE ARGUMENT ARRAYS-.... TERMINATE Ii=' NARGS< .. 0 
C***'I<***********·***** 

aG08 IF(NARGS) 95.95.11 
I:-;'!;'f<::t:***>fc*****'!<>f(****** 
C 8EGTN PROCESSIHG THE QUERY RESPONSE HERE 
C******;Ic~tc********1!I*** 

~069 1\ CONTINUE 
~U10 DO 90 JK"1.13 
6[1 t i L=.JK 
ae12 CONF-l.-B.005*CL-l) 
0013 REFAC=(OHF**CNARGS) 
0014 ERRAT·L~-CONF 
8015 PERERR-ERRAT*100 
Ge15 DO 80 I·I~3 
0017 P=PARY(I) 
0B18 DO 28 II-I.NARGS 
0019 26 QARY( I J) =P*SJ r: I I) *CONF 

C****>I'******>I'***>f(>lc*** 
C NOh! COI"IF'UTE THE FUNCTION F 
C:'('*****>I(>I(************ 

F=1. 
X=P/{l.~P) 

DO 30 JJ=l.NARGS 

(?I026 
8821 
01322 
iji:J23 
002",1 
0025 

B IGP I UJ) '" (1. -QARYUJ)) /'QARYUJ) 
38 P"'F*X:t:BIGPI(JJ) 

.. F·F/X 
C**********:!t***ll',**:lc** 
C Pr{EPARE THE Pi< II-ITOUT T(·lSLF. 
C*>lt)I<*1!I)lt***'ic********** 

0026 Vf~R'l(JI<,· 1) =1 .... ( 1. -tF) 
·1027 IF(VARYOK.I).GT.O.8) VARY(JK.O"1.0 
0029 80 CONTINUE 
'ti030 lJI~ITE(5. 151:» PEI~ERR .• REFAC. (V(-IRYeJK. tL 1 ... ~.1.-D 
0031 90 CONTINUE 
0~32 WRITEC5~170) 
0033 RETURN 

C**)~;k**************** 
C EXIT V1A HERE tJHF.N H~RGS"0 
C**:I<****~1 *****ltW**'f<** 

14034 95 hIRrfE(5,20i:J> 
0035 RETURN 

C****i\\******~~)\~*****)l(* 

191 
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FORTRAH TV D~6-01 SOURCE LISTING 

C F: "FIAt tHATEMENT SECTION 
r~~'~*lf;;t::H************* 

PAGE 082 

el13G 15t' F'O!mr-lT (1 H ,13X.'!'. 15X, • j" • 1 ?X, ' ! ' • 23X. ' ! • , 2('X, , t· • 22X, • ! • • ?'X/ 
1 tH ,i3:-~,' r', 4X. F6.~. ''X'. 4X .. '/' .4X.F8.4, 5X,' /' .4X. 
:? F.15.8>4:1~,· !' .I5X.E15.8.6X.· ".3X.E15.8,4X.'!·', ?X) 

aaa? l?B ~ORMATCIH ,13X.ilB(·M·),?X) 
(IA38 2f:.1g1 FIJPt"IAT< IH8 .. ' HORMAL TERMIHATIOW) 
003~3 ErlD 

192 
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FORTRA!~ IV STORAGE t"fAP 

.JAf.'Y 08:'31338 INTEGf.R*2 PARAMETER ARRAY (1) 

• 8lGPl 86;~e32 RSAL*a ARRA'y' (11) 
VARY ~ije162 REF1L*8 ARRAY (13.3) VECTORED 
A,I 081!)EH4 REAlll<4 P(-lRAI1ETER ARRAY (11) 

BoT G0BEi16 REAL*4 PARAHr::TER ARRAY (11) 
CJ 8ef;J.i;i2fl REAL*4 P~iRAMETER ARRAY (11) 
RJ 8Ei80~2 REAL*4 PARAr1ETER ARRAY (11) 
5J f'C"8B24 REAL*4 PflRAMETF.R ARRAY (11 ) 
QARY .. ,It'l8t35:~ REAL*4 ARRA'( (11) 
Nf)l=?GS f.lf:iA£l26 r I-ITEGER*2 PRRA!1ETF-R YAR I ABLE 
F 13011413 REAL*8 VARIABLE 
P 601158 I~EAl.*4 VARIABLE 
JK 801154 INTEGJER*2 VAR IABLE 
L ee ilof.:i INTEGERlt:2 VARIABLE 
CONF 1301160 REAL*4 VARII~8LE 
REFriC [~1!l116.i REALlt:4 VARIABLE 
ERRrlT 00117'6 RE(~L*4 Vf~RI0RI~E 
PERERR 0e:1117'~ REAL*4 VARIABLE 
I 001288 INTI::GER*2 VARIABLE 
II 11612132 INTEGER)lr2 VARIABLE 
X 061;;04 REfiL*4 V(1RII~BLE 
JJ I3(H:210 INTEGER*2 VARIABLE 

COrl~'10N BLOCK /./ LENGTH 000174 

lRAtl 880080 IHTEGERw2 VPRIABLE 
JRAN 813110132 INTEGER*2 VARIABLE 
Ef-)R'r' ('II.:V:H=i(:)4 REAL*4 ARRAY (21) 
PF1RY £11313160 REAL*4 ARRAY (3) 
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NATIONAL BUR~AU OF STANDARDS 

The National Bureau of Standurds 1 WftS established by un act of Congress March 3, 1901. 
The Bureau's ovemll goal is to strengthen and advance the Nation's science and technology 
and facilitate their effective application for public benefit. To this end, the Bureau conducts 
research and provides: (I) a basis for the Nation's physical measurement system, (2) scientific 
and technological services for industry and government, (3) a technical basis for equity in trade, 
and (4) technical services to promote public safety, The Bureau consists of the Institute for 
Basic Standards, the Institute fOf Materials Research, the Institute for Applied Technology. 
the Institute for Computer Sciences lind Technology, and the Office for Information Programs. 

THE INSTITUTE FOR BASIC STANDARDS provides the central basis within the United 
States of a complete and r.onsistent system of physical measurement; coordinates that system 
with measurement systems of other nations; and furnishes essential services leading to accurate 
and uniform physical measurements throughout the Nation's scientific community, industry, 
and commerce, The Institute consists of the Office of Measurement Services, the Office of 
Radiation Measurement and the following Center and divisions: 

Applied Mathematics - Electricity - Mechanics - Heat - Optical Physics - Center 
for Radiation Research; Nuclear Sciences; Applied ,Radiation - Laboratory Astrophysics· 
-~ Cryogenics • - Electromagnetics· - Time and Frequency:!. 

THE INSTITUTE FOR MATERIALS RESEARCH conducts materials research leading to 
improved methods of measurement, standards, and data on the properties of well-chatactcrized 
materials needed by industry, commerce, educational institutions, and Government; provides 
advisory and research services to other Government agencies; and develops, produces, and 
distributes standard reference materials. The Institute consists of the Office of Standard 
Reference Materials, the Office of Air and Water Measurement, and the following divisions: 

Analytical Chemistry - Polymers - Metallurgy ~, Inorganic Materials -Reactor 
Radiation - Physical Chemistry. 

THE INSTITUTE FOR APPLIED TECHNOLOGY provides technical services to promote 
the use of available technology and to facilitate technological innovation· in industry and 
Government; cooperates with public and private organizations leading to the development of 
technological standards (including mandatory safety standards), codes and methods of test; 
and provides technical advice and services to Government agencies upon request. The Insti­
tute consists of the following divisions .md Centers: 

Standards Application and Analysis -' Electronic Technology - Center for Consllmer 
Product Technology: Product Systems Analysis; Product Engineering - Center for Building 
Technology: Structures, Materials, and Life Safety; Building Environment: Technical Evalua~ 
tion and Application - Center for Fire Research: Fire Science; Fite Safety Engineering, 

THE INSTITUtE FOR COMPUTER SCIENCES AND TECHNOLOGY conducts research 
and provides technical services designed to aid Government agencies in improving cost effec­
tiveness in the conduct of their programs through the select jon, acquisition, nnd effective 
utilization of automatic data processing equipment; and serves as the principal focus within 
the executive branch for the development of Federal standards for automatic data processing 
equipment, techniques, and computer languages, The Institute consists of the following 
divisions: 

Computer Services - Systems ami Software - Computer Systems Enginf:ering - Tnforma­
tion Technology. 

THE OFFICE FOR INFORMATION PROGRAMS promotes optimum dissemination and 
accessibility of scientific information generated within NBS and other agenCies of the Federal 
Government; promotes the development of the National Standard Reference Data System and 
It system of information analysiS centers dealing with the broader aspects of the National 
Measurement System; provides appropriate services to ensure that the NBS staff has optimum 
accessibility to the SCientific information of the world. The Office consists of th'e following 
organizational units: 

Office of Standard Reference Data - Office of lrtformation Activities - Office qf Technical 
Publications Library -~ Office of International Relations - Office of Tnternational 
Standards, 
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Washington, P,C. 20234. 

"Located nt Bouldet, Colorndo 80302. 

.. 



== 

~~~~~~-----'----------------~:[~l) 

U.U. DEPARTMENT OF COMMERCE 
National Bureau of Standards 
Washington, D.C. 20234 

OFFICIAL BUSINESS 

Panalty for Private Use, $300 

POSTAGE AND FEES PAID 
U.S. DEPARTMENT OF COMMERCE 

COM_~15 

SPECIAL FOlJRTH·CLASS RATE 
BOOK 

tr 

~ ~. 
~ -I 
U.S.MAIL , - .~ 

i 
-I 
-

-~ 

• 

• 0 

• 

••• 
I 

J 



I} 

o 






