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Section 1

EXECUTIVE SUMMARY

INTRODUCTION

This document reports on an experimental fingerprint technical
search system, SIFTER!, developed and tested by the Project
SEARCH Committee on State Identification Bureaus and the staff
of that committee.

Project SEARCH is a cooperative effort of the criminal justice
systems of the 50 states, banded together to improve the
criminal justice system of the United States through the appli-
cation of appropriate technology. The work reported in this
document, as well as other efforts of Project SEARCH, was
funded by a grant from the Law Enforcement Assistance. Adminis-
tration of the U,S. Department of Justice.

The members of the State Identification Bureau Project Committee
are shown in Exhibit 1-1. Gary D. McAlvey served as chairman
of the Project Committee.

Administrative services were provided by the California Crime

AR

Technological Research Foundation under the direction of

Douglas E. Roudabush, Executive Director. David G. Yamada
" provided staff support.

Technical staff s.~vices for the project were provided by Public
; : Systems incorporated, under the direction of Paul K. Wormeli,
| SEARCH Project Coordinator. Gregory L. Campbell acted as
principal investigator for the project. Lyn Taynai wrote and
documented the software and Dr. Ernest Unwin and Steven Patent

provided technical assistance and consultation.

'System for the Identification of Fingerprints by Technical
Search of Encoded Records.
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STATEMENT OF THE PROBLEM

Previous to the work reported here, the State Identification

Bureau Committee conducted research on the use of the NCIC
classification in a computerized technical search system.

"This research is described in Project SEARCH Technical Report

No. 8, "Design of a Model State Identification Bureau."

The NCIC classification system, because of its use in national
criminal history files and its use of standard FBI and Henry

code definitions, was hoped to be useful in a computerized

search system. From experimental work, the Committee found

that the system had sufficient selectivity for effective use;
i.e., power to sort codes; but lacked sufficient reliability;

i.e., ability to correctly select a matching record if one

exists in a fingerprint file. These reliability and selectivity

results were derived using a simple search procedure in which
codes on each finger were required to match within a certain

fixed tolerance. Such a technique was found to be simply too

sensitive to differences in codes commonly made on different

impressions of the same person's fingerprints.

To overcome these sensitivity problems and improve reliability

and selectivity of the NCIC system, the research reported here

was conducted. The committee believes that the SIFTER system

presented here shows considerable promise in eventually being
used as a computerized technical search system in state identi-

fication bureaus. It is recognized, however, that the system
is experimental and that further development and refinement

must be accomplished before it is implemented.

TECHNICAL APPROACH

The SIFTER fingerprint technical search system is designed to
derive the maximum searching effectiveness from the information

e dVh b e smai




contained in a fingerprint classification. SIFTER uses the
NCIC classification system which requires manual encoding of
fingerprint patterns by skilled technicians. However, the
basic approach is general and can be adapted to any classifi-

cation system including those involving automatic encoding.

SIFTER works by comparing each inguiry code with each file

entry to derive a score which is proportional to the probability
that the two classifications represent the same person. A
threshold is set so that file entries with matching scores

above the threshold are accepted as possible matches (candi-
dates) and those below the threshold are rejected.

Probability tables for use in SIFTER are constructed from
pairs of classifications taken at different times but known
to be from the same person. Other tables are made from the
observed distributions of pattern types found in a large
fingerprint file. In using these data, the system adapts in
an optimal way to the characteristics of the NCIC classifica-
tion system.

SYSTEM TEST

Computer programs for the SIFTER system were written and tested
using-data provided by the members of the Identification Bureau
Committee. The test data consisted of a library file of 10,000
NCIC code records provided by the State of Florida, a test set
of 240 pairs of classifications taken by different technicians
in twelve of the states represented on the committee, and a test
set of 384 pairs of classifications supplied by the State of
Florida. From each of the test sets, 100 cards were randomly
selected for use as test inquiry codes. The remaining cards,
140 and 284 cards respectively, were used to build the required

in preparation for the test.
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Exhibit 1-2: SIFTER Selectivity and Reliability

With NCIC Classification, Sex and Year of Birth + 5

Data Element Selectivity Reliability
Sex* .746 .999
Year of Birth + 5% .289 99
NCIC Classification 49 x 10 " 97
Total 10.6 x 10 ~6 .96

*These data were obtained
Report No. 8.

S S 7t

from Project SEARCH Technical

Section 2

SIFTER SYSTEM DESIGN

fhe gTFTER! fingerprint technical gsearch system is designed to
derive the maximum searching effectiveness from ‘the information
contained in a fingerprint classification. SIFTER uses the
NCIC classification system which requires manual encoding of
fingerprint patterns by skilled technicians. (A complete
listing of NCIC notation is presented in Exhibit 2-1.) However,
the basic approach can be adapted to any classification system

including those involving automatic encoding.

In this section, the operation of SIFTER is explained in non-
technical terms, primarily through examples. The mathematical
derivations, assumptions, and approximations involved in SIFTER
are described in detail in Appendix A. The material in the
appendix is not required to understand the system but may be of

interest to the more mathematically oriented reader.

A brief description of the computer programs written for SIFTER
is also contained in this section. Appendix B presents detailed
computer program documentation as well as complete listings of
test data and test results.

PRINCIPLE OF OPERATION

As with any fingerprint searching system, SIFTER requires a

library file of classifications of previous offenders and class-

" ifications of inquiry cards to be searched against the file.

STFTER works by comparing each inquiry code with each file entry
to derive a scoxe which is proportional to the probability that

lsystem for the Identification of Fingerprints by Technical
Search of Encoded Records.
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Finger Numbexr Finger Number
Right Thumb 1 Left Thumb 6
Right Index 2 Left Index 7
Right Middle 3 Left Middle 8
Right Ring 4 Left Ring 9
Right Little 5 Left Little 10
Plain Arch: AR
Tented Arch: T
Ulnar Loop: 01-49 (Ridge Count)
Radial Loop: 51-99 (Ridge Count + 50)
Plain Whorl:

inner PI

meeting PM

outer PO
Central Pocket Loop:

inner CI

meeting CM

outer Co
Double Loop:

inner DI

meeting DM

outer DO
Accidental:

inner XTI

meeting XM

outer X0
Amputation: XX
Scarred: SR

NCIC Fingerprint Classification Notation

Exhibit 2-1

the two classifications represent the same person (matching
probability score). A threshold is set so that file entries
with matching scores above the threshold are accepted as
possible matches (candidates) and those below the threshold

are rejected.

SIFTER is similar to:other searching systems in which a
"clogeness" 'score is calculated, the key difference. being the
significance of the score value. The SIFTER score provides

an absolute determination of. whether or not.the file entry
should be retained as a potential match. In operation, some
inquiry prints will match several .candidates while some will
match none. The. system' thus. provides a positive determination
of arnon-match. Scores - associated.with one ingquiry argument
can also. be compared with those of all other inquiries since
each score represents the same quantity, i.e., the probability

of a match.

THE OPTIMAL SCORING SYSTEM

A reasonable objective of a technical search system is to maxi-
mize reliability (probability that a match will be found in the
file if one exists) given a limit on the average number of can-
didates allowed per search. In other words, reliability is
maximized under the constraint of fixed resources (i.e., the
number of technicians available for candidate verification).
Alternatively,. an-'acceptable reliability may be established and
the objective would be to minimize the average number of candi-
dates "and thereby minimize the number of technicians required

for verification.

Under either of the above objectives, the selection of matching
probability as -a score and the setting of a score threshold value
can be shown to be the optimal searching method for any classi-

fication system (See Appendix A).
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In practice, developing a workable system based on such a score
requires a number of approximations which may not be optimal
and probably could be improved with further development.

SCORE CALCULATION

The matching probability score for SIFTER is calculated from data
on differences in classification codes of multiple impressions

of the same person's fingerprints, and from the distributions

of classifications found in fingerprint files.!

Discussion

To understand the calculation of the matching probability score,
it is helpful to consider an intuitive rationale for its deri-
vation.

One would expect that two fingerprint classifications that were
identical or very similar would result from fingerprints of the
same person. One might expect to find commonly occurring dif-
ferences such as a small difference in ridge count on one or
two fingers. However, one would not expect a rare difference
such as a whorl mistaken for a plain arch. Consequently, if
two classifications are compared and found to be the same or
have only a few commonly occurring differences, it could be ex-
pected that these classifications might represent the same person.
An uncommon error or a great number of common errors would tend
to indicate that the codes were from different persons.

'Experience with fingerprint classifications (Section 3-2 of
SEARCH Technical Report No. 8) indicates that differences
occur between the classifications of the same set of finger-
prints by two technicians. For example, differences of one
or two in ridge count on ulnar and radial loops are quite
common. Some differences in pattern type such as plain arch
versis tented arch and tented arch versus loop of low ridge
count are also common. Usually, but not always, these
differences can be eliminated by allowing referencing, i.e.,
allowing more than one classification of a questionable
fingerprint pattern.

In addition to similarity of classifications, another factor
corntributes to the determination that two codes match. If the
classifications are common so that mény non-matching classifi-
cations are similar, then one would have less confidence that
the pair matched than if they were more rarely occurring class-
ifications. For example, in a file on one million NCIC classi-
fications, there are approximately 1,600 entries with plain
arches on all ten fingers. When comparing an inquiry card that
contains all plain arches with one of these file entries, there
is little chance of a match even though the classifications are
identical. However, if the classification were quite rare, such
as all whorls on one hand and all arches on the other, and

a file entry were found to have the identical or close classifi-

cation, then a match is highly likely.

The SIFTER matching score accounts for both of the above factors
in a mathematically precise manner. Scores are calculated
giving the proper emphasis on the types of differences produced
by different technicians and different impressions of the same
fingerprints. The "rareness" of each classification is also
calculéted using the distribution of fingerprint types found in

a file,

Numerical Example

In order to further clarify and illustrate the score calculation,

a simplified numerical example is presented.

For the purpose of illustration, assume that all fingerprint
patterns are plain arches, tented arches, or ulnar loops with
ridge counts of five or less. The possible codes, using NCIC
notation are thus AA, TT, 01, 02, 03, 04, and 05. Also assume
that a library file of classifications and several pairs of

classifications known to be from the same person are available.
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The first step toward score calculation is the construction of
a clagsification pair matrix as shown in Exhibit 2-2.

The first part of the exhibit shows four pairs of classifications
taken at different times but of the same person. For each pair,
the top code is considered to be an inquiry, the bottom code to
be a file entry. Part B of the exhibit shows the classification
pair matrix as constructed using the four classification pairs.
The matrix is simply a tally of code pairs found in the data.

For oxample, there are ten AA-AA pairs; there are 2 AA-TT pairs
wherp AA is the inguiry and TT is the file entry; there is one
02~TT pair where 02 is the inquiry and TT is the file entry.

The matching pair matrix is converted to probabilities, used

in score calculation, by normalization as shown in Exhibit 2-2cC.
Each table entry is divided by the row total as indicated. The
resulting values are the probabilities of obtaining a corres-
ponding file code,given the specified inguiry code. These are
conditional probabilities, and therefore the matrix rows add to
one. In practice, the blank spaces in the normalized matching
pair matrix would be filed by a small number, such as one

over file size to prevent the calculation of zero scores.

The next basic step in pPreparation to calculate scores is to
sort and count code entries in the library file. Assume that a
file of 10,000 of these special codes is sorted as shown in
Lxhibit 2-3. The exhibit lists each unique sequence of codes
and the number of those entries found in the file. For example,

there are twelve file entries with a code value of "TT AA 04 05
05 T AA AA 03 TV,

The last column in the exhibit shows the portion of the file
represented by each code and is simply the count divided by
10,000. This last column is used in the score calculation and
is a measure of the "rareness" of each file entry.
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To illustrate score calculation, two example inguiry codes are

) selected to be searched against the file:
Number Proportion

Classifications in File of File 1. AA AA AA AA AA AA AA AA AA AA
AR AR AA AA
AA AA BAA AA AA AA 232 .0232 2. AA AA TT 01 03 01 05 TT TT TT
AA AA AA AA AA AA AA AA RAA T 97 .0097 . . . ]
AR AR AA AA AR AR AA AA TT AA 195 L0125 Each inquiry code is compared with each file entry to derive a
AA AAR AA AR AA AA AA AA TT TT 46 0046 score.
: . To compare inqguiry #1 with the first file. entry, each pair of
AR AA TT T 02 03 03 T T 2 0002 codes corresponding to the same finger is used to look up a
. . probability in the normalized code pair matrix. In this case,
: . each comparison is AA versus AA or a value of .83 in the table.
TT AR 04 05 05 TT AA AA 03 T 12 0012 The ten resulting numbers are multiplied; i.e.,
: . .83x.83x.83%.83x.83x.83%x.83%x.83%x.83x.83 = ,155
03 01 o2 o2 : _ . and this number is divided by the proportion value corresponding
) 03 05 02 03 03 02 1 .0001 to the file code, in this case .0232. The result for the score:
] : .153/.0232 = 6.7
05 05 05 0 .
o5 or o 05 05 05 05 05 05 04 2 .0002 For another example, consider inquiry #2 compared to the fifth
5 05 05 05 05 05 05 43 .0043 file entry shown in Exhibit 2-3. The probability values found
TOTAL - 10,000 1.0 ‘in the matrix are:

.83%X.83x.75%.67x.33x.60x.60x.75x.75x.75 = .0173

The score is then .0173/.0002 = 87, where .0002 is the file

proportion value. Notice that this score is higher than that

for inquiry #1 because the classification is more uncommon.
Exhibit 2-3. A file of 10,000 example codes sorted The score is higher even though the codes do not match exactly.

in ascending order. The sorting sequence is AA. . T T
01, 02, 03, 04, 05. The number of gdentical fiieTT’ (There is a 01-TT error in finger 4 and a 01-03 error in finger
All other comparisons between inguiries and file entries

entries in the file is indicated. (The numb 6.)
fictitious. Many of the ossible combi mbers are .
codes are not contained iﬁ a file of o;?;tig?gogf can be calculated in a similar manner. Most comparisons result

codes. ) in extremely small scores indicating that they are not matches.

The score value itself, using this technique, is the relative
increase or decrease in the probability that the selected in-
quiry and file entry match over the matching probability that

R M i s i

i) PR niabiisst b




i el O

TR T

TR R TR R r

i ot L I U S Sl

two randomly selected codes match. For example, a score of 87
m 2 i i :

?an that inquiry #2 matches its corresponding file entry
with a probability 87 times greater than the probability of
matching « randomly selected entry.

COMPUTER PROGRAM DESIGN

The "TER ¢ , i
SIFTER system as written consists of three computer programs

designed to calculate scores and conduct searches of inquir
NCIC codes against a file. The programs were all writth fﬁr
batch processing to minimize computer costs during the test
runs. TFor operational use, an on-line version of the programs
?onld ba'written. The functioning of each of these progrzms
z; iz;:iziidB?elow. A much more detailed description is found

SIFTER-NUMER Program

The first program, called SIFTER-NUMER, uses matching pairs of
classifications to generate classification error probabilit
tables. These are called numerator tables because the t;bly
values are used to calculate the numerator of a formula fore
matching probability. These tables are then passed to the
search program. The raw numerator tables are smoothed and
éormulizad (described in Appendix B) in the search program

In an operational system, these table manipulation funétio;s
would be incorporated into SIFTER-NUMER.

SIFTER~-DENOM Program

This program calculates denominator tables for use in sco
saleulation using the library file as data. Again, a norijl-
ization procedure is conducted which in an operatiénal syst
would be incorporated into SIFTER-DENOM. The tables Frace
are passed to the next program. Fenerates

_SIFTER—SEARCH calculates scores

SIFTER-SEARCH Program

for combinations of inquiry

designated A, and file cards, designated B.

It operates in two modes as shown in the simplified £lowchart’

given in Exhibit 2-4.

fingerprint cards,

In Mode 1, test inquiry codes are searched against a .library
file of 10,000 records to see how many candidates are found

to exceed certain specified score threshold values. There are
no true matches to the inquiry codes in the file. Therefore,

all candidates found are non-matching; i.e., the score may be

ints are not from the same person. This mode

high, but the pr
as a function

is used to measure the selectivity of the system

of threshold value.

As shown in the left branch of the flowchart corresponding to

Mode 1, the threshold values and all of the inquiry codes are
The program then reads file entries

(from tape) one at a h of
the inquiry codes pefore reading the next file entry. The

r value is calculated once for each file entry
Numerators are calculated for

read into computer core.
time and calculates scores for eac

denominato
immediately after it is read.

each inguiry A and the file entry B. Scores are calculated

by the simple formula:
SCORE = NUMERATOR/DENOMINATOR

Each score value is then compared with the thresholds and
score that exceeds a threshold.
hed, the inguiry codes
Some example

d in Appendix B.

tallies are made for each
When the end of the library file is reac

and their corresponding tallies are printed.

outputs showing actual test runs are containe

e R o i s s <



Mode 2 is used to calculate scores for pairs of NCIC codes
that are known to be from the same person. These scores are
then compared with the threshold values used in Mode 1 to
determine the system's reliability (its probability of
selecting a true match if one exists in the file) as a func~
tion of threshold value.

In mode 2, a pair of fingerprint cards is read. A is denoted
the inquiry print and B the file print. NUMER, DENOM, and
SCORE are simply calculated and printed as shown in the flow-
chart.

The test procedures and results for the SIFTER programs are
presented in the next section.
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START

READ, NORMALIZE, AND
SMOOTH NUMERATOR TABLES®
READ DENOMINAT( R TABLES?
AND NORMALIZE

MODE 2

MODE 1
ez,

IS\ Is
Yes «ﬁ:l No %:__2 o
\'/ »

READ THRESHOLDS®

4
INQUIRY DATA
AND gARD§ READ PAIR OF MATCHING
(n) FINGERPRINT CARDS
A AND B 56 K
\
Do FORS/
I=1,NB TAST os
CARD >
?
READ
FINGERBRINT CATCULATE

FROM FILE
()’

1. CENOMINATOR USING B
2, NUMERATOR USING A AND B
3. SCORE = NUMER/DENOM

CALCULATE PRINT MODE 2 QUTPUT
DENOMINATOR
USING B A, B, SCORE
e
DO FOR
K=L, NA®|>
CALCULATE

1. NUMERATOR USING A and B

2. SCORE = NUMER/DENOM

3. COMPARE THRESHOLDS TO
SCORE

4. TALLY

Exhibit 2-4. Simplified Flowchart
of SIFTER-SEARCH Program
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< PRINT ALL A's
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Section 3

TEST PROCEDURES AND RESULTS

The SIFTER computer programs, described in the previous section,
and in more detail in Appendix B, were written in Fortran IV
language and tested on an IBM 370-155 computer. This section
describes the data and procedures used in the test and presents
the test results. The chapter is concluded with a discussion
of further development and implementation of SIFTER.,

DATA

Test data were obtained from states represented on the Project
SEARCH State Identification Bureau Committee. Three groups of
data were used:

¢ A file of 270,000 NCIC records was available from the State

of Florida for use in SEARCH Technical Report No. 8, "The
Design of a Model State Identification Bureau."

e A set of 240 pairs of NCIC classifications (produced by two
technicians classifying the same cards) were prepared hy
identification bureaus represented on the committee for use
in Technical Report No. 8.

@ The State of Florida also prepared a set of 384 classifica-
tion pairs by having technicians classify cards identified on
name search and then recording the new code together with the
previously derived code as it appeared in the file.

For the test, 10,000 of the Florida NCIC records were randomly
selected from the complete file of 270,000 for use as a library
data base. Of the 240 card set, 100 were selected as test
inquiry cards (referred to as inquiry set #1) while the remain-
ing 140 cards were used to generate error probability tables
used by SIFTER. Similarly, the 384 Florida classification
rairs were divided inteo a test set of 100 (inguiry set #2)

and » *able generating set of 284 classification pairs. The
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table generating sets are equivalent to "tuning sets" which
establish system parameters and, therefore, should be Separate
from the test cards to insure unbiased results,

TEST PROCEDURES

Tests of the SIFTER Programs were conducted to measure the
system's selectivity (the average proportion of a file returned
as candidates to an inquiry) and reliability (the pProbability

of correctly selecting the matching candidate if a match is
pPresent in the file).

To perform the test, the pProgram SIFTER~-NUMER was used to generate
two sets of nhumerator tables from the 140 card and the 284 card
tuning sets. SIFTER-DENOM was run to generate denominator tables
from the library file of 10,000 codes. These tables were then

‘used by SIFTER-SEARCH which searched the inquiry code data sets
against the file.

The search program actually Operated in two modes. In Mode 1,
the inquiry codes were searched against the file to find the
-number of candidates exceeding given threshold values. In

Mode 2, the inquiry codes were compared with the codes known to
be from the same Person. The scores of these matching pairs were
then compared with the file search Scores to find the number of
true matches and the average number of non-matching candidates

to be anticipated for each setting of the threshold.

In the search test, Henry Primary was used as an initial
discriminator. fThis corresponds to segmenting the file by
Henry Primary and searching only in the appropriate pocket.
To reduce possible misses due to errors in the Primary,
references involving whorl/non-whorl decisions were allowed
In addition, scars and amputations automatically caused
referencing of the primary,

.
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TEST RESULTS

i ibi - hich
The test results of SIFTER are shown in Exhibit 3-1, w ‘
ivi ion
displays the system's reliability and selectivity as a funct
. Results for inquiry sets #1 and #2 are

hreshold value. / sets '
- In the exhibits, reliability is expressed

shown separately. -
s the proportion of the inquiries that matched their code
a

ivi is
irs with scores above the thresholds shown. Selectivity :
a . . ¥
: essed as the number of non-matching candidates retrieve
oron i iries.
from the 10,000 card file, averaged over the 100 1nqu%rl .
These figures can be converted to selectivity by multiplying
ese
py 1074,
i -matchin
The last column in the exhibit shows an estimate of ?on ma h.cs
i i Henry Primary, whi
i i th referencing of the
candidates obtained wi ‘ e
sometimes redquires searching in'more than one Henry pocke
' ' i imary.
test results on reliability include errors in Henry Primary

(There were two such errors in inguiry set #2.)

c  ve
The threshold scores in the exhibit represent the relaZLf.l

‘1 . . ile
increase in the matching probability of the inquiry an

ifi i . For
entry over that of two randomly chosen classifications

3 that the probability
example, a score of 107, or 1,000, means

i i ter
that the inquiry and file entry match is 1,000 times grea

than if they were chosen at random.

i i 14 be
To calculate the average number of candidates which w?u N
candi-
returned for an ingquiry, the expected number of matching

- hin
dates must be added to the average number of non-matc g

ibi to the
candidates as shown in the exhibit. For example, refer

data on inquiry set #1, which shows a reliability of .9;.th2fan
e
average »f .49 non-matching candidates returned from a f1i

10,000 If an inquiry is known to match a file entry, then the
- 10, .
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INQUIRY SET #1

Average Non-Matching
candidates’

, . o With Henry

Threshold Hits Reliability Test Results Referencing

1 x 103 85 . 85 .13 .14
3.1 x 102 90 .90 .18 .20

1 x 102 £ 93 .93 .30 .33
3.1 x 10t 97 .97 .44 . 49

1 x 10t 99 .99 .89 .98
total inquiry

cards 100
INQUIRY SET #2 Average Non-Matching
Candidates’

' ) . . . With Henry
Threshold Hits Reliability Test Results Referencing

1 x 10° 76 .76 .55 .75
3.1 x 10° 78 .78 .84 1.14

1l x 102 80 .80 1.20 1.63
3.1 x lOl 84 .84 1.98 2.69

1 % 10* 89 .89 3.04 4.13
3.1 95 .95 4.58 6.23
total inquiry

cards 100

'Retrieved from file of ten thousand records.

*The threshold values are equally spaced logarithmically.

Exhibit 3-1.

Test Results of SIFTZR Program

one true match will be returned along with the non-matching

candidates for an average of 1.49 candidates. In general, the

_expected number of candidates is the technical search hit rate

(about .05 for typical state bureaus) plus the average non-
matching candidates, or .05 + .49 = .54 for the above example.

The average number of non-matching candidates is directly

-proportional to the file size; therefore, it can be projected

to files larger than 10,000. If the file were 100,000, the
average number of candidates would be .05 + 4.9 = 4,95, With
larger files, additional data .elements, such as sex and year

of birth, can be added to the NCIC code to reduce the number

of candidates.

Two trends can be noted from Exhibit 3-1. First, as the
threshold levels are lowered, both the number of. true matches
and the number of non-matching candidates increase. Second,
the results from inquiry set #2 are considerably worse than
those from set #1. In order to achieve the same reliability,
approximately 20 times the number of non-matching candidates

must be accepted for set #2 compared to set #l.

Recall that set #1 was produced by different technicians
classifying identical cards, while set #2 was produced from
different impressions of criminal prints taken at widely
different times. Test set #2 may, therefore, more accurately
represent the expected results of an operational system.
However, the file from which test set #2 was obtained was not
originally meant to be used for fingerprint searching, but was
simply a required data element for the NCIC Computerized
Criminal History System. Therefore, the quality control may

have been less strict than required by this type of system.
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COMPARISON WITH SEARCH TECHNICAL REPORT NO. 8§

At this point, it isg interesting to compare the results of
SIFTER with those attainable with the direct matching tech-
nique designed in Technical Report No. 8
involves two steps:

- That technique

¢ The pattern type and tracing of the file record must
be exactly the same as that of the entry record (ox
of references in the entry record), and ridge counts

¢ File records surviving this first test are given a
final test on the basis of ridge count, The "error®
in ridge count for each appropriate finger of the
file card and input card is calculated and these errors
are summed to produce a total error. Three is sub-
tracted from the total error to produce an adjusted
total error. This figure is divided by the number of
ridge-countable fingers to produce an average adjustad
error. If the average adjusted error exceeds 1, the
file record is rejected from further consideration.

The results of the direct matching technique as applied to
inquiry sets#l and #2 are shown in Exhibit 3-2, which tabulates
reliability ang selectivity as a function of the amount of
referencing allowed. For data set #1, references on both
ingquiry and file cards were available. The highest relia~
bility, 83%, is achieved using both sets of references.

Using inquiry set #1 as a basis, SIFTER produces a reliability
of 97% with about the same number of non-matching candidates

that result from an 83% reliability using the direct match
technique.

To judge the results more easily, the test results are shown
graphically in Exhibit 3-3. Again, the Superiority of SIPTER
is demonstrated for test set #1. The results of test set #2

3-6

INQUIRY SET #1 Average
Non-Matching
Hits Reliability Candidates*
. 087
No Referencing 57 .57
i .76 .20
Referencing Inquiry 76 7
i .46
Reference Inguiry and File 83 .83
total inquiry cards 100
INQUIRY SET #2 Average
Non~Matching
Hits Reliability Candidates¥*
i .49 .087
- No Referencing 49
| i .67 .20
' Reference Inquiry 67
total inquiry cards 100

*Retrieved from a file of ten thousand records

Exhibit 3~2. Results Using Direct Match@ggd
Technique with References {(the system describe

in SEARCH Technical Report No. 8)
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are more difficult to interpret since the highest reliability
resulting from the direct match technique is only 67%. SIFTER
at least allows much higher reliabilities to be attained.

In states with large fingerprint files, it may be necessary

to add some data elements to the technical search system to

increase its selectivity. Exhibit 3-4 shows the effect of
adding sex and year of birth * 5 as additional discriminators.!
With this system, a technical search reliability of .96 can be

achieved by manually verifying about 10.6 candidates out of a

file of one million records.

This performance compares quite favorably to that achieved by
the technical search system as reported in SEARCH Technical
Report No. 8. Using that system, with NCIC classification,
sex, and year of birth £ 5, the reliability was found to be

only .865 while allowing 10 candidates out of a file of one

million.

FURTHER DEVELOPMENT AND IMPLEMENTATION

The purpose of this report has been to describe an experimental
computerized fingerprint technical search system and to present
some results of tests, using data prepared by state identifica-

tion bureaus. The test results as summarized in Exhibit 3-4

are guite encouraging and strongly suggest that states that
are implementing the NCIC computerized criminal history system,
which requires the NCIC fingerprint classifications as a data

element, consider using these classifications for automated

technical search. Also because of the superior performance of

the SIFTER approach over that of the simple direct matching
search technique, it would be reasonable to implement some

version of the SIFTER system.

'Reliability and selectivity data for these elements were
obtained from Project SEARCH Technical Report No. 8.
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Exhibit 3~4: SIFTER Selectivity ang Reliab@lity
With NCIC Classification, Sex, and Year of Birth + 5

[ Data Element Selectivity Reliability
Sex* .746 .999
Year of Birth + 5% .289 .99
NCIC Classification 49 x 1076 .97
Total 10.6 x 107° .96

*These data were obtained from Project SEARCH
Technical Report No. 8.

Before implementation, however, a number of additional tasks

should be accomplished. Any state interested in implementa-

tion should conduct further testing of the system with their

own data to see if the system meets their requirements.
Since the number of candidates retrieved on a s

earch is pro-
portional to the file size,

states with large files (over one
million) may find the System to be inadequate. Since SIFTER
already maximizes the effectiveness of the classification
system, the only way to significantly improve performance is

to caryy the fingerprint classification to more detail than

that contained in Ner1C. Deciding what further classifications

to add should be a fairly major undertaking. Care should be
exercised to choose the characteristics that provide the
greatest additional selectivity while maintaining high reli-
ability. If the classification System is changed, probability
tables used by SIFTER must be modified and expanded to
accommodate the changes.

3-10
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Whether or not changes are made in the coding systeé, the -
next required task is to design an operational VerSL?n of .
SIFTER. The design should be tailored to the compu?lng equip-
ment and procedures presently used in the implementing state
identification bureau. The interface with name search systems
and computerized criminal histories should be considéred.

Also some provision must be made for retrieving ?andléat?
fingerprint cards either by refiling them by an 1dent%fylng
number or by entering the file cards on an image retrieval

system such as microfilm or videofile.

The design itself should provide for rapid and economical
search of inquiry cards. Either a batch or on~line system
could be designed, the on-~line system being somewhét more
costly but providing the speed consistent with rapid response

by the bureau. The design must also specify the required
files, computer programs, and procedures for operation and

file maintenance.

Upon completion of the design, the implementation phase can
start. The system software should be written, whatevexr '
required equipment should be purchased, and file conversion
should begin. The system should then be thoroughly t?st?d
and operated in parallel with the existing system until it
is satisfactorily proven. When file conversion is complete,

the new system would replace the old.
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APPENDIX A

THEORETICAL BASIS FOR SIFTER

This appendix provides a complete mathematical justification of
the fingerprint search technique described in this report. It
is hoped that the general nature of the technigue will be demon-
strated so that a future user could adapt the methodology to

coding systems other thar NCIC, In fact, the technique can be
applied to any search system in which a coding system is used to

identify entries in a £file; hence, the technigque is not even re-

stricted to fingerprints. Many of the same concepts presented
here are also discussed in papers on name sgarch systems .

The following discussion uses elementary concepts of probability

theory, particularly conditional probability. While an attempt
is made to include all required concepts and definitions, some
knowledge of probkability is required by the reader.

DEFINITIONS

The following key words and mathematical symbols are defined for
use later in the appendix:

Population

The group of persons whose fingerprints may be taken and submit-
ted to a fingerprint €£iling and searching agency, e.g9., a state

identification bureau. For a state bureau, the population would
be those citizens of the state and visitors who might be arrested

lSee "Name Search Techniques" Project SEARCH Special Report No. 1,
December 1970, and Newcombe, Howard B., "Record Linking: Design
of Efficient Systems for Linking Records into Individual and
Family Histories™ American Journal of Human Genetics, Vol. 19,
No. 3, Part I (May), 1967,

o byt 2t b ) 3ty
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for a fingerprintable offense or who might apply for a job or
permit which requires fingerprint submission.

Fingerprint Classification

An alphanumeric code representing the patterns of fingerprints

as they appear on fingerprint cards submitted to the identifi-

cation bureau. The NCIC fingerprint codes are shown in Exhibit

2-1, in Section 2 of this report.

Fingerprint Code File

A collection of fingerprint classifications, each'of a different
person, previously submitted to the bureau.

Inguixy Codes

Classifications of fingerprint cards to be searched against the

file. 'In practice, inquiries which are identiiied by name would

not be searched against the fingerprint code file.

Even@

A term used in probability to designate
thing of interest. Usually a letter is
event. For example,

the occurrence of some-~-

used to represent an

event A may be the random selection of a
record from the fingerprint file which happens to have a code
value of "17 TT 11 13 12 PI 56 08 CM 11".

P (A

The probability that event A will occur.

P(AB) or P(A¢B)

The probability that both event A and event B will occur.

i
§

P(A|B)

The probability that event A will occur'g%ven that ev§nFtB.is
known to have occurred. This is a condltlonal.probab%l% y,d )
i.e., the probability +hat event A will occur %s cond%t?ouel N
the occurrence of event B. Mathematically, this conditiona

probability is defined as

P (AB)

P(A‘B) = P (B)

where P(B) is not equal to zero.

Bayes' Thgorem

A simple probability theorem used to derive the equation for the
i i ion
score value later in this section. Usilng t+he above notation,

Bayes' Theorem can be written as

pP(B|A) * P(A)
P(aA|B) = P (B)

MATCHING PROBABILITY CALCULATION

, 11ty

Using the above definitions and Bayes' Theorem, the probability
.o . ne

that two given fingerprint classifications come from the sa

person can be calculated.

Two assumptions are made in this calculation. First, entrie?fin
the file are assumed to be independent, which would be tr?e i
each entry were randomly selected from the entire populatlziected
(allowing for replacement in the population of the entry s

each time). However, duplicate file entries (i.e., for Fhe sa?i
person) are not allowed, so a small amount of dependence.ls rea‘&?
present, Time did not permit study of the effect of this depen

ence on the system.

e A R S e e
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The second assumption is that inquiries are chosen independently
of file entries. This assumption does not require each person

in the population to be equally likely to be fingerprinted, only
that the selection of sne person is independent of the selection

of all previous inquiries which have, in effect, become the file.

To derive the matching probability, three statistical events are
considered. Let event I, be the submission of an inquiry card
whose classification has the particular value Cl, where Cl is one
of the possible NCIC codes for a set of 10 fingers.
FCZ be the selection of a file entry which has ancther classifi-
Let M be the
event that the inquiry and the file entry represent the same

person.

Let event

cation, C2, which may or may not be the same as Cl.

The desired matching probability is P(M|I

Cl'FCZ) or the probabil-
ity of event M given events I ‘

c1 and FC2‘ In other words,
P(M]ICl-FCZ) is the probability that the inquiry and the file
entryv match (are from the same person) given that the inquiry
code is Cl and the file code is C2.

From Bayes' Theorem,
as

the matching probability can be calculated

P(I..*F_.. |M)-P(M)
PM|Ioy Foy) = €1_cz (1)
P(Ipy Fep)

where P(IchCZIM) is the probability that the inquiry and file
codes have values Cl and C2 respectively, given that they are

from the same person's fingerprints; where P (M) is the probability
that the inquiry and file entry match without knowing the classi-
fications; and where P(Icl-Fcz) is simply the probability that

an arbitrary inguiry and file entry have codes Cl and C2.

‘the

" use of the independence assumptions.

‘entry are independent,

P (M)
is called the a priori probability of a match. It is simply

probability that any two randomly chosen inquiry codes match.

The formula for matching probability can be simplified by making
Since the inquiry and file

the denominator of egquation (1) can be

written

P ) = P(Igg)B(Fgy (2)

TeiFea

Using the definition of conditional probability, the numerator

of equation (l) can be rewritten as

’ L] L] . 3
P(Icl-Fcle)-P(M) = P(FCZ]ICl M) +P(Ioq M) (3)
Also since the event, M, is not dependent on the inquiry code

alone,P(IClM) can be rewritten

P(IclM) = P(ICl)-P(M) (4)

Using equations (2), (3), and (4), equation (1) can be simplified

to
P(Foo I P (5)
P(Fgy)

PM|In *Fey) =

which is the form used in SIFTER.
The term P(FcélIClM) corresponds to the numerator tables as dis-

. . . 4 d
cussed in Section 2 and Appendix B. The expression 1S interprete




as the probability that a file entry code has a value C2 given
that the inquiry code is known to match and has a value Cl. The
term P(Fcz) is simply the probability distribution of the pop-~

ulation of fingerprint codes and is the denominator discussed in

Section 2 and Appendix B. The term P(M) was defined previously.

OPTIMALITY

The use of matching probability as a score value can be shown
to be optimal using the following line of reasoning:

Assume that an identification bureau has a file of No fingerprint
records and an input volume of NI inquiries during a time period

(day, week, etc.). A total of M=NI X NF comparisons of inquiries

versus file entries can therefore be made. Assume that the prob-

ability that each of these comparisons is a match has been

calculated. Let these Probabilities be numbered Pl through P

in the order of decreasing value; i.e., P

5 < Pi where j>i. If a
certain number, say K,

of these candidate comparisons are manu-
ally verified by fingerprint pattern comparison,

then the expected
number of hits over these K comparisons is simply

K
EK(H) = .Z Pi (5)
i=1

where the K candidates with highest matching probabilities are

chosen as candidates. TIf the objective of the fingerprint search

system is to maximize the expected number of hits for a given

numbe: £ manual versifications, then the procedure of using

matching probability as a score and selecting candidates with
the highest scores is optimal.
contradiction.

This can be proved by

Assume that an alternative searching system exists that gives
a higher expected number of hits than the above system.
the alternate system, X candidates are selected,

With
some of which

A-6

‘may be different than those chosen previously.

- since PiZPj for i<j. -
‘cannot be raised by the alternate system and thus the superior

availability of the exact matching probability.

However, for

i i j iSK hit prob-
each substitution, Pj for Pi' where j>K and iSK, Z§e - iero
whid i i ive
ability is changed by Pj-Pi, which is either nega :
Therefore, the expected number of hits

system does not exist. This constitutes the proof.

It should be remembered that the above argument is based on the
In a practical
system, with limited data and limited computer capability, ap-
proximations in calculating the probabilities must be made.

These approximations are not necessarily optimal and probably

could be improved.

NUMERATOR AND DENOMINATOR CALCULATIONS AND APPROXIMATIONS

Although fingerprint terminology was used in the previous parts
of this secticn, none of the arguments depend on the specific
nature of the classification code. However, in order to use the
probability formula, equation 5, the numerator and denominator
on the right-hand side of that equation must be calculated_from
data specific to the particular application, namely NCIC finger-

print codes.

Numerator Calculation

The NCIC classification system contains 116 distinct codes which

may be used to classify each finger. With 10 fingers there are

ll610, Oor approximately 1020, distinct codes for a set of 10
prints. Ideally, the SIFTER numerator, (the term P(EC2|IC1M))
should be calculated using a probability matringelatingoall

Such a matrix would be 10 by 10 elements

A matrix this size is far beyond

possible file codes.
and contain 1040 probabilities. -
the storage capabilities of the largest digital computers and is

obviously impractical.




To reduce the matrix to a reasonable size, some assumptions are
required, FPirst, the differences in classifications are assumed
to be independent of finger number (i.e., the same kinds of
errors are made on each of the 10 fingers) and second; the errors
on cach finger of a set of 10 are assumed to be mutually indepen-
dent (e.g., knowing that an AA-TT error was made on finger 2 does
not tell anything abeut potential errors on other fingers). With
these assumptions, the probability matrix can be reduced to the
possible classifications on one finger, or a matrix of 116 X 116
clements. This matrix is still somewhat large for economical
computer use, therefore large sections of the matrix which con-
tain low probabilities were eliminated in the actual design of
SIFTER as described in Appendix B.

The finger independence assumption is quite reasonable when deal-

ing with differences in codes. It is reasonable to expect that
differences are random occurrences and therefore codes will be

independent of the finger being coded. However, if different

t.echnicians use distinctly different rules for classifying, then
gsome definite dependence will be introduced. In the research for
this report, time did not allow for statistical testing of this

independence assumption.

The other term in the numerator, P(M), is the probability that

any two classifications taken from the population will match. This
caleulation is extremely difficult since it depends on a detailed
understanding of the population. However, since the term is a
constant for all inguiry versus file comparisons, it can be
dropped without affecting the usefulness of the score values.
Therefore, the term was not used in SIFTER. The score value in
SIPTER thus represents the increase or decrease in matching prob-
ability over that of random selection. For example, a score of
100 means that the probability that the inquiry and file entry

mateh is 100 times greater than if they were chosen at random.

. gsame set are definitely not independent.

Denominator Calculation

The calculation of the denominator, the term P(FCZ)’ is ?t the
same time simpler and more complicated than the calculation of
Tt is simpler because only a one~dimensional
On the other hand,

the numerator.
list of ll6lo probabilities is required.

i i i rs of the
complications arise because codes of different fingers

The number 116lo is

still too large for computer storage. In addition, even with a
large data base of 10,000 to one million records, the calculation
of all those probabilities would be impossible since there are

far more numbers to calculate than there are available data

values.

No doubt, there are many ways to solve .the above problem. The
method used in SIFTER involves two steps which separate the cal-

culation of pattern type distributions from that of ridge count

distributions.

The distribution of pattern types and tracings was found by
sorting the 10,000 record file, ignoring ridge counts; i.e., con-
sidering ulnar loops as a single category, and radial loops as

The number of classifications with distinct sequences
As a result of

another.
of pattern types and tracings were then counted.
the sort and count, 582 out of 10,000 records were found to have
all ulnar loops, 158 had radial loops in both index fi?gers and
ulnar loops on all other fingers, 11 had plain arches 1n all %0
fingers, and 51 had a plain whorl with outer tracing on the right
+humb and ulnar loops on the other fingers. Many of. the moxe
unusual combinations of patterns occurred in much smaller groups.

In fact, 5,744 out of the 10,000 codes were unique; i.e., the

group size was one.
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The probability that a particular sequence of patterns would be
found in the population was estimated to be the group count, as
determined above, divided by the file size, 10,000. For example,
the probability of selecting the sequence of all ulnar loops was
estimated to be 582/10,000 = .0582. This is a statistically
valid method of producing an unbiased estimate of the proportion
present in the parent population. The one problem with it is
that the estimate is probably not very accurate for patterns in
small groups, such as groups of one.

The second step in the denominator calculation involves some
assumptions. The denominator tables in SIFTER take into account
the interdependence of ridge counts on ulnar and radial loops.
Howewpre, ridge counts must be assumed to be independent of non-
loop patterns on other fingers in order to allow multiplication

of the two separately calculated probabilities. The other assump-
ticn involves the nature of ridge count dependence and can best
be explained through an example.

Consider a classification with all ulnar loops. After examining

" many such classifications, some trends can be found. For example,

i1f one or two fingers have high ridge counts, then all the fingers
are likely to have high ridge counts; similarly, if some are low,
all tend to be low. Ahother general pattern is that counts on
thumbs tend to be higher than the average for a set and index
fingers tend to have counts lower than average.

To preserve these dependencies, the sequence of ridge counts must
be considered as a whole. TLet Ni be the ridge count on finger i,
where i goes from 1 to 10. Then the desired probability distri-
bution is P(N1N2N3N4.....Nlo) or the probability that the sequence
NlN2N3 ‘e NlO becurs in the population.
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Using conditional probabilities, this can be expressed without

any assumption as

P(N;Ny... Nig) = P(Nl)'P(N2|Nl}°P(N3|NlN2)- (6)

P (Ny o |N{N,.. . Ng)

In other words, the distribution of ridge counts on each finger
after the first is dependent on the ridge count on the previous
fingers. This form, while exact, would require an extremely

large number of probability tables.

In SIFTER, a first order approximation of eguation (6) is used.
The conditional probabilities in the right~hand side of the
‘equation, which depend on the exact values of previous fingers,
are approximated by probabilities dependent on the average count
of the previous fingers. Mathematically, the conditional prob-
abilities are approximated as

i-1

1 ) .
= P(N:||l— & Yi=2,3,... 10 (7)
P(Ni[NlNZ... N. J) ( J|(J i 5 Nj

Each conditional probability is reduced to a function of one
variable, making probability tables easy to construct. The speci-
fic tables used in SIFTER are described in Appendix B.

SUMMARY

The purpose of this appendix has been to describe the mathematical
‘basis for the SIFTER fingerprint technical search system. First,
‘some terms and notations were defined. The calculation of matching
probability was explained in general terms not specific to finger-
prints. Then the use of matching probability as a cgndidate se-
lection score was shown to be optimal. Finally, the assumptions
and approximations required to adapt the system to NCIC finger-

print codes were explained.

A-11




APPENDIX B

SIFTER PROGRAM SPECIFICATIONS AND
COMPLETE TEST RESULTS

GENERAL

In developing SIFTER, three main computer programs and several
small utility programs were written in Fortran IV language.
They were tested and run on an IBM 370 Model 155 using HASP
operating system. The main programs are described in detail

in this appendix. Several computer output listings are
presented, including the test data, and test results. For
the sake of continuity in the text, all exhibits are located
at the end of the appendix.

Fingerprint Data

The data sets used have already been described and will be
referred to as data set #1 and #2. (See Exhibits B-1 and B-2
for complete listings.) Originally, the fingerprint classifi-
cations were in the alphanumeric NCIC code. To simplify
programming, the codes were converted to all numbers as shown
in Exhibit B-3.

Each data set consisted of pairs of fingerprint codes A and B
where A was defined as an inquiry print and B the library file
print. In this appendix, A and B will refer to the entire
fingerprint code (all 10 fingers), and A(I) and B(I) will
refer to codes on one finger, i.e., finger I. . Most of the
processing is done for one finger at a time.

In addition to the pairs of matching fingerprint codes, a

library file of 10,000 codes was available for use in test runs.




R b A

A 1 i 7 i b i 5 e
2 N i et R A s A

Programs

The three main SIFTER programs are SIFTER-NUMER, SIFTER-DENOM,
and SIFTER-SEARCH. The first two were designed to construct
probability tables for use in the search program. All three
programs are important and are described in the following

sections.

Timing

One hundred randomly chosen inquiry classifications were
searched in a batch against a library file of 10,000 codes.
The computer time used was 1 minute, 35 seconds for data set
#1, and 1 minute, 45 seconds for data set #2. Most of this
time was not used to search the file, but rather to set up
the tables and read the library file (which was only done
once, no matter how many arguments were searched). Search
for only one argument against the file took 45 seconds. Thus,
increasing the number of arguments searched against the

library file did not add appreciably to the running time of
the program.

Search time per argument is estimated at .5 second. This was
estimated by noting that running time for one argument was
45'seconds while running time for 100 arguments was 95

seconds. The difference is 50 seconds for 99 cases. These

50 seconds also include the time taken for printing the output,

implying that actual search time per argument is even less
than .5 second. Search time is proportional to file size,

therefore a single search of a one-million card file with the
present system would require 50 seconds.

In an operational system, many optimizing procedures would be
used, including tighter computer code and microprogramming
techniques. These changes should cut the search time

S

. Five mutually exclusive tables, namely N1, N2, N3, N4, and N5

considerably. In converting to an on-line instead of a batch

system, random access files allowing rapid record retrieval
would be used. It is difficult to estimate how the search
+ime would be affected, however.

SIFTER-NUMER

Description

SIFTER-NUMER sets up the raw numerator tables used in SIFTER-
SEARCH to calculate the SCORE value. The program logic is
shown'in the flowchart for SIFTER-NUMER (Exhibit B-4). As
shown in the flowchart, an A and B pair is used as data where
A is the ingquiry print and B the file print. The given alpha-

numeric codes are changed to numeric codes (see Exhibit B-3),

and the resulting codes tallied, one finger at a time, depend-

ing on the value of A(I) and B(I) for the finger being considered.
The program prints out the raw tables, labeled N1 - N5, and

also punches the same tables on cards to be used as input for
SIFTER-SEARCH.

Raw Tables

were created. They are tallies of the number of times an A(1)
and B(I) combination actually occurs in the data set. These
tables are labeled with N, indicating they are numerator
tables. Tables N1 and N2 were used when both A(I) and B(I)
are loops, and tables N3, N4, and N5 were used when at least
one finger is not a loop. BAn additional table, N6, was simply
a tally of each code found in the data set.

Each numerator table is described below, with the use of

Exhibit B-5, an example listing of numerator tables.
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Table N1

Entries in Table N1 were for A(I)s and B(I)s that were both

loops (ridge counts under 100), with ridge counts that differed
by five or less. This table was used for 68% of data in data
set #1.

In the table, the left-hand column (see Exhibit B-5, Table N1)
indicates the ridge count for print A(I). The next eleven
columns are tallies of the data according to the value of A(I)
minus B(I). The right-hand column is the total of the tallies
in the row. The last row is the total of the columns.

For example, given the pair of codes A(l)=4 and B(I)=4 for the
same finger, tally was made in the fourth row of the table
under the column headed 0 (because A(I)~B(I) = 0). Twenty-nine
such tallies are shown in Exhibit B-5. Given A(I)=4 and B(I)=7,
a tally would again be made in row 4, but this time under
heading -3 because A(I)-B(I) = -3. Seven such tallies are
shown in the exhibit.

Table N2

Entries in Table N2 were for A(I)s and B(I)s that were both
loops with codes that differed by more than five ridge counts.
This table was used in .21% of the data in data set #1,
indicating that this difference occurred quite rarely.

sxamining Exhibit B~5, Table N2, the left-hand column indicates
the absolute value of A(I) minus B(I} which may be a single
number or a group of values. The right-hand column indicates
the total tallies made in the row. The last row is again a
column total.

For example, if A(I) = 25, B(I) = 18, a tally was made in the
right column corresponding to |A{I)-B(I)| = 7. One such tally
is shown in the exhibit. If A(I) = 25 and B(I) = 8, then a

tally would be made in the category 14-46. The number of such
tallies in the exhibit is =zero.

Table N3

Entries in Table N3 were made when either A(I) or B(I) was a
loop and the other was an arch. This table was used to .7%

of the data in data set #1. The left-hand column as shown in
the exhibit indicates the ridge count for the loop data (either
A(I) or B{(I)). The column headed 101l was for plain arches and
the one headed 102 was for tented arches. Column four is a

row total, and the last row is a column total.

As an example tally, if A(I) = 5, B(I) = TT a tally would be
made in row five, under column 102. One such tally is shown
in Exhibit B-5. A tally for total would also be made. If
A(I) = TT and B(I) = 5, the same tally would be made. As it
turned out, all entries were for tented arches, rather than
for plain arches. Apparently, plain arches and loops are
never confused. A tented arch vs. loop error is quite common,
however.

Table N4

Entries in Table N4 were made when A(I)s and B(I)s were both
non-loops (whorls and arches). This table was used for 23.5%
of data set #1.

The left-hand column indicates the numeric codes and their

alphanumeric equivalents as do the column headings.




Tallies were made according to the value of A(I) (rows) and
B(I) (columns). The right-hand column and the last row are
row and column totals respectively.

For example, if A(I) = AA, B(I) = TT a tally would be made in
the first row (labeled 101-AA) under the column headed (TT-102).
Six such tallies are shown in Exhibit B-5.

In this table, off-diagonal elements indicated differences in
codings on the same person's prints. Output indicated that
plain and tented arches were easily confused. Also, whorl
types were sometimes different while the tracings were not (or
vice-versa). For example, a PM might be confused with a PO or
PI (same whorl type) or a PI confused with a CI or PI (same
tracing type) .

Table N5

Entries in Table N5 were made when either A(I) or B(I) was a
whorl, scar, or amputation, and the other was a loop. This
table was used for .1% of the data in data set #1 and 1.3%

in data set #2. This difference in percentages is accounted for
by "SR" classifications which occurred more often in data set

#2 because codings in that set were made at different times.

Tallies weré made as in Exhibit B-5, Table N-5. In the left-
hand column, groups of ridge counts are indicated for loop
data A(I) or B(I). The next 14 columns are tallies of the
data according to the value given at the top of the column.

The right-hand column and the last row are row and column
totals.

For example, if A(I) = 10, B(I) = SR, a tally in the row
1labeled 1-10, and column 104 would be made. Nine such tallies
are shown in the exhibit. The same tally would be made for
A(I) = SR, B(I) = 10. In either case, a column tally and a

row tally were also made.

Tt is interesting to note that the percentage of usage for
each of the tables is very close for the two data sets,
indicating that the same types of differences were made in
coding both sets of data. However, larger differences were

found in coding in data set #2, particularly in ridge counts.

Table N6

Entries in Table N6 were made every time an entry in another
table was tallied.  The table indicates how many of each class~-
ification number are found on A prints (column headed A), B
prints (column headed B) ., and in the total data (column hgaded

Total) .

Looking at Exhibit B—é, the first column is a listing of
numbers 1-116 where 1-100 indicate the codes chosen to repre-
sent lcocop data énd 101-116 indicate codes chosen to represent
alphabetic codes for arches, scars, amputations, and whorls.
The second column, headed A, indicates the number of tallies
that were made for the corresponding inquiry codes in the
left-hand column. The column headed B is for file codes.

Thus, a distribution of counts for all the data is made.

Using the example used for Table N1, namely A(I) = 4, B(I) = 7,
a tally would be recorded in row 4 under column A and in row 7
under column B. There are 67 and .80 such tallies in Exhibit

B-5, respectively. At the same time, total tallies are made in




ik

S L

the total column for A and B.
Exhibit B-5, corresponding to the 284 fingerprint cards of data
set #2.

There are 2,480 such tallies in

Normalized Tables

The normalization of the raw tables is really done in SIFTER-
SEARCH. However, it will be described here, since this is its
logical place in ths system.

The raw tables created by SIFTER~NUMER are normalized in order
to convert the tallies to probabilities of choosing a B(I)

value given an A(I) value. Normalization was done by dividing

the number of tallies made in the table by the number of possible

tallies in a given category.

The actual normalization factors used are shown in Exhibit B-6
where N6 (X) indicates values in Table N6 just described. Only

tallies in column A are used in the calculations.

The normalization constants indicated in Exhibit B-6 (other
than 2) show how many ridge counts were tallied together as a
group. The factor 2 comes from splitting tables N3 and N5
into two sub-tables each (N3AB, N3BA, N5AB, and N5BA -- see
Exhibit B-7).
tinguish between the inquiry and file codes and determine the
correct conditional probability. The tallies in the split
tables were divided by 2 to avoid counting each tally twice.

The splitting was required in order to dis-

To normalize the tébles, each table entry is divided by the
normalization factor and the result reinserted in the table.
For example, to normalize the entry used as the example for
Table N1, A = 4, B = 4, the final entry tallied in Table N1

g normalization factor, namely the entry in row 4, column A of

‘The normalized value would be

bt e

e
v

(29 in Exhibit B-5) would be divided by its corresponding

Table N6 (67 in the exhibit).
20/67 = .433.

smoothed Tables

After normalization, NUMER tables were smoothed. This was
done to reduce the chance of a "0" being found in the tables
when, in fact, the classification pair being looked up was
relatively common, but just did not happen to be in the data
set that established the tables. For example, the pair

A(I) = 17 and B(I) = 18 may not have occurred in the data set
used to build the tables. However, it is a likely combination.
Only NUMERATOR tables were smoothed (N1 - N5). A variation
of "exponential smoothing” was used on the data, column by

column. Steps were generally:

(1) An initial starting value was chosen (SMOOTH (1,J))
(eithér the first value found in the normalized
table, or if this value was very small, a certain

larger value was inserted as a starting value.

(2) A damping factor D (or weight factor) was chosen.
A value of .2 was used because it seemed to give

good results.)

(3) The new table value (SMOOTH (I+1,J) was calculated
by multiplying the damping factor times the original
sable value (D*TABLE (I+1,J)) and then adding 1-D
times- the last smoothed value in the table

(SMOOTH (I,J)).




Thus, the equation used was:
SMOOTH (I+1,J3) = D * (TABLE (I+1,J)) + (1-D) % (SMOOTH (I,J))

' STFTER-DENOMINATOR

fThe tables of DENOMINATOR values to be used in the calculation
'of SCORE were constructed by considering only prints in the
‘library file (B).

where D = damping factor (.2 for all tables except N3;
.8 for Table N3)
SMOOTH (I+1,J) = new value for table; (I+l) is row
position, J is ¢olumn position).

Initially this is SMOOTH (1,J) = 1
starting value. ‘Before constructing the tables, the library file was converted

‘preliminary Process

to all numeric codes (shown in Exhibit B-~3) and sorted into

rascending order. Eighteen categories (rather than the 116 in

The damping factor (between 0 and 1) is chosen in this method 'Exhibit B-3) were used for grouping. All ulnar loops were
according to how the data should be weighted. A small factor treated as one category, as were all radial loops. The sixteen
(less than .5) puts more weight on the last table value ‘non-loop categories were left unchanged. The codes were then
smoothed, than on the next table value. A larger factor {(over sorted numerically and the number of identical code types,
-5) has just the opposite effect. using the simplified classification system, were counted.

‘These "counts" were stored as an additional entry in the library
Tables N1 and N3 were smoothed in two sections; i.e., radial file (see Exhibit B- 8, page 1 for the flowchart).

loops and ulnar loops were treated separately. Thus, in Table
N1, rows 1-50 were smoothed. Then, row 51 was used as another Table Construction

starting value and the process repeated. ) T .
4 The flowchart in Exhibit B-8 shows how the DENOM tables were

) . constructed. Each print in the file was treated finger b
After smoothing, if a zero still remained in a table, it was .. i p. d Y
) ) . i ) finger. The statistical dependence of the fingers was taken
replaced by a small value, in this case, 1/(library file size) ] . )
. . . . into account in the design of the tables.

or .0001 was used. This was to prevent any error in coding ;

from being catastrophic and causing a zero probability to be ' '
Four mutually exclusive tables, D1 ~ D4 were constructed,
‘where the D denotes DENOMINATOR. D3 and D4 were each divided

~into four sections, namely D3 Section 1, 2, 3, and 4, and D4

calculated.

After the entire smoothing operation, the tables were
renormalized so that the probabilities would add to one. An
example of smoothed and renormalized tables is shown in
Exhibit B-7. The damping factor used in these calculations
is .2 for all tables except N3 where .8 was used.

.Section 5, 6, 7, and 8. Tallies were made only for loop data.

iSIFTER—DENOM prints out the raw tables, D1 through D4 and

galso punches the same tables on cards to be used as input to
- SIFTER-SEARCH.
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Raw Tables D1 and D2

Tables D1 and D2 were used for tallying the first time a loop
was encountered in a print. Dl was used for ulnar loops and
D2 for radial loops. In the library file used, 61.5% of the
entries were ulnar loops and 4% were radial loops. The other
34.5% were non-loops.

Exhibit B-9 shows an example of the tallies made. The left-
hand column lists the ridge count of loops in the library file
print. The next ten columns are tallies of the number of times
a given ridge count was found in the library file for the finger
indicated at the top of the column. The right-hand column and
the last row of each table are row and column totals.

For example, if the ridge count on finger 4 was 10, a tally
would be made in row 10 (indicating the ridge count) in the
column headed 4 {(indicating the fin:.:r number). There are 234
such tallies indicated in Exhibit B-9.

Raw Tables D3 and D4

When ﬁore than one loop of the same type (ulnar or radial) was
encountered in the same set of fingerprints, tallies were made
in Tables D3 and D4. Table D3 was used for tallying if the
finger was an ulnar loop and D4 was used if the finger was a
radial loop.

The basic idea was to find the distribution of ridge counts on
each finger and not destroy the statistical dependence among
fingers.

e R

. By analyzing fingerprint codes, it can be observed that if one

finger has a high ridge count, the rest probably also have

high ridge counts. In addition, a thumb usually has a higher

. ridge count than an index finger, while the other three fingers

typically have nearly equal ridge counts, somewhere between the

counts on thumbs and index fingers.

To preserve dependence, Tables D3 and D4 were constructed

using complete sets of codes (10 fingers per set) in the order

1 through 10. The distribution of finger I (I = 2,3,...10)

was tabulated about the average ridge count of fingers 1 through
(I-1), radial and ulnar loops being considered separately.
Ideally, a large number of tables, perhaps 50, i.e., one for
each possible average ridge count, should be constructed.
Instead, the number of tables was reduced to four each for
radial and ulnar loops. Each sub-table corresponds to a small

range in the average ridge count as indicated in Exhibit B-9.

Notice in the exhibit the concentration of counts near the
average of the previous counts (row "0"). This confirms the
notion of dependence among fingers. Also notice in Table D3,
section 2, the tendency of the index fingers (#2 and #7) to
have counts below the average, and the tendency of the other
fingers, particularly the left thumb (#6) to have counts

higher than the average.

In the library file used, the following percentages of the
data fell into the eight tables:

Table Percentage
D3, Section 1 15.7%
D3, Section 2 23.7%
D3, Section 3 10.6%
D3, Section 4 1.6%

51.6% Total for counts 1-49




~..row 3, column 3.

Table Percentage
D4, Section 5 .33%
D4, Section 6 .20%
D4, Section 7 .21%
D4, Section 8 .18%
973 Total for counts 51-99

The other 47.4% were non-loop codes and sets that had only one

ulnar or radial loop in the set of 10 prints.

Example of Tally

An example of the tally procedure for a print record is as

follows:
finger #1 2 3 4 e etc.
count 10 15 53 07 ....etc.

The count of 10 is saved and a tally made in Table D1,
This indicates finger 1 has a count of 10.

(1)

row 10, column 1.

A tally is made in Table D3 in the column headed 2
The row of Table D3 to be used is
determined by finding Average minus Present. the
fingers that are ulnar loops that have already been
is 10. Present, the ridge count of the finger
‘presently being considered, is 15. The section of Table D3
The row of the
10-15 = -5.

(2)
(indicating finger 2).
Average,
average of

considered,

to be used is Section 1 because Average = 10.

Table D3, Section 1 used is Average-Present =

(3) The count of 53 is saved and a tally made in Table D2,

This indicates finger 3 has a count of 53.

(4) As in step (2) a tally is made in Table D3, in the
column headed 4 (indicating finger 4). The section of D3
used is Section 2 because Average = 10 + 15 = 13. The tally
is recorded in row (Average-Present) = 2 13 - 07 = +6.

B-14

Normalized Tables

DENOMINATOR tables were normalized to convert the tallies to
the probability of choosing a given B(I) value. This is
%imilar to that done in the NUMERATOR tables. Normalization
was done separately for each table (considering D3 and D4 each
as four separate tables). Again, this normalization process
was done in SIFTER-SEARCH, but this is its logical place in

the system.

All DENOM tables are normalized in the same way. A table
entry for a given finger is normalized by dividing the entry
by the column total for that found in the last row of the
table. For example, using Exhibit B-9, Table N1, the normal-
ized table entry for the row 10, column 4 would be 234/5171 =

.0453, since 234 is the raw table entry and 5171 is the column
total.

After normalization, entries are replaced in the tables, and
normalized DENOMINATOR tables are the result.
ﬁ?t smoothed like the NUMERATOR tables. Smoothing is not required
since a zero entry will never be looked up. An example of
normalized DENOMINATOR tables is shown in Exhibit B-10.

These tables are

SIFTER-SEARCH

Description

%IFTER—SEARCH searches the library file and calculates SCORE
QSlng smoothed and normalized NUMERATOR and DENOMINATOR tables
In a table look-up manner. The normalization and smoothing was

qone in this program, but in the operational system it would be
done beforehand.
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The program operates in two modes. MODE 1 calculates SCORE
for an inquiry card A and file card B contained in the 10,000
card library. A given inguiry card is compared to the entire
library file and a tally of the number of scores that exceed
given threshold values is made, indicating the number of
possible matches for each inquiry code. SIFTER-SEARCH can be
run for any number of ingquiry cards and any size library file.

MODE 2 calculates SCORE for selected pairs of inquiry and file
cards. It was used to calculate scores for known matching
pairs of codes, whereas MODE 1 was used to calculate scores
for non-matching codes. The two modes were made separate

only for convenience. The same results would have been
obtained if the known matching codes had been added to the
10,000 card library and only one search were made. Both

modes used the same numerator and denominator tables and
calculated scores identically.

In MODE 1, in order to minimize the computer time used in
reading the library file, the program is written to read the
library file only once, no matter how many inquiry cards were
scarched. This was done by first reading and storing all the
inquiry cards, and then reading the library file one print at
a time. The library file print B is then compared against
all %t inguiry prints A, before another print is read. The
acsual method used to do this is shown in the flowchart in
Exhibit B-1l, SIFTER~SEARCH.

To further save computer time, an initial screening based on
Henry Primary was included in MODE 1. In practice, the file
would be segmented by Henry Primary; referencing of the Primary
would be necessary. |

B-16
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Numerator Calculation

'SIFTER-SEARCH performs table look-ups into Tables N1-N5 using
:the inquiry print for A(I) and the library file print for B(I).
This look-up is done one finger at a time and the probabilities
for the ten finger pairs are multiplied together. The final
result after ten’multiplications is called NUMER.

Denominator Calculation

SIFTER-SEARCH performs table look-ups into Tables D1-D4 using
only file print B(I). This look-up is done one finger at a
time and the results for each of the ten fingers are multiplied
together. The final result is then multiplied by the count
stored in the library file and divided by the total number of
prints in the file (10,000). DENOM is the result after the
multiplications and division are performed.

Input--MODE 1 and MODE 2

The following is a listing of the input and the order it is

used in SIFTER-SEARCH. The use of the input may be followed
in the flow chart in Exhibit B-11.

1. Damping factors for smoothing
2.

pairs of prints being used as test prints.

DENOM tables for the library file

Mode number (1 or 2)

Library file data, number of prints in file, number of
Search arguments (MODE 1 only)

Threshold values (MODE 1 only)

Data - 100 pairs of prints chosen randomly from data set
being run.

NUMERATOR tables for the data set used,created without the 100




*J---.-.-.-.......-........!.....l.!II!.lII'IIIIIlIIIlllllllllIllIIIIIlIIIIIIIIII-------L

The NUMERATOR tables used are tallied using the data sets without
the test data so that the system parameters (the tables) are
independent of the test. This guarantees unbiased results.

are fairly consistently high, however. In the exhibit, the
1eft-hand column is a listing of the data pair being used

' (1-100). They are numbered the same as in MODE 1. The next

10 columns indicate the alphanumeric coding of the inquiry
print A, and the file print B. The value of NUMER (see NUMER
calculations) is printed on the first output line. The value

Output — MODE 1

The complete SIFTER-SEARCH output for both data sets is shown
in Exhibits B-12 and B-13. The output consists of a listing ' of DENOM (see DENOM caloulations) is printed on the second
of the search arguments used and the corresponding number of line along with SCORE, which is equal to NUMER/DENOM
tallies made for scores that were greater than the threshold N '

values given at the top of the page.

CONCLUSION
The left-hand column ig a listing of the number of the argument 'SIFTER is an efficient, computerized method of searching a library
peing searched (1-100) . This number is used only for identifi- file for a given inquiry fingerprint. The method can be used to
cation purposes. The next ten columns indicate the alphanumeric produce any number of "potential matches,” depending on the set-
coding of the inquiry card peing searched against the library ting of the threshold of value. The probability that a match
file. (Note that the codings on the 1ibrary file are not listed for a given inguiry print will be found, if it exists, in the
in the output, but are available upon request.) The final ten library file is high and the cost of running the program is
columns are tallies of how many scores were calculated to be . ’comparatively low (especially if multiple ingquiry prints are
greater than the threshold value given at the top of the ‘searched at one time).

column. The last row is a column total indicating the total
number of scores calculated for all inguiry prints that were
greater than the threshold values. For example, in Exhibit
B-12, the first and second codes had no potential matches. The

third code had seven matches with scores above .3 X 10~l, three

greater than 3 x 10l and only one above .l X 104.

Output - MODE 2

MODE 2 output for pboth data sets is shown in Exhibit B-14 and
B-15. The output 1ists data numbex, inquiry print A, file
print B, NUMER, DENOM, and SCORE. Two lines of output are
generated for each SCORE calculation. Note the variation in

scores from a high of about 1012 to a low of 10—7. The scores
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i % Exhibit B-4., Sifter-Number pny
Exhibit B-3. Fingerprint Code Conversions Used in Sifter | Flow Chart Arr;;g
o T
ALPHANUMERIC NUMERIC CODE
CODE_(NCIC) (SIFTER) MEANING | /Read A ana B/G @
———te L one fix.lger at 3
1-49 1-49 ulnar loops time Fqi‘,“‘;;‘,'rg‘;’:es‘}
51-99 51-99 radial loops N3, N ;
AA 101 plain arch
T 102 tented arch
XX 103 amputation Print Tables
N1, N2, N3AB,
\ SR 104 scar N3BA, N4, N5,
: p ,
;‘ PI 105 plain whorl--inner 1
tracing : lno
PM 106 plair} whorl--meeting < | oo for G
tracing : I=1to 10
Po 107 plain whorl--outer
tracing f 1 =a@m ¢
i IB = B(I) ,
CI 108 central pocket loop-- Convert IA and 1
inner tracing 1B to numerie i
ata i
CM 109 central pocket loop-- J ’
meeting tracing T
co 110 central pocket loop--
outer tracing i haa to | |@
DI 111 double loop--inner ;:ig ;;r | i
tracing ; [ rabie n6 |G T |
X . : formed g
DM 112 double loop--meetling ‘ ‘ yes :
tracing f ; : @ 4
DO 113 double loop--outer | t};ﬁytgor ‘@ = ’t:iiiyt?or ;
tracing Table N4 Table N1 i
X1 114 accidental whorl-- X i
inner tracing ﬂ i , ‘
XM 115 accidental whorl-- b
meeting tracing H
X0 116 accidental whorl-- 5 i
outer tracing i* , {,
z Add to Is add to | |
B tally for 1B>102 28 _pl tally for ¥
& Table N3BA ? Table N5AB |
Ada to |(& Add €6 |
; tally for tally for
; Table NSEBA Table N3AB
: A 4 y e - I . _ . . N 4 J’ 1
: 1 A ves
|
4
o
ot i




(Ly (2)

4

X

Ia = A(I)

=
[s8Y

hibit B-4

NOTES ON FLOWCHART

pair of codes of matching fingerprint
cards, 10 fingers/card = > A(l)
alphanumeric data.

number of finger being considered

set IA equal to the count of the finger
being considered. Similarly for IB.

Table 6, total count for each fingerprint

- A(lO) l

code on A

cards and B cards

see IDENT tables, Table NS5BA
see IDENT tables, Table 4
see IDENT tables, Table N3BA
see IDENT tables, Table N5AB
see IDENT tables, Table N3AB
see IDENT tables, Table 1
IDENT tables, Table 2

see

(Continued). SIFTER-NUMER Flowchart
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Exhibit B~-6.

Table #

N1
N2

N3AR?

N3BA®

N4
N5AB?2

N5BA?

Numeric
Code
1-100

6,7,...13
14-46
47-53
54-100

1,2,...5

6-10

11-50
51-55
56-60

61-100

1,2,...5
6-10
11-50
51-55
56-60
61-100

101,102..116
1-10

91-100

Normalization
Factoxr

N6 (X)!?

N6 (X)

33%N6 (X)
7xN6 (X)
33%N6 (X)

2%N6 (X)
10
2*I N6 (X)
X=6
50
2%% N6 (X)
X=11
2%N6 (X)
60
2%L N6 (X)
X=56
100
2*%% N6 (X)
X=61

N6 (X)
5%N6 (X)
40%N6 (X)
N6 (X)
5%N6 (X)
40%N6 (X)

N6 (X)

10

2%% N6 (X)
X=1
20

2% N6 (X)
X=11

© 10

2%7% N6 (X)
X=91

20%N6 (X)

20%N6 (X)

SIFTER-NUMER Normalization Factors

Range of
Possible X
(Choose 1)!

1-100

6-13
14-46
47-53

1-5

51-55

101,102
101,102
101,102
101,102
101,102
101,102

101-116

103-L.¢&

103-116

l1x - see range of possible X values, choose one
2pB indicates A is loop, B is non-loop
3pA indicates B is lcop; A is non-loop

B-41
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U.U0GE 0.0G01T G.1087 CG.G%Cu ve1137 Q0. 1907
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0.0002 0.0017 Ga1087 Gad 9Ol Gall27 0.19C7
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¢.0062 C.00L7 C.106t7 G.09C2 Cell2?7 G.1907
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0.000G2 Ca.0ULT Ue1G87T C¢.0902 C.1157 0.1907
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00001 0.CH0Y G 0001 C.0001 [ PR32 /54 C.7C45
0.0G01 0G-0001 G.0001 Gl 297 Q.1207 V6450
Qw00 P-0003 L~ GO0l el s bt Lo 373 o-ex32
~ ' Exhibit Bo7 (Continued)
0.0CO1 c.00CX G.cool CeCOIT  waeld%2 0.6L3Z
G002 0.060UC1 CeGO0L Call120 Lei093 G.6343
0.0001 6.00601 0.0001 G611 Leiz03 V4065
0.06001 0.0001 G.0CC1 0.0683 C o063 C.5394
00001 U.0C01 G.0C01 Ca2 932 CaZC8 C.492
0.5001 Ue (LOL 00061 (2280 Uelz37 0.3394
G.0001 C.G001 G.00C1 0.2106% D.1417 G.42E6
0.0001 0.0001 0.0374 0.2CG10 CGalaTl2 0.232%
0.0001  0.0001 G.G292 0.1869 u.lt8l 0.2596
0.0001 0.0001 0.0229 0.1232 Gai&76 0.3472
0.0001 C.0001 C.ClEl C.1224 Jalldy 0.3089
0.0001 0.0001 UaT1lE1 GalZz24 Cal1l4 G.360y
0.0001 0.0GC1L 0078 U.C 568 00499 0.1325
0.0001 0.0COo1 0. G066 0.GuB2 Ja 0424 0.1879
0.0001 0.0001 0.0055% U.G400 J.02Zh7 0.1561
G.0CO01 0.0001 0.1499 G.0bE1 Je.0UE1L1 0.3684
0.u001 0.CCC1 Celayy 0.GE81 UG.0511 U.3684
0.0001 0.0001 0. 1499 0.GE81 Je 0511 0.3684
0.0001 0.0601 Uelayy Ga.0581 YaCEL1 G.3604
0.0001 0.0001 0.1499 0.0561 G.0511 O.36&4
0.06G01 0.0C01 Oel149%9 0581 0.0E11 Q3684
0.G001 0.0001 0.1499 0.0581 J.t511 0.3684«
G.2001 0.6061 G.1459 C.O0LBT S.0511 CU.3684
G.G001 0.0C01 149G J.UEEY J.0511 0.3684
0.0001 0.00561 0e145%9 C.Okb1 Ua0211 0.26E4
0.0001 U.0C01 0.14%9 U055t G.0511 0.3684
0.UGC1 0.0001 0. 1499 0.0us81 wa0511 U.2684
0.u001 C.0001 C.1499 0.05EL C.0511 0.3684
0.C001 0.006C1 0. 1499 G5Bl L0511 G.3684
o 0.G0C1 Ga. 0001 Oas&SG U.U5L1 Gautll 0.3684
& 0.0001 0.0001 0.1469 0581 L0511 C.Z6t4
w 0.u001 0.0C01 01499 v.lBb1 0.9511 C.Z6E4
0.0G01 C.0001 Ue 1499 G.CEBL 0.0511 0.3684
0.C0CG1 00601 Gal4y9 C.0E8% C.lLS11 C.3684
0. C001 G.0001 D.149% G.C581 Ge0511 G.36E4
0.0001 0.0001 Uel499 [EPR SR B v.0%11 0.26E84
00001 0.0001 L1499 U058 0.05811 0.3664
0.0001 0.0CO01 (e 14C09 C.0EBL §0.0511 Oe3664
0.u001 0.0C01 Ual4y9 C.LEEY CUt11l C.3684
Gae 001 C.GGO1 Ve 1G%Y C.0bBL Caubll 0.3684
0.0GLY C.00C1 0e14%9 G.0Z2E1 0.0511 02684
0.0001 0.0001 Gelasy Ca.05E1) S.ubll 0.26E4
0.0001 0.03C1 Gal&a99 C.0b5L1 Je0511 G.3684
0.0C01 G.UCC1 Lel499 Le05kL G.0Z11 O.26t4
G.0CC1 G.0C01 C.1499 0.06581 U.GE11 0.3684
TeGOUG 16,0000 53.C000 17L.0000 445,050

R B A R 22 e e BT o 4

Ga i TLIO
LaiTV2
CalTta
HalTGs
A B £
Celf1T
Gail6L
T.1718
Cal1%581
Ve 22% 0
U-Z(‘t7
Ce2217
Ja. 1701
C.l1l411
C.112%
C.CEGC
U.0T71%
V0574
Gal BT
UU5T&
Co3574
C.0G574
GaUET4
Q0574
GoGETS
0.0874
Gevr5 T4
J.0574
Bol574
C.0274
G.05T%
0.6574
0.2574
0.0574
Gel574
0.0574
9.0574
G.0574
G-.C0C1

C.i05¢t
0.CT77%
0.0423
0.2473
0.23259
Ceudb74
0.16L7
G.16E2
2775
0.2170
C.2129
C.2129
Qe2GE2Z
0.1743
02239
G.3226
0.2236
0.2236
0.3523¢6
0.32556
Ge2226
G.3236
C.322%
Ca32Z6
0.3236
G.22326
0.2236
0.2236
Ua.2236

«2236
C.3226
02256
C.32306
G.3226
C.2228
0.2236

«32386
0.32206
t.3236
0.3236
C.3236
G.3256
Ga2236
Ge3236
L2236

. -
~ies (Data

3. 01iv
‘f."p Q.\3'f
AINT3 2 ¥4
T Lle?
SaUTZI
LeQity
D @“lc.u
LelEEY
o 353Y
L‘. 'L’?’$‘9’
[
Ua 1060
3. 10932
C,1l48
Co 10t
[ T
{1708
(“o 1729
0.1379
0. 1130
G.087¢
C.C¥C1
G050
Qe 456
Je2atE
Ue 24458
Ue 2656
VeZ656
0.24506
G. 2458
Cae 2456
G. 2456
Je 2450
U. 2456
Ve 2456
0. 2456
Ce 2456
Ce 2456
Gael4l6
Qs 2656
02456
0.24%6
0.0201

V.00C1

G- 0001
a-osem

N RVEY
Ce QLbBC
0.0364
(e 24C7
0.0309
0.0842%
Ce 0499
G 0287
G.0350¢
Ge 0227
Ue. G187
G. G187
0. 0080
0.0C6L
0. 0057
U.0062
C. 0082
0. 0082
0.00562
Ve GOEZ
0.00:2
0.008Z
0. 0082
C.0GEZ
C. 0Co2
(G.00k2
Ve 3062
0. 0082
e CO®2
0. 0082
0. CuE2
0.0082
0. 0002
0.06¢2
De. 0082
Ga 0082
G.GOB2
0. 0082
C.00t2
0.00c2
C.00¢2
3. 0082
0.00£2
G 0CGu2
C.C0E2

£SG.0L00LEC 3E1.C0CC 123.C00C

SewdaE
wabUls
E‘Qié?i‘
C.L07F3
we COBE
U078
Se012¢
COLOT
Uetz164
G020
06.0203
G.C251
C.053%
C. 0400
U.0411
1. 0605
C.0337
C.063E
G.0509
Go a6
Gau32¢&
Q. G259
G.2217
Ue.l772
01772
C. 1772
G.1772
0.1772
ColT72
Q1772
¢.1772
0.1772
va.1772
1772
GalT7T72
J.1772
Qaa772
0.1772
Ca1772
0.1772
01772
G.1772
0.1772
L1772
0.0001
G.5001
v-.0001
¢-0001

PrauDUP I

0.000)
L.000G1
0.0001
0.0001
¢.0001
0.000 ¢
0.6001
0.0374
C.0292
0.0946
U. 0746
C.07486
0.0320
0.0272
u.0229
Ca0327
0.0327
G.0227
G.0327
0.0327
u.0327
G.0327
0.0527
6.0327
G.G327
6.0327
003227
(a0327
0.0327
Q.0327
£.0327
0.0327
0.0327
0.0327
360327
0.0327
00327
0.0327
C.0327
t.0327
C.CZ27
©¢.0227
Ce0327
0.03227
0.0327
40.6000

Sot #27

Ul OL
.ET0L
L1
C.Clul
Ceully
C.QGLS
C.CCi
LG0T
G.0022
£.005C
L.OCS7
C. 0045
C.G060
G.U055
G.00&3
G.0035
C.0118
0.0267
G.0397
G.0317
0.0253
0.0202
0.0161
0.0129
¢.C103
¢.01us
G.C102
G.0lu3
0.0103
G.0103
€.0103
0.0103
01032
G.0103
G.0103
G.0103
0.0103
0.01C3
0.0103
0.0103
00,0103
0.0103
uv.0103
$.0103
0.0103
¢.0001%

¢.0001

G-0001
b-onoR?

€.0C01
L-.0G01
0.0001
¢.0001
G.C001
0.0001
0.0001
0.0374
0.0292
0.0229
v.0181
0.0181
G.007¢
0.0066
0.0055
0.0079
0.607¢%
C.G07Y
0.0079
0.0079
0.0079%
G.0079
0.0079
0.0079
0.007%
0.G079
G.0079
0.0079
C.007Yy
G.0079
0.0079
C.0079
0.0079
0.0079
0.6079
G.0079
0.6079
0.0079
0.0079
0.0079
0.C079
0. 0079
0.0C7Y
0.0079
0.0079
10.0000

“: QQ@“ 2 E: n&“ﬁ ‘:Q
LI g § T Ph L
SLLTTY } AR D
SeLTLX T e Thek
G.eC0Y PR
L.Co03 T B &L
TVVY Gausd)
C.LT1¥% Y5914
Cabals Fali i 50
Q.O0LE [N S
C.L009 CaS9cy
TCluil Ca¥7%7
u.u0l7 1.COLG
G.3013 V.5E39
C.001) G.921d
T.200% 0.977%
W 0007 09531
J.C0r9 1.{000
0. 007U Q.9T0b
C.005%7 1.0G00
G.0044 Ca.9545
0.0200 1.0GCG
0.6164 1.0000
C.0131 1.0000
G.01C5 10000
Go U0 8 1.0000
G007 1.G0G0
0.0053 1.0CG0
G.0043 1.0000
0.0043 1.060C
G.0043 1.0G06
C.0043 1.0000
C.00432 1.9000
G.0043 1.0000
0.0043 1.0000
G.0043 1.u000
CalCx3 1.0000
G.0043 1.G000
0.00432 1.00C0
0.0043 1.00C0
0.0043 1.0000
0.0043 1.0C00
0.C043 1.0G00
C.G043 1.0000
0.0043 1.G0CO
00043 1.u00G0
0.0043 1.00L00
0043 1.0000
0.0043 1.0000
G.0001 0.u286
0.00GC1 0.800C
6.00C1 0.6500
L2-R882 P-2738
0.000L 1.C000U
0.000G1 1.06G00
V0001 V66567
0.0001 1.0000
0.5001 1.6C00
0.0001 0.83332
0.0601 1.¢000
0.0001 1.0000
0.0001 1.0000
0.0001 1.06000
0.0001 1.000C
0.000L 1.0000
C.GC0o01 05000
0.0001 0.E000
G.G0O01 0.5000
0.0001 1.0000
0.0001 1.06000
0.00C1 1.0000
0.0001 1.0000
0.0001 1.0000
0.0601 1.06000
0.0001 1.0G00
0.0001 1.0000
0.0001 1.G000
0.0001 1.0000
0.0001 1.000G
0.0001 1.0000
0.000:% 1.0000
C.00CY 1.C0G60
0.G001 1.0¢00
0.00GC1 1.C000
0.000i 1.G000C
0.0001 1.0000
0.0001 1.0600
G.0001 1.0000
0.00C1 - 1.0000
0.0001 1.06600
C.0001 1.0000
0.0001 1.0000
C.0C01 1.00CO0
C.00C1 *1.C0GO
0.00C1 1.0G00
0.0001 1.0000
0.0001 1.000C
0.0001 1.¢060
5.0000 1923.00600

g

DS




TABLE #¢ 2 Exkabit -7 {Contipued)

AeIl= §9PILELLT
LT il
L« L0GY
JALa7
Y0008
¥ LLLLCT
L0006
C.LOLS
5.0001
G.0002
8.GC01
9. 0600

AN T S T A .
T AP RN G e s
et s e

R e ot

TAELE N 3

G.GCO1 C 3462 9. GOLO0
C.uGCL C.13848 0000
0.00061 C.0625 5. 0000
0.0601 c.G128 C.G
0.0001 0.0077 1.56000
G.0001 0.0001 C.C

4 0.0661 U.C001 G.C
- G.0001 ©.2057 3.06CC
0.6001 ¢.1011 3.660%
©0.0001 0.0762 1.0006
¥.0001 0.0141 JeU
0.G6C1 0.6001 6.0
0.0001 4.0001 0.0
0.0 36.00060  26.00600
TABLE N 3
0.C001 0.1139 $.0000
0.0001 0.1038 #.0CU0
0.0001 G.0T14 5.0G00
6.0001 0.0144 0.0
0.0001 G.0130 1.00L0
, 0.6001 0.0001 0.0
T 0.6001 £.0001 €.0

0.0001 0.0759 6.0CC0
G.0001 0.0456 3.0000

0.0001 u.0395 3.0C0C
0.0001 Q0.0180 1.0C00
0.0001 0.0027 G.0

SRR %-0e0l =€

O R N .

e T T g ) e
TAELE N 4

0.922 0.03L C.000 GC.009 G.004 C.CO0 0.0C0O, C.CCO LCG 5000 C.GGL 0.00C (.0G00  CLCGOC C 000 G.O0C  ilT7.0GGO
0057 0759 G000 04032 U000 CenG0  Gaw00 Q.C0U Ta900 Lo00GT  0.000 04000 o000 G006 ©0.206C ©.OGO 64.G00
; G.G60C 0.000 C.L00 GC.100. C.OCG CelGO 0.5C0 ¢.000 0.00CG 5.C0C 0.000 G.000 9.000 0.00C U.0C00 0.000 £.000
Ue04b 0,114 0,023 0591 (.023 0.023 G.CCO0 0.000 0.06C u»-000 0.06Z3 0.000 0.00C 0000 G.0060 0.000 19.060
0.0C3 04600 0.0C0O 0.003  U.t93s Geu&T 00002 0.0386  (a06GC 0.UGO 0GL.G358E 0.G00 0.000G 0.000 G.GO0 G000 16%.GCO
U«0C0 0.000 0.000 C.005 G LU Ga:Z0 0105 0,000 (G.01C 0.0Cz G.CCC 0.0GC0 C.00C 0.0G06 0.000 G.00C 100.00C
0.000 G.000 $.000 C.000 .00z O.uft 0623 G.C60 0.0CC (.0Z6 0.0CG0 0.00C C.026 G.00GC G000 C.GU0 181.0GCGU
0.000 0.000 0.000 0.000 G.15% (.00 G000 0.707 0.000 2.060 (.012 0.006 Q.00C $.000 u.060 0©.0GO 40000
0.000 G.000 0.000 ©€.000 0.000 C.2C0 0.400 G(.G00 OQ.400  (ew00 $.000 0.0C0 0.860 0.000 w.000 0.0060 4.000
0.0C0 0.G00 Ga.0CO0 G.G00 0.000 Gu.Lll 0.148 0.00C G.00C G.841 0.000 (.C00 0.0GCO 000 0.0CO0 0000 424000
G.CCGO 0.00C 0.000 0.0L0E Co1C8 . 0.0C 0.5006  0.0068 G U000 (.00C Ge.i7 0.00&8 0.000 0.0G00 0.00C0 G.COC 5£.00C
0.00L" 0.0C0 ©0.000 0.000 G.0006 €000 0.360 T.06C 0.000 S$.C00 0.250 1.000 0.00C 0.C06 ©.C00 U000 2.000
0.000 0,000 0.000 0.000 0.0G60 U.L00 Cu217 0.0060 C.000 0.000 $.000 0.000 C.S567 ©.L00 C.000 ©.017 z0.5C0

0.00u 0.000 0.0C0 0.C00 U000 O.uL0C 0.G00 0.000 0.00C ¢.000 0.0C0 0.C00 0.000 1.000 G.000 (.GOO 21.000
Ga0LO 0.000 0.000 0.060C Ca.CCC GolLGC G.CCO 0.0G0C O0.CGO0 5000 C.G0G0 G.000 G.000 G.000 1.C00 0.000 1.000
C.0CC 0.0LG0 0U.00G0 G.000 0.0C0 0.000C G000 G6.000 0:.C00 ©0.00C 0.0C0 0.000 0.25C  0.G0C G.00C 1.000 2.000
113.0 TU.0 4.0 18.0 17&.C 1C7.C  165.0 22.0 2.0 46 .0 55.0 2.0 260 1.0 1.0 3.0 £25.600
TABLE d 5

QeiCCC 0.100C 0.0C01 0.06G03 C.0001 0.CCCT7 0.0007 0$.C007 ©0.0CG3 046001 G.0001 C.0001 0.0601 (C.00CGi 12.0G0C
C.0800 0.0ELG% ©.000z C(.0001 0L.0001 OG.0008 00066 0.0006 C.C003 CaG001 0.0001 G.G0CL £.0G01L 0.0001 16.0GC0
0.0640 0.0659 0.0002 U.0001 G.0001 L.0GU7 0.0005 0.0017 0.GLOz 0©.0001 0.000%X 0.00C1 C.CGU01 0©.000X 2.00600
0.051c 0.05Z¢ 0.0C01 0.0001 0.CU01 0.0LGDOL 0.0GLO4 0.0614 0.0G0G2 €.0001 ©.0001i ©.C001 ©.00Gl G.0001 G.O
G041 0.0422 0.06001 0€.C00Y G.CCOL  LLOODE 0.0C03 C.0C21 C.0G0OCZ2 0.0001 0.0001 C.0001 G.06G01 - C.0CO01 0.0
0.%328 0.036% 0.0001 0.0061 C.0GCCY  (.0C04 C.00C3 0.0CCS D.000Z2 00061 C.00061  LO0CI (L0001 C.0GC0Y  2.000G
G.0263 0.03506 0.0001 0.GCUL G.0001 G.0033i 0.0002 0.4668 $.0029 0.00603 G.00G1 0.0C01L 0.00C1. G.00CiT 4.000C
0.0211 0.0261 0.0001 U.G001 U.0001 0.0355 0.0002 0©0.0006 O.CUz4 $§.0001 G6.0001 ©.0001 G.00C1 0.0001 1.006G0
0.ulb9 0.0225 0.06C1  C.0C01 G.00C1 C.C287 0.00062 $.0C0U5 G.001Y G.GCC1 G.0001 G.0C0LI 0.L0C1  G.06CL C.C
0.C12F CaUClEu 0.0001 0.0001 G.0001 C.G22& G.GCOZ 0.0004 C.0C15 0.0001 0.0C01 ©.0001 ©£.0661 0.6001 0.0
0.0 23.0000 1.0000 OG.U0 V.0 6.G000 1.0000 3.0006 2.06L00 0.0 G.0 0.C G0 C.0 37.0G6GCGO

Sv-4

TAILEL N S

0.1600 y.lo0L 90.0001 0.0GG0Z C.0Q001 G.G01Z C.01060 C.U0LIl 0.0NCY  G.0GO1 ©.0001 0.60G1 ©.0001 G.0C01 1:2.00GO
0.0bU0 O.UB41 0.0001 CG.0L0L ©.000. C.0027 0.00E80 G.CO0l1 ©.0004 C.0001 G.0001 G.0001 w.000@ C.uCOl 16.0000
G.Cbal 0.G677 C.GCO1 0.C0061 0.CCC1  C.C014 0.0064 (C(.0011 0.0004 0.06001 C€.C001 G.0001 C€.0001 0.000F 2.0000
G.0512 C.05%&¢ G.0001 0.0C01 0.0002 C.GU11 (C.0C5z G.LG6CS L.C002 0.0001 G.0001 0(.CCO1 0.66CX 0G.uG0l1 U0

0.041C 0.04324 0.00C01 0.00601 C.CCCX  C.OGUY U.C0642 U.COCE £.G003 G000 G.0001 0.000: ©.0001 G.0001 0.0

0.0326 0.G3E6 0.0001 C.0UOr G.C301  0.66U: 0.0023 ©.0CC6 C.0C0z 0.0001 G.0001 (.CG01 ©.0001 GC.0GG1 2.0600C
0.0263  V.0294 G.CCO1 U.0001 (.0G0061 (.0009 0.0027 0.00605 G.G6003 0.0001 €G.0001  0.0G01  £.0GCL G.CCO01  4.0GOC
0.Ulll ©C.0.3% 0.0001 ©.UG0G1I 0.0061 UL.0009 G.L022 G.COC4 C.OCGZ 0.0601 G.D001 (.000X G§.£001 w©.000L 1.0000
C.ll6Y 0.01&C (.0001 G.GCC1 0.C002 C.UGUE (.0CLlE C.CGGLs Go.0003 0.0001  0.0001 ©.G0C1 $.6001 ©.0001 G.O
CeCri3= C.C1b! 0.C601 G.06L1 0.C6C0L  G.0LCGO6  (.GG14 O0.CCCE 0.C0Cz 0.0001  0.0001 0.0G01 0.00C1 ©.UCG1 0.0
0.0 2540000 L.0GCG C.C c.a 6.GCCC  1.0G00C  3.0CMC  2.0uLl C.0 v.0 Gl RO G.0 37.0
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Tables D1, D2

Tally fox
Table DLl Table D2

Tally for
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Save A last]|(
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Tables
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END

Sifter-Denom Flow Chart




L 4 ® Exhibit B-8 (Continued)
6
DO for I =
1 to ICT
nrtMl= 1 |
NTIM2= 1 @
Initialize :
E Table D3T(1-4) Table DA4T (5-8)
DO for K = ()
1 to 10
Q O ®
Set < yes Is no yes ' Set
IFLG = 1 A < 50 P IFLG = 2
add to CTL % @ Add to CT2
Add saved A ) Calculate < Add saved A
to TOPl @ DIF, ID to TOP2
Calc AVG Calc AVG
&
Set NTIML = 2 | O] set NTIMZ = 2] G5
Save A ©) Set save A =
Initialize CT2,| IFLG = O 0 Initialize CTZ,EEH
TOPL TOP2 Q§
@
@
Tally for | Tally for | —pm
Table D3T1 D4T5
@
] Tally for Tally foxr
Table D3T2 D4T6 T
&
Tally for Tally for
Table D3T3 D4AT7
20
Tally for ® Tally for @®
D3T4 D4T8
: 4 v v v L A2

To page 1, Denom.
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RN B2 e S g i et

NOTES ON FLOWCHART % NOTES ON FLOWCHART (continued)

1y ¥ number of records on tape ; (19) Table 3 see IDENT tables, Table D3, Table 3
(2) ITAPE = 0, nothing punched : (20) Table 4 see IDENT tables, Table D3, Table 4
(3) IA(T,J) file data, 10 fingers/record, 20 characters/ i (21) Table 5 T
record, Record 1, IA(l,1l) - IA(LlL,10), this i see IDENT tables, Table D4, Table 5
is szrted tape of files of 10,000 without ! (22) Table 6 see IDENT tables, Table D4, Table 6
counts :
(23) Table 7
(4) I count for A fingerprint data being read in © see IDENT tables, Table D4, Table 7
; (24) Table 8 I
(8) LONT count of cards see IDENT tables, Table D4, Table 8
| (25) D1 I
(6) IcT count of number of records that are alike, ! see IDENT tables, Table D1
over 800 will generate error é (26) D2 see IDENT tables, Table D2
(7) NTIML = 1, have not had count under 50 on this E
fingerprint ]
= 2 have had count under 50 on this print i
(8)  NTIM2 = 1 have not had count 51-99 on this print ?
= 2 have had count 51-99 on this print ;
(9) K number of finger being considered é
(10) IFLG = 1 use Tables D3, 1 to 4 : 3
(11) crl count of how many fingers had ridge count ' ;
1-49 on the fingerprint card : \ ;
(12) TOPL sum of ridge counts on fingers so far E j
that have been considered with ridge : ;

counts 1~-49

il pa T 2

(13) AVG average of counts to left of fingers to g
left of those considered :

(14) cr2 like (1ll) except for counts 51-99 % é
(18) TOP2 like (12) except for counts 51-99 g ﬂ
(186) ID row position in Table D3 or D4 ” % ' 1
(rn Table 1 sec IDENT tables, Table D3, Table 1 ; \
(18) Table 2 see IDENT tables, Table D3, Table 2 2 !
| |

Exhibit B-8 (Continued). SIFTER-DENOM Flowchart
sxhibit B-8 (Continued). SIFTER-DENOM Flowchart
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Exhibit B-9. Raw Denominator Tables
: {Tables D1l and D2 are found at the.end of the listing)

s R W

T

7
&
; Table D=3, Part 1 1. < Average < 10
i &
| GISTRIAUTION OF COUNTS ABCUT THL AVIRAGF OF FINGERS TD THF LEFT OF ONE CONSIDERED
1 s 5 & LY & 7 8 9 10 TOTAL
RN =ETT
i =T T T C C T ¢ T o} ) (4] (4]
8 -ru—-tb G ¢ U 45 13 7 G t 8 1 75
-t5~11 < 1 o4 106 127 el 0 2 57 20 568
=1 T 3z 15 (33 &7 37 z p e 11 23%
— G 4 .z 75 5¢ 2 1 10 47 26 3(¢
-& G 3 i) 107 72 95 4 10 a0 43 419
=7 T T ¢ 11% 16T 17 7 22 62 61 L))
-5 ¢ 14 €7 102 123 114 12 40 1G4 i 453
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small number to be M:mmunwg.HSﬁo table
to avoid getting 0 probability

damping factors for smoothing numerator .
tables, AF3 is just for Table 3 :

numerator tables created in PSIDENT 2 §

.

numerator tables split in two according
to which value, A or B, is numeric .
(AB = > A is numeric, BA = > B is numeric)

denominator tables created in PSIDENT 3

= 1 denotes Mode 1 program

= 2 denotes Mode 2 program :
number of inquiry prints (Mode 1 only) w
number of library file prints (Mode 1 only) :
number of records to skip in library
file when reading

values with which to compare SCORE

inquiry cards

library file

subroutine calculating denominator for
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subroutine calculating numerator for
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place to keep current value of DSCORE

= 0 means no ulnar loops considered yet
on this print; i.e., use Dl .

= 1 means ulnar loops have been considered
in this print; i.e., use D3

like IFLAGLl but for radial loops
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PI €0 13 DI 16 18 14 16 NUMER= 0.922892E—03

PI CG 14 01 17 17 14 ‘16 DENOM: 0.115687E—~09 SCORE= 0.797748E 07
05 09 07 CI 64 05 06 05 NUMER= Gal93468E-12

63 08 06 (LI 63 04 06 05 DENOM= Oa412414E~10 SCORE= 0.469112E 03
PO PO Q7 DI 12 13 Pl 14 NUMER= 0.345371E~05

PO PO 07T PI 14 13 PI 15 DENOM= 0«113100E-09 SCORE= 0.305368E 05
01 17 14 08 PO 11 16 .15 NUMER= 0.146217E-06

TT 18 14 08 PC 12 18 1i4% DENOM= 0.34E830E~13 SCORE= 0.419163E U7
15 20 14 PM DI 16 €I 18 NUMER= 0.520982E-07

13 22 16 #0 PI 16 €I 18 DENDM= 0.409039E~11 SCORE= 0.127367E 05
PO PI 119 DI PI PI PI PI NUMER= 0.350109E-02

PO PI 16 DI PI PI PI PI DENOM= 0.749729E-05 SCORE= G «466981E 03
03 06 05 12 TT TT 06 71T NUMER= 0.642338E-04

02 05 06 12 TT TT 06 TT DENOM= 0.302264E-10 SCORE= 0.212509E 07
PM PO 18 DI PI PO 21 16 NUMER= 0.1662225—03

PM PQ 19 DI PM PO 21 16 DENOM= 0e369996E-07 SCORE= 0.449254E 04
13 20 12 13 14 13 2@ 10 NUMER= 0.111766E-03

i3 19 13 13 14 13 21 10 DENOM= 0.692678E-13 SCORE= 0.161354€ 10
PI PO 12 PI X0 PO PI 15 NUMER= 0.887551€~13 .

PI DO 13 0I Xe& PC PI 14 DENOM= 0.928045E-06 SCORE= 0.956366E-07
12 14 18 DI CM 07 13 19 NUMER= 0.120834€~06

12 14 18 DI CM 07 14 1&g DENQM= 0.231465E-12 SCORE= D.522042F 06
Gl 04 1% 11 53 53 06 06 NUMER= 0.305893E~07

02 04 14 12 53 53 06 07 DENOM= 0.5G01511E-14 SCDRE= 0.609942E. 07
19 PI pPM PI PM 13 08 Pl NUMER= C.338890E-08 )

19 PI PM DI PO 13 11 PM DENOM= SCORE= 0.332182€ G2

0.102020E-09%
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: Exnibit B-14 {Contimed) s I F T E R
1 , MODE 2
. DATA SET NUMBER 1

d

: 29 22 oM DB BB 22 16 1& 04 ©7 132 NUHER= 0,129654E-05
Z Z1 oM OB ©& 21 15 1% 03 07 17 DENOM= 0.T26TFTE~1Y SCORE= 0.179391E 12
¢ 100 17 TT 12 15 12 19 56 14 14 09 RUMER= 0,291649F-0% .
! 17 Y 12 15 13 19 S8 12 1z 1o DENOM= 0.250639E—12 SCORE= 0.116362F u&
: |
|
|
4 1
i 1
i |
; |
i |
&
3 H
~3
: o
: |
|
|
i
\
|
Exhibit Bl s I F T € R
MODE 2
DATA SET NUMBER 2
1 I7T 16 14 17 07 10 08 13 15 11 NUMER= 0.364795E~-G7
18 18 13 16 09 09 07 13 16 11 DENOM= 0.835527E~13 SCORE= 0.436605E 06 ‘
|
) 2 21 12 14 15 17 18 14 11 15 12 NUMER= 0.171544E~08 !
21 11 13 1& 15 16 12 09 14 12 DENQM= 0.128119€-11 SCORE= 0.133595E 04
|
3 PO 04 10 14 07 PM CM 05 15 03 NUMER= 0.507151E~04
PO 05 10 15 068 PM CM 06 14 03 DENOM= 0.132236E-12 SCORE= 0.383521E 0%
|
4 PC CI 21 PI 20 XX PM 17 CI 15 NUMER= 0.661884E~06 |
PO PI 19 PI SR SR PM 16 PI 16 DENOM= 0.225026E~07 SCORE= 0.294137E 02 \
\
5 PO PM 10 PO CO PI PM PL PI 16 NUMER= 0.135642E-03 !
PO PM 11 PO CG PI PI PI PI 13 DENOM= 0.853205E-06 SCORE= 0.158979E 03
!
6 PO PI CO PO 13 PI PC PM CI 14 NUMER= 0.274565E~04
D0 PI CO PO- 13 DI PR PM CI 13 DENOM= 0.955665E—06 SCCRE= 0.287302E 02
|
7 19 PM 18 PO PO 12 PI PI PI 15 NUMER= 0.102861E~05
@ 18 PM 16 PO PO 12 PI PO PI 17 DENOM= 0.195426E-08 SCORE= 0.526340E 03
3 |
8 21 02 13 €6 05 12 55 106 18 12 NUMER= 0.168783E~05
23 02 15 CO 05 12 55 12 19 12 DENOM= 0.547504E—14 SCORE= 0.308278E 09
9 22 16 14 23 16 DI 65 05 05 18 NUMER= 0.246469E-06
21 14 13 22 16 DI 64 05 07 19 DENGM= 0.150189E-15 SCORE= 0.164106E 10 '
!
10 PO 58 01 €O 14 CI PO 02 04 14 NUMER= 0.304261E~03
PO 58 TT €6 14 CI PO TT 04 13 DENOM= 0.405096E-10 SCORE= 0.T51083E 07
!
11 10 09 14 18 15 07 10 14 13 13 NUMER= 0.755289E~08 %
10 10 12 19 13 07 12 14 16 12z DENOM= 0.650111E~13 SCORE= 0.116178BE G6
12 DO 15 03 10 66 DI 11 12 13 1& NUMER= 0.525161E~06
PO 12 03 11 06 BI 11 12 12 13 DENOM= 0.633812E~12 SCCRE= 0.828576E 06
13 PM €O 14 CO 12 PM PM CI PI CIl NUBER= 0.973192E—06
PM CO 12 €O 12 PI PM 13 PI €I DENOM= 0.889954E-07 SCURE= 0.109353E 62
14 13 PO 12 10 14 PM PC 0B 10 11 NUMER= D.452503E~07
14 PM 12 11 14 PM PO 05 09 11 DENOM= 0.467698E~12 SCORE= 0.967511E 05

BT RON X



Bakibit B-15 {Continued) £ 3§ £ T & R
mMoDe 2

GATE SET NUMBER 2

¢ ) 15 LM rA AE Y2 069 65 aa o1 TV o8 MUMER= 0116362502
‘ CH At A& 11 10 6% AA D1 TT O€ DEROH= 0.393475E—10 SCORE= ©.300560E 08
: 16 PI 32 12 21 17 13 0% 16 21 1% RUMER= 0.24TS42E-0b
: PI 14 1% 20 19 1z 09 17 21 1% DENOH= 0.6544ETE—14 SCORE= 0.378224k 08
17T %X XX XX XX XX 1& TIT 03 08B 16 NUMER= 0.202919E~02
XX XX XX XX xX 17 IT 03 08 15 DENDM= . 0.495252E-09 SCORE= O.%11748E 07
; 18 oC FI PM PM CG DI PL PI PI LI NUMER= 0.927345E~03
: g8 PI PO PH CC OI PG PI €I CI DENCM= 0.1000CGE-03 SCORE= 0.927346€ 0L
; 19 i3 09 04 PM TT 12 05 06 PI 2 NUME &= 0.908110E—05
; 15 10 04 PO TT 13 U6 07 PI 02 DENOM= D.161494E~12 SCCRE= 0.562318E 04
§ 20 PI 67 CI 14 17 PI CC 11 14 14 NUMER= 0.256676E-05
; PI 65 €I 17 16 PI CO 11 14 l4 DENCH= 0.210292E-10 SCORE= 0.136323E 0&
; w
i & 21 PI PM CD PD Sk PM PM SR 16 14 NUMER= 0.329074E-04
i 3 PI PM CC €C SR PO PM SR 17 15 DENOM= 0.875662E—06 SCORE= 0.375792E 62
\2} .
; 22 CO 09 GG PO 14 DI DO PM PI 16 NUMER= 0.526640E—07
| D0 09 CO PG 13 DI DG PI PI 15 DENOM= 0.141001E-07 SCCRE= 0.373500€ 01
i
i 23 15 02z 12 15 06 14 SL 04 12 05 NUMER= 0.532151E-11
! 16 63 14 15 05 13 53 06 13 04 DENOM= 0.723265E-13 SCORE= 0.735763E 02
24 13 SR 13 13 13 13 13 SR 13 13 NUMER= 0.8B4945E—06
13 68 13 14 13 12 12 SR 12 12 DENOM= 0.,365729E-13 SCORE= 0.241308E 08
25 SR 06 02 14 TT 04 05 TT 56 TIT NUMER= 0.86G999E-10
€0 07 04 14 TT 06 0& IT 57 TT DENOM= 0.103720E-10 SCORE= 0.830115€ 01
26 21 TT 14 23 07 16 06 11 14 12 NUMER= 0.825546E-09
22 TT 14 23 05 13 06 10 14 09 DENOM= 0.595896E~13 SCCRE= 0.13853BE 05
27 15 AA Ol 08 Ol 02 AA Ol 08 05 NUMER= 0.8565C9E-05
15 AA TT 08 0L 02 AA 0L 08 03 DENCM= 0.211566E-13 SCORE= 0.405787E 09
28 18 PI PI SR 14 15 PC 13 CI 12 NUMER= 0.50936TE-04
19 Pl Pl SR 15 18 PC 13 Pl 13 DENDM= O w650 304E-0OY SCORE= O.TB32THE G5
P : et e et e e e -
{Continued) 5 1 F T g R
MODE 2
‘ DATA SET NUMBER 2
29 25 PT 16 23 2C 24 PC PY 22 1le = -
25 PI 16 21 20 22 PO PI 21 16 EUMER- gueseoTaE—00 .
: ENCM= G.1G3949E~1L SCORE= 0.662706E 07
: 30 14 60 0B 13 69 14 G&6 12 15 11 N =
15 60 08 15 16 13 06 14 16 11 ogmgﬁ- GoiorsteE-oe
‘ 1 = 0.190679E~13 SCORE= 0.371051E 0B
31 14 55 TT ©3 ©9 12 52 02 05 SR =
4 55 IT 02 i0 11 £2 03 b4 08 §§”ER- 0-218368E-05
| NGM= 0.638146E~15 SCORE= 0.342191€ 10
32 05 05 AR G9 G5 04 6G AA 12 05 =
UT 05 AA 09 06 05 62 AA 12 08 ggﬁER_ 0.137861E-04
2 NCM= 0.140521E—~13 SCORE= 0.961070E€ 09
33 04 62 04 05 69 G5 TT SR G5 11 UMER=
03 03 65 065 10 66 TT S 06 10 gegg:— o 353258E 705
‘ n = 0.176177E~12 SCORE= G.223218E 09
36 AA AA 09 17 GB AA AA 09 15 04 N =
AA KA 10 17 1G AA AA 10 13 05 oQﬁER— 0-206215E-04
ENOM= 0.982664E~10 SCORE= 0.211888E 06
i 35 G 13 13 PM 10 DI 15 12 pI
@ LO 13 14 PM 11 PI 12 B 1 NUMER= 0-250002E-06
® 2 14 PI 1C DENOM= 0.334609E—10 SCORE= 0.74TI4TE 04
36 P1 PI 13 20 14 SR PM 11 17 16 = ‘
PI PI 11 19 16 py bm 11 17 16 EUSER: 0.772052E-08
ENOM= 0.565360E-10 SCORE= 0.136560E 03
37 PO 03 08 CU €CC PI 0z €3 11 P =
PO 04 07 PC Co PI G2 O 10 Pi gUMER: 0.206796E-04%
ENCM= 0.150212E~09 SCORE= 0.137670E 06
38 PC 16 19 14 15 01 15 15 cI 14 ER = ;
PO 16 20 15 14 CI 13 1l 1 12 ponER= 0.225826E-06
3 ENOM= 0.276094E-12 SCORE= 0.874320E 06
39 PG C1 C1 FM PM BD PM PM C -
PI CI CI PM PM PO PM PM c% %3 SUEER: Qreas03aE-0s
) ENCM= 0.616185E-05 SCORE= 0.981897E 01
40 PC PM PM PM PG PI PG p _ ‘
P B En m b PTG pg gi i? NUHER = 0.169762E—G4
c DENOM= 0.521357E~05 SCORE= 0.325635E G1
41 PC PI 314 XX XX [CI SR wr .
PO PI 14 XX XX ©I sk ig g? gi NUREk= 0.441323E~05
DENOM= Ge861136E~G7 SCCRE= 0.512500F 0z
42 PC 60 21 BM 22 22 PI 17 2 _
PC 59 = PL 33 26 3 23 ;1 ;g EUMFR: U«136582E~09
1 ENOM= 0.569043E~13 SCCRE= 0.26E311F 04
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. Exhibit B-i5 {Continued} 5 I F T E ¥
g MILF -
P LATA SET HUMBES 2
P 43 eM 16 38 21 15 L1 1F 1% T SR KUMER= 0-1584T3E—Ch
: PV 15 §7 21 15 OI 12 15 37 14 CERGM= 6.114621£-11 SCORE= 0.136258E Ot
{
; &4 LM 32 13 PC 12 wl 10 17 18 ©% LUMEks 0.538411E-09
: S 11 14 PL 12 LI ©¥ 14 PG 1C SeroH= G.200320E-10 SCORE= 0.418536€ 02
; 45 Ak AA EA TY KA TT AR AA A G3 NUMER= 0.363365E-61
; BE AA AA TT AA TV AR AA AR O2 CENDN= 0.146621E—05 SCORE= 0.206624E 05
: 46 i 09 OE 1e 12 13 ©2 1C PM 13 NUMER= C.1926%3E-03
: 14 09 ©9 14 12 12 wZ 10 PM 13 DENDM= 0.496E83E—13 SCORE= 0.266128E 10
§
¢ 47  w§ 13 12 PC 1la U OF 13 13 11 NUMER= 0.23076EE-05
: 16 13 1z €L 1« 16 67 13 13 12 DENDM= 0.550365E-12 SCORE= 0.390888E 07
! 48 21 09 19 17 19 21 17 16 1T 16 NUMER= 0.861559E~08
i 20 16 18 16 19 23 17 Gt 17 16 DENOM= 0.100427E-13 SCORE= 0.L57897E 06
i
i . 49 1z 10 11 CC CT 04 10 17 13 04 NUMER= 0.324549E-04
i i 12 09 16 CC 07 04 10 17 13 05 LENCH= 0.444030E-14 SCORE= 0.730916E 10
H X}
i 50 13 ©7 ii 09 04 12 ©7 12 i0 06 NUMER= 0.562493E-06
; 14 05 11 G™9 04 14 OE 14 10 06 DENOM= 0.961644E-13 SCGRE= 0.B96895E 07
g
{ 51 25 PM 13 07 G7 23 i% 10 05 16 NUMER= 0.170984E-06
! 26 PM 12 05 Ge 22 15 10 06 1le DENOM= 0.239622E—15 SCORE= 0.712965E 09
!
? 52 12 €4 OB 08 O 13 03 05 05 05 NUMER= 0.156966E-06
14 03 08 10 06 13 04 05 06 05 DENDM= 0.6618256—~12 SCORE= 0.240194E 06
53 14 14 €8 11 11 14 0% 11 13 11 HUMER= 0.896480E-09
16 13 ¢9 10 11 13 12 i3 15 10 DENOM= 0.570852E-12 SCORE= 0.157042E 04
54 14 06 06 0B 12 16 CGE 10 09 58 NUMER= 0.152537E-08
16 06 08 08 13 17 0~ 11 11 cO DENOM= 0.24TB16E-14 SCORE= 0.615525E 66
55 20 07 11 €M 07 ‘13 10 13 11 08 NUMER= 0.195133E-05
20 07 13 CM 06 13 09 14 il 08 DENOM= 0.166356E-13 SCORE= 0.104710E 09
56 14 09 09 13 11 1l 02 08 13 06 NUMER= 0.694211E-04
16 09 09 13 11 11 <2 G& 13 G6 CENOM= G.298B8B60E-12 SCORE= 0.232286E 09
Exhibit B-15 {Continued) S I F T E r
MODE 2
DATA SET NUMBER 2
57 21 14 16 PO 12 DI 08 16 13 12 NUMER= 0.434439E~06
20 11 15 PC 12 DI 09 15 13 i1 DENOM= 0.749566E~13 SCORE= 0.579587 07
58 PO 06 08 08 Ok 12 05 07 09 11 NUMER= 0.139962E~08
PO 05 0Y 11 10 12 06 09 10 14 DENCM= 0.36BG64E~12 SCORE= 0.380265E G4
59 07 09 PM 19 12 05 10 14 19 13 NUMER= 0.355844E~06
08 12 PM 19 il 05 10 15 18 14 DENCM= 0.7000526~16 SCORE= 0.506311E 10
60 14 12 14 PM 11 15 13 17 17 14 NUMER= 0.691689E~07
15 13 15 'PM 11 16 14 20 18 12 DENOM= 0.240763E~13 SCORE= 0.287374E 07
61 16 PI 19 PO 16 11 14 14 CI 13 NUMER= 0.214142E-04
17 PI 19 PC 15 16 14 15 CI 14 DENOM= 0.100779E~11 SCORE= 0.212487F 08
62 17 11 14 17 09 13 13 12 1B 09 NUMER= 0.342059E-08
17 10 14 19 11 13 14 16 21 10 DENOM= 0.975929£~13 SCORE= 0.351521E 05
w 63 12 11 13 14 16 15 09 14 16 16 NUMER = 0.155229E-05
5 13 12 14 15 16 15 09 14 158 17 DENOM= 0.614698E~12 SCORE= 0.252529E 07
&4 16 02 Q5 Oﬁ 07T 110 04 06 08 09 NUMER= 0.132722€-06
15 02 07 G5 07 12 04 06 08 07 DENOM= 0.897182E-12 SCORE= 0.147933E 06
65 08 11 €9 PG 14 10 11 PO PI 08 NUMER= 0.464012E-05
06 11 10 PO 13 09 11 PO PI C8 DENCM= 0.221934E-12 CORE= 0.269GT6E Ob ‘
66 DI AA 09 PI PGL AA G& 11 PM PI NUMER= 0.973066E-02 |
DI AA 09 PI PO AA O7 11 PM PI DENDOM= 0.3991056-07 SCCRE= 8.243612E 06
67 PO 52 12 14 14 14 10 1i4&4 14 09 NUMER= 0.115143E~-06
PC 53 12 13 15 i4 09 13 16 11 DENOM= 0-114468E~11 SCORE= 0.506590E 06
68 26 18 11 PO AA PC 14 17 PI 04 MUMER= 0.5
= -552006E—03
26 19 12 PC AA PO 14 18 PI 04 DENGM= 0.246400E—11 SCORE= 0.236203E 09
69 18 59 10 DU 14 16 60 12 19 16 NUMER= 0.176213E-066
18§ 60 13 DD 16 17 62 13 20 15 DENOM= C.217719E-13 SCORE= 0.818548E 07
|
70 PC PC 06 PI 13 PI PI PM PI 15 NUMER= 0.267056E~02

PO PO 09 PI 12 PI PI PH Pl 14 DENCNM= 0.201221e-07 SCCRE= C.BEGSTTE 05

i e AT TR T e oA
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L Bxnibit B-15 {Continued] 08 I 5:£§ ;; &

. LATA SET nLM3EF 1

: 02 14 1% L9 KA U3 04 US &7 NUMERZ 6.115676t~C6 X
i Tl O N b o A oBh oor B 5% NDM= U 113954E~12 SCoRE= 0.1642568 OT
09 13 12 1a U7 05 €I CI NUMER= (504315806 _ ) ,
? ig i; e 13 13 15 of 05 €I CT SENCH= u277651E~13 SCORE= 0.iE1636E U8
} : 08 09 16 09 08 T1 i0 PI 1% NUME k= Ga1704LEE~05 : e
; ? ?g og 68 15 9% o& TT 11 PI 12 CENCH= G.767328E~13 SCCRE= 0.022i83E 08 |
i \
| 1
i ~ _ !
: pPM TT 11 PH 15 OI AA 03 €I 12 NUME K= 0.215644E-03 i
; T4 pM 02 10 PM 15 GI AA U4 CI 12 CENCH= G.674929E~11 SCCRE= 0.31950bE 08 ‘
! !
¢ . |
] 8 03 69 1z 06 16 02 09 14 IiF NUMER= 0.524922E~06
: i g? cg 09 1z 09 14 TT 08 15 11 CENCM= V.172147E=12 SCCRE= 0.304927E 07 |
06 10 21 18 22 05 O7 CI 16 NUMER= 0.117959E-12 ] “
i gg 06 10 20 15 22 05 TT CI 15 DENDM= 0.374969E~14 SCORE= 0.314583E G2 |
\
: 1
¥ 2 69 12 53 03 13 07 NUMER= 0.254024E~08
o i %g gg %3 }3 16 14 £5 TT 1z 68 CENCM= 0.351099E-14 SCORE= 3., T66554E 0o
s \
1
78  AA 59 04 COD 03 AA 05 06 PM 06 NUMER= 0-224692E~06 ) |
AA 57 03 €O 03 TT 07 05 PM 06 GENDM= 0.3028G0E~11 SCORE= 0.742048E 05
AA 08 11 16 05 AA G4 OB 11 03 NUMER= 0.205051E-08 ] ‘ |
7 AA 06 10 DI 04 AA 04 Og 08 03 DENOM= 0.143022€~11 SCORE= 0.143370E G4
© 05 05 1u 05 a1 TT 02 06 07 NUMER= 0.2779955-06
°° %3 05 06 10 04 07 IT TT 06 06 DENOM= 0.439795E~12 SCORE= 0.632101E 06
& PO 03 Gl 06 12 17 05 AA SR 10 NUMER= 0.649052E-06 L
! PO 03 TT 04 12 14 U5 AA SR SR DENOM= 0.716961E-10 SCCRE= 0.905282€ 04 |
|
5 62 ST CI CM 16 €M 11 PM 10 NUMER= 0.157554E~08 1
5 }9 62 €I CI CM 16 CM 11 CM 11 GENGM= 0.411124E-10 SCCRE= 0.363227F 02 %
83 17 PO CD PO 15 PI PI PI PI 16 NUMER= 0.1035896~02 |
17 PO PD PO 16 PI PI PI Pl 17 DENGM= 0.1272696-06 SCORE= 0.813936E 04 ‘
: 9 07 02 19 11 07 TT AA 14 09 NUMER= . 0.103028E-06 )
o ge o; 62 17 11 67 &t TT 15 10 DENGM= 0.3446G2E—13 SCCRE= 0.261093E 07
3 o Do . o R R AR SRt
Exhibit B~15 (Continued) S T F T E R
MODE 2
DATA SET NUMBER 2
85 14 56 06 07 06 17 TT 09 11 05 NUMER= 0.264021E~13 }
14 TIT 06 TT 05 34 TT 0B 11 04 DENOM= 0.162587E-12 SCORE= 0.174689E 00 : 1
|
6 18 15 SR 20 13 16 12 13 17 17 NUMER= 0.55710BE-09 y
17 14 TT 21 15 15 13 11 18 14 DENOM= 0.179476E—12 SCORE= 0.310409E 04 w
|
|
87 PI PI CO PM 17 20 16 17 16 17 NUMER= 0.137781E-10
PC PI 21 PM 1B 22 IE 18 18 16 DENOM= 0.590444E—12 SCORE= 0.233351F 02 1
|
88 PO XX Pl PI DD PI PYI PI PI 25 NUMER= 0.116297E-04 ‘
PO XX P1 PI PO PI PI PI PI PI DENOM= 0.100000£~03 SCORE= 0.116297E 00
89 26 68 15 13 312 22 65 13 12 14 NUMER= 0.412249E-11
24 66 15 13 12 21 14 13 12 11 DENOM= 0.343769E~14 SCCRE= 0.119920E 04
' |
90 18 08 07 15 17 20 04 18 18 15 NUNER= 0.521829€-09 \
20 09 09 17 18 20 03 17 18 19 DENOM= 0.125828E~12 SCORE= 0.414T16E 04 :
| |
- 91 PO PI PM PO PD 20 PD PI PI 17 NUMER= 0.906019E~06 . |
L PO PI Pl PG PO 22 PO CI PI 21 DENOM= 0.222583E~06 SCORE= 0.407048E 01 \
@ |
|
92 21 15 16 15 16 15 05 12 15 13 NUMER= 0.558192E~12 \
22 13 14 12 16 19 05 15 19 15 DENOM= 0.974726E~12 SCORE= D.572666E 00
93 23 03 07 SR 13 11 TT 02 52 10 NUMER= 0.717427E~10
19 03 06 SR 14 12 TT 02 54 08 DENOM= 0.132857€-13 SCORE= 0.539999E 04
, \
94 24 18 18 PI 15 PI 19 16 PI CI NUMER= 0.343149E-06
22 18 19 PI 16 Pl 09 16 PI CI DENOM= 0.370240E-11 SCORE= 0.926829E 65
|
5 D9 05 AA 04 11 05 TT TT 03 04 NUMER= 0.153979E~06 |
10 08 AA 04 15 06 TT TT 04 05 DENOM= 0.611976E~13 SCORE= 0.251609E 07
|
96 21 13 11 18 15 1% 12 11 13 12 NUMER= 0.384532E~13
23 16 13 1% 13 22 13 16 18 14 DENOM= 0.594557E~12 SCORE= 0.64642TE~01
|
ST PO PFI 18 PC PG PI PO CI PI 18 NUMER= ©.802591E-03
PM PI 18 PC PO PI PO CI PI 17 DENGM= 0.314553E-06 SCORE= 0.255153E 04
98 PO PI PO CC 16 PI PO PI PI 16 NUMER= 0.619300E—03

PO P1 PO CO 15 PI PO PM PI 17 DENCH= 0.727050E-06 SCORE= 0.551799E 03

b Ry
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gxhibit B-15 (Continued

98-g

PO
PL

15
1%

12
12

124
M

12

11
11

1
r

15

i1
Il

P
P1

16
1637

iv
11

15
14

10
11

Pl
PI

Pl
F1

¥COLE &
GATA SET HUVEER
16 HNUMER=
10 CENDNM=
DI NUMER=
(91 DENCU=

#

Ottt TEHE—D3
0.138B04E-09 SCCRE= G.3216668 &7
Ge2132L1E~-Q2
0.126429E—10 SLCRE= 0.165697t 08
- g R B = s -
AL






