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Section 1 

EXECUTIVE SUMMARY 

INTRODUCTION 

This document reports on an experimental fingerprint technical 

search system, SIFTER 1
, developed and tested by the Project 

SEARCH Committee on State Identification Bureaus and the staff 

of that committee. 

Project SEARCH is a coopera.tive 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 

Technological Research Foundation under the direction of 

Douglas E. Roudabush, Executive Directur. David G. Yamada 

provided staff support . 

Technical staff sl~vices for the project were provided by Public 

Systems incorporated, under the direction of Paul K. Wormeli, 

SEAECH 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. 

leystem for the Identification of ~ingerprints by Technical 
Search of Encoded Records. 
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S~l'ATEMENT 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 resE!arch is described in Project SEARCH Technical Report 

No.8 .. "Design of a Model St.ate 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 
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contained in a fingerprint classification. SIFTER uses the 

Ncrc 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 systeII1 including those involving automo.tic encoding. 

SIFTER works by comparing each inquiry 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 
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b 'l'ty tables, essentially proba 1 1 

to adJ'ust the system parameters 

in preparation for the test. 

summarized in Exhibit 1-2, which 
The SIFTER test results are of the system using 

I' bility and selectivity 
indicates the re la ar of birth 
NCIC classification, sex, and ye 

± 5 as discrimina­

meaning that 
'rhe system has a reliability of .9,6, 

torS. 11 be correctly ident-
potential matches in a file Wl 

96% of the , i.e., the average 
, The system selectivlty, 

ified as candldates. '11 be ~.~.l-rieved as candidates, 
f'le that Wl .J.. ... _ 

proportion of the 1 -6 th words- for a file of 
10 6 x 10 • In 0 er, , 

was found to be . f 10 6 candidates wlll 
'lll'on individuals, an average 0 . 

one ml f'l 
, d for each search of the 1 e. 

be retrleve 

, bly to that achieved by 
res qUlte favora , 

This performance compa t d in SEARCH Technlcal 
search system as repor e ,,' 

the technical 'th NCIC classlflcatl0n, 
Using that system, Wl 

Report No.8. 'f b' th + 5 the reliability was found to be 
Qex. and year Q. lr - , f a file of one 
~ . 10 candidates out 0 
only .865 while retrieving 

million records. 
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------------------.... -.--.... ------------~------------------
E~hibit 1-2: SIFTER Selectivity and Reliability 
W1th NCIC Classification, Sex and Year of Birth + 5 

Data Element Selectivity Reliabili1 

.999 Sex* .746 

Year of Birth + 5* .289 .99 -
NCIC Classification 49 x 10 ·-6 .97 

Total 10.6 x 10 -6 .96 

, 

*These data were obtained from ProJ'ect SEARCH Report No.8. ' Technical 
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Section 2 

SIFTER SYSTEM DESIGN 

\ The SIFTERl fingerprint technical search 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 technician~. (A complete 

listing of NCIC notation is presented in Exhibit 2-1.) However, 

the basic approach can be adapted to any clas5ification 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 descript.ion 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. 

SIFTER works by comparing each inquiry code with each file entry 

to derive a score which is proportional to the probability that 

l~stem for the Identification of Fingerprints by Technical 
Search of Encoded Records. 
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Finger 

Right Thumb 
Right Index 
Right Middle 
Right Ring 
Right Little 

Plain Arch: 
Tented Arch: 
Ulnar Loop: 
Radial Loop: 
Plain Whorl: 

inner 
meeting 
outer 

Central Pocket 
inner 
meeting 
outer 

Double Loop: 
inner 
meeting 
outer 

Accidental: 
inner 
meeting 
outer 

Amputation: 
Scarred: 

Number Finger 

1 Left Thumb 
2 Left Index 
3 Left Middle 
4 Left Ring 
5 Left Little 

AA 
T'r 
01-49 (Ridge Count) 
51-99 (Ridge Count + 

PI 
PM 
PO 

Loop: 
CI 
eM 
CO 

DI 
DM 
DO 

XI 
XM 
XO 
XX 
SR 

Exhibit 2-1 

Number 

6 
7 
8 
9 

10 

50) 

.. 

--

.-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 

possihle . matches <-candidates) and those below the threshold 

are rejected. 

SIFTER is similar to· other sear.chingsystems in which a 

"closeness" '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 a'non-match. Scores'associated.with one inquiry 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 

NCIC Fingerprint Classification Notation 

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 

maximiz.ed under .the constraint of fixed resources (i .EL, 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. 
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i 

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 Slame pernon' s fingerprin'ts, and from' the distributions 

of classifications found in fingerprint files. l 

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. 

lExperience 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 
commo~. Some differences in pattern type such as plain arch 
versus 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. 
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In addition to similarity of classifications, another factor 

contributes to the determination that two codes match. If the 

classifications are common so that many 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 ~re 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 ma.tch even though the classifica'tions 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 

calculated u,sing the distribution of fingerprint types found in 

a file. 

Numerical Example 

In order to further clarify and illustr~te 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. 

2-5 



The first step tov,ard score calculation is the construction of 
a classification pair mat.rix 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, 

tho top code is considered to be an inquiry, the bottom code to 

}JC a file entry. Part B of the axhibi t shows the classification 
pair matrix as const.ru.cted using the four classification pairs. 
The IDtl.trix 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 
wherl!.! AA is the inquiry and TT is the file entry i there is one 
02-TT pair where 02 is the inquiry and TT is the file entry. 

Tho matching pair matrix is converted to probabilities, used 

in score calculation, by normalization as shown in Exhibit 2-2C. 
}:;uch 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 inquiry code. These are 
conditional probabilities, and therefore the matrix rows add to 

ono. 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 preparation 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 

Exhibit, 2-3. The exhibit lis'l::s each unique sequence of codes 

and the number of those entries found in the file. For example, 
there urctwelve file entries with a code value of "TT AA 04 05 
05 'rT AA AA 03 TT". 

Tile 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 
in a measure of the "rareness ll of each file entry~ 

2-6 

.-I 
III 
-I.l 
0 
8 

1.0 
0 

<:I' 
0 

Q) 
'0 
0 
U M 

0 
Q) 

.-I 
'M 
iii t'l 

0 

.-I 
0 

8 
8 

~ 

1-1 
Q) 
.a 
S 
Z 

1-1 
Q) 
0'1 
~ 

'."j 
iii 

t'l co M 
.-I 

.-I 

.-I 

t'l \0 N 

0 .-I 
.-I 

~ 8 rl 
8 0 

~l ~ M 
0 0 

ml 1.0 1.0 
0 0 

COl N 8 
0 8 

r--I E-t 8 
8 8 

\01 E-t 8 
8 8 

1.01 M N 
0 0 

<:1'1 .-I t'l 
0 0 

MI ~ 8 
E-t 

NI ~ ~ 

rl\ .~ ~ 

1.0 1.0 M <:I' 0 
<:I' . 

til 
1-1 

t'l 'M 
III 
0-

Q) 
.-I .-I '0 

0 
u 
tl'I 

M .-I .-1 ~ 
'M ..c: 
u 
-I.l 

M .-I .-I .-I III e: 
lH 
0 

.-I 
:>, 
.-I 
.-I 
III 

.-I 8 

J:Q 

N M <:I' 1.0 
0 0 0 0 

~ 
'M Q) ::s'O 
8'8 
H 

<:I' N .-I E-t ~ ~ 0 0 0 E-t 

M M N N ~ ~ 0 0 0 0 

~ <:I' E-t 8 ~ ~ 0 0 8 8 

t'l rl 8 8 8 ~ 0 0 8 8 8 

1.0 M 8 8 ~ ~ 0 0 E-t 8 

N N 1.0 N ~ ~ 0 0 0 0 

M <:I' M M ~ ~ 0 0 0 0 

M M N N ~ ~ 0 0 0 0 

rl "" 8 .-I 8 ~ 0 8 8 0 8 

1.0 1.0 8 8 ~ ~ 0 0 8 E-t 

. 
X 

'M 
1-1 

M 
III 
-I.l 

0 0 0 0 0 0 0 . . · . · . 
-I.l 
III e: 

0 
8 

.-I .-I .-I .-I .-I .-I .-I 1-1 
'M 
III 
0-

1.0 
0 

<:I' 
0 

Q) 
'0 
0 
U M 

0 
Q) 
.-I 
'M 
iii N 

0 

0 
1.0 

0 M 
N M · 
0 M 1.0 
\0 M N . 

M 0 0 M 1.0 
M \0 N M N 

~ 
X 0 

'M 'M 
-I.l .tl III 
U III 
'M ~ 
lH 
'M 1-1 
til 'M 
til III 
III P< 
rl 

J:l () 

0 
'0 'M 
Q) -I.l 

" · N III 
'M U 

.-I 
0 

N 0 
.-I N · 

rl ,,-I 
III lH 

~ 'M 
In 

0 til 

8 
8 

r-- 1.0 r-- 0 
.-I r-- \0 N 

Z III 
rl 
U · U tl'I 

~ M t'l 
co .-I 

~ 
'M 
..c:: . U 

~ 8 .-I N M <:I' Lrl 
8 0 0 0 0 0 

-I.l 
III 
~ 

:>, 
ttl 

1-1 
'M Q) ::s'O 

IH 
0 

010 
~u 
H 

~ 
0 
'M 
-I.l 
U ::s 
1-1 
-I.l 
til 
~ 
0 
U 

. 
N 
I 

t'l 

~ 
~ 
0 
~ . 
.!><:~ 

0 
l. til 
~ 1-1 

-I.l 
'M .a 
,,-I 
..c: x 
riI 

o Q) 
'M 0-
-I.l 
ttl Q) 

,~ ~ 
4-1 til 
'M 
til Q) 

:gii 
rl 
U e: 

0 
lHl-I 
OlH 

til Q) 
1-1.0 

'M 
ttl 0 
P<-I.l . 
.:l! 

2-7 



---... --------------------------------

Classifications 

AAMAAAA 
AAMMAA 
MAAAAAA 
MAAAAAA 

AA AA TT TT 

T'r M 04 05 

AAAAAAM 

AA AA AA AA 

AAMAAAA 

AAAAAAAA 

02 03 03 TT 

05 TT M A.n.. 

AA AA 

AA TT 

TT AA 

TT TT 

TT TT 

03 "TT 

03 01 02 02 03 05 02 03 03 02 

05 

05 

05 05 

05 OS 

OS 05 05 

05 05 05 

05 

05 

05 

05 

05 04 

05 05 

TOTAL 

Number 
in File 

232 

97 

125 

46 

2 

12 

1 

2 

43 

10,000 

Proportion 
of E'i]e 

.0232 

.0097 

.0125 

.0046 

.0002 

.0012 

.0001 

.0002 

.0043 

1.0 

~xhibit 27 3 • A file of 10,000 example codes sorted 
~n ascend1ng order. The sorting sequence is AA, TT, 
01, ~2, ?3, 04, as. The number of identical file 
~~tr7e~ 1n the file is indicated. (The numbers are 
f1ct1t~oUS. Many of the possible COmbinations of 
codes are not contained in a file of only 10 000 
codes.) , 
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To illustrate score calculation, two example inquiry codes are 

selected to be searched against the file: 

1. AA AA AA AA AA AA AA AA AA AA 

2. AA AA TT 01 03 01 05 TT TT TT 

Each inquiry code is compared with each file entry to derive a 

score. 

To compare inquiry #1 with the first file ent~y, each.pair of 

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. 

The ten resulting numbers are multiplied; i.e., 

.83x.83x.83x.83x.83x.83x.83x.83x.83x.83 = .155 

and this number is divided by the proportion value corresponding 

to the file code, in this case .0232. The result for the score: 

.15::ij.0232 = 6.7 

For another example, consider inquiry #2 compared to the fifth 

file entry shown in Exhibit 2-3. The probability values found 

in the matrix are: 

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

The score is then .0173/.0002 ~ E7, where .0002 is the file 

proportion value. Notice that this score is higher than that 

for inquiry #1 because the classification is more ~ncommon. 

The score is higher eVen though the codes do not match exactly. 

(There is a Ol-TT error in finger 4 and a 01-03 error in finger 

6.) All other comparisons between inquiries and file entries 

can be calculated in a similar manner. Most comparisons result 

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 
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tvlO randomly selected codes match. For example, a score of 87 

means that inquiry #2 matches its corresponding file entry 

t;olith a probability 87 times greater than the probability of 

matching ~ randomly selected entry. 

COMPUTER PROGRAM DESIGN 

The SIFTER system as written 
dcoigned to calculate scores 

consists of three computer programs 

and conduct searches of inquiry 

MeIe codes against a file. The programs were all written for 

processing to minimize computer costs during the test ba'tch 

runs. 

could 

For operational 

be written. The 

use, an on-line version of the programs 

functioning of each of these programs 

io described below. 

in Appendix B. 

A much more detailed description is found 

~TER-NUMER Program 

rl'hc first program, called SIFTER-NUMER, uses matching pairs of 

clnsoifications to generate classif~cat~on. b . ~ • error pro ab~lity 

t:nblcs. Th~se are called numerator tables because ,the table 

vulues arc used to calculate the numerator of a formula for 

matchinq probability. These tables are then passed to the 

nearch program. The raw numerator tables are smoothed and 

no.t'ma1:izcd (described in Appendix B) in t.he search program. 

In nn operational system, these table manipulation functions 

would be incorporated into SIFTER-NUMER. 

2!~TER-DENOM Program 

This program calculates denominator tables for use in score 

calCUlation using the library file as data. Again, a normal­

i2ation procedure is conducted which in an operational system 

would be incorporated into SlFTER-DENOM. The tables generated 

lu~e passed to the next program. 

2-10 

........ ---------------
I 

rJf 

\, 

SIFTER-SEARCH program 

SIFTER-SEARCH calculates scores for combinations of inquiry 
fingerprint cards, designated A, and file cards, designated B. 
It operates in two modes as shown in the simplified flowchart' 

given in Exhibit 2-4. 

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 

high, but the prints are not from the same person. This mode 

is used to measure the selectivity of the system as a function 

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 

read into computer core. The program then reads file entries 

(from tape) one at a time and calculates scores for each of 

the inquiry codes before reading the next file entry. The 

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

immediately after it is read. 
each inquiry A and the file entry B. 

by the simple formula: 

Scores are calculated 

SCORE = NUMERATOR/DENOMINATOR 

Each score value is then compared wi.th the thresholds and 

tallies are made for each score that exceeds a threshold. 
When the end of the library file is r.eached, the inquiry codes 

and their corresponding tallies are printed. Some example 
outputs showing actual test runs are contained in Appendix B. 
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110dc 2 is used to calculate scores for pairs of NCIC codes 
that are known to be from the same person. These scores are 
than 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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CALCULATE 

READ, NORMALIZE, AND 1 
SMOOTH NUME~T0R TABLES

2 READ DENOMINATL~ TABLES 
AND NORMALIZE 

No 

1. NUME~TOR USING A and B 
2. SCORE = NUMERjDENOM 
3. COMPARE THRESHOLDS TO 

SCORE 
4. TALLY 

No 

No 

CALCULATE 
1. DENOMINATOR USING B 
2. NUMERATOR USING A AND B 
3. SC~RE = NUMERjDENOM 

I 
PRINT HODE 2 OUTPUT" 

A, Bt SCORE J ._--

I 

Exhibit 2-4. Simplified Flowchart 
of SIFTER-SEARCH program 
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Section 3 

~ES~ 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. II 

• 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. 

e 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,GOO 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 SIF~ER. Similarly, the 384 Florida classification 

pairs were divided into a test set of 100 (inquiry set #2) 
and ~ ":able generating set of 2134 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 probability 
of correctly selecting the matching candidate if a match is 
present in the file). 

To perform the test, the program SIFTER-NUMER was used to generate 
two sets of numerator 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 fro~ the same person. The Scores of these matching pairs were 
then compared \'lith 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. This 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 

, E hibit 3-1, which It of SIFTER are shown In x 
The test resu St 's reliability and selectivity as a function displays the sys em #2 

1 Results for inquiry sets #1 and are 
of threshold v: ue' I the exhibits, reliability is expressed 

shown separat:,Y. ofnthe inquiries that matched their code 

as the propor 10n bove the thresholds shown. Selectivity is 'rs with scores a . d 
pal r of non-matching candidates retrleve 
expressed as the numbe 0 in uiries. 

d f'l averaged over the 10 q f om the 10,000 car 1. e, , 1 ' 
r t d to selectivity by multlp ylng These figures can be conver e 

-4 by 10 . 

The last column in the exhibit shows 

candidates obtained with referencing 
sometimes requires searching in more 

estimate of non-matching an 
of the Henry Primary, which 

than one Henry pocket. The 

rs in Henry Primary. test results on reliability include erro 

such errors in inquiry set #2.) {There were two 

1.'n the exhibit represent the relative The threshold scores f'l 
' robability of the inquiry and 1 e increase in the match1.ng p ".: For 

that of two randomly chosen classl.flcat~ons. 
entry over 3 1 000 means that the probability example, a score of 10 1 or I , , 

t h s 1,000 times greater that the inquiry and file entry rna c 1. 

than if they were chosen at random. 

number of candidates which would be 
To calculate the average b f matching candi-

' , the expected num er a returned for an lnqulry, . tching 
to t he average number of non-rna dates must be added t th 
' h'bit. For example, refer 0 e candidates as shown ln the ex 1 _ . _ 

' , t #1 which shows a reliability of .9J wl.th an 
data on 1.nqulry se, . returned from a file of 
average wf .49 non-matching candldates, th 

. .,. known to match a flle entrYI then e -10,000. If an lnqulry 1.S 
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INQUIRY SET #1 Average Non-Matching 

Candidates l 

With Henry 
'l'hresho Id 2- Hits Reliability Test Results Referencing 

1 :x: 10 3 85 .85 .13 . 14 

3.1 :x: 10 2 90 .90 .18 .20 

1 :x: 10 2 ; 93 .93 .30 .33 

3.1 :x: 101 97 .97 .44 .49 

1 x 10 1 99 .99 .89 .98 

ltotal inquiry 
cards 100 

INQUIRY SET #2 Average Non-Matching 
Candidates l 

With Henry 
'rhreshold Hits Reli.ability Test Results Referencing 

1 :x: 10 3 76 .76 .55 .75 

3.1 x 102 78 .78 .84 1.14 

1 x 10 2 80 .80 1. 20 1.63 

:3. 1 x 10 1 84 .84 1. 98 2.69 

1 x 101 89 .89 3.04 4.13 

II 
~l 

~ 
3.1 95 .95 4.58 6.23 

total inquiry 
cards 100 

lRetrieved from file of ten thousand records. 

2 The threshold values are equally spaced logarithmically. 

Exhibit 3-1. Test Results of SIFTER Program 
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one true match will be returned along with the non-matching 

candidates for an average of 1. 49 candida'tes. In general, the 

. expected number of candidates is the technical search hit rate 

(about .05 for typical stat.e bureaus) plus the average non­

matching candidates, or .05 + .49 = .54 for the above example . 

The average number of non-matching candidates is directly 

.proportiona1 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 r 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 compa~ed to set #1. 

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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C011PARISON WITH SEARCH TECHNICAL REPORT NO. a 

At this pOint, it is interesting to compare the results of 

SIFTER with those attainable with the direct matching tech­
nique designed in Technical Rleport No. a. That technique 
involves two steps: 

• The pattern type and tracing of the file record must 
be exactly the same as that of the entry record (or 
of references in the entry record), and ridge counts 
of the file record must be within three of the cor­
r(~sl'onding ridge counts on the entry record. Any file 
record not meeting all of these criteria simultaneously 
is r(!j ected from further consideration. 

• File records surviving this first test are given a 
final test on the basis of ridge count. The "error" 
in ridS1C count for each appropriate finger of the 
file card and input card is calculated and these errors 
il.r(~ 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 adjust~d 
arrOr. If the average adjUsted error exceeds 1, the 
fil~ record is rejected from fUrther consideration. 

The results of the direct matching technique as applied to 

inquiry scts til and il2 are shown in Exhibit 3 -2, which tabulates 
reliability and selectivity as a function of the amount of 
l~cfercncin9 allowed. For data set #1, references on both 

inquiry and file cards were available. The highest relia­
bilitYI 83%, is achieved using both sets of references. 

Usin~1 inquiry set #1 as a basis, SIFTER produces a reliability 
of 97% with about the same number of non~matching candidates 
that resu.lt from an 83% reliability using the direct match 
technique. 

TO judge the results more easily, the test results are shown 

gruphicully in Exhibit 3-3. Again, the superiority of SIFTER 
is demonstrated for test 'set 4f1. The results of test set 4f2 
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INQUIRY SET #1 
Average 

Non-Matching 
Hits Reliability Candidates* 

No Referencing 57 .57 .087 

Referencing Inquiry 76 .76 .20 

Reference Inquiry and File 83 .83 .46 

total inquiry cards 100 

INQUIRY SET #2 
Average 

Non-Matching 
Hits Reliability Candidates* 

No Referencing 49 .49 .087 

Reference Inquiry 67 .67 .20 

total inquiry cards 100 

*Retrieved ...... from a f~le of ten thousand records 

Exhibit 3-2. Results Using Direct Match~nbgd 
(the s'ystem descr1 e Technique with References. t N 8) 

in SEARCH Techn1cal Repor o. 
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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. 1 

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 quite 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 s·earch. 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. 

lReliability and selectivity data for these elements were 
obtained from Project SEARCH Technical Report No.8. 
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Exhibit 3-4: 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 10-6 .97 

Total 10.6 x 10 -6 
.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 l.'equirements. 

Since the nUmber of candidates retrieved on a search 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 carry the fingerprint classification to more detail than 

that contained in NeIC. 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. 
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Whether or not changes are made in the coding system, the 

next required task is to design an operational version of 

The design should be tailored to the computing equip­SIFTER. 
ment and procedures presently used in the implementing state 

identification bureau. The interface with name search systems 

and computerized criminal histories should be considered . 

Also some provision must be made for retrieving candidate 

fingerprint cards either by refiling ·them by an identifying 

number or by ent.ering 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 somewhat 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, whatever 

required equipment should be purchased, and file conversion 

should begin. The system should then be thoroughly tested 

and operated in parallel with the existing syst~m 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 technique will be demon­
strated so that a future user could adapt the methodology to 

coding systems other than NCIC. In fact, t.he technique can be 
applied to any search system in which a coding system is used to 

identify entries in a file; hence/the technique is not even re­

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

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 probability 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.g., a state 

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

ISee "Name Search Techniques" Proj ect SEARCH Special Report No.1, 
December 1970, and Newcombe, Howard B., "Record Linking: Design 
of Efficient Systems for Linking Records into Individu~l and 
Family Histories" American Journal of Human Geneti.cs, Vol. 19, 
No.3, Part I (May), 1967. 
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for a fingerprintable ff o ense or who might apply for a job or 
_ su mission. permit which requires fingerprint b 

f.ipgerprint Classification 

:: :~:hanumeric COd~ representing the patterns of fingerprints 
. y appeax on fJ.ngerprint cards submitted to the identifi-

catJ.on bureau The NCIC f' , ' • . J.ngerprJ.nt codes are shown in Exhibit 
2-1, in Section 2 of this report. 

Fingerprint Code File 

A collection of fingerprint classificatJ.' ons, each of a diffe~·ent 

Person, pre' 1 ~ VJ.ous y submitted to the bureau. 

Inq1.:liry Codes 

Classifications of fingerprint cards to 

In practice, inquiries which are 

searched against the fingerprint 

file. 

not be 

be searched against the 

identiiied by name would 

code file. 

Event , 

A term used in probability to d ' eSJ.gnate the occurrence of some-

thing of interest. U 11 sua y a letter is used to represent an 

event. .For example, 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 1312 PI 5608 CM 11". 

The probability that event A will occur. 

P(AB) or P(A"B) 

'rho probabi li ty that both event A and event B will occur. 
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p(AIB) 
The probability that event A will occur given that event B is 

known to have occurred. This is a conditional probability; 
Le., the probability that event A will occur is cond.itioued by 

the occurrence of event B. Mathematically, this conditional 

i 
\ 

probability is defined as 

P(A\B) = 
P(AB) 

P (B) 

where PCB) is not equal to zero. 

A simple probability theorem used to derive the equation for the 

score value later in this section. Using the above notation, 

Bayes' Theorem can be written as 

P(A\B) = 
P(B!A) . peA) 

PCB) 

MATCHING PROBABILITY CALCULATION 

Using the above definitions and Bayes' Theorem, ·the probability 

that two given fingerprint classifications come from the same 

person can be calculated. 

Two assumptions are made in this calculation. First, entries in 

the file are assumed to be independent, which would be true if 

each entry were randomly selected from the entire population 
(allowing for replacement in the population of the entry selected 

However, duplicate file entries (i.e., for the same each time). 
person) are not allowed, so a small amount of dependence is really 

present. Time did not permit study of the effect of this depend-

ence on the system. 
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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 l-Je equally likely to be fingerprinted, only 

that the selection of.'one 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 ICl 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. Let event 

FC2 be the selection of a file entry which has another classifi­

cation, C2, which mayor may not be the same as Cl. Let M be the 

event: that the inquiry and the file entry represent the.same 

person. 

The des-j;red matching probabili·ty is P (M I ICloF C2) or the probabil­

ity of event t-1 given events ICl and FC2 ' In other words, 

p(MIICloPC2) is the probability that the inquiry and the file 

entx',Y match (are from the same person) gi veh that the inquiry 

code is Cl and the file code is C2. 

From Bayes' Theorem, the matching probability can be calculated 

P(ICloFC2IM) ·P(M) 

P(ICloFC2) 
( 1) 

where P(ICIFC2IM) 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 

tlHl't: the inquiry and file entry match without knowing the classi­

fications; and where P(ICl 'FC2 ) is simply the probability that 
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an arbitrary inquiry and file entry have codes Cl and C2. P(M) 

called the a priori probability of a matcho It is simply 

that any two randomly chosen inquiry codes match. 
is 
the probability 

The formula for matching probability can be simplified by making 

use of the independence assumptions. Since the inquiry and file 

J.
'ndependent, the denominator of equation (1) can be entry are 

written 

= 
( 2) 

Using the definition of conditional"probability, the numerator 

of equatioh (1) can be.rewritten as 

J 

= ( 3) 

Also since the event, M, is not dependent on the inquiry code 

alone,P(IclM) can be rewritten 

= ( 4) 

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

to 

= 
p(Fc2IIC1M) ·P(M) 

P (F C2) 

which is the form used in SIFTER. 

(5) 

The term P (F I 1
1

M) corresponds to th~· numerator tables as dis­

cussed in se~~io~ 2 and Appendix B. The expression is interpreted 
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as the pr~bab~lity that a file entry code has a value C2 given 

that the ~nqu~ry code is known to match and has a value Cl. The 

term P(FC2 ' is simply the probability distribution of the pop­
ulation of fingerprint 

Section 2 and Appendix 
codes and is the denominator discussed in 

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 lJ.'ne of ' reasonJ.ng: 

Assume that an identification bureau has a file of N fingerprint 
records and ' F -

an ~nput volume of NI inquiries during a time period 
(day, week, etc) A ttl 

.. 0 a of M=NI X NF comparisons of inquiries 
vc~s~s file entries can therefore be made. Assume that the prob­

ab~l~ty that each of these comparisons is a match has been 
calculated. Let th ,ese probabilities be numbered P through 
in the order of d . 1 PM 

ecreas~ng value· i e P < P wh " , .. ,. , ere J > ~ If a ct·· , J - ~ • 
er aJ.n number, say Kt of these candidate comparisons are manu-

ally verified,by fingerprint pattern compar;son, 
• then the expected 

number of hits over these K . 
compar~sons is simply 

= 
K 
E 

i=l 
p. 

J. (5) 

where the K candidates . WJ.th highest matching probabilities are 
chosen as candidates. If the objective of th f' . 

- e J.ngerprJ.nt search 
system is to maximize the expected number of h;ts f . .... or a gJ.ven 
nUmbe,::;f manual veri..fications, then the procedure of using 

matchJ.ng probability as a score and selecting candidates with 
the highest scores is optimal. Th' 

contradiction. 
J.s can be proved by 

Assume that an alternative searching system exists that gives 

a higher expected number of hits than the above system. With 

the alternate system, K candidates are 1 t d se ec e I some of which 
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may be different than those chosen previously. However, for 

each substitution, P j for Pi' where j>K and i~K, the hit prob­

ability is changed by P. -P., which is either negative or zero 
J J. 

. since p,~p, for i<j. Therefore, the expected number of hits 
J. J 

cannot be raised by the alternate system and thus the superior 

system does not exist. This consti tut€;S thE' proof. 

It should be remembered that the above argument is based on the 

availability of the exact matching probability. In a practical 

system, with limited data and limited computer capability, ap­

proximations in calculating t.he 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 section, 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. 

Numera·tor Calculation 

The NCIC classification system contains 116 distinct codes which 

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

1161°, or approximately 10 20 , distinct codes for a set of 10 

prints. Ideally, the SIFTER numerator, (the term P(F'C2IIclM» 

should be calculated using a probability matrix relating all 

possible file codes. Such a matrix would be 10 20 by 10
20 

elements 

and contain 1040 probabilities. A matrix this size is far beyond 

the storage capabilities of the largest digital computers and is 

obviously impra~tical. 
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To reduce the matrix to a reasonable s1.'ze, some assumptions are 

required. First, the differences in classifications are assumed 

to be independent of finger number (i.e., the same kinds of 

arrorc-j are made on each of the 10 fingers) and second; the E\rrOrS 

on each finger of a set of 10 are d assume to be mutually indepen-

dent (c.g., knowing that an AA-TT erzor was made on finger 2 does 

not tell anything ab~ut 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 

cloments. This matrix is still somewhat large for economical 

computer usa, th~refore large sections of the matrix which con-

tain low nrobabilities e 1" ~ w re e 1.m1.nated 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 be1.'ng coded. H owever, if different 

technicians use distinctly different rules for classif in then 
(l C'f1 > 1 r' , ' y g , 
• ,.t1C (Q .1.nJ.te dependence will be introduced I th , , . n e research for 
t.h.lB report., time did not allow for statistical testing of this 

indt!p(mdcncc assumption. 

'l'ho ,other torm in the numerator, P (M) I is the probability that 

any two classifications taken from th e population will match. This 

calculation is extremely difficult' . Sl.nce l.t depends on a detailed 

undorstanding of the population. However, since the term is a 

constant for all inquiry versus file comparisons, it can be 

dropped ,·lithout affecting the usefulness of the score values. 

. e score value 1.n Thereforol the term was not used in SIFTER Th ' 

SI~'l'~R thus represents the increase or decrease in matching prob­

uln.ll.ty over ,that of random selection. For example, a score of 

100 means that the probability that the inquiry and file entry 

match is 100 times greater than if they were chosen at random. 
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Denominator Calculation 

The calculation of the denominator, the term P(FC2 )' is at the 

same time simpler and more complicated than the calculation of 

the numerator. It is simpler because only a one-dimensional 

list of 11610 probabilities is required. On the other hand, 

complications arise because codes of different fingers of the 

same set are definitelY not independent. The number 116
10 

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 

I 

values. 

No doubt, there are many ways to solve xhe 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 

another. The number of classifications with distinct sequences 

of pattern types and tracings were then counted. As a result of 

the sort and count, 582 out of 10,000 records were found to have 

all ulnar loops, 158 had radial loops in both index fingers and 

ulnar loops on all other fingers, 11 had plain arches in all 10 

fingers, and 51 had a plain whorl with outer tracing on the right 

thumb and ulnar loops on the other fingers. Many of the more 

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. 

HowevBC, ridge counts must be assumed to be independent of non­

loop v~tterns on other fingers in order to allow mUltiplication 

of; the two separately calculated probabili,ties. The other assump­

ticn involves the nature of ridge count dependence and can best 
be explained through an example. 

Consider a classification wi~h all ulnar loops. Aft .. er examJ.nJ.ng 
many such classifications, some trends can be found. For example, 

if one or two fingers have high ridge counts, then all the fingers 

arc likely to have high ridge counts; similarly, if some are low, 

all tend to be low. Another general pattern is that counts on 

thwnbs 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. Let N. be the ridge count on finger i, 
h . J. 

W arc 1. goes from 1 to 10. Then the desired probability distri-

bu't:.ion is P(Nl N2N3N4 ·· .. . NIO ) or the probability that the sequence 

NIN2N3 ... NIO bCcurs in the population. 
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Using conditional probabilities, this can be expressed without 

any assumption as 

= P(Nl ) .P(N2 INl ) .P(N3ININ2)· 

••• P(NIOININ2···N9) 

( 6) 

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 equation (6) is used. 

The conditional probabi.lities 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 

:::: P<Nil(':l i~l N.)i:::: 2,3, .•. 10 (7) 
J. j::::l J 

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 candidate 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 • 
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GENERAL 

APPENDIX B 

SIFTER PROGRAM SPECIFICATIONS AND 
COMPLETE TEST RESULTS 

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 ~nquiry 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. 
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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 

pt."ograms 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 

eS,timated by noting that running time for one argument was 

45 seconds while running time for 100 arguments was 95 

seconds. The difference is 50 seGonds 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 
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considerably. 

system, random 

would be used. 

In converting to an on-line instead of a batch 

access files allowing rapid record retrieval 

It is difficult to estimate how the search 

time 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 SJ.FTER-NUMER (Exhibit B-4). As 

shown in the flowchart, an A and B pair is used as data where 

A is the inquiry 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 Nl - N5, and 

also punches the same tables on cards to be used as input for 

SIFTER-SEARCH. 

Raw Tables 

Five mutually exclusive tables, namely NI, N2, N3, N4, and N5 . 
were created. They are tallies of the number of times an A(l) 

and B(I) combination actually occurs in the da·ta set. 'rhese 

tables are labeled with N, indicating they are numerator 

tables. Tables Nl and N2 were used when both A(I) and B(I) 

are loop~ and tables N3, N4, and N5 were used when at least 

one finger is not a loop. An 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 Nl 

Entries in Table Nl 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 
sct fl. 

In the table 1 the left-hand column (see Exhibit B- 5, Ta.ble Nl) 

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 columnsi. 

For example, given the pair of codes A(1)=4 and B(I)=4 for the 

same finger, tally was made in the fourth row of the table 

under the column headed 0 (b(~cause 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 t!ie 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. 

Examining 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. 
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Par example, if A(I) = 25, B(I) = 18, a tally was made in the 

right column corresponding to IA{I)-B(I) 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 th~ 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 101 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 collli~n headings. 
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Tallies were made according to the value of A(I) (rows) and 

Bel) (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 lOl-AA) under the column headed (TT-l02). 

Six such tallies are shown in Exhibit B-S. 

In this table, off-diagonal elements indicated differences i.n 

codings on the s.ame person I sprints. Output indicated that 

plain and tented arches were easily con.fused. 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 NS 

Entries in Table NS were made when either A(I) or B(I) was a 

whorl, scar, or amputation, and the other was a loop. Thi$ 

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 flSR" classifications which occurred more often in data set 

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

Tallies were made as in Exhibit B-5, Table N-S. 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. 
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For example, if A(I) = 10, B(I) = SR, a tally in the row 

labeled 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 

ro\<] tally were also made. 

rt 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 ---
Ent.rie)s in Table N6 were made every time an entry in another 

table \v'aS tal·lied,. The table indicates h6",7 many of each class­

ifica't.ion number are founct on A prints (column headed A), B 

prints (column headed B), and in the t:o·tal data (column headed 

Total). 

Looking at Exhibit B-6, the first column is a listing of 

numbers 1-116 where 1-100 indicate the codes chosen to repre­

sent loop data and 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 Nl, namely A(I) = 4, B(r) = 7, 

a tally would be recorded in row 4 under column A and in ro'w 7 

under column B. There are 67 and 80 such tallies' in Exhibit 

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



the total column for A and B. There are 2,480 such tallies in 

Exhibit B-5, corresponding to the 284 fingerprint cards of data 

set #2. 

Normalized Tables 

The normalization of the raw tables is really done in SIFTER­

SEARCR. However, it will be described here, since this is its 

logical place in th~ 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 NSBA -- see 

Exhibit B-7). The splitting was required in order to dis­

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. 

To normalize the tables, 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 NI, A = 4, B = 4, the final entry tallied in Table NI 
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(29 in Exhibit B-5) would be divided by its corresponding 

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

Table N6 (67 in the exhibit). The normalized value would be 

29/67 = .433. 

smoothed Tables 

After normalization, NUMER tables were smoothed. This was 

done to reduce the chance of a 110 11 being found in the tables 

when, in fact, the ~lassification 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 (NI - N5). A variation 

of lIexponentia1 smoothing II was used on the data, column by 

column. Steps were generally: 

(1) An initial starting value was chosen (SMOOTH(l,J)) 

(either 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+I,J) was calculated 

by multiplying the damping factor times the original 

'table value (D*TABLE (I+I,J)) and then adding I-D 

times· the last smoothed value in the table 

(SMOOTH (I, J) ) . 
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Thus, the equation used was: 'SIFTER-DENOMINATOR 
SMOOTH (!+l,J) = D * (TABLE (I+l,J» + (I-D) * (SMOOTH (I,J») 

where 0 = damping factor (.2 for all tables except N3; 

.8 for Table N3) 

SMOOTH (I+I,J) = new value for table; (I+l) is row 
position, J is column position) . 

Initially this is SMOOTH (l,J) = 
starting value. 

The damping factor (between 0 and 1) is chosen in this method 

according to how the data should be weighted. A small factor 

(less than .5) puts more weight on the last table value 

smoothed, than on the next table value. A larger factor (over 

. 5) has just the opposite effect. 

Tables Nl and N3 were smoothed in two sections; i.e., radial 

loops and ulnar loops were treated separately. Thus, in Table 

Nl, rows 1-50 were smoothed. Then, row 51 was used as another 

starting value and the process repeated. 

After smoothing, if a zero still remained in a table, it was 

repl~ced by a small value, in this case,l/(library file size) 
or .0001 was used. This was to prevent any error in coding 

from being catastrophic and causing a zero probability to be 

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. 

B-IO 

The tables of DENOMINATOR values to be used in the calculation 
'of SCORE were conGtructed by considering only prints in the 

library file (B). 

:preliminary Process 

Before constructing the tables, the library file was converted 

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

,ascending order. Eighteen categories (rather than the 116 in 

Exhibit B-3) were used for grouping. All ulnar loops were 

treated as one categor~ as were all radial loops. The sixteen 

non-loop categories were left unchanged. The codes were then 

sorted numerically and the number of identical code types, 

using the simplified classification system, were counted . 
These IIcounts" were stored as an additional entry in the library 

file (see Exhibit B- 8, page 1 for the flowchart). 

Table Construction 

The flowchart in Exhibit B-8 shows how the DENOM tables were 

constructed. Each print in the file was treated finger by 

finger. The statistical dependence of the fingers was taken 

into account in the design of the tables. 

Four mutually exclusive tables, Dl - D4 were constructed, 

where the D denotes DENOMINATOR. D3 a.nd D4 were each divided 
into four sections, namely D3 Section 1, 2, 3, and 4, and D4 

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

:SIFTER-DENOM prints out the raw tables, Dl through D4 and 

': also punches the same tables on cards to be' used as input to 
SIFTER-SEARCH. 
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Ra\>l Tables 01 and 02 

Tables 01 and 02 were used for tallying the first time a loop 

was encountered in a print. 01 was used for ulnar loops and 

02 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 :i~r number). There are 234 

such tallies indicated in Exhibit B-9. 

Raw Tables 03 and D4 

When more than one loop of the same type (ulnar or radial) was 

encountered in the same set of fingerprints, tallies were made 

in Tables 03 and 04. Table 03 was used for tallying if the 

finger was an ulnar loop and 04 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. 
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1 By analyzing fingerprint codes, it can be observed that if one 

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

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

ridge count than an index finge~ while the other three fingers 

typically have nearly equal ridge counts, somewhere between the 

counts on thmubs and index fingers. 

To preserve dependence, Tables 03 and 04 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-I), 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 03, 

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 
03, Section 1 
03, Section 2 
03, Section 3 
03, Section 4 

Percentage 
15.7% 
23.7% 
10.6% 

1. 6% 
51.6% Total for counts 1-49 
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Table Percentage 
.33% 
.20% 
.21% 
.18% 

D4, section 5 
D4, section 6 
D4, Section 7 
D4, Section 8 

~% 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 .... . etc. 

count 10 15 53 07 .... . etc. 

(1) The count of 10 is saved and a tally made in Table Dl, 

10, column l. This indicates fi.nger 1 has a count of 10. 
row 

(2 ) A tally is made in Table D3 in the column headed 2 

(indicating finger 2). The row of Table D3 to be used is 

determined by finding Average minus Present. Average, the 

average of fingers that are ulnar loops that have already been 

considered, is 10. Present, the ridge count of the finger 
, 'd d ' 15 The section of Table D3 'presently be~ng conSl ere , ~s . 

to be used is section 1 because Average = 10. The row of the 

Table D3, section 1 used is Average-present = 10-15 = -5. 

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

1 3 This indicates finger 3 has a count of 53 . ... row 3, co umn . 

(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. 
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Normalized Tables 

DENOMINATOR tables were normalized to convert the tallies to 

the probability of choosing a given B(I) value. This is 
,J . • 
.~imilar to that done ln the NUMERATOR tables. Normalization 

was done separately for each table (considering D3 and D4 each 
I 

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 Nl, 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. These tables are 

riot. 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-lO. 

SIFTER-SEARCH 

Description 

~IFTER-SEARCH searches the library file and calculates SCORE 

using smoothed and normalized NUMERATOR and DENOMINATOR tables 

In a table look-up manner. The normalization and smoothing was 

done in this program, but in the operatioaal 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 inquiry card is compared to the entire 

l5J:-..... ary file and a tally of the number of scores that exceed 

'Jiven threshold values is made, indicating the number of 

possible matches for each inquiry code. SIFTER-SEARCH can be 

run for any number of inquir:y cards and any size library file. 

MODE 2 calculates SCORE for selected pairs of inquiry and file 

d It was used to calculate scores for known matching car s. 
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 

~ d th rator and denominator tables and mo~cs UHC" a sarna nume 

calculated Bcoras 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 

seurched. 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 tj'W' inquiry prints A, before another print is read. The 

H(:' t;'::t1. method used to do this is shown in the flowchart in 

I 

'Numerator Calculation 

SIFTER-SEARCH performs table look-ups into Tables NI-NS 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 DI-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 (lO,OOO). DENOM is the result after the 
multiplications and division are performed. 

Input--J:.I0DE 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-ll. 

1. Damping factors for smoothing 

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

pairs of prints being used as test prints. 
3. DENOM tables for the library file 
4. Mode number (lor 2) 

r;:xhib;i.t B-1l, SIFTER-SEARCH. 5. 
Library file data, number of prints in file, number of 
search arguments (MODE 1 only) 

fro f:urthnr saVe computer time, an initial screening based on 6. 

ltc-nry Primary was inclUded in MODE 1. In practice, the file 7. 

\>lould be segmonted by Henry Primary; referencing of the Primary 

would be necessary. 
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Threshold values (MODE 1 only) 

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

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 hhe search arguments used and the corresponding number of 

tallies made for scores that were greater than the thres.hold 

values given at the top of the page. 

The left-hand column is a listing of the number of the argument 

being searched (1-100). This number is used only for identifi­

cation purposes. The next ten columns indicate the alphanumeric 

coding of the inquiry card being searched against the library 

file. (Note that the codings on the library file are not listed 

in the output, but are available upon request.) The final ten 

columns are tallies of how many scores were calculated to be 

greater ·than the threshold value given at the top of the 
column. The last row is a column total indicating the total 

number of scores calculated for all inquiry prints that were 

greater than th~ 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-
1

, three 

greater than 3 x 101 and only one above .1 x 10
4

. 

output - MODE 2 
MODE 2 output for both data sets is shown in Exhibit B-14 and 

B-1S. The output lists data number, inquiry print A, file 

print B, NUMER, DENOM, and SCORE. Two lines of output are 

generated for each SCORE calculation. Note the variation in 
12 -7 

scores from a high of about 10 to a low of 10 . The scores 
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are fairly consistently high, however. In the exhibit, the 

left-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 

of DENOM (see DENOM calculations) is printed on the second 

. line along with SCORE, which is equal to NUMER/DENO~1. 

CONCLUSION 

SIFTER is an efficient, computerized method of searching a library 

file for a given inquiry fingerprint. The method can be used to 

produce any number of "potential matches," depending on the set­

ting of the threshold of value. The probability that a match 

for a given inquiry print will be found, if it exists, in the 

library file is high and the cost of running the program is 

comparatively low (especially if multiple inquiry prints are 

searched at one time) . 
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Exhibit B-3. Fingerprint Code Conversions Used in Sifter 

AIJPHANUMERIC 
gJDE (NCIC) 

1-49 

51-99 
AA 

T'r 
XX 

SR 

PI 

PM 

PO 

eI 

eM 

co 

or 

OM 

DO 

XI 

XM 

XO 

NUMERIC CODE 
(SIFTER) 

1-49 

51-99 

101 

J.O 2 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

B-32 

MEANING 

ulnar loops 

radial loops 

plain arch 

tented arch 

amputation 

scar 
plain whorl--inner 
tracing 
plain whorl--meeting 
tracing 
plain whorl--outer 
tracing 
central pocket loop-­
inner tracing 

central pocket loop-­
meeting tracing 

central pocket loop-­
outer tracing 

double loop--inner 
tracing 

double loop--meeting 
tracing 

double loop--outer 
tracing 

accidental whorl-­
inner tracing 

accidental whorl-­
meeting tracing 

accidental whorl-­
outer tracing 

Exhibit B-4. Sifter-Number 
Flow Chart 

Add to 
tally for l4-~n.::...o-< 
Table N4 

,-----.<!I 
Add to 

tally for 
Table N3BA 

lA = A(l) 
lB = B(l) 

Convert lA and 
lB to numeric 

data 

r--~~--,(i~, 
'., 

es 

no 

B-33 

Print 'fables 

Add to 
tally for 

Table N5AB 

no Add to 
tally for 
Table Nl 

1 
.~ 

.1 



NOTES ON FLOWCHART 

(11 ( 2) 1\, B pair of codes of matching fingerprint 
cards, 10 fingers/card = > A (1) - A(lO) 
alphanumeric data. 

(3) I number of finger being considered 

( 4) IA (:l A(I) set IA equal to the count of the finger 
being considered. Similarly for lB. 

( 5) NQ Table 6, total count for each fingerprint 
code on A cards and B cards 

(6 ) 51311 sec IDENT tables, Table N5BA 

(7) 4 see IDENT tables, Table 4 

( 8) 3137\ see IDENT tables, Table N3BA 

(9) 5AB see IDENT tables, Table N5AB 

(10) 3AB see IDENT tables, Table N3AB 

( 11) 1 see IDENT tables, Table 1 

( 12) 2 see IDENT tables, Table 2 

Exhibit B-4 (Continued). SIFTER-NUMER Flowchart 
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Exhibit B-6. SIFTER-NUMER Normalization Factors 

Table # 

N1 

N2 

N3AB 2 

N3BA 3 

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 

11-20 

91-100 

1-10 

91-100 

Normalization 
Factor 

N6 (X) I 

N6 (X) 
33*N6(X) 

7*N6 (X) 
33*N6(X) 

2*N6 (X) 
10 

2*L N6 (X) 
X=6 

50 
2*L N6 (X) 

X=ll 
2*N6 (X) 

60 
2*L N6 (X) 

X=56 
100 

2*L N6 (X) 
X=61 

N6 (X) 
5*N6(X) 

40*N6 (X) 
N6(X) 

5*N6(X) 
40*N6 (X) 

N6 (X) 

10 
2*L N6 (X) 

X=l 
20 

2*L N6 (X) 
X=ll 
10 

2*L N6 (X) 
X=91 

20*N6 (X) 

Range of 
possible X 
(Choose 1) I 

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 

103-116 

IX - see range of possible X values, choose one 
2AB indicates A is loop, B is non-loop 
3BA indicates B is loop, A is non-loop 
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1.0000 
1.0000 
1.00(,0 
1.CsOOO 
1.0000 
1.0000 
1.00GO 

'1.0000 
1.0000 
1.,0000 
1.000(: 
1.GOOO 

1923.0000 

• 
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~Nbll= 14-1.C~L~ 
«".1:IG<lv 
:I:,..,-,4J\C9 
v .. G.IC01 
O.!.IGO~ 
(..tttC7 
C.0007 
C..CGGb 
O.CJ(jCl~ 

O.~OQl 
0.(/Ci01 
o.oeOl 
9 .. 00,,0 

TAblE N 3 

O.GOOI (;,.3462 
C.{JGel C.13£18 
O.OOGl 0.Q6:;:' 
0.0001 0.Cl128 
0.0001 0.0077 
O.OOtJl ('.0001 

Il' 0.00(11 v.C001 
I ..,. u.OOOl O.42fb ..,. 

0.:1001 ('.2057 
O.CIOOI 0.1011 
0.0001 0.0762 
0.0001 0.0141 
0.0001 0.(,001 
0.0001 {..OOOI 
0.0 36.0000 

TABLE tl :3 

O.GOOI 0.1139 
0.0001 0.1038 
u.OOOl ti.0714 
0.0001 0.0144 
0.0001 0.0130 
0.0001 0.0001 
0.0001 ('.0001 
0.0001 0.0759 
0,,0001 O.04!:.6 
0.0001 u.0395 
ti.OOOl O.OlbO 
0.0001 0.00:'7 
~ _~:t,<:,Jo.~! + :"~-:~9~l:'1. 

~., 

£~~1bit B-1 ~C~nt~~~e:D 

9. ClCI('u 
t:.tD{'O 
~.vOuCJ 
0.0 
1.('OQtJ 
C.C' 
(J.e' 
b.(:O(;O 
3.0(;CO 
3.GGuQ 
1.(,000 
v.v 
0.0 
o.c 

3b.C.GvO 

'i.OClOO 
£; .. 0000 
5.0000 
0.0 
1.00(,0 
0.0 
(.0 
b.OCCO 
3.0000 
3.0000 
1.0eoo 
0.0 
~!-~-., 

••. :'",..-' ~''';;;'''; ..... - ~ ~-,.,,::,,".,:~~.::.: .. :;"'~&..!.,'~' .-;. ' "', 

(Cont.i..dued) Exhibit 13-7 

TABLE N 4 

0.92 2 0.G3t. C.OOCI 0.009 v.0(4 (;.~.C 0 O.OGO (:.(00 
0 .. U57 0.759 v.OOO 0.032 u. (, 00 (".,,00 v."OO (I.CGO 
v.ODO 0.000 O.bOO C,.100 C. 0 (:0 (,._CO 0.)00 0.000 
u.04~ 0.114 0 .. 023 u. =.91 CJ.u23 O.(j2~ (,.OCO 0.000 
0.0(;:' O.G00 O.OC(' 0.ti03 u .. ~ 'J~ (,.1..47 0.(,,03 0.03& 
0.000 0.000 0.000 C.;JO~ G.t-(u O .. ~:L G. H·~ 0.000 
0 .. 00(, G.Ovll v.OOCl u.OOu .... O{J~ (J.u~ t. u.0~3 CI.('GO 
0.000 0.000 0.000 0.000 G.l~9 v.vOO 0.000 0.707 
O.{JOO 0.000 o.uOO D.OOu 0 .. 000 U.200 o.uOO (,.GOO 
O.VOO O.GOO (,.oco U.OOO v.GOO 0.(, 11 0.1 .. & o.Cloe 
o. (,('0 o.ooc 0.000 D.uOe L.10U u .i~OC O.G(;O 0.008 
0.00v v.OGO 0.000 O.(juo (, .000 v.aoo 0.000 G.OOC 
0.000 0.000 0.000 0.000 o .vQv lJ.l-OU 0.~17 0.000 
O.OOu 0.000 0.000 0.000 lI.D {JO O.~OO 0.000 o.uOO 
u.{JIJO O.OGO 0.000 O.GOG e,. c: (;c ('.(.('C {J.l·CO o.ooc 
C.OCO o .l·00 u.OOv 0.000 O.OCO O.GuP 0.000 G.OOO 
l13 .I~ 7U.0 4.0 If: .0 17b .0 10",.0 165.0 32.0 

TAbLE ;~ .? 

0 .. i('OG O.lvOC O.OCOl O.OGOl C.OOOl o. CCC7 0.0007 
C .. 0300 o.OtC<, V.OUOL (,.OOl)! 0.0001 0.000f. v.0006 
0.0640 O.Ob54 0.0002 o.uOO 1 v.OOOl lo.0(i07 0.0005 
O.051i 0.O52l1 o • DOC)! 0.0001 O.OUOl O.u<iOb (l.uG04 
v.041f. 0.0422 O.CO('l 0.(;(,(,1 ('.('CGl u.oor)~ 0.0003 
O.{j32~ 0.036'1 0.0001 0.0(,01 c.oaCl v.OC04 C.OOC3 
0.0263 O.035U 0.0001 0.ceOl 0.0001 O.v0~i 0.0002 
u.O~ll ll.O.2('l 0.0001 u.OOOl v.OOOl 0.03:Jb 0.0002 
0.0169 0.02.25 0.OGC1 1;.0C01 l •• OOC.J. C.C'207 lJ.00{J2 
0.(, 13~. C.ulCu O.OGOl O.UO{J1 ti.OOOl (..G230 O.GOO' 
0.0 2.3.0000 1.00JO 0.0 0.0 6.0000 1.0000 

TA~ It r..: 5 

u.lvOO v.luOu {J.0001 O.0vOl C.OOOI 0.0012 C.OI00 
O.ObOO O.u1::i41 0.0001 O.0LOl U.(rOO ... (:.0017 0.00£0 
O.Ob4t 0.0677 0.0(001 O.CuOl O.OOCI C.0014 (J.OO64 
0.0512 0.054.! 0.0001 O. OCO 1 O.OOOI 0.(,011 (,.OC.?' 
O.O'tl(; 0.0434 O.OOCl 0.0001 l'. COOl 0.0l·u'i U.OC42 
0.032[, 0.03=b 0.0001 (;.Guo'!' (;.(,(;01 O.OOvt. 0.0033 
0.OL6.) 0.Q£.9 .. O.COOI u.OOOl L.OOOI G.OOOe;. G.u027 
D.u':::ll O.O~3:: 0.0001 U.UG01 (j.OOOl U.0009 O.v022 
0.(,16'1 0.0l/;;<' 0.000 1 v.C:CGl 0.(;001 G.OllvE C .GGn 
C'. ('1.3:' 0.01:>1 u.(.(,CJl (,.00(,·1 O.OCOi G. ('(,G& (J .GG 14 
0.0 ;::,.oo(,·{ 1.000G 0.0 e.G 6.ocec: 1.VC{)C 

t77TfPZif571*b M.#:~:" _:,' ••.. .lI. •• ', ~ ••. ·~~{.~v .... ~~".::r., 
~-~----

,.., 
~ . "'~-._"""'''.~-O-,"" ',,,.-'9 

{i.ce'cl ~.CG(' C.ClCll O.GOG (.OOU c.c,o(. c.CCO 
\} .l)I}.~; t..o G'] 0.000 0.000 \,.000 o.oor. u.'.lOC 
0.000 v.coo 0.(\00 v.OOO c,.ooo 0.000 IJ .000 
o.ooc .... 000 O.0Z3 0.000 0.000 \J.OOO (J.OOO 
v.OGO o.veo (j.{;~e 0.(;00 0.000 O.OGO 0.000 
O.ulC r..o C :;- O.CGG o.oeo C.GOC 0.(,00 D.uOO 
O.OCt: 1~.O::b 0.0(\0 O.OOC 0.0:.6 0.000 {j.000 
v.ClOO :;.000 (,.012 O.OOG o.ooc V.OOO 0.060 
0.41)0 u • ../OO 0.000 u.ooo O.OGO O.DOO v.OOO 
o.ooc o.e4-1 O.OGO (.000 (J.OGO (;.000 o.oeo 
G • 0-(' r ( .!Joe O.b17 0.00f: 0.000 0.000 O.OGO 
O.OCG C..COC! 0.250 1 .. 000 0.0(.0 O.COG iI.OOO 
c.;)o(' u.OOO C.OOO O.OGG 0.567 0.000 (.-.000 
0.0(,0 t;. (rOO 0.000 0.(,00 0.000 1.000 G.OOO 
0.000 ... 000 C'. GOO 0.000 (i.000 c.ooo I.COO 
0 .. 000 0.000 O.OCO 0.000 0.2!.>C 0.(100 0.000 

2.0 4£:>.0 50.0 ~.O ~6.v 1.0 1.0 

0.C007 0.OC-('1 0.0(,01 O.GOOI G.OG01 O.OCOI 
0.00u6 C.C003 C..vOOl 0.0001 1j.00C1 L.OCOI 
0.0017 O.Ou(r2 0.0001 0.0001 O.OOCI C.OO01 
0.0014 O.OQ02 (, .000 1 U.OOOI 0.0001 0.0001 
C.OCll 0.(,002 0.0001 O.uOOl 0.0001 0.0001 
0 .. 0(;09 0.0002 u.OOOl L.COGl 0.0('C-1 o .0l·01 
O.C~1)08 c. (.029 O.UOOl 0.0001 0.OC01 O.OOGI 
0.0006 O.Cu2'+ 0.0001 0.0001 0.0001 (,.0001 
0. vt·v5 G.0(·19 <i.CCGl 0.0001 o.vCO~ o .GOOI 
0.0004 O.OGl5- 0.0001 O.OCOl 0.000] 0.0001 
3.0000 3.0(,00 0.0 0.0 0.0 (;.0 

0.0011 D.on('1 0-.0001 v.OOOl 0.000] u.OClOl 
O.COll 0.000 ... G .0001 li.OOOl G.OOO1 v.OOOl 
L.G011 (j.DOO .. 0.0001 C .. (;OOl 0.0001 C.OOOI 
0.('OC9 ... 0003 a .0ClO 1 0.0001 o.oeOl O.OGOl 
D.COCb t.0&03 (i.OV.i1 v.OOOl O.GOO! 0.0001 
C.OCC6 C,.OC'OL 0.0001 0.0001 v.G001 O.DOul 
O.(.OO~ (:. (;U\)~ 0.0('.)1 (;.0001 u.OGGl lj.OGC1 
u.COC4 C.0(;03 0.0001 0.0001 l, .0001 0.C001 
O.CGG .. 0.0003 o .vOO 1 0 .. 0001 u.0001 u.<JOOl 
o.ort3- O.OOCL O.QOOI O.vOOl U.OGOI \'J.OOOI 
3.(,Q((, :i. Gu('J (;.0 v.o v.e. v.G 

Ii 

V Ii .I 
11 
.~ 
1, 
1 
~ 
S 

'~.".,.:-;.:\;::."g::.;..~~ 

Co.vOG 117.GOO 
{s.oeo 04.00C 
0.000 :..{)OO 
0.000 19.000 
(;.000 16'1.0(;0 
o.ooc J..Oo.ooc 
O.V()O lU.u(,CI 
0.000 4v.oOO 
0.000 4.(;Ou 
(J.DOO 42.000 
O.GOO ~&.GOU 

(..000 2.CJOu 
(r.Ol? :::'0.0C(' 
o.COO 1.000 
0.000 1.000 
1.000 2.000 

3.(; b~5.000 

(..[l0(;J.. 12.ltGO(' 
v.OOGl 16.0000 
0.0001 2.uOOO 
v.OOOl CI.O 
0.0001 0.0 
('.00G1 2.0CO(' 
0.0001 4.0000 
0.0001 1.0000 
G.OOGI 0.(, 
0.0001 0.0 
c.o 37.(,000 

G.OOOI 1'-:.0000 
(..\)001 16.0000 
O.vOOl 2.0000 
O.vOOl (J.\) 

0.0001 0.0 
C.C001 2.UOOC. 
G.CCOI 4.uOOO 
v.GOOi 1.0000 
0.COOl u.o 
v.OGOl (r.O 
Ci.O 37.0000 

" ~ ---"lI 
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HwtlX d ",;, 
! npo 4 ) 

(J\) 

~ 

no 

c1 

Save A ;JG' read 
Initailize 

.~_ H.~t?:r~""'_-'::'-I': _____ _ 
'" Print Denom-

/; inator Tables 

output nch den-
~ l~inator 

~ables 

n-8. Sifter-Denom Fl ow Chart 
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.(1( • 

set 
IFLG = 1 

set NTIMl = 2 
Save A 

Ini ti ali ze CT2 
TOPl 

Tally for 
Table D3Tl 

Tally for 
Table D3T2 

TalJ.y for 
Table D3T 

® yes 

yes 

Set 
IFLG = 

Tally for 
D3T4 

@ 

DO 
1 

for I = 
to ICT 

NTIM1= 1 
NTIM2= 1 

Initialize 

Calculate 
DIF, ID 

(9 

no 

Exhibit B-8 

Tally for 
D4T8 

(Continued) 

Set 
IFLG = 2 

Set 
save A 

lnitialize 
TOP2 

Tally for 
D4T5 

Tally for 
D4T6 

Tally for 
D4T7 

To page 1, Denom. 
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( 1) N 

( 2) IrrAPI~ 

( 3) IA(I,J) 

(4 ) I 

( 5) ICN'l' 

(G) leT 

(7) NTIMl 

( 8) N'l'TM2 

(9) K 

(10) IFLG 

(11) errl 

(12) 'l1('lP 1 

(13 ) AVG 

(14 ) CT2 

( IS) 'l'C')PZ 

(16) ID 

(17) Tuble 1 

( 18) T~\1>lC' 2 

NOTES ON FLOWCHART 

number of records on tape 

== 0, nothing punched 

file data, 10 fingers/record, 20 characters/ 
record, Record 1, lA(l,l) - lA(l,lO), this 
is sorted tape of files of 10,000 without 
counts 

count for A fingerprint data being read in 

count of cards 

count of number of records that are alike, 
over 800 will generate error 

== 1, have not had count under 50 on this 
fingerprint 
== 2 have had count under 50 on this print 

== 1 have not had count 51-99 on this print 
== 2 have had count 51-99 on this print 

number of finger being considered 

== 1 use Tables D3, 1 to 4 

count of how many fingers had ridge count 
1-49 on the fingerprint card 

sum of ridge counts on fingers so far 
that have been considered with ridge 
counts 1-49 

average of counts t.o left of fingers 
left of those considered 

like ( 11) except for counts 51-99 

like ( 12) except for counts 51-99 

row position i~ Table D3 or D4 

see IDENT tables, Table D3, Table 1 

see IDENT tables, Table D3, Table 2 

to 

Bxhibit B-8 (Continued). SIFTER-DENOM Flowchart 
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'1 
NOTES ON FLOWCHART (continued) 

(19) Table 3 see lDENT tables, Table D3, Table 3 

( 20) Table 4 see lDENT tables, Table D3, Table 4 

( 21) Table 5 see lDENT tables, Table D4, Table 5 

( 22) Table 6 see lDENT tables, Table D4, Table 6 
" , . 

(23) Table 7 see lDENT tables, Table D4, Table 7 

(24 ) Table 8 see lDENT tables, Table D4, Table 8 

(25) Dl see lDENT tables, Table Dl 

(26) D2 see lDENT ta,.bles, Table D2 

I , 
P: 
; 

~I 

'I ~ 

Exhibit B-8 (Continued). SlFTER-DENOM Flowchart 
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Exhibit B-9. Raw Denominator Tables 
(Tables Dl and D2 are found at the. end of the listing) 

Table D.=J I-F w;:t"-__ l"--__ _ .J.~;.v~rage~ ~9 _ -----------------------------------------------
(j 1$ 1 k I !lUll ON (If CC: LINT S "IJUUT THl ,:. VI ~ A(~ r 0 F F WGE R S T Q T H ~,-=l:.:E:.:.F_.:T__=O:.:.F__=(l:.:.N:.:E__=C:..:O:.:.N:.:S:..:I:.:P:..:E:.:..R:..:E:.::O~ _____________ _ 

1 ... 
~ ~ 

---~;T.~-~~·t~I~--------------------------

4 ~ 6 7 a q 10 TOTAL 

-If- -~ ( C G C G C (. C; 0 (\ 0 0 
g; -:(..-16 0 C tJ 45 13 7 G 1 B 1 75 

-1~-11 C 1 ~4 lOb 177 81 0 2 57 20 ~ce 
--=-ro- \. ? 1., -p.; 4 2 37 2 -2 ;-;> -11 2':2--

_', 0 4 ;:1 7<:' 5C' t? 1 10 47 26 3(0 
-b v 3 ~~ 107 72 9~ 4 10 nU 43 419 
_I l.. C; :::l 114 lCiG n '7 22 t!i-----6'i 502-
-0 ~ 14 t7 102 123 114 12 40 1~4 77 6~3 
_~ C 13 7"-f 127 1?0 n l , 11 55 1"4 115 fOE! 
_.. ( 1.,. "6 l1r i.:'!) Eo? 32 70 Ih5 i~';<;:.9-
-3 0 20 9D 14 6 17 0 Ib~ ~b 115 le7 1~2 1134 
-2 0 30 1~'" 144 177 171 ~9 15n IrA Zl~ 1~p9 
_[ C 43 F;I Of- liC -14::1 fnt l.76 1<;0 234 13::t!'-

v 0 37 1£.,. 10 c 206 126 <:'6 194 le4 2,2 1335 
I L ~2 l~2 113 170 116 170 206 11>3 2~7 1339 

----z (r Zc 117 97 n.,;- let lC~ let.' E? 2,) 1,'42 
j ~ 39 116 P7 lei 74 113 165 138 21e 1141 
4 C 37 (4 t!<:' 131 ~~ 94 160 119 Ibb 910 
S· \.. ,~ ;;l 51 lCl-'47- 75 lIZ 03 107 i.t.-:'-
b u 1~ ~l 33 64 21 59 ~c ~0 72 46~ 
7 0 13 41 22 26 2, ,7 36 36 40 273 
U CI 13 ~"' '-I; -8 h -2~ 34 Ii; 13- 140--
"-f 0 4 ~ ~ 2 3 5 4 3 C 28 

It C 0 0 0 ,0 GOO 0 C 0 
n1-;1:' L' lJ --C- ('~G -T ... t -.. 0 0 (\ -6-
+lt~'C 0 c v eGO c C r 0 0 

+, 1 (\ v ( (\ 0 0 GOO 0 C 
-TrT£l II 411 1'4<'( 1·jl'r2 g-rl( UC5 lC~I)4 n:l,8---Z-?33 2~07 i5705-

~~'~".:;.;,~::;..:::.::::::.:...:..:.:,.~_';:,:;;..:..:_.;,.,;...;:.:~.~;...;:;t;;..' . ...;.....».....:.""H'~ .... ,.._ ........ ,"'~~ .......... _"" •. :.....I. ...... ,~ .... ;!..~.,.~~" -<'.'I'_~ ..... ~~:."'..,."\.,."' ..... \~~ ,......c~ •••• 

---Tabl.e"D='3;· part"-2 ---1.0:'::" Average£:: 1.-5 -- "-- ., ,-- ---, 

DISTRIBUTION OF crUNTS A8UUT TH[ AVERAGF CF FINGEKS TC ThE LEFT CF CNE CONSIDERED 

1 2 3 4 5 h . 7 e 9 10 TOTAL 

A \,(;;:'t CT ---_.- ._----_ .... _----

--::-~r ~o [. . r .. 1 .. (i 0' - (I ' 2' . {'--5'-
-a,-I (:> 0 0 C 2 GIl (0 0 () 4 
-15-11 0 L t 23 IG 3~ 0 0 ?A 3 9~ 

----=='lu 0 '{j "12P -1 ('. - 3()- (I c," 18 -.---- 4--- 'H--
-s 0 1 1 2P 10 34 0 2 3P 7 121 
-B 0 0 0 ~4 40 ~1 I 5 ~1 19 241 
-I v 2 4 "[,7 -4q q ~ -10" <'l3 31,' jr;b-

-6 0 1 Iv 92 ~o lCQ 2 18 I?O b4 ~Cb 

-~ 0 3 17 I2C 140 !6!? 9 4e lel. 120 tIe 
-'t u "9 'lt5 151 He. :':9- -:;4 '9S·---2r;c.----1 4 l---11l.:-
-3 0 I!' &4 lQO 212 2~·7 3P 166 32 0 271~ l~.!:-l 
-2 J 21 1(4 10~ 2A6 273 75 241 ~~0 379 l~Il 
- [ \J .{5 (~ [ u: I 317 nr;' Pc--"'3Gr ?P2 ~ (-3 ::3::5--
o 0 ?b ~O~ }91 317 :Sh J6b 4f2 3~2 51~ 2~l2' 
t t ~o ~IL 162 2Q b 224 228 45(. 26~ 491 23c0 
t. G :3 IT':; Ill:' 2C>7 22C1 ~::7 453 -11'5------424-·--21%--
3 G ~5 Ibb OP 2~4 11>3 247 342 123 354 IH0l 
<. ( 45 1/,\} 71 2(,'" 113 Ll1 23ft o~ 244 131.'3 

If 5 G 49 [('6 ~ 7 2(-3 75 155 {Q3' n 1<;1,; Iv1'9-
~ f 0 41 9~ [2 It6 59 123 146 47 110 r4<. 
I-J 7 C ~< 73 ~2 131 ~,~ 06 91 '!A 107 t.'?3 

t u .::~ ['6 ~3 IJT 2~ 90 [03 -22 - {.b ~b7-

9 0 31.' 61 34 69 20 70 67 24 40 423 
10 v 36 3~ 2Q 41 17 4G 46 9 15 2eo 

+1\+1'5 () 76 14 II 25 [4 67 55 15 13 3Sr.--
+16+~O 0 0 0 0 0 0 0 0 0 0 0 

"21 (. (j 0 0 C, 0 0 0 0 0 0 
IliAC C Me I1I4 ,C~6 3411 2UGS 2GC"B 36[2 30'89 zt:TI5 2j68r-

OISIRIE'UTI(1N OF COON1$ AbDUT TAE AV[lf,,-r.ro~nGF!f5I'C!THrTIFIC'FL'Ntc'CNSIDE'~D 

1 2. 3 4 5 6 7 a 9 10 TOTAL 

A\(,-ACl 

-;: 1 0 1 0 C' 0 0 1 a 0 0 2 
-~(-16 0 COO 0 0 (' 0 C 0 (. 
-b-ll (/ CI l.. 1 C z; 0 0 7 0 12-

-Ie 0 1 C. 1 0 3 (. 0 4 0 . 9 
-9 (. CI 0 C (! f! 0 0 4 0 12 
-b G () 0 6 2 F a 1 "R 26-
-7 0 0 c ~ 8 16 t 2 13 4 49 
-6 0 0 CI to ,7 2Q 0 4 27 It 63 
-5 C 0 U 16 20 44 2 5 40 20 [4"/--

~~ 

~ 

~ 

I "., 

, 0 -' "", ," : ~A,'J,~"~'-i,"mf"'4"'~'i)'-4i1!**,,~*rfa"Jljit' I" 111 -----------""'-_""""iI!""'."~_iilIIIl:iIl<iiiil~·';l=_;:/·7lio:.:.;.:L:1:.r ... f;<:"" '_. ,~~~ f-L.- _~. ~ :i:'l./ ".~ ..... l:> . .(~ .I-c~ "ff:;.!~ ... n":.: __ '~_'~_'_ .dlJ.Wi~~M 1 __ AftL .. _" 
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Ii 
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.J _~_. 

. ij;1 u· ... ![il!!!11 ~? 
~ 

--:.; ~; -C2 "'1;i 7!:',---- n-- i 7 7<: ---- ~1 l .. 3 
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convert B to 
binary using 
Henry Primary. 

~3Ii'; Only process A=B 
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_","~~"'."T_ ~ _ 

CALL DElNOM <fj) 
using Band 
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CALL Numer 
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~
calculate score = NDscore score 
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Tally comparison 

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

no 

MODE J 
>-...:!..=.~ Read pair 

of matching 
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A,B 

CALL Nurtier 
using A, B and 

get Nscore 

Calculate 
Score = Nscore 
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Print Mode 2 
output ~------~ 
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Exhibit B-11. Sifter-Search Flow Chart 
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NuMERATOR 
SU'BRCUTINE 

no 

START 

Set 
Dscore = 1.0 

Look up VAL 
in table 

Dl 

Exhibit B-1l (Continued) 
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yes 

DENOMINATOR 
SU BRCU TINE 

Look up V:AL 
in table 

D3 

Look up Val 
in table 

D4 

Dscore :::: 
Dscore * VAL 

RE'IURN 
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(j~ 

t~t;"t:-~ ::: 
(!: ":r":. 

"'CI.I~J;;= 

=t;~':;..f'= 

t.l;"'l::l: :: 
t-i:Nt M = 

N1J~'= rt= 
~~t.::,..= 

~l'~EP: 

Dft..Cl-'= 

NU~£f?= 

DFM:'M::. 

NUME:~'= 

rENQI"=-

NUY>FP= 
DE:M'I-I= 

NUi-'ER:. 
DD~()P.= 

NU/-IH': 
DENCf-I= 

Nt.:MEF= 
DEr-..OI<'= 

NUI~E R= 
Ol::NCf'I= 

Nut·IEp: 
DfNal':= 

NU"'ER= 
r1lNDM= 

f .4.;-", ... ~ II -il:: 
,.'1 ~ .... .:.. .,..:... ~- -:.)0 

".1~1·1~E-r4 
~_1~1.~7t-~~ 

,,: .;: !116.t 77S; -1.-~ 
t:.l: .... c.n-I.'f' 

l.: ."~f. ~.ot _(c • 

(.7:,,,,::'2[-1 .. 

(t.4;::>,OI:~-\..:­

( .t.(.o61~f-14 

u_9"~iqt:-G3 

:. • 4 S-~ t.(i:=' f -vl 

0.4~r977E-L4 

C.l"541r~-C~ 

O.l.?4:'93E-(l4 
('.332b()OE-l" 

(\ .420 411 E -(>3 
(;.2 n 3:'4f-(;b 

(\.5CZ<;-R4f-v2 
( •• l'H063f:-07 

t.. 112352 E 00 
U.24i774E.-C6 

O.~14L4rF-D7 

~.5119~3~-14 

O.::'61~30t-03 

(j.2~.lb~JE-ll 

C.&&3777E-OE 
0_1~S_34~-12 

"",..,."., -p-. 

:X .. ·j:~ = ~._l~"'~~'" .. 

::.r":,~; :1. _ .... .:..l~(,. ~"i~ .. -" 

~c.t::;t.::: t,.':'\~'·t·,{,,- "I 

!C!."'f:..'~ .:; C. ~·"lth,"'l(} t;:" 

~ft"t= ~ .~>~4It~ .17t ",':I 

::,t.f.t':&:. U • .;.:.~t2~"\..· ... ~ .. 

~l..lRt= ~: .::'~4':t1f.. t:- ~ •• :' 

St.G~f= C.:;74vCl~ ll' 

!;.CC'I'E=- 0.1,*7)1 ~: I .... 

~('(F..C= O.?:';'"!l' tJb 

!:Cr.RI:= (\.">Q27(:6:; 06 

~CCF'l:= tJ.427b':l3f C'( 

!:CCFtE= U.l .. :640: u9 

!.{rR/;~ 0 .. 71 C'J c..". ~E -.J!J 
' ....... r'''- ' ........ .,.",. . ..,"'" "'tt';...." .\l.'''''''~~''''"'~ !\ .... ~"'~~~,,~-;-.,'"-:--:-~;-::-;' :;:; :::""'-;:-...,"":-;. ~--:.~.'-.~.-":'.~ --.• -~-~'-:-~~ .. ':-~- -- --:.~~~ffi-:'-':'~.'--:.- ..... - _:~ ___ ~:--:::-:-_ ~'.~ ____ <'''-'~~ __ "~''_'_' __ '' __ ''''' "'--'_~ __ ~_~_ .... _~.~...-. • .....-.. ~""' ______________ "'~. __ .'-_~ .. _ 

eXh~bit B-~4.(Continued) 

57 

.. n 

.0 

59 

60 

61 

02 

6'" 

64 

6!:J 

66 

67 

6~ 

6e; 

70 

',,' , 

S 1fT F. R 
NCG!: 2 

CAIA SfT NUM5£P 1 

16 11 11 G6 TT U7 Ob 10 07 C8 
is 11 11 05 CM 07 07 Iv 07 09 

PO 07 l~ PC IB PM Ju Dl PI Dl 
PO 06 15 PC Ie PM DO Dl PI DI 

IS 69 PI CO 14 1& 1~ 09 ~1 12 
17 68 PI CC 14 15 13 08 ?1 14 

AA AA AA AA AA AA AA AA AA TT 
AA AA AA TT AA AA AA AA AA TT 

17 SR 05 12 10 15 TT G? 14 09 
11 TT G5 11 10 14 TT vI 14 09 

GM ~5 TT PM PG OC 52 02 04 16 
UM 56 TT PM PQ 07 ~3 02 04 17 

23 17 19 IE 20 14 12 21 19 17 
i'l 16 19 17 20 16 14 19 19 16 

PO XM 13 PC 12 PM 54 11 19 16 
PO XO 12 PC 12 PM 54 11 18 14 

1'(' 04 TT oe 11 PC AA AA TT 03 
PC 09 TT 08 12 ?O AA AA TT 02 

Pt-' PI II CC; 14 H PlIO 17 14 
PM PI 12 CO 13 PI PI 11 1~ 13 

UC 02 11 03 16 22 02 02 03 16 
~O TT 11 04 1& ~Z 02 02 03 15 

21 15 12 tC PM 16 PC 13 CI 1!:J 
:C 16 12 C0 PM 16 PO 13 Cl 14 

18 TT 01 26 10 14 06 12 03 26 
H: TT 0<; 25 C9 14 J6 12 (S 21 

.. c PM 16 PI 16 ~2 PI 20 cr 17 
rc PM 16 PI 16 ~~ PI 18 C1 17 

NU~1F F,= 
DE: NOM:: 

NUMEF= 
DENOM: 

NU"'Ek= 
DENCM== 

NUo"1EF- :, 
DENCM:: 

NUNEP== 
DENC~=; 

NU~'EP : 
DENOM: 

NU~H= 

DE NOM::: 

NUr-l~R== 
DENOM= 

NU~EP= 

DENCM= 

NL'MER= 
OfNOt-!= 

NUr-'E:R= 
DPJOM= 

NUfo'E:R: 
DFNOM= 

NUHER= 
CENOM= 

NU/JIfP= 
CfNOH= 

0.70<;-<)1:6f:-0;; 
O.326962E-14 

O.9929S4E-C2 
O.1u7::'17E-Oa 

O. -/67460[-06 
0.190619f-l.3 

0.202 ':3UE:-Ol 
o .lOOOOOE-u3 

0.622940[-0& 
D.53!;'73.1E-ll 

0 .. 34903SE-IO 
O.364I>S2E"-12 

r,_5£:vc::!6E-Oti 
0_'1-16 9~4 [-12 

l·.400:.vlF-07 
0.623403(-10 

(,.26It.57c-02 
() .136 635 E-09 

(; .242 (,:5 E:-03 
O.10677l:lE-C& 

O.e7516!l!:-G4 
(J.43b464t:-15 

(,.674CHE-U3 
G. &e399l[ -10 

O.477711E-1Z 
0.656950,-16 

~1.l">5447E-C2 
D.H0c'J~c-09 

SCC'~t:::' 

scnR!:.= 

!:.CCR£= 

SCOR!::= 

SCCf<E= 

::'ClRE'== 

~CCP[= 

SCCPf= 

SCOf,.E: 

sec Rl::. 

:"Cr.R!::= 

$C(;P£= 

.sCrtR:'= 

~(.Lk!= 

, ~ . . ~",~'r/:;_; -;""'~,~' "~··:t'l {'<"~~~M\o~.J~~~~":~~_;'.";fl \/~: .. ~lZ.,~~ '&~~'.ll - .!,":,!,~,~~-!<uc_ "It\ ~.ik1.~~"." .. i:t,f;~'.t.. .... ~~~"~~:..-.:~~~~~'~' 

(, • 21 711i 61:- v 7 

C.9252t.< .. 7 

O.39C32E:t' [;1;< 

O .. 202G~(Jt. v:: 

{J • 1164 65c. ('4 

C.9:>66l..9[ 02 

O.12491l";f t..,.5 

('. L 42 444-E 0:! 

0.191641'<: vh 

u.?266,}(:;: ,,6 

O.~OOj~~.: ,.2 

c. Ib~5rt3l .. ~I 

(J.5574~~= ~ .... 

C.'_t66c",,_ oj 

... _ .'): T ~;;:~?"'"t'"t~~~.'""'~,.~ 

.~ 

.. '! 

;j/ 
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Co 

£xb~it 13-14 (Co~tir;;~~d) 
:- c;..: 

U1 
I 
-.J 
O"t 

''''''''''''''~j ""<tj,,..q" ~~'J ... "'«,~, 

tJ:1 
3 
-..) 
-.J 

'1} 

1~' 

7:: 

1; 

7':> 

76 

Tl 

78 

79 

60 

[ 1 

&2 

l·3 

1)4 

~ 

.~:: ~ 

tot 7A !.' 1 *'-s.\'Y;':; ! 

t.3 
1:;'> 

t.l 
1)1 

JLr 
U 

lw ",~ 
H. {". 

~:;. 

i~ i1 
1 .. 
l~ 

11 
10 

,:<,. 
:<;, 

;,..: ~."~ (5 .. ;.1 J.b ".)1 elf "'7 IE" I: 
I:' 5;1 ::,... IS- :.~ 1"1 1". ·:'7 :.e 12 

~ ~ ~~ 
14 T1 

~,2 AA 
A I.:' 

..... (, 

r~ 

Cf. 
C'" 

1:::. 
i;' 

AA 
TT 

J~ :- (, 1" 
~ ~ i 1 ... ' 

l.<t t A AA 
(,4 AA At. 

" 1 ., 
v .. 

Po:" 
AA 

.,. .. ~ 
:'.,. 

1./6 
n 

,,9 
1I 

:is 
;)~ 

1~ 14 14 f( Ll &~ u~ I .. ~1 C~ 
!~ l~ 14 PC 12 16 ~J 17 ~1 12 

i~ 

.c 

,01" 
ilM 

02 
,,3 

~R 
~,x 

14 
14 

16 
16 

19 
18 

20 
:0 

"1 
'>1 

13 
13 

16 
16 

AA 
AA 

AA 
At. 

1.1 
12 

AI> 
AA 

!:.3 
03 

~ ., 
.n. 

52 

65 
65 

11 
II 

If! 
1'1 

AA 
A) 

At-. 
AA 

01 
01 

TT 
TT 

07 
06 

1<, 
19 

02 
01 

.w 
1Q 

PI 
1'1 

(,7 
CJ7 

AA 
AA 

cc 
CC 

AA 
t.A 

05 
,,~ ... -' 

~1 

PI 

14 
14 

14 
l~ 

IS 
17 

O~ 
05 

C,'-t 
C4 

l'i 
1':' 

(j~( 

J', 

.... 7 
, " t. '-

1~ 

1':' 

l~ 
17 

PI 
v~ .. 

14 
.if 

AA 
AA 

At. 
AI< 

&1 
or 

VI 
01 

20 
17 

19 
19 

17 
1.7 

VI 
PI 

14 
1 .. 

:..A 
AA 

AA 
AA 

TT 
TT 

AA 
TT 

!II 
.';>1 

LI 
Cl 

)6 
J6 

11 
11 

13 
13 

At. 
AA 

At. 
AA 

1<." 
12 

AA 
AA 

~1 
TT 

.!o 
21 

Ii, 
14 

14 
I!.. 

Fe 
PC 

(:4 
(4 

AA 
AA 

~J~ 

~R 

02 
01 

(:,.4 

03 

?1 
PI 

n 
19 

l." 

1~ 

tB 
If 

04 
G<t 

AA 
AA 

2C 
20 

06 
CJ6 

06 
06 

15 
14 

16 
L6 

'\;' ~'i; ~:: 

~f1~r~:. 

!;.lYE::= 
Ci: l\,.~~~," 

'K;'"If;',: 

ul ',f 1<':;. 

'-.V""EC':: 
fH.\:tl"::: 

~{Ut>'E 0'", 

D[ ~~CF'" 

NUMtf.:::. 
DfNCl-l= 

NU'-tf/<::: 
(;E N(l~~::: 

NU"lfP= 
GErmM!:: 

NUt-';:h= 
GENOM!:: 

NU~'ER::. 

DENOI-'= 

NUMEF:= 
D~NOM:: 

Nur;ER= 
DFNC'1:... 

NU~H:: 

DElIIml= 

NUNEP.= 
DI::NCH= 

~.f; '87= ... 1':-:;7 
I'- .~f1e~1:f-l:' 

~ • .: ",,,> .... ~.: ":-C 4 

~.6 .. l 'l~-ll 

:; .~:co;;· c.r;-lC. 
l":b.:7 :~.Cf~-D 

~.11~7~·-;b 

0'~4~~15[-1~ 

;:'. :''', 75l0f-(;6 
:-.llq ;:'''f-12 

v.l~5~~~f-G4 
t.~Z4ClJf-l! 

(' .i!4';,:: ~ it£: -(:3 
( .:?t32'-44f:-12 

v.lC;')9t4E:-Ol 
O. 7f.b <,t2i:. -It 

C'.21?l'HE 00 
(,.3!'b[42E.-(.~ 

O.13~397[-C;2 
('.1922(;4[-12 

0.1't9:-u::F-O::: 
O.117'1!;'2C-C9 

O.17a:,:;)6E-0'1 
O.1476u7E-13 

C .9U 17[.[-03 
v.193'J2..;F-12 

C;. 74E ~ I't2 E-05 
c: • <! "(.l) 7~ l· -15 

.... ' ' .. ti .. = 

::.l,,~" f ': 

:"C!.:.-< ~: 

~C!,,~= 

~,(.\. .... :-= 

seu-',; 

~LLf<.::= 

SCll:t= 

SURE= 

~('f.RE= 

~C::'~ E= 

secr;,= 

S(CJ;.I;= 

Sl.~~a;. 

~. _ .. : .... ,1 "i 

;., ........ '1 .1 

. , .... - .", .. ~ "~\ 

\&.~~1'--"-'.1~~ {l." 

:< • ~b 17.! • l. 'J 

... l",...:.s~'-'?'t._ :~" 

G.(,4ti77t ~'4 

(J.:'~,i~b'1r '\.':9 

n • ("I::-C'>9; •• ;~. 

O.7lAV![F 1(; 

{,.lMlfb':t: ..,7 

u.llbblU ~.~. 

(;.4·{:L~7E~ 10 

C.:·7J,.:.:·(.~ .1 
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Exhibit B-14 (Continued) 

85 

86 

87 

88 

69 

90 

91 

92 

93 

94 

95 

96 

97 

98 

s 1 F T E R 
MODE 2 

DATA SET NUMBER 1 

20 PI 16 21 PO 12 CO 16 20 22 
21 PI 15 23 PO 13 CO 16 21 22 

PO 01 PI CO 13 01 16 18 14 16 
PO Dr PI co 14 Dl 17 17 14 '16 

22 57 05 09 07 CI 64 05 06 05 
22 55 03 08 06 CI 63 04 06 05 

PO PM PO PO 07 01 12 13 PI 14 
PO PI PO PO 01 PI 14 13 PI 15 

21 15 01 17 14 06 PO 11 16 15 
23 15 TT 18 14 08 PO 12 18 14 

PO 17 15 20 14 PM 01 16 eI 18 
PO 18 13 22 16 PO PI 16 CI 18 

DO PM PO PI 19 01 PI PI PI PI 
00 PM PO PI 16 01 PI PI PI PI 

16 TT 03 06 05 12 TT TT 06 TT 
17 TT 02 05 06 12 TT TT 06 TT 

PO 01 PM PO 18 01 PI PO 21 16 
PO 01 PM PO 19 01 PM PO 21 16 

17 17 13 20 12 13 14 13 21 10 
11 17 13 19 13 13 14 13 21 10 

PO XM PI PO 12 PI XO PO PI 15 
PO XH PI 00 13 01 XO PO PI 14 

DO 65 12 14 18 OJ eM 07 13 19 
00 63 12 14 18 01 eM 07 14 Ie 

19 53 01 04 15 11 53 53 06 06 
19 54 02 04 14 12 53 53 06 07 

20 PO 19 PI PM PI PH 13 08 PI 
20 co 19 PI PM 01 PO 13 11 PM 

NUMER= 
DENOM::: 

NUMER= 
DENOM= 

NUMER= 
DENOM= 

NUMER= 
OENOM::: 

NUMER= 
DENOM= 

NUMER= 
DENOM= 

NUMER== 
DENOM= 

NUMER= 
DENOM== 

NUHER= 
DENOM= 

NUMER= 
DENDM= 

NUMER= 
OENOM= 

NUMER== 
DENOM= 

NUMER= 
DENOM= 

NUMER; 
DENOM; 

O .. 649307E-05 
O .. 401396E-13 

0 .. 9228921:-03 
0 .. 115687E-09 

Ci .193468E-12 
0.412414E-15 

O.345371E-05 
0.1l3100E-09 

0.146217E-06 
O.34e830E-13 

0.520982E-01 
O.409039E-ll 

O.350109E-02 
0.749729E-05 

0.642338E-04 
O.30Z264E-10 

O.166222E-03 
0.369996E-07 

0.11l766E-03 
0.692678E-13 

o .887551E-13 
0.928045E-06 

O.120834E-06 
0.231465E-12 

O.305893E-07 
0.501511E-14 

0.338890E-08 
O.102020E-09 

SCORE= 0 .. 1593801; 09 

SCORE= O.797748E 01 

SCORE= 0.469112E 03 

SCORE= 0.305368E 05 

SCORE:; 0.419163E 07 

SCORE=: O .. 127367E 05 

SCORE: 0.466981E 03 

SCORE= 0.212509E 07 

SCORE= 0.449254E 04 

SCORE= 0.161354E 10 

SCORE= 0.956366E-07 

SCORE= 0.522042E 06 

SCORE: o .609942E 01 

SCORE= 0.332162E 02 

" .. -" ~ .. ~\7:;;;:-:;:::'\,~ :;)Ali",,:,. ;.' "Y:·'.' .•. ,j ... ;',. ',".', '.' .. < .. x·!,<'v i:a:li:;.'~,,"'''~'·~M<'~'-''~'~· ,'-' "z;;:;""""~~,;;;;:",~,C,~~"",~,-, •• ~",,.-.~tjiit~,:-s.~ .. ~f'i!li!¥f~?-~~Mi~' ~~~-~< 
..... , .. ~~~J __ ;.~;~~~MM-;~< .. t-·.:2<,&'L~..;: ... :,.:d: ....... '_..J'.r~ ... ";,.~<tit\\-"'".::..,~~~u~t~~ .'W'~ .... ~*'~......,~; ...... ~--WN~---. • 
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£Xbibit: a-14 {CQntizm.$l} S 1 F T E R 
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99 

100 

Exhibit B-l.5 

If 
~ 
10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

OAT~ SET NU~€R 1 

22 OM Of: 0& 2Z 16 14 04 07 13 
21 OK 08 (fa 21 15- 14 03 07 17 

17 TT 12 15 12 19 56 14 14 09 
17 TT 12 15 13 19 58 12 12 10 

NUttER== 
OENOM.== 

NUHER.== 
DEh'OM= 

0~129bS4E-oS 
O .. 7Z6791E-17 

o ,,291649F-Q9 
o ",250639E-IZ 

SC;Cf\I;-:; O .. 17S39l.t: l~ 

SCORE!.: o .116362E U4 

,..,-... ~'''''-.''''~ .... " '~$"rmmetilti$"'S¢'~'t"d dm''''So/W·ht!j"n;U)''''lapM··!r*'7iq.t~''--'''·--~··-·-·=-~~J~.i=:~_:.;;.:'~.:.:~;::....:;:,::,.::::=:=--::,=:::::::::,::::::::;:_, 

S 1FT E R 
MODE 2 

DATA SET NUMBER 2 

17 16 14 17 07 10 08 13 15 11 
18 18 13 16 09 09 07 13 16 11 

zi 12 14 15 17 18 14 11 15 12 
21 11 13 16 15 16 12 09 14 12 

PO 04 10 14 07 PM CM 05 15 03 
PO 05 10 15 08 PM CM 06 14 03 

PO CI 21 PI 20 XX PM 17 CI 15 
PO PI 19 PI SR SR PM 16 PI 16 

PO PM 10 PO CO PI PM PI PI 16 
PO PM 11 PO CO PI PI PI PI 13 

PO PI CO PO 13 PI PC PM (1 14 
00 PI CO PO 13 or PO PM cr 13 

19 PM 18 PO PO 12 PI PI pr 15 
18 PM 16 PO PO 12 PI PO PI 17 

21 02 13 CO 05 12 55 10 18 12 
23 02 15 CO OS 12 55 12 19 12 

,22 16 14 23 16 Dr 65 05 05 16 
21 14 13 22 16 01 64- 05 07 19 

PO 58 01 CO 14 CI PO 02 04 14 
PO 58 TT CG 14 C1 PO TT 04 13 

10 09 14 18 15 07 10 14 13 13 
10 10 12 19 13 07 12 14 16 12 

DO 15 03 10 Ob or 11 12 13 16 
DO 12 03 11 06 01 11 12 12 13 

PM CO 14 CO 12 PM PM CI PI eI 
PM CO 12 CO 12 PI PH 13 PI CI 

13 PO 12 10 14 PM PO 08 10 11 
14 PH 12 11 14 PM PO 05 09 11 

NUMER= 
OENOM= 

NUMER= 
DENOM= 

NUMER= 
DENOM= 

NUMER= 
oENOM= 

NUMER= 
OENOM= 

NUMER~ 

DENoM= 

NUMER= 
DENOM'" 

NUMER::: 
DENOM: 

NUMER= 
OENOM= 

NUliEK: 
DENOM= 

NUMER= 
Dt:NoH: 

NUMER= 
DENOM= 

NUHER= 
DENOM= 

~WM£R= 
oENoM:: 

0.364795E-07 
0.835527E-13 

0.171544E-08 
0.128119E-11 

0.507151E-04 
o .132236E-12 

0 .. 661884E-06 
0.225026£-07 

0.135642£-03 
0.853205E-06 

0.214565E-04· 
0.955b65E-06 

0 .. 102861E-05 
0 .. 195426E-08 

0 .. 168783E-05 
0 .. 547504E-14 

0.246469E-06 
0.150189E-15 

0.304261£-03 
o .. 405096E-I0 

0.755289E-08 
0.650111E-13 

0 .. 525161E-06 
0.633812E-12 

0.973192E-06 
0.889954E-07 

0.452503E-07 
O.467698E-12 

SCORE= 

SCORE: 

SCORE= 

SCORE:: 

SCORE:: 

SCORE::-

SCoRE= 

SCORE: 

SCORE= 

SCORE= 

SCORE: 

scaRE= 

SCORE: 

SCORE= 

0.1,36605£ 06 

O.133&95E 04 

0 .. 3835211: Ot} 

o .. 29413-1I~ 02 

0.1!18979E 03 

0.Z87302E 02 

0.526340E 03 

0.308278E 09 

0.164106E 10 

O.'151083E 07 

0.116178£ 06 

0 .. 8285-/6£ 06 

0.109353E 02 

0.967511£ 05 

! 
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~ihlt 3-1.5 (Oontitr.::ed) S ! ~ l' E ~ 
ltG~E 4! 

vAn SH RUMEr;. 

lS Ii)/, J.J.. AJ.. 12 09 65 iiI. 01 n 
!:X U. AI. 11 10 6.;,. AI. 01 TT 

Of: tru\iE!i.= 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

oe uENC.~= 

PI 12 12 21 17 13 at.,. 16 21 15. 
pI 14 l~ 20 19 11 09 11 21 l~ 

xx xx xx xx xx 18 TT 03 08 16 
XX XX xx xx ,xx 17 11 oS uS 15 

00 PI P~ PM CV 01 PL PI PI (I 
00 PI PO p~ CC 01 PG PI Cl (I 

13 09 u4 PH T1 12 05 06 PI 62 
15 10 04 PO T1 13 06 07 PI 02 

PI 67 Cl 14 17 PI CC 11 14 14 
PI 65 (1 17 16 PI CO 11 14 14 

PI PM CO PO SR PM PM SR 16 14 
PI PM CC CO SR PO PM SR 17 15 

DO 09 00 PO 14 Dr DO PM PI 16 
00 09 CO PO 7.) 01 DO PI PI 15 

15 02 12 15 06 14 51 04 12 05 
16 03 14 1~ 05 13 53 06 13 04 

13 SR 13 13 13 13 13 SR 13 13 
13 68 13 14 13 13 13 SR 12 12 

SR 06 02 14 Tl 04 05 TT 56 TT 
CO 07 04 14 TT 06 04 1T 57 TT 

21 TT 14 23 07 16 06 11 14 12 
22 TT 14 23 05 13 06 10 14 09 

15 AA 01 OS 01 02 AA 01 08 05 
15 AA TT 08 01 02 AA 01 08 03 

NUI-IER= 
OH..cH= 

NUfoI£R= 
OE.r.OM= 

NUHER::::: 
OU;(;M= 

NUMEf;.= 
OfNOM= 

NUMER= 
OENOM= 

NUMER= 
DeNOM= 

NUMER= 
DENDH= 

NUHER::: 
DENOM= 

NUMER= 
OENOM= 

NUMH= 
DeNOM= 

NUMER= 
DENOM::: 

NU~IER= 
DENDI'!::: 

~ 

0.11'8302E-02 
O.393st7bE-10 

0.2475QE-(l6 
O.f>54481E-14 

0.203919£-oZ 
0.;;.95252£-09 

o .92734t. £-03 
0.100000£-03 

0.908110£-05 
0_16149JtE-lZ 

0.280676£-05 
0.210292E-10 

0.329074E-04 
0.875682E-06 

0.526640E-07 
0.141 001 E-07 

0.532151E-ll 
0 .. 7232.b5E-13 

0.884945£-06 
O~3b6729E-13 

0.860999E-I0 
0.103720E-I0 

0.8£5546E-09 
0.5'15896£-13 

0.6585('9E-05 
O.21156bE-13 

28 18 PI PI SR 14 
19 PI PI SR 15 

19 PC 
1& PC 

13 
13 

CI 12 NUMER= 0.5093b7E-04 

,~:v~~, !~'-'.:.:."" 

.~ 

stORf:: ()_3aO~6CE ae 

SCORE: 0.37&2241: as 

SCORE.= Ci.st1l748f: 01 

SCCRE: 0.927346f; 01 

SCCRE= 0.5b2318E Ob 

SCORE= Q..136323( Ob 

SCOkE= O.37579Z~ 02 

SCCRE= O.373500e; 01 

SCORE::: Q.735763£ 02 

SCORE= 0.2.41308£ 08 

SCORE= 0.830115£ 01 

SCORE= 0.138538£ 05 

SCORE= 0.405787E 09 

-~ ~"~C~,...,.",....<,j""'''''·:''''"'-'''·>I-~~ .•.•• "'",~ ... ~"'.'-:'" 

PI 13 DENOM; O.650304E-09 SCORE= O.763~74E 05 ~ 

<J~·..,;J,;U;"t;;/l--?a'm&'DN'·="'-· ""-"'1Y""-zrr· "'" .... -"'4fS1r!z'fi'; ~:::::::::':::::':::"':":'.:-:::.:::."-"'-~'¥~ ______ '~ ____ ~_'-'--::::,_>"':::-:--=-::: ._ 

t 

0:1 
I 
CD .... 

~"" 

Exhibit B-~S (COnt~nued) 
S 1 F T E R 

MODE 2 ' 
DATA seT NUMBER 2 

29 25 PI 16 23 ~C 24 
25 PI 1& 21 20 22 

PO PI 
PO PI 

22 
21 

IS 
19 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

14 60 08 13 09 14 06 12 15 11 
15 60 08 15 10 13 06 !4 16 11 

14 55 T1 03 C9 12 ~2 03 05 SR 
14 55 TT 02 10 11 ~2 03 04 O~ 

05 05 AA (;9 05 04 bO AA 12 05 
07 05 AA 09 G6 O~ 62 AA 13 Db 

04 02 04 05 L9 05 TT SR G5 11 
03 03 05 OS 10 06 TT S~ 06 10 

AA AA 09 11 08 AA AA 09 15 04 
AA AA 10 17 10 AA AA 10 13 05 

DG 13 13 PM 10 01 1~ 12 PI 12 
UO 13 14 PM 11 PI 13 14 PliO 

PI PI 13 20 14 SR PM 11 17 16 
PI PIlI 19 16 PI PM 13 20 16 

PO 03 08 CO CO PI 02 03 11 PI 
PO 04 07 PC CO PI ('2 02 10 PI 

PO 16 19 14 15 01 15 15 CI 14 
?C 16 20 l~ 14 CI 13 16 Cl 12 

PO Cl Cl PM PM PQ PM PM CI 11 
PI CI CI PM PM PO PM P~ CI 10 

PO PM PM PM PG PI PO PM PI 13 
PM PM PM PM PC PI PC PQ PI 17 

PC PI l~ XX XX wI SR 13 PM C1 
PO PI 14 XX XX CI ~~ 13 PI 11 

PC 60 21 PM 22 22 PI 17 21 19 
PC 59 ~O PL 22 Z~ C1 20 21 20 

NUMER: 
DENOM= 

NUMER= 
DENOH= 

NUMER= 
D£:NOH= 

NUf.lER:::. 
Df:NCM= 

NUMER= 
OENOM= 

NUMEK= 
OE~WM:::. 

NUMER= 
DENOM= 

NUMER= 
DENOM: 

NUMER= 
DENOM= 

NUIiER==­
DENOM= 

NUf-IER= 
OENCH::. 

NUtiER= 
DENOI-\= 

NU:-\Ek= 
DE:NOM:. 

I,IUMFR= 
GENOM= 

0 .. 688 8 14E-05 
O .. lG3949E-iL 

0 .. 70751&E-06 
0.190679E-13 

0.21836l:lE-05 
0.633146£-15 

0.137861£-04 
0.140521£-13 

0 .. 3932581::-05 
0.176177E-13 

0.206215£-04 
0.982664E-I0 

0.250002£-06 
0.3346CJ9f-10 

0.772052E-08 
0.5653bOE-lO 

0.20679OE-04 
0.150212E-09 

0.3288L6E-06 
O.376094E-12 

0.605030E-04 
0.616H!5E-05 

O.1697&2c-04 
0.5213b7E-05 

O.4413~3E-05 
0.861136E-07 

tJ .1365 &2E-09 
0.5(;9043E-13 

SCORE; 0.662706E 07 

SCORE:: 0.3710~lE OEs 

!:.CORE= Ou342191E: 10 

SCORE: 0.9EI010E 09 

SCORE= V.223218E 09 

SCORE= O.211888E 06 

SCORE= O.747147E 04 

SCORE= O.1365bOE 03 

SCORE= O.137b70E Ob 

SCORE= 0.874320£ 06 

SCORE: 0.9Blrl97E 01 

SCORE= O.3Z563~f 01 

!:.CGRE= 0.512500E 02: 

SCORE= 0 .. 2btl311E 04 

. ·~7;·;t~·-"" '< ~'::...;i~4&S¢r..';~*;;~;:;i::.",~~r;",,; "-_, :~.u •• . ""~~,,",, :.:.J)'~',",";'Lii,.ii;~i:~~~';N.~~':J;;,~'je.i:AA.~tmrtfj 
---- -- -------------



~ 
~' 
iJ 

~ 

1 
~' 

j 
t 
1 
! 

ttl 

lo 
\.oJ 

tx1 

lo 
N 

',r" 't' .... f.',~"' ... -'~""""'~~'-.""!-.".,..' , ... ~ ...... ''''r-- "'-~ ... ..".·'~~·~-""'-·".-''""''_,',·..,.,..'''''~l"''i· .......... ".,"""""I_~~_I<'f_',,",,,,,""" 'I'n_'''''" ~ .lI"_,..........,....II'>"J'!~. _~ .... ,·""f!!".u lJ~.,e"~~"1'+t,:j 

3x:'libit. 8-15 (OorttW.l.ed) S ! F T E ;; 
Hrz"F -= 

~'3 

1,...,. 

I.; 

4b 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

LATA SET m;l"SE:; 2 

y~ 14 J6 21 IS =.1 ,1;2 14 l..7 SR 
?IJ 15 1.7 21 15 !il 12 14 ~7 14 

~H 12 13 p~ 12 ul 1~ 17 16 OS 
::"Iol 11 14 H 12 ~I ~.":f 14 PC 1(; 

AA AA ~A 11 AA TT AA AA AA G3 
~A AA AA TT AA T1 AA AA AA 02 

.14 09 CJ£ 14 II 1::l C!-2 1(, PM 13 
14 09 C9 14 1~ 13 02 10 PM 13 

v9 13 12 PC 14 09 0/ 13 13 11 
Iv 13 I? Ct 14 10 07 13 13 12 

21 09 19 11 19 21 17 10 17 16 
20 10 18 1& 19 23 17 OU 17 1& 

12 10 11 CC C7 04 10 17 13 04 
12 09 10 CC 07 04 10 17 13 05 

13 07 11 09 04 12 07 12 10 06 
14 09 11 09 04 14 OE 14 10 06 

2~ PM 13 07 07 2~ 14 10 05 16 
26 PM 12 OS oe 22 15 10 06 16 

L2 04 OH 08 Ob 13 03 05 05 O~ 

14 03 08 10 OS 13 04 05 06 05 

14 14 CB 11 11 14 09 11 13 11 
16 13 C9 10 11 13 12 13 15 10 

14 06 OS Ob 12 16 05 10 09 58 
16 06 08 08 13 17 o~ 11 11 CO 

20 07 11 CM 07 13 10 13 11 08 
20 01 13 (M 06 13 09 14 11 08 

14 09 09 13 11 11 02 08 13 06 
16 09 09 l~ 11 11 02 08 13 06 

1a;!'!ER= 
r.ElfC~'" 

r.UMH'= 
;jfNGK= 

NUMER= 
CENOM: 

NUI'tER= 
DENOM= 

NllMER'= 
DE NOM:::. 

NLMER=­
GENOM= 

NUMER= 
IJENOM:::. 

NUHER= 
DE NOM:::: 

NUMER= 
DE.NOM= 

NUME!?= 
DfNOM:::. 

NUMER= 
DENOM= 

f'lUMER= 
OENOM: 

NliMER= 
OEt-IOM= 

NlJr~ER= 
GENOM: 

O.lSS,,73E-C4 
O.U46cH-1l 

0.b38411£;.-09 
0.2003201:-10 

0.30336&[-(;1 
0 .• 146&21E-05 

0.1926::'3£-03 
O.49B8f'3E.-13 

0.23016€E:-05 
O.S9036bE-12 

0.861559E-08 
0.100427E-13 

0.324549E-04 
0.444030E-14 

0.5b2493E-06 
0.961644[-13 

0.170984E-06 
O.239822E:-15 

o .15&966E-Oo 
0.661825£-12 

0.8964COE-09 
0.570852E-12 

O .. lS2531E-08 
0.247816E-14 

O.195133E:-05 
0.186356E-13 

0.694211E-04 
0.298860E-12 

SCORE::: 

SCr.tu~:::: 

SCCRE= 

scn~E= 

SCC'RE= 

SCORE= 

SCORE::: 

SCGRE==-

SCDRE= 

SCORE= 

SCORE=-

SCORE= 

SCORE.:: 

~CORE= 

0 .. 13&258£ O~ 

O.418S3bE 02 

O • .206b2.4E 05 

0.~b6128E: It1 

0.390888E 07 

0.b51S91E 06 

O.73091bE 10 

0.896895E 07 

0.71l9b5E: 09 

O.240194E: Ob 

0.151042.E 04 

0.615525E 06 

O.104710E 09 

0.232286£ 09 

-.~' ... , 

EXhibit B-~5 (Continued) s r f T E R 
MODE 2 

-----~-'"-~---~'-----.. -----o__-"--_:==_._::~!; C 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

DATA SET NUMBER 2 

21 14 16 PO 12 Dt 08 16 13 12 
20 11 15 PO 12 Dl 09 15 13 11 

PO 06 08 08 08 12 05 01 09 11 
PO 05 O~ 11 10 12 06 09 10 14 

07 09 PM 19 12 05 10 14 19 13 
OB 12 PM 19 11 05 10 15 18 14 

14 12 14 PM 11 15 13 17 17 14 
15 13 15 'PM 11 i6 14 20 IB II 

16 PI 19 PO 16 11 14 14 (1 13 
17 PI 19 PC 15 10 14 15 (1 14 

17 11 14 17 09 13 13 13 18 09 
17 lrr 14 19 11 13 14 16 21 10 

12 11 13 14 16 15 09 14 16 16 
13 12 14 15 16 15 09 14 16 17 

16 02 05 04 07 10 04 06 08 09 
15 02 07 OS 01 12 04 06 08 07 

08 11 09 PC 14 10 11 PO PI 08 
06 11 10 .PO 13 09 11 PO PI C8 

01 AA 09 PI PC AA 0& 11 PM PI 
01 AA 09 PI PO AA 01 11 PM PI 

PO 52 12 14 14 14 10 14 L4 09 
PO 53 12 13 15 14 09 13 16 11 

26 18 11 PO AA PO 14 17 PI 04 
26 19 12 PO AA PO 14 18 PI 04 

18 59 10 DU 14 16 60 13 19 16 
IS 60 13 DO 16 11 62 13 20 15 

PO PO 06 PI 13 PI PI PM PI 15 
PO PO 09 PI 12 PI PI PM PI 14 

~ ':,~ k"J:l~~ ~~~·~L';'~~,.~. i~.~~~<.:-,~ _~ . ...:~{.~~ih,.i,,_ 

NUMER= 
OENOM= 

NUMER= 
DENOM=: 

NUMER= 
DENOM= 

NUMER:; 
OEtlOM::: 

NlIMER= 
DENOM= 

NUHER= 
DEl\lor~= 

NUMER= 
DENOM= 

NUKER= 
DENOM= 

NUMER= 
DEN[,M= 

NUMER=­
OENOM: 

NU!~ER::­

DENOM: 

rlUMER= 
OENOM: 

NUf"ER: 
DE:rJOM= 

NUHER= 
DEl>!Or.= 

O.434439E-06 
0.149566E-13 

0.139962E-08 
O.3bB064E-12 

0.355844E-06 
O.100052E-16 

O.691889E-07 
0.240763E-13 

0.214I4ZE-04 
0.100179E-ll 

,O.343059E-08 
0.975929E:-13 

0.155229E-05 
0.614698E-12 

0.132722£-06 
o .39713~E-12 

0.464012E-05 
O.221934E-12 

O.973066E:-02 
0.399105E-07 

0.1l5143E-06 
0.11446&E-11 

0.5S2006E-03 
0.24Q 400 [-11 

0.11b213£::-06 
0.217719E-13 

0.267056E-02 
O.301221E-07 

SCORE=- 0 .. 5795871::. 07 

SCORE::: 0.3e02651: 04 

SCORE= 0.506311£ 10 

SCORE= 0.287374E 07 

SCORE= Q.2124671: 08 

SCORE= 0.351521E 05 

SCORE= O.252529E 07 

SCORE= O.147<i33E 06 

SCORE.: 0.2G9076E Ob 

SCORE= 0.243&121: 06 

SCORE= O.i00590E 06 

SCOR£::= 0.236203£ 09 

SCoRE= 0.818548E 07 

SCuRE= O.BC!&577E 05 

; " ... :" ..... ....... ' ... ,"" ...... , \\,····~.·;J.?c· ," ,,~. ~' ~ •. ,.',,<., ...... 
. ~_.~~, .. '" ~ .. .- ~"'.a~~, .. :.t.~_ •. , .:~' '~:3::::,~~~~;_~·!~~rJ;;~,.,r1iiil¥)k".~'--·';-ar9'F 
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Exhibit B-1S {Contin.u.ed} 5,. 1FT I;. ;. 

71 

72 

73 

74 

75 

76 

71 

78 

79 

60 

&1 

82 

83 

{)4 

v~-f'-;:: ... ... _-.. ,I,. 

;...e.TA SET ~.l"'3E~ Z 

16 03 14 15 ~9 AA ~3 04 09 G7 
15 03 13 13 10 AA ~4 o~ 1~ iG 

10 
11 

11 
lZ 

09 
Of 

13> 
13 

1~ 
13 

1 .. 
15 

(;7 05 
-'":1;. v_ 05 

C1 
C1 

CI 
cr 

09 08 09 16 09 06 11 10 PI 14 
10 07 OS 15 ~~ Ob TT 11 PI 12 

PM 1T 11 PH 15 Dr AI. 03 CI 12 
PM 02 10 PM 15 01 AA 04 CI 12 

08 03 09 12 Od 16 02 09 14 l~ 
07 C3 09 12 09 14 TT Ob 15 11 

25 06 10 21 18 22 O~ 07 Cl 16 
is 06 10 20 15 22 05 TT CI 15 

20 S6 12 12 09 12 ~~ 03 13 07 
23 56 13 12 10 14 ~5 1T 12 08 

AA 59 04 CO 03 AA 05 Ob PM 06 
AA 57 03 CO 03 TT 01 05 PM 06 

AA 08 11 16 OS AA 04 08 11 03 
AA 0& 10 01 04 AA 04 08 08 03 

10 05 05 10 05 Q7 1T 03 06 07 
13 05 06 10 04 07 'TT TT 06 06 

PO 03 01 06 12 17 05 AA SR 10 
PO 03 TT 04 12 14 05 AA SR SR 

10 62 57 Cl eM 16 eM 11 PM 10 
19 62 Cl Cl CM 16 CM 11 eM 11 

17 PO CO PO 15 PI PI PI PI 16 
17 PO PO PO 16 PI PI PI PI 17 

09 07 02 19 11 07 IT AA 14 09 
08 07 02 17 11 D7 At 11 15 10 

;0..;';"1>:;::. 
-:>~ rlt'!I::=. 

~lWEk= 
r.n.Cti= 

NUP.E I\=­
CHiCH= 

r..UI-!EfI.=­
ut\lCt\:c 

NLt'1Er.= 
DtNt't-I= 

Nt.:J-!ER= 
DEt\OM= 

NUMER.= 
GE~CM= 

NUMER= 
DEI':OH= 

NUMER= 
OENOM= 

NUMEP= 
OfNOM= 

NUMER= 
DENOM: 

NUMER= 
OfNOM= 

NUMER= 
DENeK= 

Nur"ER= 
DI:.Nml= 

O~115.b1c>I;.-C6 
v .. UQ9$4E-12 

o.StJ4~15f:-Q6 

0 .. 2776$1£-13 

O.17u4tEc-O!) 
O.7673~aE-l~ 

O.2156-..4l:-03 
v.b749Z9E-ll 

O.52.~n2E-06 
U.172147E-l"2 

0.117959E-12 
0.374949E-14 

0.254 \J24E-0l~ 
0.361099£-14 

0.224692E-06 
o .3028GO£:-1l 

0.£05051E-08 
0.143022E-ll 

O .. 271995i:-06 
0.439795E-12 

O.64'J052E!..06 
O.71696lE-I0 

0.157554[:-08 
0.411124E-I0 

0.103589E-02 
0.1272 691:-06 

_ 0.103028E-06 
o .3'J46GZE-13 

"~""'~""""-~.'~" ''''~'<'-- ~- .• ' _v. """~""""'~ol"".."~ ..... -. ..... _.~ . .,,. _ •.. "~"",,~ .• ,..,.. 

SCCH= u.104Z5t)c \l7 

!.(.UR£::::: O • .i..E:lb3bE OS 

SCt:BE:o 0.:2:2183E ou 

SCCRf~ O .. 31950M: 08 

SCCkE= O.30.-.927E 07 

SCC'RE= O .. 314~S3E (;2 

~CCRE= .0 .. 166554£ 01'> 

SCORE::. O .. 7~2048E 05 

SCC!RE= 0.1433701: 04 

SCGRE= 0 .. 63210IE. 06 

sceRE:: 0~9052.8ZE 004 

sceRE= 0 .. 3&3227E 02 

SCORE=: 0 .. 8 13936£:. 04 

SCCRE::::: 0.261093E 07 

,·~~":"""""'-~~""--"·"""'''''''''''''''.J~~-t. It,;..' '-- .. -~~--~--~---"'---~."-'-""'--.~-'-'~--'''''''-''-------:---'---''' .. -'-•... &""",,,,-'''''''''-''''--~, 
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Exhibit B-15 (continued) S 1FT f R 
MODE 2 

85 

b6 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

DATA SET NUMBfR 2 

14 56 06 07 06 17 11 09 11 05 
14 TT 06 TT O~ 14 TT 08 11 04 

18 15 SR 20 13 16 12 13 17 17 
17 14 TT 21 15 15 13 11 18 14 

PI PI CO PM 17 20 16 17 16 17 
PC PI 21 PM 18 22 Ie 18 18 16 

PO XX Pl PI DO PI PI PI PI 25 
PO XX PI PI PO PI PI PI PI PI 

26 68 15 13 12 22 65 13 12 14 
24 66 15 13 12 21 14 13 12 11 

18 08 07 15 11 20 04 18 18 15 
20 09 09 17 18 20 03 17 IS 19 

PO PI PH PO PO 20 PO PI PI 17 
PO PI PI PO PO 22 PO CI PI 21 

21 15 16 15 16 15 O~ 12 15 13 
22 13 14 12 16 19 05 15 19 15 

23 03 07 SR 13 11 TT 02 52 10 
19 03 06 SR 14 12 TT ~2 54 08 

24 18 18 PI 15 PI 19 16 PI CI 
22 18 19 PI 16 PI 09 16 PI CI 

09 05 AA 04 11 05 TT TT 03 04 
10 08 AA 04 15 06 TT TT 04 05 

21 13 11 18 15 19 12 11 13 12 
23 16 13 19 13 22 13 16 18 14 

PO PI Ie PO PO PI PO C1 PI 18 
PM FI 18 PO PO PI PO Cl PI 17. 

PO PI PO CO 16 PI PO PI PI 16 
PO PI PO eo 15 PI PO PM PI 17 

NUME:R= 
DENOM:: 

NUMER:: 
DfNOM= 

NUMER== 
OErlOM== 

NU~ER=­
DENOM= 

NUMER== 
DENOfo\= 

NUHER.= 
DENOM= 

NUMER= 
DENON= 

NUMER== 
o EtJOM= 

NUHER= 
DfNOM= 

NUHER= 
DENOM= 

NUMER=­
DENOM= 

NUHER= 
DENOM= 

NUMEP.= 
OENOM== 

NUMER= 
OENOM: 

0.264021E-13 
0.162587E-12 

0 .. 557108E-09 
0.1194761:-12 

O.137781E-IO 
O.!:.90444E-12 

0.1l6Z97c-04 
0.100000£-03 

0.412249E-11 
0.343769E-14 

O.521829E-09 
09125828E-12 

0.9060 19E-06 
0.222583E-06 

0.558192E-12 
O.974726E-12 

O.717427E-IO 
O.132857E-13 

o .343149E-06 
0.37024OE-11 

0.153979E-06 
O.611976E-13 

0.384532E-13 
O.594557E-12 

0.802591 E-03 
O .. 314553E-Ub 

o .61..9300E-03 
0.727050E-06 

SCORE~ 

SCORE:.= 

SCORf; 

SCORE= 

SCCRE= 

SCORE= 

SCORE:::: 

SCORE: 

SCORE:::: 

SCORE= 

SCORE:: 

SCORE= 

SCOR£:= 

StORE= 

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

0.174689E 00 

O.310409£: 04 

0.233351E: 02 

O.116297E 00 

0.119920E 04 

0.414716E: 04 

0.407048E 01 

O .. 572666E Or.; 

O .. 539999E 04 

O .. 926829E 05 

0 .. 251609E 07 

0.646427E-Ol 

0.Z55153E 04 

0.&51799£ 03 

• ·""'i'~~' ~""J::;, :/;<;; b,.s.~r:jr4,;";,, •... ;;;o;}#~"'.;:"~L.:: ' ~~~ .. ,,",,~b~:L3_L':';~~~~~~_~~~,:l~~&~~~~ 
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£x.'libit 2-15 (OO1:n'tir.:u~) 
SI'FTEF 

Jo!"tt~ ~ 

~ 
~ 

~ ... 
~ 
~ 

~ 

tll 
I 
en 
(l'\ 

99 

1(,0 

(lATA SET rol!Vf!:i\ ~ 

PO 12 12 
pC 13 13 

PO 15 PI 
15 PI PC 

10 
11 

1~ PI 
I!. PI 

10 
10 

is PM 11 CC 11 1~ 15 10 PI 01 
1~ p~ 11 CD 11 09 14 11 FI LI 

JoitJMEI'= 
CE.,\OM= 

NU.~ER= 
Ot:!',CM= 

0.440704E-03 
O.13SE04E-u9 

Q.213281E-G3 
o .12b429£:-10 

.. " .~ .. , 

'.'. 

sc.CRE;n 

sc.c~£:= 

A. __ .. _ 

. - ----. 

O.321&66i tf7 

o .168697£: 08 

",. 

":"~"~"~ 

( 

:1 

I 

f 
I , J 
i 1 

J 

I 




