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ABSTRACT

An evaluation is presented in this volume which, for the purpose
of this study, is defined as the adequacy of system design with known
functional end performance requirements. The proposed Rockwell
Interncttonnl AIDS III card, document and data flow are presented to
nu-nnrxze the concepts 1nvolved and the relationships between
yuncttonl.' The anllynta and evaluation includes a study of system
compatibility, procenazng rates, search requirements, and response
accuracy as well as a consideration of operational components and
hardware integration. Operational availability of the system (i.e,,
the probability that the equipment will be able to petform the
function when required) will not be confirmed until specific hardware
is identified and empirical data can be obtained., Results of the
study indicate that the AIDS III System concept is operationally
feasible if production capacity is slightly enhanced, but that
operational complexity, hardware intergration, and a lack of
conceptual data pertinent to some of the functions are areas of
concern., For a synopsis of this entire report, see the Executive
Summary in the Compendium (Volume I).
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SECTION 1
INTRODUCTION

Operational feasibility is defined as ihie adoquacy of system
design, process control procedures, and svatem performance when
compared with known functional and performasice requirements. This
definition is used to distinguish between operational and technical
feasibility, which determines whether the existence, status, and
development risks of the technologies employed in the system lead to a
technically feasible approach,

System design and performance can be ¢insidered as either a
technical or an operational issue. For the purposes of this evalua-
tion, system design is considered an operational issue., System
per formance includes issues of accuracy and completeness, of searches
and responses, as well as system availability and processing rates,

Process control includes the monitoring of system performance,
queues and work flows, to effectively ensure that processing rate
requirements are achieved,

A.  SCOPE/OBJECTIVE |

The objective of this AIDS III Subtask was to evaluate the
operational feasibility of the AIDS III System Concept developed by
Rockwell International, }

The January 1980 issue of the Rockwell AIDS ITI System Concept
document (Ref., 1), the Rockwell April ~ May 1980 response to the data
dictionary (which augmented the January 1980 report), and the docu-
ments referenced were used as the basis for evaluation. Supplemental
briefings received before May 1980 were also used. No additions or
changes to the January 1980 system concept except for those in the
April - May 1980 addendum are reflected in the evaluation.

B. ESSENTIAL ELEMENTS OF THE ANALYSIS

To decide whether or not the AIDSsIIL System is operationally
feasible, four basic questions were aske:l:

(1) What are the system's functional requirements?
(2) What are the system's performance requirements?

(3) Does the lysten”concept meet these requirements?

¢




(4) Do the designated hordware and software meet these re~

quirements in terms of availability, compatibility and
adequacy?

Recognizing the varying levels of the AIDS III system
development, and tha depth to which some areas of the system have been

explored; not all questions could be answered with the same degree of
completeiiués,
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SECTION II
SUMMARY

While there are concerns regarding final design and implementation,
the indications are that the AIDS III System concept is operationally
feasible if production capacity is slightly increased. The operational
complexity, the status of work station development, the hardware
integration of critical functions, and a lack of conceptual support
data are the primary aream of concern.

Simulation modeling of the fingerprint card flow indicated that,
with the addition of a total of five work stations in four functions,
the system will handle 95% of the 1993 work load in less than 3 houra
(99,9% within 4 hourn). Purther analysis indicates, however, that the
system is sensitive to volume surges, and functions within the system
have a low tolerance for equipment failure. A seven percent increase
in the work load will saturate the system at three points. With single
unit failures, many of the functions could not handle the projected
vwork load. Since many functions are operating with limited spare
capacity, additional stations or overtime will e required to work off
backlogs created by equipment failure or increases in volume. The
pofentxnl film processing backlogs related to uneven workflow as
identified by Rockwell must be resolved, since this component "‘P“ the
critical path in the identification process. s

-

\

The high volume of data (66,000 messages with 5.1 nxllxon‘bv'&n

o£ data per hour) and xnterdependency of the computer subsystems cre.te

a complex data network with s single point of control (the System
Supervisor). All of the subsystems exhibit some degree of
interdependency, If there is a failure or degradation of one
nublystem, most of the others will be affected. When the System
Supervisor is down or degraded, all functions in AIDS III will be
degraded or cease functioning. A properly sized configuration using
available computer and storage technology will support AIDS III, but
software and hardware configurations still require additional
development to ensure that cost-effective and workable computer
subsystems are selected,

Since the final computer hardware configuration has not been
selected, it was impractical to do a dynamic simulation of the computer

- subsystems, As an elternative, a summarization and analysis of the .

operutxonlx conponen:/conputer subsystem data transfer rates was made
in order to scope the computer configuration requirements. Bareéd on
the available data, off-the-shelf technology would support the AIDS III
System,

Develop-ent of a full set of performance requirements as will as
a model of the computer data flow:is recommended to ‘assist in ‘determin-
ing the most effective hardware and software configuration. In
addition, since the duta base structure ‘and its management is an
integral part of the AIDS III and the developnent and maintenance costs
to support the information processes are significant, it is recommended

2-1 :
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that a make/buy evaluation of a commercially available general-purpone

Data Base Nanaze-ent System (D3MS) be made.

Analysis of the search performance of the Automated Technical
Search Pilot System indicates that it performs better {provides a
lower miss rate of 5% vs 24X) than the manual technical search
system. The search performance of the AIDS II Automated Name Search,
compared with the manual system, also indicates that a lovyer miss rate
will be achieved.

The procenszng of documents was not adequately covered. There
were omissions of key processing functions, location of work stations
was not discusse’, and the number of documents tc be returned to the
manual system var.:d greatly from present procedures without
explanation. This area was notable for its inconsistency and lack of
complete concept development.,

An analysis-of the AIDS III System showed that by not microfilming

thie "rush" requests and walking them through the system, these requests
could be processed within 30 minutes, thus meeting this requirement.

There is a high degree of operational complexity involved in the

Semx-Automatlc Fingerprint Reader, fxngerprxnt classification, image
sarison, and search review functiuns. These functions require a

coxcentrated effort, demanding accuracy, knowledge; &id reliability
throughout the operational day. It is recommended that prototypes of
the fingerprint classification, image comparison, and search review
terminals be developed and tested prior to making a full commitment to
these concepts.

While the Minutiae Master File and Computerxzed Criminal Name
File and Record Files will not generally requxre new data, they will
require file restructur1ng and conversion when impiementing AIDS/III.
In: nddxtxon, a major, l5-month effort will be required to convert the
14.5 million fingerprint master cards to microfiche for use in the
automatic retrieval system. '

Additional development of facility requirements for the AIDS III
System is necessary, as the latest AIDS III concept is not fully
reflented in the current facilities plan.

Table 2-1 summarizes the areas of study that were evaluated iﬁ
the operational feasibility task of the AIDS III evaluation study.

Wy et
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Table 2-1. Operational Feasibilityi Reportl’ Summary

METHODOLOGY EMPLOYED -

OBSERVATIONS

IMPLICATIONS

AREA OF STUDY
FUNCTIONAL AND
PERFORMANCE
REQUIREMENTS
COMPONENT
AVAILABILITY
PRODUCTION
| CAPACITY
N
1
(%)
o
2% .
o)
32
BE
23
)
= m TRANSPORTATION
= BETWEEN WORK
< STATION ¥

ANALYSIS OF 1D GUIDELINES
AND RELATED DOCUMENTS

CALCULATION BASED ON
MTBF AND MTTR

STATIC ANALYSIS

®CARD PROCESSING
~ COMPONENTS

© DOCUMENT PROCESS-
ING COMPONENTS

DYNAMIC ANALYSIS (GPSS)

®CARD PROCESSING .
COMPONENTS

SENSITIVITY ANALYSIS

STATIC AND DYNAMIC
ANALYSIS

® THE RATJONALE FOR THE PERFORMANCE
REQUIREMENTS AND CONSTRAINTS
HAS NOT BEEN ESTABLISHED. SEE
SECTION V.

© ESTIMATED AVAILABILITIES ARE
BETWEEN 0.983 AND 1.0.

© MARGINAL WITHOUT SINGLE-UNIT
FAILURES; UNSATISFACTORY WITH
SINGLE UNIT FAILURES.

® CONCEPT IS INCOMPLETE.
© UPDATES TO FILE NOT SPECIFIED
© PORTION SPECIFIED |S ADEQUATE

@ MEETS ALL RESPONSE TIME REQUIRE-

MENTS WITH FIVE WORK STATIONS
ADDED TO FOUR FUNCTIONS.

® SENSITIVE TO VOLUME SURGES AND
AVAILABILITY OF WORK STATIONS.

* SEE VOLUME 1V,

L3

© INCORPORATED IN DYNAMIC ANALYSIS

FUNCTIONAL AND PERFORMANCE REQUIREMENTS

COULD NOT BE USED PER ST AS OPERATIONAL
FEASIBILITY CRITERIA.

AT THAT LEVEL, THE AVAILABILITIES DO NOT

AFFECT STATIC OR DYNAMIC MODELED PROCESS-
ING CAPACITY.

MARGINALLY OPERATIONAL, RE-EVALUATE

SYSTEM CONFIGURATION AND ARCHITECTURE
TO ELIMINATE POTENTIAL PROBLEMS.

UNKNOWN IMPACT ON THE AIDS 111 SYSTEM

MARGINALLY OPERATIONAL IF SUBSYSTEM
AVAILABILITY FALLS BELOW 95% [IN TWO CASES),

THE SYSTEM WILL SATURATE AND THE BACKLOG
WILL GROW.




e

FIGURATION AND
ARCHITECTURE

W
P

SEARCH
PERFORMANCE
o NAME

(SUBJECT)

.® FINGERPRINT->
(TECHNICAL)

DATA BASE -
MANAGEMENT

FILE
CONVERSIONS .

FACILITIES

ANALYSIS OF:
® AIDS 11 RESULTS

© AUTOMATIC TECHNICAL
SEARCH PILOT SYSTEM
RESULTS

TECHNICAL EVALUATION

TECHNICAL EVALUATION

TECHNICAL EVALUATION

PERFORMANCE REQUIREMENTS NOT FULLY
SPECIFIED.
o COMPUTER DATA
TRANSFER RATES WERE NOT SPECIFIED.
® A PROPERLY SIZED CONFIGURATION WITH
OFF THE SHELF TECHNOLOGY WILL SUPPORT
AIDS 111. (SEE VOLUME 11 AND SECTION
11-B OF VOLUME 111)

© PERFORMS BETTER THAN THE MANUSL
SYSTEM,

© PERFORMS BETTER THAN THE MANUAL
SYSTEM. ‘

© A SPECIAL 2URPOSE DATA BASE MANAGE-
MENT SYSTEM (DBMS) IS TO BE DEVELOPED
FOR AIDS 11,

® THE HIGH RESOLUT!ON DIGITAL IMAGES...
GENERATED BY THE TECHNICALFILE
CONVERSICH WERE NOT SAVED,

© MINUTIAE MASTER FILE, THE COMPUTER-
1ZED CRIMINAL NAME AND RECORD FILES
WILL REQUIRE RESTRUCTURING ARD
REFORMATTING FOR AIDS 141,

® SPACE REQUIREMENTS NOT CONSI STENT
BETWEEN JANUARY 1980 AND MAY 1980
SYSTEM DESCRIPTIONS.

© SAFETY AND FIRE PROTECTION
REQUIREMENTS INCOMPLETE.

. - - - ——— -
Table 2-1. Operational Feasibility Report Summary (Cont'd)
AREA OF STUDY METHODOLOGY EMPLOYED ~ OBSERVATIONS IMPLICATIONS
COMPUTER CON- | TECHNICAL EVALUATION © HARDWARE CONFIGURATION AND SOFTWARE

FUNCTIONAL AND PERFORMANCE REQUIREMENTS
COULD NOT BE USED PER SE AS OPERATIONAL
FEASIBILITY CRITERIA (SEE VOLUME 1X)

JPLHAS ESTIMATED THESE RATES TO SCOPE
THE SUBSYSTEMS (SEE APPENDIX C. VOLUME I,

\fH'lS APPROACH MAY NOT BE AS COST-EFFECTIVE
AS A COMMERCIALLY AVAILABLE GENERAL-PURPOSE
DBMS AND A MAKE/ BUY ANALYSIS IS RECOMMENDED.

REPHOTOGRAPHING OF THE MASTER FINGERPRINT
FILE IS REQUIRED FOR AUTOMATIC IMAGE RETRIEVAL.

THIS IS A COMPUTER FILE TO COMPUTER FILE CON -
VERSION AND SHOULD BE STRAIGHT FORWARD_.
ADDITIONAL INFORMATION 1S REQUIRED FOR

ANALYSIS

ADDITIONAL INFORMATION I'S REQUIRED FOR

ANALYSIS.

B ————
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SECTION IIIL

METHODOLOGY ’

thodology that was developed and utilized to evaluate AIDS
ional feasibility is reflected in Figure 3-] and described

A, DATA GATHERING

First,

the study team gathered system concept des;gn

i docunentatxon consisting of Rockwell reports, engineering memoranda
! and llﬂllfr materials (all references are listed at the end of this

volume). The data gathering proress ‘ncluded technical discussions

with the FBI and Rockwell AIDS I'I 1r¢ ject personnel. Tours of the
PBI Identification Division in Waghi:.gton D,C. were 21s0 a source of
information.

Specific operational and design data were gathered and
documented for each operational component* of the AIDS III System
Concept. This included the five subsystem computer conflguratxons and

System Supervisor. Whenever applicable, 1nfornatxon in the following
areas was collected for each component:
(1) Description of the component.,
(2) Service rates,
N (3) Number of units proposed.
(4) Availability.
(5) Operability.
(6) , Component status.
(7)  Interfaces.
; (8) Search performance and/or accuracy.
‘ (9) Pile conversion.
Fo (10) Design and implementation approach.
i : (11) Tssues and concerns.
- | :
i :
g | 1
o " *The term "operational component" refers to an operation or Qcoceasxng
o step (manual, automatic, computer-aided, or combination thereof)

required to perform a specific function. . Tk,

3-1
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DATA SOURCES

ROCKWELL DOCUMENTS (SEE REFERENCE LIST)
®  AIDS 1l SYSTEM CONCEPT

®  AIDS TECHNICAL MEMOS

®  MISCELLANECUS REPORTS AND DOCUMENTS
F81 AIDS 111 DESIGN GUIDELINES

INTERVIEWS WITH FBI PERSONNEL

INTERVIEWS WITH ROCKWELL DESIGN PERSONNEL
OBSERVATIONS OF SWMILAR T/PE FUNCTIONS

J

OTHER AIDS 1H ACTIVITIES

CURRENT TECHNOLOGY EVALUATION SUBTASK
CURRENT SYSTEM EVALUATION SUBTASK

{ ECONOMIC ANALYSIS SUBTASK
ENVIRONMENTAL EVALUATION SUBTASK

TOP-DOWN FUNCTIONAL ANALYSIS

ENVIRONMENTA,
i EVALUATION
‘ SUB TASK

.

>

B

DATA REQUIRED

COMPONENT INTERFACES

CURRENT SYSTEM CXPERIENCE

DATA FLOW o

DATA TRANSFER RATES

GOCUMENT FLOW

MAINTENANCE DATA

NUMBER OF UNITS:

OPERATIONAL COMMONENT DESCRIPTIONS

POSSIBLE RANGES IN CRIMINAL
VS CIVIL (APPLICANT} MIX

POSSBLE RANGES OF FINGERPRINT
CARD VOLUMES e

REQUIRED CAPACITIES

SERVICE RATTS (THROUGHPUT)

S$T10

OuTPUTS

[ COMPONENT OPERATIONAL FEASBRITY
SYSTEM OPERATIONAL FEASBILITY
DESIGN AND IMPLEMENTATION ISSUES
COMPONENT AVAILABILITY
PMODUCTION CAPACITZS ™

o COMPONENT N

o COMPUTER SUBSYSTEMS

®  SYSTEMS SUPERVISOR

COMPUTER SOFTWARE ANALYSIS

CONFIGURATION AND ARCHITECTURE
ASSESSMENT

SEARCH PERFGRMANCE
SUBJECT SEARCH

o  TECHNICAL SEARCH
{AUTOMATED TECHNICAL
SEARCH PILOT SYSTEM)
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Had data been available, the next step would have been the
development of functional and performance requirements at the system
and subsystem levels. Using these requirements as standards, the
design would then have had a basis for conparilon in evaluating its
adequacy. The fact that the new system improves performance of a
particular function is not neceulnrxly a benefit unlesa the existing
system fails to meet the same requirements. This subject is discussed

further in Section V.

B. STATIC AND DYNAMIC ANALYSIS

The third major step in eltlblxlhzng operational feasiblity of
the AIDS III concept was to perforn static and dynamic analyses of thé
system to determine whether it was luffxcxently robust to accommodatis
both changes in work load volume and changes in its mixture (e.g., the
ratio of criminal vs civil inquiries).

Based on the data collected, each operat;onnl component was
statistically analyzed for availability and service rate capabilities.
; This process identified potential problem areas in the fxngerprxnt card
? system flow. It also h1ghlxghted those components that would fail to
§ meet their throughput requirements as a result of a single unit faxlure.
0

The dynamic simulation of the AIDS III system under varyxng work
loads estabiished a more thorough test of its operational feasibility
(the static analysis being only a "quick look" technique). A computer
based simulation model was developed using General~Purpose Systems
Simulation (GPSS) software. Using this high-level simulation language
on the Univac 1108 computer, the AIDS III System was .odeled to
evaluate the system capacity and analyze the coacepta of queueing and
card flow. The flow of card images for automatic retrieval and
verification was also simulated. The lack of sufficient cata
prohibited the development of a dynamic simulation of the system data
“flow through the computer.

P

< Y

The model was designed in a parametric manner, allowing the
variation of work load volume and criminal/civil card mix. Variations
in component service rates and numbers of units was also modeled. The
data gathering and analysis activity produced the primary data for the
; components within the model. System bottlenecks were identified and
g resolved by increasing the number of service units. Once the baseline
‘ wodel had been established, it was enhanced by JPL to meet the FBI
Guidelines,

| Throughout the building, testing, and operation of the model,
reviews were held to ensure that the mcdel was valid and reflected the
AIDS II1I Syoten Concept. Detailed discussions of the simulation model
can be found in Section VI, Paragraph B. ;

i
i The Environment Analysis (Volume VI of this report) provided work
i load volume ranges and various mixes of criminal and civil fingerprint
I cards for sensitivity testing. These work load volumes were entored
14 into the model, and the resulting card throughput was evaluated.
i
¥ 3-3
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C. TECHNICAL ANALYSIS
I

Data transfer requirements for the System Supervisor and each
computer subsystem were summarized. Analysis of this information was
used in an attempt to evaluate the proposed hardware configuration.
Because of the lack of specifics about the final hardware
configiiration (and some ambiguity in the subsystem functions) the data
processing requirements of the AIDS III system could only be analyzed
at a conceptual level.

In addition to analyzing each operational component and computer
subsystem and developing a simulation model, general areas such as
data base management, search performance, system implementation, file
conversion, and system work flow control wire reviewed and evaluated.

D. DATA DICTIONARY

The original schedule called for the completion of the
operational feasibility evaluation in February, 1980. At that time,
however, the subtask realized that there was insufficient data to
completely evaluate the AIDS III System Concept. The deficiency was
most prevalent in the areas of process control queueing strateégy,
computer cqnflgura:1cn|/cnpucxc1es, data management/handling and
system monitoring. The missing data was documented and transmitted to
the PRI through the Data Dictionacvy (see appendix to Volume I). The
Data Dictionary indicsted the unspecified or insufficiently specified
dati e¢lements requxg/d to complete the AIDS III Opera:xonnl
Feasibility evnluat; » It was prepared in matrix format, with the
rows reflecting the/data elements required and the columns identifying
the data needed for each element (i.e,, area of data deficiency, data
required, 1:4 format, and the subtask requiring the data). The
additional dits received from Rockwell as a result of this effort,
plus the data previously gathered, was combined and used as the-data:
base for the Operational Peasibility evaluation.

N\
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L Process Control Number Application

SECTION 1V

AIDS TII SYSTEM CONCEPT DESCRIPTION

The Rockwell AIDS III card, doiument, and data flow are
presented in this section. The intent is to summarize the concepts
involved, to indi:ate the relationships between functions, and to
provide the reader with a basic understanding of each concept. A
diagrammatic view is shown in Figure 4-1. The names and abbreviatiuns
used throughout this volume were derived from Rockwell's docunen;ttion.

Lo . I
Details of the Rockwell AIDS III System Concept are described in
their January 1980 document (Ref. 1), the technical memorandum
prepared by Rockwell in response to the JPL Data Dictionary (see
appendix to Volume I) which augmented the January 1980 report, and

. ‘related documents. A list of these documénts can be found in the

Reference List at the ¢nd of this volume.

A. FINGERPRINT CARD PROCESSING

The fingerprint cards and other documents enter the AIDS III
system from the FBI mailroom (MAIL) as shown in Figure 4~2. The
mailroom operation consists of opening the mail and ceparating the
fingerprint cards from other documents, Documents are forwarded for
processing as described in Section B, Document Processing. The alien
registration and personnel identification cards are accumulated
throughout the day, At the end of the day they are counted, date
stamped for statistical reporting purposes, and logged (DATE STP).
They are then classified (CLASS-C) and routed to the civil file with
no further interface with the automated system. The criminal and
civil (applicant) cards are forwarded for coding with a process
control number (PCN). If a criminal/civil priority scheme is needed,
the cards are separated at this point.

B [¥]

Rush requests for fingerprint card searches enter the system at
the process control number (PCN) function. Processing of these
requests is described in Section C, Rush Request Processing.

When criminal and civil fingerprint cards arrive at the PCN
printers, a unique, machine-readable, dated and sequenced process
control number is printed on each card. The process control number is
used as the primary accounting index. It is used to maintain an audit
- trail for associating the data on the card with the processing
performed by the system computers,

.
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2. Microfilm

From the PCN application, the cards move to the microfilm
cameras (MFILM) for fingerprint image capture. All cards are filmed,
although some may not be used in the image zomparison system. The
objective is to convert cards into film images as soon as possible in
order to minimize the impact of film processing delay on response
time. Cards designated for temporary file update and for permanent
file update are also sent to the microfilm cameras.

Roll film from the cameras is processed (FLAB) and converted
into ultramicrofiche. Two copies of each fiche are generated for each
of the 19 image comparison and 13 verification terminals. The
microfiche are distributed (PLOAD) to the image comparison
identification and verification (ICI and ICV) terminals,

!

3. Quality Check

After the fingerprint cards are filwed (MFILM), they are routed
for a quality check (QC) and a separation of those cards to be removed
from the AIDS III automated processing system, Cards are removed from
automated processing when:

(1) Necessary information is missing - returned to contributor.

(2) Year of birth is less than the Automated Subject Search
cutoff year (1958) - sent to the manual system.

(3) Card has a non-AIDS FBI nusber - sent to the manual system.
(4) Card has only four fingers - sent to the manual system.

Also entering the QC function are cards returned from the manual
system which were originally received with a non~AIDS FBI number, or
were not identified (non-idents) in the manual system and are being
resubmitted for an automated search. Cards that do not continue in
the automated process are passed from quality control (QC) to wand
out* (WAND) and removed from the system. Contributor data and status
designation are recorded with a data entry keyboard which allows the

- systum to retain contributor and work load statistics while monitoring

card status,

4, Enc%diq;uand Encode Check

Most ©of the cards are passed from QC to the encoding function
(ENC), where data input formats are checked and criminal arrest data
are encoded, Also entering the encoding function aré cirds for AIDS
subjects that were: 1) identified in the manual Jvstem and now being

*The PCN is read with an optical character reader (OCR) wand.
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returned for file update and response generation in the automated i
system; 2) not identified in the manual name search (Card Index

Section) and now being returned for automsted technical search, or 3)

not identified in the manual fingerprint search and now being added to

the automated technical search Minutiae Master File,

All cards leaving the encoding function (ENC) are passed to |
encoding check (ENCK) for an independent verification of the encoded
data. The cards are then separated by type into separate processing
streams,

5, Data Entry, Blocking Out and Classification

Cards with an AIDS FBI number (either contributor-supplied or
through the manual identification process) are routed directly to data {
entry (DENT-A). The remaining cards must receive a fingerprint il
classification before the automated subject search. Criminal cards
are sent to blocking out (BLO), where a high-level, Henry
classification is performed. The BLO function aiso flags criminal
prints uhxch are probably illegible, so that arrest data are not
entered in the data entry process. ’

At the classification function (CLASS-A), civil, regular :
military and Coast Guard cards from ENCK receive full NCIC fingerprint i i
classification. Civil cards receive full classification because most §
(90%) of the cards are not identified in subject search and ultimately
require full classification prior to automated technical search.
Military and Coast Guard cards receive full classification as required
by the civil file, At the time of full classification, the data are
entered into the system using special data entry terminals which
complement the classification function (finger block display layout
similar to the fingerprint card, and single purpose keys representing
finger classification symbols). The finger classification is also
written on the card.

At the data entry work station (DENT-A), subject search
parameters and arrest data are entered into the system and held for
verification, At the data entry verification function (VDENT-A) the
data are checked, character-by-character. After the subject search
parameters are verified, the search is initiated., While the search
takes place, the arrest data are ve’jfied. The results of the
computer subject search (i.e., uhether a candidate has been
identified) are indicated on the CRT termiral screen to inform the
VDENT-A operator of proper routing of the card as follows:

(1) Criminal cards with no candidates to classification
(CLASS~B).

(2) Civil cards with no candidates to classification check

(3) Cards with candidetes to search review (SEAR).

(4) Military with no candidates to the civil file.
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Criminal cards that had candidates from subject search but were not
identified and verified when checked against the fingerprint card are
returmed from SUAR for a technical search and are also sent ro the
classification function (CLASS-B). N

After classification, all cards are processed in the classifi-
cation check function (CLCK) using the same type of terminal used in
classification., This function verifies the classification previously
msde. In checking, the stored classification is recalled to a CRT
display using the PCN. If necessary, changes are made and legible
cards ave routed to contarline sort (CSORT), Those cards determined
to be illegible are removed from the process and sent to automated
correspondence (AUTOCOR) to be returned.to the contributors,

Also sent to CLCK are civil cards with no subject search
candidates, and those civil cards that had non-identification
candidates from subject search but were not positively is:ntified by
fingerprint check, These cards were fully classified (CLASS-A) prior
to subject search, and thereafore bypass the classification process
(CLASS-B) of the criminal cards. The classification check of civil
cards is similar to, but less extensive thamn, that for criminal cards.

6. Fingerprint Reading

At CSORT, the cards are inspected to determine the approximate
centeriines. The prints may vary from high to low in each of the
fingerprint boxes and some portions may even be outside the boxes,
The cards are sorted into groups having the same centerline, and are
routed in batches to the Automatic Fingerprint Reader System (AFRS)
for minutiae extraction. Based on the fingerprint minutiae data from
AFRS, together with the classification data and other descriptive
information previously entered into the system, the asutomated
technical search is initiated,

Those cards rejected by the AFRS vequire computer-aided, manual
minutiae encoding on the Semi-Automatic Reader (SAR). The computer
saves all the AFRS data on rejected cards so that only prints of the
rejected fingers need to be manually encoded. When the rejected
conditions are corrected at the SAR operation, automated technical
search for the card can proceed. A very few cards may have
fingerprints that cannot be successfully reconstructed by the SAR
terminal (designated as rejects to be returned to the contributor).
Following the AFRS and SAR operations, the fingerprint cards are
routed to the search review function (SEAR).

7. Image Comparison

The microfiche fingerprint images for the automated technical
and subject search candidates are available to the image comparison
identification (ICI) and verification (ICV) functions. Here the
identification process is performed using microfiche images rather
than actual fingerprint cards. These functions are under computer
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subject search candidates,

control and are initiated when tws conditions are satisfied. First,
the fingerprint 1nnge of the anuxry search card in microfiche format
is dmsplnyed on the image comparison terminal. Secondly, a candidate
list from either. the automated subject or technical search function is
nvaxluble. All image comparison terminals receive a copy of all
inquiry search images so that any terminal (each one of which has
access to only a segment of the master fingerprint image file) can
make - comparisons with file subjects in its particular segment,

. When the above conditions are satisfied, search candidates are
reviewed (ICI) to determine tentative candidates by either the
automated subject or technical zearch. This is accomplished by
comparing current search fxngnrprxnt images (received on microfiche)
with master file microfiche inages, The retrieval of all images is
under computer control, Tentative identifications are designated by

. the geratcr to be reviewzd by an image comparison verification

opcrator (ICV), Searches with no tentative identifications are
denxgnated as such and bypass the verification step. Results of the
image comparison are then available at search review (SEAR).

8. Search Review

Search review (SEAR) reviews all fingerprint cards except those

. previously removed because of poor quality or illegibility, and

military cards with no subject search candidates. SEAR performs two
functions: search process evaluation and card routing. As the cards
arrive at SEAR, the PCN is entered into the system and the search

results are displayed on a CRT terminal., For process evaluation, SEAR

provides the final measure of quality control: the final human =
acceptance of no identifications based on automated search results.

Those searches that have been designated as identifications by
image comparison (ICI/ICV) require no further decisions, and the
search results (displayed on the console CRT) indicate the proper card
routing. Some fingerprint cards are returned to the contributors per
their request, and the remainder are retained in original hard copy
form. A few are returned to the manual syscem for file update.

‘Inquiry cards designated as subJect search candidates but which
were not positively identified by image comparison (ICI/ICV) are _
routed to the classification function (CLASS~B) for preparation for an
automated technical search. Those cards with contributor-supplied FBI
numbers that were not identified require a subject search. This is
initiated by SEAR without routing of the :card because all necessary
data have been eritered, These cards are set aside awaiting search
results and subsequently handled the same as cards with or without

I

Searches designated as automated technical search with no
~identifications undergo a process evaluation wherein the SEAR
operator, having a display of search results and search conditions and
a detailed understanding of the search process, decides if a second
search should be performed using different search arguments or
characteristics. :

<&

AT RN <k




1f the inquiry search card is a new criminal addition to the
file, an FBI number is assigned to that card at SEAR, The new
criminal cards to be retained are routed back to image capture (MFILM)
for temporary image file additions on a daily basis. Temporary file
additions are similar to current work, since each image comparison
terminal receives duplicate copies. Permanent file additions occur
when enough (approximately 2000) additions accumulate to fill a
microfiche sheet for a single segment of the file. Following
permanent microfiche inngﬁ file additions, the cards are filed (some
civil cards are routed to)the civil file for retention).

9. _ Response Generation

The automated response generation (AUTORESP) and automated
correspondence, (AUTOCOR) functions are the remaining functions in
fingerprint search processing. Tiiese functions are concerned with the
accumulation and sending of data to the contributor.

Responses are run on high-speed line printers in batches to
allow the grouping of responses to the same contributor for reduced
postage costs. The printed responses are generated at AUTORESP and
sent to AUTOCOR for assembly. The high-speed printers at AUTORESP
also produce name index cards to update the CARD Index name file foi
AIDS subjects prior to 1961.

AUTOCOR associates responses with those cards to be returned to
the contributor and submits the envelop2s to the mailroom for stamping
and mailing. .

B. DOCUMENT.- PROCESSING

The processing of documents (i.e., dispositions and miscellaneous
requests) is reflected in Figure 4-2 (page 2). In the mailroom (MAIL)
the documents are separated from the fingerprint cards and sent to
have a process control number assigned (PCN APPL). Since documents
are of various sizes, the process control number assigned (PCN) is
applied with a simple sequential number stamp either by hand or an
electrically driven stamp triggered by document insertion.

Following the PCN APPL function, the documents are routed to a
quality control and sorting function (READ). At READ, the documents
are reviewed, checked for quality and annotated. The dispositions are
separated and sent for encoding (ENCDOC). The various remaining forms
and letters are read, and the required processing is determined before
encoding. All documents are subjected to a quality control review to
assure that information for data entry (DENT-B) is correct. A few
requests are separated for processing in the manual system or returned
to the sender because no action is required or possible,

At the ENCDOC function, the search and disposition data to be
used for updating of the automated files are prepared for data entry
(DENT-B). The encoding is then verified (ENDOCK), prior to data




entry, and sent to VDENT-B for data entry verification and initiation
of a subject search, Identifications are determined based on the
informatton available from the criminal history files, No fingerprint
comparisons are attempted for these documents. Data entry is verified
(VDENT-B) and the appropriate action is initiated, Further activities
related to documents have not been specified at this time. The
current system includes: 1) for identifications, files are updated
with the appropriate data or response outputs are initiated for record
, requests and 2) for no identifications, a response is initiated as

t ‘ appropriate., All documents are now sent to the manual system for
disposition or returned to the sender.

C. RUSH REQUEST PROCESSING

Rush requests are those that are hand-carried through the system
1 to obtain the shortest possible response time. Some rush requests

' require ¢ard searches, and some are merely requests for records when

) no fingerprints are available,

Rush requests achieve the quickest response time when the card

is hand carried to each function in the process. As th? card is pre-

: sented at each station, the operator is expected to finish the card

‘ currently in process and accept the rush request as tha next item of
work, The entire process allows a rush request to be handled in an
estimated 30 minutes, and should not disrupt the normal work load if
rush request percent/ige volumes are comparable to those currently
experienced. § “ !

Requests for records requiring immediate action or telephone
query are handled at the on-line query function (QUERY) as shown in
Figure 4-2. This function through an on-line data entry terminal has
access to the criminal history files. A hard copy of the records can
be obtained using on-line printers. '

{

D. COMPUTER DATA PROCESSING

All card routing and data flow are under the control of the
System Supervisor, as are all data that flow between the various e
computer subsystems. The subsystems do not interface directly w1th P V “
each other but rather through the Systems Supervxsor ae refljicted in J
Figure 4~3. The key control data element is the process control
number (PCN) which is assigned to each fingerprint card and document
as it enters the system. The PCN is the audit and control identifier
.of & pard through s5ts processing in AIDS III. After the PCN number
has been assigned and is recorded by the System Supervisor (SS} in the
Master Transaction Record (MTR) and Tranmsaction Record (TR) files, the
card is processed as described in Paragraph A above. At each function
that interfaces with a computer, the PCN number is recorded and an
indicator is placed in the MTR as to the last location of that card.

During the capture of the fingerprint card image on/microfilm
(MFILM), and subsequent development of that image (FLAB), the roll and
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microfiche location of the image is fed to the system and stored in
the TR file. The data captured at the classification functions (CLASS
A, B, and CLCK) are als¢o stored in the TR,

After the search parameters are entered and verified (DENT-A/B
and VDENT-A/B), they are passed through the Data Entry and Display
(DEDS) subsystem to the System Supervisor which initiates, through the
Subject Search and Response Generation (SSRG) subsystem, s subject
search. The result of that subject search is passed back to the
System Superviscy, and then to the data entry verification (VDENT-A or
VDENT~B) operator to direct the operator in the proper routing of the
card/document, The search data and the arrest information that have
heen caPtured during the data input process are stored by the SSRG
subsyatem in the TR file awaiting dispositive response from search
review (SEAR). Those fingerprint cards with no subject search
candidates are routed to the Automatic Fingerprint Reader System
(AFRS) where the fingerprints are read and the minutiae data are
captured, The minutiae data are processed against the Minutiae Master
File (MMF) in the Technical Search (TSS) subsystem. If a candidate is
located during the technical search, th;s information is then passed
back through the TSS and Systems Supervmsor to the SSRG subsystem.

The list of candidates that has been generated as a result of
either a subject search or a technical search is forwarded to the SSRG
subsystem, Using the FBI number, the SSRG looks up the associated
microfiche location and forwards these data to the Image Comparison
(1cs) subsystem. In the ICS, the appropriate microfiche for the
search inquiry card and candldate fxngerprlnt 1mage are selected from
the microfiche file. At the image compat1son identification (ICI)
function, the image of the search inquiry card is placed on one screen
while the candidate card image, under computer control, is displayed
on a second screen. If there is more than one candidate, and the
first is a non-ident, the system automatically presents the next
candidate microfiche image to the ICI operator. The operator, upon
making positive identification, notifies the system. The identifi-
cation is then verified at the image comparison verification function
(ICV). Once an identification or non-identification has been made,
this information is directed to the System Supervisor and placed in
the MIR.

& Once the fingerprint cards themselves- have reached the search

review (SEAR) function, the operator checks the MTR file and reviews

the search results. If a positive identification is made, the SEAR
operator instructs the system to generate an appropriate response and
update the related files. The process control number is cleared from
the system. If an identification has not been made, the SEAR operator
can initiate a second search based on modified search criteria or (if
it is a criminal inquiry card) assign it an FBI number to establish it
as a new master card in the basic fingerprint file.

The Management Report Generation and System Simulation (MRGSS)

Task is part of the System Supervisor. Different files (hardware
status, PCNs, Manpower, etc.) are assessed and information contained
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in these files is used to create Management Reports. This set of
files will provide 4 mechanism for data collection, report generation
and system performance monitoring.

A software simulgtor which models the system operation will be
used for predicting work load volumes at the various functions
including variations in input volumes, unavailable components, or
other dynamic portions of the system. This simulation is incluuive
down to the component level (i.e., the effect of removing a single
component can be evaluated). The simulator package will access many
of the same files utilized for the management report.

Q
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SECTION V

FUNCTIONAL AND PERFORMANCE REQUIREMENTS

A, DEFINITIONS
Four phrases used in this section may require definition.
(1) Functional requirement,
(2) Performance requirement.
(3)  Top-down functional analysis.
(4) Measure of effectiveness.

Functional requirements are the collective capabilities that a
system and its subsystem must possess to fullfill the users' objec-
tives, Functional requirements are not design characteristics. They
simply indicate to the designer the capabilities that must be
available in the system. ,

Performance requirements describe the level of quality with

which each function must be accomplished. Consequently, performance
requirements are generally quantifiable and can, as such, be measured.

The determination of the functional requirements of a system can
be accomplished in more than one way. An extremely effective method
is top~-down functional analysis (see Reference 21 for a TDFA of the
FBI's Identification Division). This method starts at the highest
level objective and systematically identifies all functions needed to
reach that goal. When the complete set of functions supporting the
objective has been identified, each of the functions is in turn sub~
divided into subfunctions until the lowest useful level is reached.

Measures of effectiveness (MOE) are the parameters used to gauge
the state and performance of a system in achieving its goals.” They
are used as a source of performance requirements, since performance
requirements are essential to measures of effectiveness.

B. METHODOLOGY OF REQUIREMENTS DEVELOPMENT

The development of functional requirements is illustrated in
Figure 5-1. First, a TDFA is performed. This analysis divides
objectives and functions of the Identification Division into
increasingly more detailed subfunctions until further breakdowns
become so design-dependent as to be unusable. Functions that are
candidates for automation are identified. Those functions that were
automated by AIDS I and II are marked in Reference 21, as well as
those which are to be automated by AIDS III.
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Figure 5-1.

Functional Requirements Development
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A functional design is then created that requires subsystem
identification. Next, interfaces between subsystems are defined, as
well as specific functicns and major components such as data files,

In parallel with these steps, MOE are developed. The MOE are
then related to the functional system design by correlating them to
the functions of the TDFA by subsystem.

The next step requires the involvement of the FBI, since the
designer cannot know the importance of search accuracy or response
speed without consulting the operators and sponsors of the system.
After determining system performance requirements, the engineers can
assign functions to appropriate subsystems, leading to a complete set
of system and subsystem functional requirements. These requirements
can be communicated to the builders with assurance that the system
will accommodate the necessary functions, all interfaces will be
properly designed, and the system will respond and perform as intended,

c. EVALUATION OF ESTABLISHED REQUIREMENTS

The FBI has stated system requirements in two documents: the
Work Requirements Statement (Reference 31) and the Design Guidelines
(Reference 23). Since each of the specific AIDS objectives in the

the Design Guidelines, the latter document was used as a source.
Footnotcs indicated below and in Tables 5-1 through 5-5 refer to
paragraphs in the Design Guidelines document (Reference 23).

The guidelines were arranged in catogories and each category was
evaluated separately. The five categories selected were as follows,

1. System Objectives

System objectives were those statements indicating overall
benefits that shculd be obtained through the automated system. They
were too general.to apply to the measurement of operational feasibility
against functional requirements. They are paraphrased for brevity in
Table 5-1 and discussed in more detail in Volume 1.

2. Design Guidelines ‘ o i

The guidelines determine the system designer's development
strategies (see Table 5-2). Reference paragraphs numbers 2 through 12
are specific to the AIDS III evaluation and will uot apply to the
evaluation of alfernative systems,

I

These desién guidelines strongly influence evaluation of the .

system feasibility in terms of design approach. They are generally

, considered appropriate except for "3-byte minutiae storage and

matching,” which may unnecessarily constrain the system designers.
i ‘

i A




e o e

Table 5~1. System Objectives

Reference Paragraph System Objectives

1-a Achieve cost savings
1-b Improve quality of service
7 Minimize and schedules overtime in advance
10 Hardware procurements not to be based upor
suggested configuration during evaluation
phase

Table 5-2, Design Guidelines

Reference Paragraph Design Guidelines

s / TOVIE T

1-f ‘ Nondisruptive implementation
1-h | Parallel running of automateé and manual
‘ . systems to allow for file cqnveraian
2 Semi-automatic classification system not
to preclude future automatic system
3 Manual fingerprint éard retriéin system
iy acceptable
12 ' 3-byte minutiae storage and matching
14 System based upon evailable technology
16 . Modular design for work load variations
5-4 )
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3. System Constraints

System constraints are externally imposed and thus dictate the
system environment, They define the boundaries of a working area
within which a technically, operationally and economically feasible
solution must be found to establish system feasibility. Consequently,
constraints are used with both functional and performance requiremente
(discussed below), Constraints are paraphrased for brevity in Table
5-3.

v
/7
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b Functional and Performance Requirements

The remeining tables (5-4 and 5-5) briefly paraphrase the
functional and performance requirements idencified in the Design
Guidelines document. The performance requirements refer to performance
levels that must be met either by the system, a subsyatem, or a
specific component. Since these performance requirements provide the
quantitative basis for Judgxng the operational feasibility of the AIDS
ITI design concept, a discussion of each item follows:

(1) Reference Paragraph l~c, This statement refers to the
.. degree of accuracy that must be achieved by the system,

The allowable miss rate for false or wrong identifications
is zero, This requirement will not change when
alternatives are evaluated. There is, however, an
allowvable miss rate for "missed" identifications. For the
AIDS III evaluation, the requirement is that the new
system perform better than the existing manual system in
making xdenclflcatxona. This performance base is
establishéd in JPL Document 5030~457, Volume V, Current
System Evaluation. This level of accuracy may need
quanthyxng on an absolute scale for the evaluation of
alternatives, :

(2) Reference Paragraph 4. This statement defines the
permanent storage requirement for the Subject Search,
Technical Search, and Identification/Verification
Subsystems.

(3) Reference Paragraph 8. This statement defines the
projected work load that must be handled by the
Identification Division system. The volume is used to
determine the temporary storage capacity for the Subject
Search, Technical Search, and Identification/Verification
Subsystems as well as the interface capacity requirement
for the system and subsystems (see Appendix I for
discussion of work load value discrepencies).

(4) Reference Paragraph 9. The performance requlrements in
the Identification Division guldelxnes sometimes seemed
too str1ngent, particularly in the case of the 8-hour
response time for 95% of the fingerprint cards. This
requirement did not appear to be based on a clearly

e



Table 5~3, System Constraints

S

Reference Paragraph System Constraints

1~i Remain within current Identification
Division space allocation

1-j  Fingerprint card to remain unchanged

5 workday to be 18 hr/day, 5 days/week for
routine processing; 24 hr/day, 7 days/
week to expedite processing

] 6 Staffing to be at a ratio of 2 to 1, day
’ shift to night shift ‘

' I 13 No more than 5 AFRS

.

Table 5-4, Functional Requirements

Reference Paragraph Functional Requirements
1-d Preserve or improve the integrity and
' security of data
l-e Preserve existing legal and account~
ability features
1-g Subsystems to be tested separately before
v large~scale implementation
| 1-k Support the National Crime Information
¢ Center Computerized Criminal History
program
1-1 Not to preclude latent fingerprint search
lm Not to preclude alternative methods for

data transmission between origin and
Identification Division
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Table 5-5. Performance Requirements Evaluation

MOE

Reference V
Paragraph Requirement Area Remarks
1-¢ Improve firgerprint identi~ Accuracy  Requirement
fication accuracy relative to
current system
4 Automated Subject Search to Permanent Adequately defined
handle 14,5 million records; storsge
Automated Techpical Search capacity
(AT8) to handle 14-26
million records
8 Work load to be 1973 actuals Temporary Adequately defined
plus 25% storage
capacity
9 Response time routine/ Reopongé Adjust if neces-
expedite to be: time sary to satisfy
0.95 probable for 8 hr/30 min other requirements
0.99 probabie for 48 hr/8 hrs
0.999 probable for 96 hr
11 ATS; based on minutiae and Accuracy Qualitative; applies
equal to or better than M-41 only to AIDS III
Matcher evaluation
15 ATS CPU requirements (8 sec/ Response Based on capability
search) time of an obsolete class
of computer
15 AFRE cards read/hr (210) Response Rate of 250 used.
time Based on JPL Study and
projected 50% increase
based on AFRS modifi-
cation proposed by
Rockwell
15 AFRS Availability (95%) Avail- 98.82% based on JPL
ability study

N T
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(5)

(6)

identifiable need. It has been agreed between JPL and the
Identification Division that the requirements stated in
the guidelines would remain until it was shown that no
operationally feasible solution existed, Fox example, if
the 8-hour, 5-reader (AFRS) one and one-half shift con-
straints excluded any feasible solution, then the
Tdentification Division would relax these boundaries, A
more substantial solution will be sought during the
evaluation of alternative systems (second phase),
Consequently, these numbers are to be used as a set of
initial parameters with which to test system performance,
and not as strict performance requirements to be met in

determining operational feasibility of the design
concapt,

Reference Paragraph 11, This statement refers again to
the level of accuracy necessary for AIDS III design
concept operational feasibility, This requirement is
sufficient for the AIDS III evaluation final report, but

may require quantifying on an abgolute scale for the
evaluation of alternatives.

Reference Paragraph 15. This item lists performance
levels that have been projected for AIDS ITI components.

(a) The CPU regquirement for a technical search based

upon an IBM 350/65 employs an obsolete class of
computers, '

(b) The AFRS throughput rate is discussed in Appendix F
of this volume.

(c) The AFRS availability is discussed in Section VII. j
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SECTION VL

OPERATIONAL CAPACITY

T The FBI Identification Division AIDS III Guidglines (Reference 28)
state that the ability of the overall system shall be sufficient to
provide:

(1) a 0.95 probability of processing each of the cards/
documents in the design work load within 8 work hours for
the routine work load and 30 minutes for expedite requests;

(2) a 0.99 probability of processing the design work load
] within 48 work hours for routine work, and within 8 hours
for expedite requests; and

(3) a 0.999 probability of procésaing the design work load
. within 96 work hours for routine work.,

The processing time is the time it takes a card or document to

. travel between the mail room input zt the beg:nn:ng of the process and

the mail room output at the end of the process.

To determine the feaslblllty of the AIDS III System Concept in
meeting these guidelines, a dynamic simulation model of the sys:em 8
card processing flow was developed on the UNIVAC 1108 computer using
the General-Purpose Simulation System (GPSS). The results of the )
initial s1mu1at1on, using service rates and the number of servers
proposed in the AIDS III System Concept, indicated that the AIDS III
system would not process the Guidelines volume of 29,177 fingerprint
cards per day. However, with a total increase of five work stations
in four functions, the following results were achivved: -

: SN
(1) 95.0% of the cards were processed within 2.9 work hours.
il
(2) 99.0% of the cards were processed within 3.0 work hours. )

(3)  99.9% of #he cards were processed within 3. 8s¢ rk hours.

An analysis of the AIDS III system indicated that by not
mxctofllmlng each fingerprint card and walking it through the system,
"rush" requests could be processed within 30 minutes.

The simulation model was only developed for the card processing
portion of AIDS ITI. 'the applicztion of a static analysis to the
document processing components indicated that the number of units
proposed would handle the work load. However, all functions relating
to the processing of documents were not addressed. In addition, the
location of the work stations was not described in the Rockwell

Ldocuments, and the number of documents to be tetrleved for the manual

system varied greatly from presewt opsrations without explanatlon (see
Appendix I). !
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Since the final hardware configuration has not been selected, it
was not practical to do a thorough static capacity analyaiu of the
computer subsystems, As an alternative, a summarization and anhlysxa
of the operational component/computer subsystem data transfer require-
ments were made. Based on the data available, it is felt that if the
configuration proposed is properly sized (i.e., sufficient processing
rates, memory and storage capacity) and utilizes currently available
technology, it will suppor® the AIDS III system, The development of
an effective networking structure and the utilization of a responsive
data base management system will be the keys to effectively using the
hardware/software selected.

A, OPERATIONAL COMPONENT AVAILABILITY

The development of operational component availability utilizing
Mean-Time-Between-Failure and Mean-Time-To-Restore data did not
materially affect the throughput capability of the various functions
(see Section VII), However, when the effect of a single unit failure

on the capability of an cperational component was analyzed, a signifi-’

cant number of functions showed negative or marginal ability to haudle
the projected work load on a stand alone basis. Those operatxonal
components reflecting a near zero or negacxve spare cepacity are of
particular concern and are summarized in Tgble 6-1. A detailed chart
on the availability of all operational components can be found iin
Appendix B, Static Capability Evaluation of Opz racxonal Components.

TS S

B. STATIC ANALYSIS

The static analysis of operational components indicates that the
operational components have marglnal spare capaclty when operating at
100% of estimated throughput capac1ty. It is quastionable whether the
components have sufficient resilience to deal with short~term surges
caused by increased card input volumes,

When all units of a component are functioning, there is a very
small capacity margin in the following card processing functions:
automated correspondence (AUTOCOR), centerline sort (CSORT), quality
control (QC) classification (CLASS A and B) and encoding related
functions ENC and ENCK (see Table 6-1), The fifteen work cells
ptoposed will just handle the projected work volumes,

The spare cabacity of N-1 units indicates the impact of a single
unit failure within a component. Under this condition, most functions
will be performed below the capacity required to support the estimated
volumes, while other units will perform marglnally (see Table 6-1).
This marginal production capacity is ofvooncern in functions with a
small number of units, such as the Autgmatic Fingerprint Reader
Systems .(AFRS), image compariabn and verification (ICI and ICV),
Semi-~Automatic Readers (SAR) and search review (SEAR). The SAR
function is of specific concern.
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Table 6-1. Component Capability ~ Static Analysis

QC

Operational .
Components
% Spare % Spare
_ Proposed Capacity of Capacity of

Acronym Description Units (N) N Units N-1 Units
AFRS Automated Fingerprint

Reader’ System

@ 165 CPH (JPL Measurement) 5 -20.1 -36.1

@ 250 CPH (Proposed Enhancement) 5 21.0 -3.2
AUTOCOR  Automated Correspondence 25 3.7 ~0.4
CLASS-A Classification-A 8* 6.7 -6.7
CLASS B Classification~B 3w 15.4 -23.1
CLCK Classification Check 3 53.4 2.2
CSORT Centerline Sort 12 4.5 -4,2
DENT-A Data Entry A-Cards 6% 20.0 0.0
DENT-B Date Entry B~ 42 3.3 0.8

Documents

- ENC Encode~Cards 2% 6.7 -46.7
" ENDOC Encode-Documents 17 4.5 -1.6

FLAB Film Processing 2 104.7 2.3
ICI Image Comparison 19 10.9 5.1

Identification
ICV Image Comparison 13 15.7 6.8

Verification o
MAIL ' Open Mail and Sort 6 11.3 -7.3
MFIIM Image Capture on 6 18.5 -1.2

Microfilm o
PCN Process Controi Number 2 63.3 -18.3
PCN APPL Process Control Number- 1 0.0 ~{00.0

‘ Documentqv 5
Quality Control 14 2.9 =4.5 .

o
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Table 6~1. Component Capability - Static Analysis (cont'd)

. Operational
w5 Components
) % Spare % Spare
l Proposed Capacity of Capacity of
Acronym Description Units (N) N Units N-1 Units
QUERY ON-Line Query 1 40.6 -100.0
READ Quality Control- 11 2.3 -7.0
Documents !
SAR Semi-Automatic Reader 7 1647 0.0 !
“: SEAR Search Review 15 14.1 6.5 é
VDENT-A Data Entry Verification- 6% 20.0 0.G f
A-Cards §
VDENT-B Data Entry Verification- 42 3.3 0.8 g
B~Documents i
WAND  Wand Out of System 5 55.0 C 24.0

- Work Cell 15 < 0.0 -6.5

" %per work cell (i.e., would reduce the capabxlxby of a single work i
cell by the percent noted)

| -
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A very small increase of poor quality prints (e.g., 5 per hour)
can overload the capability of this function. The estimate is that 3%
of the cards entering the AFRS will require processing through the
SAR function. If this percentage increases to 5%, the SARs will not
handle the increased load and will have a backlog of 16 cards per hour
(the equivalent of 3.2 work stations). The number of rejected cards
will depend on two primary conditions: 1) the quality of the cards
received, and 2) the performance bf the AFRSs,

In general, the analysis indicates that the system is sized with
a narrow margin. When one unit fails and is not repaired or replaced,
the system will not be able to handle the work load., Because of the
marginal capability of many functions, work backlogs that develop
during a failure cannot be expected to be alleviated immediately when
the unit is replaced. This backlog may require overtime or additional
equipment.,

The maintenance policy proposed by Rockwell assumes that suffi-
cient space, terminals and parts will be available for replacement in
the event of failure (See Section VII, Paragraph A.). This is

particularly significant for those functions identified above as being

marginal. 1In addition, the estimated one-hour response time for a
trouble or failure report must be reduced in these marginal areas. If
the system is to maintain its throughput goals and keep overtime to a
minimum, these marginal areas must be given close attention.

c. AIDS ITI SYSTEM DYNAMIC SIMULATION
1. Description of Simulation Model Results

When the AIDS IXI design was simulated using estimated 1993
input and the number of work stations designated, utilizations of 1.0

occurred at Quality Control (QC), Centerline Sort (CSORT), Semi-

automatic Reader (SAR) and Automated Correspondence (AUTOCOR). When
utilizations are 1.0, the system will never stabilize and queues will
grow withcut limit., However, the overloads at the station mentioned
above were small, and the addition of one work station to QC, CSORT,
and SAR and two work stations to AUTOCOR was sufficient to reduce
utilization to below .95.

With added stations, the system was simulated successfully with
the following throughput times:

Fraction g Upper Limit
o 0.999 3.8 hours
0.990 - 3.0 hours

0.950 2.9 hours .




Table 6-2 compares the number of stations in the Rockwell AIDS III
design with the minimum number of work stations required to
successfully stabilize a simulated run.

The analysiJ also indicated that the system is sensitive to
volume surges and has a low margin of spare capacity to handle
equipment failures. As a result, either additional work stations or
overtime will be/required to work off backlogs created by the
degradation of an up-line function or an increase in volume.

2, Simulation Model Queuing Concepts

An itewm in a queuing system generally spends its time either
receiving service or waiting in line to receive service. The total
time spent in the system is the sum of all of the wait times plus all
of the service times (ignoring, for the moment, such factors as
transportation times between stations or delays while sitting in an
output hopper)., Service times for AIDS 1II are well defined and are,
in general, quite short. With the exception of the time required to
process microfilm and the service time for the SAR work station (which
only a small fraction of the prints enter), the sum of average service
times through the AIDS III stations does not exceed 20 minutes.

Virtually all of the functions of the AIDS III system are served
by multi-server queues, One line feeds each function, and the
transaction of the head of the line can be handled by any of a number
of servers. The average wait time to receive service from a
multi-server queue is given by the following formula™:

average wait time = % x Tg%
where M = the number of servers

B = the probability that all M servers are busy

ts = the average service time

input volume x ts

P = utilization = ¥

The average wait time (in units of service time) is shown in
Table 6-3 for 5, 10, 15, and 20 servers at various levels of
utilization. ‘

,/
///1

/7
/

* Assumptions: 1. Poisson arrival pattern
: 2. Exponential service times
3. All servers equally loaded
° 5. First-in, first-out dispatching
6. No items leave the queue
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Table 6~2. Comparison of AIDS III Design and Minimal Number
of Work Stations for Successful Simulation
AIDS III Minimum

Acronym Description Design Number _
AFRS Automatic Fingerprint 5 5

Reader System
AUTOCOR Automated Correspondence 22 24
CSORT Centerline Sort 12 13
Ic1 Image Comparison

Identification 19 19
ICcV Image Comparison ﬁ

Verification % 13 13
MFIIM Imgge Capture Micuo-

film p 5 5
PCN Process Gontrqi Number

Application-Cirds 2 2
Qc Quality Control Check 14 15

© SAR Semi~Automatic Finger-

print Reader 7 8
SEAR Search Review 15 15
WAND Wand Out of System 5 5
- Work Cell 15 15

Table 6-3. Average Wait Time (in Units of Service Time)

NUMBER OF SERVERS
p 5 0 15 20
.4 .02 i -- e
.5 .05 .01 -- --
.6 12 03 .01 -
7. .25 .07 .03 .02
.8 .55 2) By .06
.9 76 67 .40 .28
.95 3.5 1.7 1.1 76
.98 9.5 4.6 3.0 2.3
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Table 6-3 is used-as follows: given a work station with 15
servers, a utilization of 0.9, and an average service time of twenty
seconds, what is the average wait time to receive service? Tahle 6-3
shows that the average wait time for 15 servers with utilization of
0.9 is four-tenths of a service time or, in this case, 8 seconds
(0.4 x 20 = 8). It is important to note that, even with only five
servers (if average utilization is kept at or below 0.95), wait times
will not exceed three-and~a-half times the average, As the number of
, servers increase (and utilization is held constant) the average wait
4 time decreases,

Most of the work stations in the AIDS III design have several
servers and, in general, wait times can be expected to be a maximum of |
four times the average service time. Since the sum of average service
times is generally less than 20 minutes, it would be reasonablie to
expect that total average wait plus service times would be somewhat i
under two hours. However, note that if average input exceeds the
capacity of the servers, utilization will be 1.0 (the servers will
always be busy). In this situation, the system will never stabilize;
average queue length and average wait time for service will grow
without limit. The rate at which they grow will depend on the extent
to which input exceeds capacity.

TS

With several servers and utilization less than or equal to 0.95,
wait times are reasonably short, With a utilization of 1.0, the
average wait time approaches infinity. With several servers, perform-
ance degrades from very good to unwerkable within the narrow band of i
utilization from approximately 0.95 to 1.0%. Thus, a system :
designed to run at a high rate of utilization (given the assumptions i
stated earlier for the wait time equation) is sensitive to increases i
in input. Even a small temporary increase in input could result in an i
average utilizatiorn of 1.0. If this occurred at any station, the 4
system would be unstable and average queue lengths would start to grow
indefinitely. If the system input were underestimated by a relatively ;
small amount in the design stage, an inherently unstable system would i
be the result. The important concept is that the system tends to i
either work very well or not at all. If a given AIDS III work station ;
g is underdesigned.by three servers, then adding two servers will not :
{ really improve the system, It will slow the rate at which the queues
} v build, but they will still grow indefinitely. Adding all three

servers, however, will generally improve performance to well within
AIDS guidelines. This fundamental understanding that AIDS III will

L e

either work well within these guidelines or not at all was ; i
jnstrumental in designing the simulation model. gt
%
‘ *In Table 6-3, with 5 servers, a change in utilization from 0.8 to 0.9

results in a change in average wait time of from 0.55 to 0.76 service
times - an increase of approximatel- 38%. A change in utilization

; from 0.9 to 0.98 results in an average change of from 0.76 to 9.5
service times ~ an increase of 1150%.
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3. System Simulation Simplifying Assumptions

The General Purpose Simulation Syatem (GPSS) uses trankuctxona
which are moved through the system according to the programmed
conditions. The fingerprint cards represent transactions in this
simulation. A GPSS can only tolerate a limited number of active
transactions at one time. As the number of transactions increases,
the cost and time required for simulation increase dramatically.
Because of the latge volume to be handled, it was quickly apparent
that one transaztion could not represent a single fingerprint card,
but must represent a group of cards, This idea of batching introduced
its own problems. I£ one transaction represents ten prints, service
times must be multiplied by ten., This causes average wait times and
average total times in the system to be multiplied by ten. Another
problem aggravated by the batch size is system stability. When the
simulation starts, the system is empty. The first several trans-
actions move easily through che system, without queuing causing a bias
in the statistics. To overcome this, the system is run until it is
reasonably stable., Then the statistics are reset (all transactions
are left in the system), and the simulation is run for an additional
period of time. The larger the batch size, the lcnger the system has
to be run to be confident that the system is stable. Thus, the
savings achieved by allowing one transaction to represent several
prints is at least partially offset by the need to simulate the system
for longer periods of time in order to achieve stability. Runs with
batch sizes of 1, 2, 5, 10, 25, 50, and 100 were attempted. The runs
with batches of 1, 2, 5, and 10 took inordinately long, and 25 was
selected as the smallest practical batch size.

(V]

In determining the number of days to run each simulation, the
determining factor was the number of queues at each station. Ideally,
the system should be run until average queue length stabilizes., For
most runs, it was found that the queues appeared to be stable after
approximately three days of simulatior;. Statistics were then reset,
and the system was simulated an additional three days in order to
gather the desired statistics.

To keep the simulation within reason, several aspects of AIDS
had to be simplified. Rather than simulate microfilm processing, it
was decided to merely delay entry of a transaction into the ICI work
station until a standard processing time had elapsed., Rockwell AIDS
Technical Memo 80-008J lists a total processing time for microfilm
(1000 frames/reel) of 159.7 minutes. No transaction was permitted to
enter the ICI station until it was held for at least 159.7 m}nutes.

Transportation was another aspect of AIDS IIIX that was slmplx-
fied. In most cases, output from the work station is placed on a belt
moving at a rate of 100 feet/minute. In many instances, the distance
to the next station is trivial (as in the work.cells). It was found
to be more practical to simply omit transportat1on time for simulation

runs.




Each work shift was simulated to have a productive period of 7.5
hours. Since the second shift is staffed at only half the level of
the first shift, this had to be reflected in the model, Thus, two~
thirds of the transactions are generated during the first shift,

| Rather than reduce the number of servers during the second shift, it

| was simpler to double the service time, This achieved the same effect

| since it halved the output of the second shift. The work cells were
treated differently, since they were represented by individual blocks.
During the evening shift, transactions were routed only to half of the
work cell blocks (rounded higher when necessary). Transactions
remaining in the other blocks ar the end of the first shift were
allowed to complete processing through the cell,

A certain fraction of input is sent to the manual system from
the WAND station, A portion of these transactions returns to fthe AIDS \
TIT system, The time spent in the manual system is not included in i
the simulation, nor is it included in the throughput calculations for
2 ATDS TII, It was not simulated because the time involved (days) was
} not defined and was totally out of scale with the rest of the AIDS
IIT functions (minutes),

k Treatment of the work cells required simplification. Initial
attempts at accurately simulating the entire AIDS III system with all
stations were not feasible, because the GPSS model was incapable of
similating such a large numher of transactions.: Oneé work cell was
modeled as a separate model. This was successfully done, and provided

; useful statistics, The problem of how to insert a simplified version

E of the work cell into the AIDS III model was addressed. This was
complicated by what has been described &s the "pipeline'" effect, which
can be jllustrated with a few examples.

Suppose there is a system in which there are three serial work B 1
stations., Each work station has one server and the service time
distribution is exponential, with a mean of 55 seconds.’ The input to
the first work station follows a Poisson pattern with an average
arrival rate of 60 per hour. This situation is illustrated in Figure i
6"1.

.
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60/HR | 1 SERVER 1 SERVER | SERVER
————=> MEAN SERVICE 8> MEAN SERVICE > MEAN SERVICE -

TIME = 55 SECONDS TIME = §5 SECONDS TIME = 55 SECONDS

P
/1
/e

Figure 6~1, Three Serial Work Stations

To simplify this model, an attempt was made to vepresent it with
a single block., To reflect the fact that a transackion goes through
three processing steps, the service time was tripled, as in Figure 6-2,
A simple simulation of this model showed that the maximum input that
could be handled (without utilization reaching 1.0 and an infinite
queue buildup) was 21 per hour. Average throughput time was 2570
seconds. Clearly this simplification cannot handle the appropriate
volume of input, nor is the throughput accurately represented.

1 SERVER
- MEAN SERVICE , >
- TIME = 165 SECONDS

Figure 6-2. Triple Service Time

The next attempt involved tripling the sevvice time, and also

tripling the number of servers, as shown in Figure 6-3. i
N
60/HR 3 SERVERS
=  MEAN SERVICE . >

TIME = 165 SECONDS

Figure 6-3, Three Servers; Triple Service Time
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In this simplification, the benefits of a multi-server queuc are
obtained and, although the input of sixty per hour can be handled, the
. average wait time and the average queue length are understated, A

simple simulation of this model yielded an average total throughput
time of 618 secchds.

It was finally decided to model the first block only as in
Figure 6-4,

60 HR |1 seRvER
/ | MEAN SERVICE -
TIME - 55 SECONDS

Figure 6-4. First Rlock Only Modeled,

A simple simulation of this model indicated a total average throughput
time of 411 seconds. While this clearly understates the average
throughput time, the average queue length in front of the hlock will
bz correct, In the case of the AIDS III model, since the work cell
was modeled separately, throughput times are well known. By allowing
the work cells in the AIDS III model to be represented by single
blocks, the mechanics of card distribution and queueing within the
work cell is accurately simulated. The understated throughput time
can later be added as a constant. Table 6~4 provides a comparison of
the original three-stage system and the three attempts to simplify it.

4. Work Cell Simulation

When the attempt to simulate the entire AIDS III concept failed
(due to inadequate capacity in GPSS), it was decided to simulate the
work cell separately. Once the characteristics of the work cell were
understood, it was possible to replace each work cell in the AIDS III

model with a single block. This simplification permitted the AIDS IIL
model to run successfully.

A schematic diagram of one work cell is shown in Figure 6-5.
The upper left-hand corner of each block gives the number of servers
for the function. The upper right-hand corner gives the service time
in seconds and the service time distribution (E=exponential). At the
extreme left is the average hourly input of 156 (one-fifteenth of the
total hourly input to all work cells). The small numbers on the lines

indicate the fractions of output from a given function when the output
can follow more than one path.

The work cell model was simulated successfully for a period of
twelve days.
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Tablie 6-4.
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Comparison of Attempts to Simplify 3-Stage System

SERVICE AVERAGE
NO. OF |NO. SERVERS | TIMEPER [INPUT/ | TOTAL
WORK | PER WORK WORK  |OUTPUT | THROUGHPUT
STATIONS | STATION . STATION | RATE | TIME REMARKS
3 1 55 so/HR | 1521 1. ORIGINAL SYSTEM
SECONDS SECONDS
1 1 165 2I/HR | 2570 1 1. MAXIMUM INPUT/OUTPUT GREATLY REDUCED
SECONDS | seconps
2. TOTAL AVERAGE THROUGHPUT TIME
GREATLY INCREASED
. 1 3. AVERAGE QUEUE LENGTH MUCH LONGER
1 3 165 so/HR | 618 1. TOTAL AVERAGE THROUGHPUT TIME
SECONDS SECONDS GREATLY REDUCED
2. AVERAGE QUEUE LENGTH INCORRECT
1 1 55 so/HR | 411 1. TOTAL AVERAGE THROUGHFUT TIME |
SECONDS | SECONDS GREATLY REDUCED
1 2. AVERAGE QUEUE LENGTH CORRECT
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The average thiroughput times for prlnts going to civil files or
Lmage comparzsons (MFP hold) was 15.8 minutes. The average throughput
times for prints going to automated correspondence (AUTOCOR) or
centerline sort (CSORT) was 21.5 minutes,

5. Additions to Total Throughput Time

In order to simplify the AIDS III model, the time spent in the
PCN and CSORT output hoppers was omitted, In addition, the throughput
time for the work cell is understated as described in the previous
section, After adjusting for batch size, the distribution of
throughput times for the AIDS III simulations showed two distinct
groups: (1) those transcations which did not go through image
comparison functions (ICI and ICV) and (2) those which did, The
average time spent in the PCN output hopper is 10 minutes. The
average time spent in the CSORT output hopper is 5 minutes, and the
average throughput time for the work cell is 25 minutes, The sum of
these three times (40 minutes) was added to the throughput times for
all transactions which did not encounter a microfilm processing
delay. Nothing was added to those transactions which encountered a
processing delay, since that delay is greater than the others.

D.  COMPUTER SUBSYSTEMS

As the final hardware configuration has not been identified and

~specific equipment not selected, it was not possible to do a thorough

static capability analysis of the computer gubsystems. As an alterna-
tive, a review and analysis of the proposed computer subsystem data
transfer requirements were made. It is recommended that a simplified
model of the system data flow be developed in order to assist in
determining the most effective hardware configuration for the
functional requirements of AIDS III as presented,

In order to scope the size and complexity of the AIDS III System
in terms of data flow, it was necessary to gather and summarize the
message volumes and related record sizes that will be tranferred between

operational components and the computer subsystems, 3

The primary objective of this activity was not to develop a
specific set of rates, but to analyze the size of the conf1gurat10n
and scope the o mplexlty of the data transfer involved, Changes in
volumes, card mix or inquiry identification rates could significantly
change these data.

,Although the computer subsystems are not yet in the design
phase;, it is felt that sufficient data were available to perform the
ana1y81s necessary to scope the operational feasiblity of subsystems.

\

The data used for the analysis were primarily derived from Refer-
ences 1, 6 and 7, and is detailed in Appendix D. Specific operational
component requirements are detailed in Appendix C. These requirements
arve discussed below and suymmarized in Table 6-5.

\\

\\
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Table 6~5. Estimated Computer Subsystem Data Transfer Requirements

N

Messages/oue  Byvesitoue
Data Entry and Display 23,324 1,529K
Image Comparison 7,277 185K
PCN and Image Capture 6,144 Ky} 4
Subject Search and Response - 21,594 783K
Generation
System Supervisor 61,221 2,055K
Technical Search 8,320 2,614K

The computer subsystem configuration proposed will, from a
conceptual standpoint, support the AIDS III system. There are some
concerns regarding the complexity of the configuration in network
structure, message switching, and data transfer requirements. There

also appears to be a proliferation of real-time computer system
concepts and mainframe hardware.

1. Data Entry and Display Subsystem

There is nothing inherent in the Data Entry and Display
Subsystem (DEDS) to preclude its operability, but the timing
requirements and input/output volumes are potential problems.

S

The Subsystem has'the highest message transfer volume (23,324
meosages per hour) of any subsystem except the System Supervisor.
While the proposed configuration of DEDS is such that the processing
is distributed over 14 Front End Processors (FEPs), it does complicate
System Supervisor activities in selectively-receiving and responding
to the same FEPs, This can be accomplished but, in order to be
effective, a proven and reliable network architecture and interface
software is required. To meet the 30-second rezponse time proposed
(from the VDENT operator release of search parameters to the subject

search response), the system will be demanding but within current
technology. T

The guideline to use Four Phase Equipment now in place could be
a constraint in taking advantage of current technology. Functional
requirements of DEDS should be carefully developed to ensure that the
current configuration meets the needs of the system,

6~16

-




e

o ak Rttt et -

o i

2, Subject Search and Response Generation Subsystem

The Subject Search and Response Generation Subsystem (SSRG)
hardware appears to be well within current technology. Although
correlating the information contained in the numerous data base files
associated with the subsystem is complex, it is readily feasible with
current data base management technology.

3. Image Comparison Subsystem

The Image Comparison Subystem (ICS) handles microfiche location
data, This is not dissimilar to existing computer-driven systems now
commercially in use. From both a hardware and software viewpoint,
there should be no difficulty in identifying the file to be selected
and in directing the equipment to locate and retrieve it. Discussion
of the station terminal is found separately in Section VIII.

4. Technical Search Subsystem

The Technical Search Subsystem (TSS) contains a number of
specialized pieces of hardware (SARs, SPMs, AFRSs). A large volume of
minutiae data is also nandled internally in the subsystem. The opera-
tion of the Automatic Technical Search Pilot System (ATSPS) indicates
that the concept is feasible (see Section IX), However, the system is
expected to run at 100% CPU utilization (Reference 1, page 6-70),
which is well above the 50% CPU utilization guidelines (Reference 1,
page 6-65). The absence of sufficient capacity to clean up a backlog
is a potential problem. In addition, the TSS consists of more than a
purely technical (fingerprint) search. Extensive candidate filtering
is employed prior to minutiae matching. Although there appears to be
nothing inherent in the concept of this subsystem to preclude its
operability, the amount of CPU used, even with the pre-matcher candi~
date selecticn algorithms, could produce a thoughput problem,

As in other computer subsystems, the wpec1flc requirements of
the function must be stated and utilized whén selecting both hardware
and software. The AIDS III system should not be bound to either the
hardware or software used in the ATSPS. It must take advantage of the
advanced hardware and software techniques available at the time of
implementation and not held to the level of equipment used in testing
a concept.

5. System Supérvisor
%

The Systeh Supervisor is the most critical aspect of the entire

AIDS III System. If it is not reliable or does not function properly,
the entire identification process will not meet its requirements or
will fail completely. Yet, of all the subsystem concepts described in
AIDS III, the System Supervisor is the least defined. This gives the
impression that a bottom—-up approach was taken in developing the AIDS
IIT computer subsystems. This approach usually” results in a system
that does not perform in an optimal manner.

i

1
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There are insufficient design data to state that the System
Supervisor is not conceptually viable. It may, however, end up with
more limited capabilities than stated, or be extremely costly in terms
of computer overhead as well as software development and maintenance,

a. Data Transfer, The main function of the System Supervisor
is that of data control and routing. Over 61,000 messages containing
2,0 million bytes of data are to be processed by this subsystem each
hour. Many decisions based on the data source and system status will
have to be made in handling this volume level. Protocols, retrans-
mission of data, header information, equipment status, diagnostics,
etc. are additioral items that will act to substantially increase the
System Supervisor work lcad, Various files under the control of the
System Supervisor (MTR, equipment status, queue size, management
report files) will be updated continuously and will require
significant CPU time.

The overall) baud rates of the lines between the subsystems and
the System Supervisor appear to be sufficient but do not include the
equipment status, diagnostics, etc.,

b. Feedback and Control. AIDS III proposes that each
subsystem, computer, and component will have a monitoring device
connected in some fashion. These devices range from very simple (an
empty hopper indicator) to very complex (switchover to a backup unit),

- This segment of the AIDS III concept is not sufficiently
developed at this time to allow a realistic evaluation., Whether the
development and maintenance of the proposed feedback and control
concepts will be cost-effective has not been shown.

c. Monitor and Control. The system simulation package and
management report generation are also at an early stage of development
and are only discussed conceptually. Both of these subfunctions of
the System Supervisor appear to be large enough to occupy a signifi-
cant portion of the System Supervisor CPU resources. They may be run
in the backup machines so as not to interfere with the primary CPU.
Based on JPL's experience in system simulation, sensor and system
diagnostic data gathering, and information system development, these
proposed functions are not small or uncomplicated efforts,

There is a need for monitoring to reflect card volume, card mix,
service rate, available units, and other parameter changes. The level
of complexity of the automated monitoring and control of work flow
will be an object of analysis in the second phase of the JPL study.

It appears that the devices used to distribute cards to the
cells (allocators) are a potential single point failure that would

seriously disrupt the functioning of the system. The documentation
does not adequately address the impact of failures in this equipment.
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d.: Computer Architecture, Although the proposed computer
architecture is viewed as being loosely coupled in terms of stored
data, there is a high degree of interdependency between the subsystems
and the System Supervisor. A high volume of data is transferred
between subsystems on an hourly basis (see Appendix C). Concern for
data and system 1ndependence appears to be paramount in the configur-
ation reflected in Reference 6, Figure 6-1. :

Regardless of which subsystem is inoperative, the others can
only process work in the queue. If the flow rate of cards through the
system is close to the projected plan, all computer queues will be
fairly small except for the PCN and Image Capture Subsystem (PICS).

If the system works as conceived, the configuration in Reference
6, Figure 6~), may not be cost-effective. This approach shows backup
front~end processors (FEP) and central processing units (CPUs) in a
number of areas to minimize lost processing time in event of unit
failure. This appears wasteful of CPU power, unless the second CPU
normally handles part of the work load. Half of the p: tessing capa-
bility should not be allowed to remain idle for any othur purpose than
to substitute in the event of a malfunction. If the total system is
procured at the same time a commonality of CPU model and vendor can
result, and a minimum of "spare'" mainframes can be installed to back
up the entire AIDS equipment complex. Even if some CPUs are forced
into a larger model, the resultlng flexxblllty could lead to
substantial economies and improvements in performance.

A primary item missing in the system concept is a definitive set
of design requirements for the computer subsystems. The AIDS III
System, the hardware configuration development and the*ultimate vendor
selection would benefit if a set were developed. These requirements
would address what bas to be done in terms of function, data volumes
and reliability rather than how it is to be done. The present level
of architectural detail is too 11m1t1ng to encourage a free and open
response from industry. A good set of system design requirements
related to data capture, processing, and response must also be
developed. The development of functional requirements for the AIDS
III System would.permit uninhibited configurations and responses from
industry.

Much more work is required on the System Supervisor, Its
design, implementation and relationship to the other subsystems will
be a critical point in determining the success or failure of AIDS
III. Given that a computer (of some reasonable size) can handle the
projected work loads, the major problem will not be hardware

performance, but rather its cost and the cost to develop the

associated software and networking. Until specific functional and
design requirements are developed, the efficiency, effectiveness and
costs of the subsystem cannot be realistically stated. The System
Supervisor will be a complicated system to develop and maintain,
requiring an extremely competent design approach.
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In developing a configuration to support AIDS III, it may be
very beneficial to build a model of the data flow. This would not only
assist in developing of data transfer requirements but could also
assist in the selection of a cost-effective hardware configuration.

e. Subsystem Interfaces and Protocol. The interdependency of
the subsystems and System Supervisor, and the transfer requirements
from the data source points, through one subsystem, to the System
Supervisor, to another subsystem does not fully support the loosely
coupled concept. The usefulness of the loosely coupled and distri-
buted architecture is reduced in direct proportion to the
interdependency of the subsystem for data gathered in other
subsystems. Although physically separated, all of the subsystems are
logically tied very tightly together. In the development of loosely
coupled or distributed information/data processing systems, software
and interface protocols sometimes are not given the attention
required. Just as each of the machines must have hardware to connect
to other machines, there also has to be software to support these
interfaces.

Data handling varies significantly depending on its source
format, use, etc, Software will be required to handle data routing
decisions once transfer by the hardware is complete. As the number of
machines and interfaces increases, so does the software necessary to
handle the data, The more machines (especially front-end processors)
involved in transferring data from one operational component to the
subsystem that needs the data, the more these hardware and software
handlers are involved, A large amount of system resources could be
expended in just passing and checking this information from one
computer to another. Since a large portion of the AIDS III system
deals with transferring data from one computer system to another, this
concept and its associated problems should be carefully evaluated.
Any simplification and/or reduction in the number of computers needed
in a particular path should be encouraged. So long as any portion of
the network depends on the output of another, multicomputer systems
become more vulnerable to malfunctioning as they become more complex. -

All protocols, line interfaces, etc. that are used in AIDS III
should be purchased, not developed in-house., Standard sets are
readily available through suppliers., The ability to upgrade hardware
and take advantage of new technologies is always desirable. Nonstand-
ard interfacing can preclude cost-effective hardware and software
upgrades. In-house development generally brings higher initial
costs, maintenance costs, and time delays. Unless there is a
demonstrated need to do otherwise, commercially available products
should be used. There will generally be a reduction in system
implementation lead time corresponding directly to the amount of
off-the-shelf hardware/software that is purchased.

£, Diagnostics. The use of vendor-supplied diagnostics to
facilitate hardware/software repair should not be overlooked. The

expense of implementing these is clearly dependent on the machines and

| ORIGINAL PRGE I8
6=20 OF POOR-QUALITY

ST L RN I IR L e e

PSS | N s

g

e

S5 TS =

—

i 4

JER———

Sy

Ll e el L

[T



system software utilized, Some of these, particularly CPU to CPU
signaling, have proven quite difficult to implewent in some of the
systems used to process telemetry data from JPL flight projects.

The executing of on-line diagnostics seems to imply that the
processing functions of the system need to shut down before running
diagnostics, Periodic system checks should be designed so that
potential faults can be identified without disturbing overall system
function until necessary (such as replacing a failed piece of gear or
reloading a computer), For nonstandard or special terminals, fault
isolation methods should be an important element in their design.

Some system of self-initiated diagnostic routines, standard checks and
fault recovery is essential. Fully-automatic monitoring and corrective
action can become complex and unreliable. Activities such as running
diagnostics, isolating problems, and switching around failing units
should probably remain under control of human operators., As proposed,
the presence of on-site spare parts and experienced maintenance
personnel are essential.
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SECTION VII

AVATLABILLITY

The availability (i.e., the probability that the equipment will
be able to perform its function when required) of the operational
components and related subsystems of AIDS III directly reflects the
ability of the system to meet its requirements. In the Technical
Memo, 'Major Component MTBF/MTIR Summary and Availability Design Goal"
(Reference 24), Rockwell only discusses hardware and equipment Mean-
Time-Between—-Failures and Mean-Time~to-Repair of major deliverable
assemblies purchased from various equipment manufacturers, Opera-
tional and software aspects of availability and related problems are
not addressed.

The Mean~Time-Between~Failures (MTBF) and Mean-Time-to-Repair
values acquired by Rockwell are from many different sources. Some
data was obtained from documented references, while other sources were
identified as being informal correspondence between Rockwell and the

equipment manufacturers. Data collected by Rockwell over the past few -

years from other programs and predictions based on MIL-HDBK-217 were
also used (Reference 24), It is not clear, however, which data are
from which source., Data sources were provided only for the film
viewers, the Automatic Fingerprint Reader System, and the Four Phase
Data Entry equipment.

The maintenance data for each operational component as reflected
in Appendix A, Operational Component Summary, do not include related
computer subsystems (including the System Supervisor) or transportation
system availability. The rationale for this is discussed below.

The component unit availability, ranging from 0.9737 to 0.9997, -
did not significantly affect the simulation model results for the
overall system. However, when the effect of a single unit failure on
the throughput capability of an operational component was computed,
there were some significant areas of concern (discussed in detail in
Section VI).

It has been JPL's experience that figures provided by equipment
vendors tend to be quite optimistic, and records of operation rarely
support their original optimism. Therefore, the numbers in the system
concept should be viewed skeptically and considered on a '"best case'
basis until specific hardware has been identified and empirical data
can be presented.

A. MAINTENANCE POLICY

The original maintenance data presented in Reference 24 did not
reflect respcnse time (i.e., time between failure identification and
beginning of repair). Rockwell later estimated responmse time to be
1.0 hour in all cases, It was assumed that the hardware maiaztenance

=
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personnnel will be properly trained and on site (Reference 25).
Rockwell's estimates were derived from failure data in Reference 24,
and on predicred failure rates of equipment used in the AIDS II
system. The number of failures expected for a 90% confidence level
were then calculated,

The hardwave maintenance staffing considerations are based on
the establishment of a qualified maintenance force consisting of:

(1) 2 stockroom clerks.

(2) 2 electronic technicians - repair failed boards.
4 . e

(3) 8 electronic technicians - syatem*\evel repair,

(4) 3 electromechanical technicians - trahsporc system repair.,
\\
" This crew would maintain and repair highly so hLBtALnted computer
hardware systems, the conveyor belt transport cxan 3»stem and related
elements.

B, OPERATIONAL COMPONENTS

To determine whether the system was able to handle the required
throughput, single unit component availability based on Reference 24
data was computed for each operational component. This computed
availability (detailed in Appendix A, Operational Component Summary)
was introduced as a factor in determining the service rates in the
dynamic simulation model.

The results of JPL studies of the availability of the Automatic Y
Fingerprint Reader Systems (AFRS) and the process control number 5
machines (PCN), while different from Rockwell's estimates, did not
substantially affect the ability of the AIDS III System to perform the
fingerprint identification process in a given period of time. In the
case of the PCNs, Rockwell estimated 0.9906 availability while JPL's
Study showed 0.9813, For the AFRSs, Rockwell estimated 0.9943 (exclu-
ding processors) while JPL's study revealed 0.9882 availability.

Since the source was empirical, JPL data were used for the dynamic
simulation model. The JPL studies are discussed in Appendix H, Study
of AFRS and PCN Availability.

Introduction of an availability factor in both the static
analysis and dynamic simulation model for operational components did
not materially affect their ability to meet system throughput require-
ments.

c. COMPUTER SUBSYSTEMS

Computer subsystem availability could have a significant effect
on the ability of the AIDS III to meet its performance requirements,
While today's processors and data storage devices development have
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greatly improved computer reliability, subsystem reliability will vary
significantly between vendors. The hardware configuration will also
affect system availability. The more networking, elactromechanical
operations and single point failures, the greater the chance of system
failure. In selecting the final vendor and hardware configuration,
reliability should be a major consideration, Beyond the period of
equipment infant mortality, the roliability of the computer subsystem
proposed should have minimal effect on the availability of operational
components, Furthermore, Rockwell has proposed that each computer
subsystem include a spare processor, available for immediate replace-
ment in case of prime system failure,

A more thorough analysis of computer subsystem availability
should be made when specific hardware is proposed. With present
hardware reliability, there is no indication that availability rates
will adversely affect the operational feasibility of AIDS III.

D. OPERATIONAL AND SOFTWARE FALLURL

In reviewing hardware availability, a lack of concern as to the

impact of operational and software failures on the system must be
noted., Based on JPL's experience with state of the art systems,
availability of the overall system is more affected by operational and
software failures than by hardware failure, These items are not
sufficiently addressed in the AIDS III System Concept when discussing
availability,

Additional failure and maintenance data related to software and
technician failure are required for a realistic picture of system
availzbility., Experience at JPL has shown that random software and
operational failures do occur after the start-up phase of any data
system, and are an important factor in the availability and reliabil-
ity of a system of this size.

E. SENSITIVITY TO EQUIPMENT AVATLABILITY

The AIDS III design is sensitive to equipment availability in
three cases if the component availability falls below 93% (see Table
7-1), This is a potential problem that can be solved by adding a
processing margin where required,
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Table 7-1,

AIDS III Sensitivity to Equipment Availability

Availability Estimated
Wovk Station Used for Minimum
Simulation Availability*

PCN 0.9906 0.6102
MFIIM 0.9996 0.8152
WAND 0.9986 0.6608
WORK CELL 1.0000 0.,9356
AFRS 0.9882 0.8607
SAR 1.0000 0.7874
SEAR 0.9997 0.9136
ICL 0.9972 0.9425
1CV 0.9972 0.9058
AUTOCOR 1.0000 0.9541

*At the indicated availability rates, utilization would

reach 1,0,
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SECTION VIIIL
COMPONENT OPERABLLITY

The object of this portion of the evaluation was to determine at
the component level if the AIDS III concept is operationally feasible
in three major areas: 1) fingerprint card processing, 2) document
processing and 3) computer subsystems, In the course of the evalua~
tion, many questions arose concerning design details, specific opera-
tional functions and data handling., Because of the complexity of this
system and the scope of evaluation in buth level of detail and re-
sources, only the conceptual questions that impact the overall system
operability have been included in this report, Many detail design
questions arose and are discussed in Volume 11. An assumption was
made that these would be addressed and resolved at the appropriate
time in the design phase since feasible solutions are known to exist,

A. FINGERPRINT CARD PROCESSING

There is no evidence to suggest that the individual operational
components described in the AIDS III concept will not work as pro-
posed., The aveas of concern are: 1) operational complexity, 2) the
status of work station development and hardware integration of func-
tions, and 3) the lack of conceptual data for some functions, These
concerns are discussed in this Section,

1. Automated Correspondence (AUTOCOR)

There is a lack of definition of the operations and functions
that take place in this subsystem. The available information is
sketchy and appears to assume that the functions now taking place in
related activities in the current system will continue under AIDS
I111. How this transition is to be accomplished is not clear. AIDS
III has work flow and computer system interfaces significantly differ-
ent from the current operation. Additional developwent of the system
concept for this function is needed.

2. Automated Response Generation (AUTORESP)

This function is insufficiently detailed by the concept documen=-
tation. It is described at a more general level than most other
functions, The process of response generation appears to be taken for
granted. Discussion of the procedure and software to be used in
support of this function is insufficient, and must be developed
further.
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3. Glan;ificacion A, B and Classification Check (CLASS A, B and
CLCK

The AIDS IIX document (Reference 1, page 6-~19) recommends a
special terminal as the best data entry device for the classification
(CIASS A and B) and classification check (CLCK) functions. The
rationale for this decision is stated in Reference 1. It is not c¢lear
that a speciszl terminal is a cost-effective design for these func~
tions. AIDS ITI proceduves still require that the classification be
written on the fingerprint card. Consequently, the operator is
required to perform two steps in the automated system, wherc only one
is required by the manual system. Also, the operator is riquired to
have two unrelated skills: fingerprint classification and data
entry. As suggested by Rockwell in Reference 1, in-~depth studies are
strongly recommended pricr to committing to this concept,

An alternate approach might be to mark the card at the classifi-
cation work station, then enter all classification data at the data
entry station, Eliminating a special terminal would save development
expence, as well as the cost of the 224-plus terminals themselves. It
would also reduce related computer subsystem hardware, storage and
processing requirements,

The fingerprint classification and classification check func~
tions proposed by AIDS III support three individual tasks: 1) finger-
print analysis and classification, 2) classification data entry, and
3) classification data entry verification. There are areas, however,
that impact the productivity and cost effectiveness of the function
and the ability of the classifier to perform the job well. These
areas include closure, compatibility, exror detecting, learning, job
variety and economics.

As presently conceived, there are two alternatives proposed for
handling the classification and classification data entry functions.
The first is a one-position approach, where the classification techni~-
cian classifies each fingerprint and keys a classification into a data
entry terminal. The second is a two-position approach separating the
classification task from the data entry/verification task (which
exists for other data entry requirements as well).

The structure Jf the card flow in separating the classification
functions into two separate modes in the system, and the location of
the classification check function in relationship to data entry and
verification, do not make the selection of either of these two alter-
natives as clear-cut as might first appear. It is recommended that
additional design and testing be performed before commitment to a
special classification terminal is made.

On the surface, the one-position approach seems to provide
increased error detecticn by the data entry task. However, it may not
be as cost-effective., It can also present an obstacle to learning the
job. No special advantage or disadvantage is seen for closure, job
variety or job skill, However, the mixing of two dissimilar skills
can be detrimental to productivity.
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The two-position approach may be more economical and easier in
the training area. There seem to be some advantages when discussing
skill levels and job variety. An apparent disadvantage of this
approach is in error detection. This can be mitigated by the classi-
fication verification work station, which is expected to uncover data
errors as well as classification errors.

0f specific concern in the atrea of job variety is whether or not
the classification technician would welcome relief from the classi~
fying activity when entering data or whether this would be seen as a
burden, The capabilities for this position must be determined at the
classification level and not at the data entry level, Thiz also means
that the technician would be required to learn to manipulate the
terminal at a fairly rapid pace.

Fingerprint card flow through the system for classification data
entry (CLASS A and CLASS B) and classification check (CLCK) should be
reevaluated to determine the feasibility of the special classification
terminal. Some consideration might be given to aliminating terminals
at the CLASS A function (having terminals only at the CLASS B and CLCK
functions).

1f a decision to use a special classification terminal is made,
several aspects of the proposéd work station design are of concern.
The recommended keyboard has some obvious problems. The physical
layout is most appropriate for a hunt-and-peck operating style, and is
not conducive to easy finger movement in a quick-response, touch~
typing style, There is no backspace key for charactes corrections.
The number sequencing is inverted, compared to the usial calculator or
computer terminal keyboard. The "Enter" key is in an awkward posi-
tion, and the "Clear Card" key is next to the "Card Couplete" key, A
small error in finger reach could cause an entire card entry to be

lost. The same concern applies to the "Clear Entry" key, which is
next to the "Add Reference" key.

A detailed discussion of these concerns can be found in Appendix
E, Special Classification Terminal.,

A third solution, which is beyond the scope of this report but
which will be addressed in the final JPL report, is to automate

classification by designing a system that does not require Henry
classification at all,

4, Ceniterline Sort (CSORT)

The proximity of this function to the Automatic Fingerprint
Reader System (AFRS) function is a consideration, since it is proposed
that the cards be carried to the AFRS via a conveyor belt, where they
are stacked awaiting manual withdrawal by the AFRS operator. If, for
safety or facility reasons, the AFRSs are located in a separate room
or location, the conveyor belt mode of transportation may be restric~
ted (see Section XII, Facilities).
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5. Data Entry and Data Entry Verification-Cards (DENT-A ard VDENT-A)

The primary concern as to operability of the data entry (DENT-A)
and data entry verification (VDENT~A) functions is whether problems
similar to those encountered in the development and implementation of
AIDS IT will apply to AIDS III.

Initial attempts to interact with the host computer in AIDS II
were not successful due to insufficient file size and the throughput
limitations of the host computer. The inability of the AIDS II system
to hold unprocessed data beyond a preset length of time created a
problem in its implementation., It is recognized that the original
AIDS II host computer was old, unreliable and employed only because of
budget conscraints.

The AIDS III design is based on the functional requirements for
AIDS IT, and calls for a data entry/verify concept that is similar,
but on a smaller scale (storing of search data only). Because of work
backlogs resulting in file overflows, this methodology of saving the
search data was abandoned. Search parameters are entered to make the
subject search, but not verified. The same data is later reentered
and verified when an identification has been made and the file will be
updated, The inability of the data base file management system to
respond to the overflow caused by the backlog in the existing AIDS II
system, along with the slow response caused by an overloaded host
computer, resulted in a decision to take additional data entry steps.
A main concern of the evaluation team in the feasibility of the DENT-A
and VDENT-A functions is not their specific operational capability,
but rather the ability of the proposed system to handle file overloads
and work backlogs of this nature. Data bas¢ file structures and
hardware configurations must be flexible and expandable enough to meet
these types of occurrences. (See Section X, for additional comments
on data base management.)

In a system of the scale of the current AIDS II, the impact of
redundant data entry is not significant, compared to not being able to
process stored data. Under the expected AIDS III workload, duplicate
data being entered into the system would have a serious effect on
processing time and costs,

The ability of the Four Phase front end processors (FEP) to
perform to the level preoposed in the AIDS III Data Entry and Display
Subsystem is also a concein. Currently, between 20~29 terminals are
connected to each Four Phase FEP. AIDS III proposes that 31 terminals
will interface with each CPU. Assuming that the search parameters and
arrest data volume per message remain consistent with those currently
used, improvements in the software or additional hardware will be
required to meet the proposed system specifications,

_ Another concern in the operability of DENT-A and VDENT-A is the
sequence of the data as it is entered from the card. [Under some
circumstances (multiple offenses), it is necessary to turn the card
over a number of times for the data., It is recommended that further
analysis of this potential problem be made and a redesign of the screen
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format be considered. The screen format should reflect the needs of
the data entry operator rather than emphasize ease of data handling
for the computer.

6. Film Processing (FLAB)

The effect of a backlog at the Film Processing function (FLAB),
caused by simultaneous film delivery from the microfilm reader sta-
tions (MFLM), is of concern to Rockwell. This is addressed in Refer~
ence 1, pages 18 and 19, 7Tt is not clear how the figures on page 19
were derived or what steps will be taken to avoid this problem. While
it is stated that the possibility of a backlog is reduced by having
two processors in the lab, the effects of one being down or of an
uneven work flow should be addressed in more detail., This could
present a significant bottleneck in the system, as the microfiche
processing is on the critical path in the identification process.

—

The handling of fingerprint cards requiring refilming due to
processing problems is not addressed. This problem could develop into
a complex control situation in locating apd recycling the cards
involved, The Master Transaction Record (MTR) will be the focal point
for this control. Quality control requirements in the film processing
laboratory were not fully addrzssed. The film processing activity
must be constantly monitored with microscopes and densitometers,

7. Image Comparison Identification and Verification (ICI and ICV)

The Image Comparison Identification and Verification (ICI and
ICV) functions have the same possible operational problems. While
these stations have not yet been developed and are of a conceptual
nature, it is reasonable to assume that they can be developed. What
is of concern, however, is the criticality of the need for clarity in
reading fingerprints. The use of ultrafiche at 2000 images/fiche
requires tremendous magnification when reading ‘":e image. Focus and
ambienf dust become significant operational problems. A visit to the
Montrose, California, Directory Information Office of the Pacific
Telephone Company demonstrated this problem, They are using MDS
ultrafiche storage and retrieval systems (the same vendor and concept
proposed for the FBI). 1In their system of 200 images/fiche, dust
definitely presents a problem. AIDS III will have 2000 images/fiche.
The JPL Photography Laboratory has a similar problem with microfiche
and finds it necessary use electrostatic air cleaners. Before a full
commitment to this approach is made, a prototype should be developed
and thoroughly tested to prove the concept. .

i
i

In addition, special lighting arrangements will be required to
reduce eye fatigue. Current operations of a similar nature, with less
and critical comparison and reading requirements, are equipped with
controlled lighting. This may require the construction of a separate
"work area, '
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8. Semi~Automatic Reader (SAR)

- The prototype seems fairly awkward to operate, and the cursor
positioning seems time-consuming. Over the workday, eye fatigue may
become a problem and a special room with controlled lighting will
probably be necessary to alleviate eyestrain,

Using a trackball to position the cursor seems to limit the
speed of this operation (and hence the ar~uracy). Special handling
and use of the SARs could become a limil ing' factor in the success of
an automated technical search for some cardsz., A very small increase
in poor quality prints (e.g., 5 per hour) car easily overload the
capability of the SARs. The basic assumption .hat only 3% of the
cards from the AFRS will be rejects may be optimistic or at best
highly variable (see Section VI).

Another approach would be to use a light nen and CRT capable of
recording the X-Y coordinates designated by the operator. Each
minutia is touched with the light pen and its X-Y coordinates are
automatically recorded by the computer. The direction of the minutiae
can also be entered with this efficient, human-engineered technique,

9, Search Review (SEAR)

The functions and decision processes required of the SEAR
operator are rather complex. The function will require concentration,
reliability, accuracy, and detailed knowledge of the entire system by
the operator, in addition to a high eye/hand coordination in routing
the card to one of seven future operations. In 152 of the cases, the
SEAR operator must assign and verify an FBI number for new cards being
added to the file,

It will require quick response for an operator to sustain a rate
of 150 cards/hour. The review of data on two CRT screens with differ-
ent formats, along with various hand operations (data entry, handling
the PCN wand reader, and card sorting) gives the impression of a
highly sophisticated operation requiring a great degree of concentra-
tion, ability and dexterity.,

The handling of cards whose print images have not yet been
processed through the image comparison functions (ICI and ICV) is not
addressed. At SEAR, there is a real potential for card handling and
storage problems.

The SEAR physical console is conceptual at this time, although
Rockwell states that its design will utilize standard components. The
implementation of such a console could be complex. A prototype of the
dual screen SEAR console work station should be developed to thoroughly
test the operational concepts proposed. In general, the SEAR function
still is only a concept and requires significant additional- ‘
development.
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10,  Wand Out of System (WAND)

The use of a hand wand reader in addition to keyboard data entry
appears to be an awkward combination. A significant loss of efficiency
and accuracy may be caused by combining card handling, keyboard entry
and wand manipulation. A stationary optical character reader and
associated keyboard may permit greater productivity and accuracy in
this function.

B. DOCUMENT PROCESSING

There are three major areas of concern regarding the AIDS III
concept design for processing documents other than fingerprint cards,
They are: :

(1) Omission of key functionms.
(2) Location of work stations not documented.
(3) High number of documents returned to manual systems.

With 14,500% documents a day to be processed, this portion of the AIDS
II1 system requires much more attention that it has received thus
far. These areas of concern are discussed below.

1. Omission of Key Functions

The documentation stops at the point at which miscellaneous
documents and dispositions are used to initiate a subject search
(Reference 7, page 6). No functional blocks are described for later
processing, particularly where an identification or a file update
would be performed. The handling of dispositions and some miscella-
neous documents requires both an identification and file update step.

Final disposition reports (FDRs) are sent to the FBI Identifica-
tion Division as a result of the action of a court. 1In many cases,
the offense that an individual is convicted of and sentenced under by
the court is not the offense he was arrested for. This makes it
difficult for the FBI to match the offense on the FDR to the offense
in their records. Compounding this problem is the tendency for the
date on the FDR not to match the date reported on the arrest record.

*Reférence 42, page 12, projects a daily processing volume of 22,000
in 1993. This is in conflict with ID Division Guidelines, Refzrence

23 page 3 and other Rockwell documents (i.e., Reference 7, paps &)
vhich specify 14,500 documents per day. See Appendix I for other
discrepancies. ' ‘ -
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Under the current AIDS II system, the FBI requests a "proof list" of
offenses within a 30-day window of the date cited on the disposition
to compensate for this situation. This proof list is printed out, 1In
the case of an FDR with a contributor-quoted FBI number, one proof
listing is printed. In cases where no FBI number is supplied, proof
listings are printed for all candidates found as a result of a subject
search. Both types of requests could be initiated from the data entry
functions (DENT-B and VDENT-B), Up to this point, the AIDS III
concept will accommodate this process.

Under the current AIDS II system, an identification process is
run once the proof listings arrive at the appropriate werk stations,
The FBI must be sure that the person described in the FDR is the same
person found in their flle, with or without an FBI number. This
identification process is analogous to the identification process used
with fingerprint cards. However, in the case of FDRs, physical
characteristics (e.g., color of hair, eyes, etc.) and other FBI
acceptable data (e.g., date of birth, Social Security number, etc,)
are used, Once the identification process has been completed, match-
ing must be performed. In this procedure, the acquittal, conviction,
and/or sentencing data on the FDR is matched with the arrest data on
the AIDS II-generated proof list, After the offense and disposition
data are matched, a file update transaction is coded, key entered and
key verified, A similar series of steps is followed in response to
correspondence requesting a correction to the FBI files.

None of the steps described above (identification, matching,
file update~date entry or file update-verify) are covered in the AIDS
I1I concept.

2. Location of Work Stations Not Documented

In the Rockwell documentation, a great deal of discussion is
directed toward the work cell and alternative methods of optimally
allocating facilities for the processing of fingerprint cards (Refer-
ences 1 and 8)., Very little is said about the facilities for proces-
sing documents. For example, in Reference 1, a floor plan is shown
", . . which accommodates everything except the PCN machines and image
capture machines , . ., the latter items are assumed to be located near
the mail room, which is assumed to be on another floor" (Reference 1,
page 119). In Reference 8, page 28, the PCN machines are shown to be
located with the card processing work clusters. It is not clear in
either document if these include PCN devices used to process docu-
ments, It is doubtful that they are, yet it is not specifically
documented one way or the other.

The same problems are found with the locations of other document
proce581ng units, While the quality control check, read, annotate
(READ) and encoding (ENCDOC) functions are said to be grouped together
into cells, their locations cannot be found on any floor plan. At the
same time, the location of encode checking function (ENDOCK), which
should be located with READ and ENCDOC, is not discussed.
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3. Abnormal Number of Documents Returned to Manual System

According to the design, over 93% of the documents processed by
AIDS III will be sent on to the manual system after the automated sub-
ject search. If we were to include the omitted functions discussed in
paragraph 1, we would have to expect that the design would still
direct the vast majority of documents into the manual system. This is
in direct varjance with the current AIDS II/manual system,

Since dispositions make up 67% of the daily arrivals of docu-
ments projected for AIDS III in 1993, they would make up the large
ma jority of those going back into the manual system. Currently, the
disposition notices are simply thrown away after being used as an
update to an automated or manual record. We have no documentation to
suggest that this policy is expected to change. Therefore, it remains
unexplained as to why the bulk of these forms is to be sent into the
manual system under AIDS III,

C. COMPUTER SUBSYSTEMS

All of the subsystems have some degree of interdependency., If
there is a failure or degradation of one subsystem, most of the other
subsystems will be affected. Naturally, the further down-line the
problem, the less the effects (other than the backing up of queues)
are felt,

There are two conditions that have an immediate effect on a
subsystem throughput. The first occurs when the System Supervisor is
down or in a degraded mode. All functions in AIDS III will be degraded
or cease functioning altogether,

The second condition occurs when a subsystem itself is in a de-
graded mode or down. This has the effect of drastically slowing or
stopping all work in a subsystem except the totally manual operations
(Blocking Out, QC Check, etc.). The queues will build in direct
proportion to the amount of degradation involved. The degradation of
a subsystem will also have an effect on the other subsystems directly
related to it., This means that subsystems feeding data to the
degraded subsystem would be affected, as well as those subsystems
receiving data from the degraded subsystem.

1. System Supervisor (SS)

The System Supervisor is the focal point of the entire informa-
tion processing system associated with AIDS III. Since the System
Supervisor is the message controller and router, none of the sub-
systems can communicate with any of the other subsystems if the System
Supervisor fails. Under this condition, the entire AIDS III sysﬁam&ikL
inoperative, There can be a limited amount of processing accom~- =~
plished, i.e,, the Four Phase equipment can continue to be used for i

data entry, with verification data written out to tape. However, i
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as no card routing can be accomplished, queues will build up at the
data entry/verification functions. The System Supervisor has most of
the aspects of a real-time system controller, It does not route the
cards automatically, but through instructions to people, and does not
optically read the PCN at most stations. Effects of a System Super~
visor failure on management reports and the simulation model are
recoverable, provided the data required is retained at the initiating
subsystem until the System Supervisor is operational.

2, Process Control Number and Image Capture Subsystem (PICS)

The PIC subsystem is the initial controlling subsystem for AIDS
III. The maximum rate at which cards can be processed through AIDS III
corresponds directly to the rate at which the cards go through PICS.
No procéssing can be started (other than opening and sorting the mail)
until a process control number is assigned and both the Master Trans-
action Record (MTR) and Transaction Record (TR) are created. If the
PIC subsystem is run in a degraded mode, the cards will not be avail=-
able for down~line processing at the expected rate., If the subsystems
down-line are degraded, the PIC subsystem can still be run at full
capacity with an accompanying increase in down-line queues.

3. Data Entry and Display Subsystem (DEDS)

The fingerprint classification, wand-out, and data entry func-
tions are all part of the DEDS subsystem. Any up~line degradation has
the immediate effect of a reduction in card flow to these functions.
Without the classifications and data entry (DENT or VDENT) functions,
the cards canrot be processed by any of the down-line subsystems. A
degradation in DEDS has a minor impact on the wand-out (WAND) func-
tion, All of the cards going through WAND are either being removed
from the system to be routed for manual processing or returned to the
contributor. The impact is felt in the delay in printing responses
and in getting some of the wanded-out cards to the manual system
(approximately 70% return to the AIDS ITI system at a later date).

The impact at search review (SEAR) results in a delay in pro-
cessing the response generation, rerputing of cards for a technical
searches, re-searching, and final disposition routing. There will be
an accumulation of data in the search statistics file, update files, .
and response files because there will be no authorizations for updates
processed., This file size overload must be considered. DEDS is
critical for tlie timely processing of cards through the classification
and data entry functions, while at WAND it is only marginally criti-
cal. At SEAR, the impact is primarily in the release of cards from
the system. b
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4, Subject Search and Response Generation Subsystem (SSRG)

The SSRG subsystem is a critical entity of AIDS TII. The subject
search must be completed prior to routing the cards from the VDENT
operation. Without knowing if a candidate was located, the card
cannot be processed., The degradation of the SSRG has a serious effect
on card flow and all interfaces with the TR file., Technical search
and image comparison data cannot be processed when the SSRG is down.

5. Technical Search Subsystem (TSS)

The TSS has less of an impact on the overall AIDS III system be-
cause it handles no data transfers except those directly relating to
the technical search function, and processes fewer cards than the
DEDS, PICS or SSRG subsystems. The degradation of this subsystem
does, however, caus: a backlog in the Automatic and Semi~Automatic
Fingerprint Reader functions (AFRS and SAR). As the AFRS function has
some ability to separately store its results until the TSS subsystem
is operational, the backlog here can be minimized., Since this sub-
system and some components are running at a CPU-utilization of 100%
(Ref. 1, p. 6-70), there is no excess capacity to work off the queue
build-up without scheduling overtime. The other subsystem affected
directly by a degradation in the TSS is the Image Comparison Subsystem
(10S). Fewer than normal image comparison requests will be generated
until the TSS is fully operational. As the image comparison and
verification functions (ICI and ICV) are running at near capacity, a
surge from the TSS will require overtime in ICI and ICV (and probably
SEAR) if the backlog is to be reduced.

6. Image Comparison Subsystem (ICS)

A degradation of the Image Comparison Subsystem (ICS) will have
the least effect on other subsystems and down-line functions. This
subsystem does the final verification of a candidate match, The input
is a result of either a subject or technical search resulting in the
identification of one or more candidates. A degradation of the ICS
will cause the queues at search review (SEAR) to build. There can be
no rerouting of cards or response generation, etc, from SEAR until the
ICS results are complete. All of the other subsystems can function
more or less independently from the ICS, providing those interfacing
with ICS can store the data_to be processed until ICS is operational.

s
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SECTION IX

SEARCH PERFORMANCE

A, AUTOMATED SUBJECT SEARCH

Automated subject search is a generic designation for the
process of identifying and retrieving, in an on-line mode, a subject's
record based on personal identification alone.

1. Evaluation

The performance of a subject search is evalutated in terms of
its accuracy and reliability in making identifications or finding a
candidate who will be positively identified, The FBI has required
that the AIDS III Subject Search perform with a lower miss rate than
the current manual name search (Reference 23). 1I4 order to make this
evaluation, the curront AIDS II Automated Name Seavrch (ANS) was
studied.

The ANS was designed for two reasons:

(1) To evaluate the performance of an automated search based
on name and descriptive information,

(2) To use this evaluation as a basis for estimating the
performance of the automated subject search for AIDS III,

The performance evaluation of subject search is based on AIDS II
Volume Test results (Reference 44) which are summarized in Table 9-1,
The results indicate that the subject search does perform better than
the manual name search.

The second purpose of the ANS (providing a basis for estimating
the performance of the AIDS III Subject Search) is impractical, since
the current ANS system is too unstable to permit any final conclu-
sions. Prior to June 16, 1980, the ANS unit was accepting only those
searches that could be handled in a day. No queue was allowed to
build up. After that date, all 1nqu1r1ea qualifying for a subject
search were routed to the ANS unit. Full implementation of the auto-
mated subject search was hampered by the Identification Division's
inability to hire qualified people, software reliability problems and
the limited capacity of the hardware used. The capacity problem was
partially resolved by an upgrade of the computer hardware. The
software is still being modified. The problem of hiring qualified
people is not easily solved, and it appears that it will be a contin-
uing factor.

Given the similarities between the ANS and the AIDS III design,
it appears that the accuracy and reliability of the subject search
will be superior to the manual name search. Although there are decided
differences between the two systems, there is nothing to prevent the
subject search from being operationally feasible.

9-1
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Table 9-1. Automated Subject Search vs Manual System Test Results

Misses in Manual Misses in Automated
Found in Automated Found in Manual
System System
Poss. Miss Misses Miss Misses
Type of Date of Searches No. of No. of Rate per No. of Rate per
Search Report Idents Misses Z Search Misses % Search
¢ L. :
Criminal
Name 01/25/80 2356 1262% 120 9.51 0.051 28 2.22 0.012
; (Subject)
| T
o 0 Civil
; ! Name 01/25/80 296 296% 26 8.78 0.088 5 1.69 0.017
' ! (Subject)
S
f  % *Based on tech search, there were 136 missed for criminal and 10 for civil by both manual and
H automated name search.
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2, Basis of Evaluation

In addition tn the volume test results, the evaluation was based

on a number of observations of the manual name search and the AIDS II
Automated Name Search,

It has been observed that the manual system conducts searches
for potential candidates in the following environment:

(a)

(b)

(ec)

(d)

(e)

The master file is composed of 3 by 5 inch file cards
containing the name and full fingerprint classification of
each person represented in the criminal file, plus any
aliases which have been used.

The searches are conducted entirely by hand, and are based
upon the names appearing on the fingerprint card. The
accuracy of each search is dependent upon the individual
capabilities of the clerk making the search.

The update of the master file is manual as well, making
the integrity of the master file dependent upon the
timeliness and accuracy of the update.

The only index to the file is the name and sex appearing
on the fingerprint card, If more tham one file card has
the same name, primary and secondary fingerprint classifi-
cations are used for greater discrimination.

A separate search must be conducted for each alias indica-
ted on the fingerprint card.

The design of the AIDS III Automated Subject Search is similar
to the original design of the AIDS II Automated Name Search and
Automated Correspondence functions in several ways:

(a)

(b)

(e)

(d)

Data entry screen formats and identification record re~

sponses are substantially identical to those implemented
in AIDS II.

All significant data elements being captured from the
fingerprint cards and documents will continue to be
captured in AIDS III.

The four existing query types (i.e., disposition, contri-
buting agency, process control number, and miscellaneous)
that are in use in AIDS II are sufficient for AIDS III.

Specifications for the AIDS IIIL Subject Search are based
on the functional requirements for ANS in AIDS II. It
therefore appears that the search algorithms will be
carried over to the AIDS III Subject Search.

U




There are several significant ways in which the AIDS III Subject
Search will differ from the AIDS II Automated Name Search:

(a) Even though the algorithms to be used in the search will
be the same, the application programs will most likely be
rewritten due to hardware and software differences.

(b) File updating will be on~line in AIDS IXI, where it Is
batched in AIDS II,

(c) The AIDS III design concept is assuming that the existing
CPU loading problem can be resolved to efficiently service
32 terminals per Four Phase Controller. Currently, 31 CRTs
and one printer are being serviced by one controller in
the ANS unit. The other controllers serve 20 to 29 CRTs,

(d) In 1993, the Subject Search master file will be 3.37 times
as large as the current file (14,5 million compared to 4,3
million). A reorganization of the name index is planned
to keep degradation of response time due to this growth to
a minimum. Rockwell has estimated that the CPU time ‘
required for a search will increase by a ratio of 2.80
when the file has grown 3.37 times (Reference 21, page l1),

(e) The file structures that will be utilized in AIDS III have
not been determined, All indications are that a file
reorganization will be necessary. The file structure will
be dependent upon the hardware selected, the data base
management system utilized and other operational consider-
ations that are not yet clearly defined.

3. Description

The Subject Search and Response Generation (SSRG) Subsystem
includes a search of the Computerized Criminal Name and Record File
(CCNR), the updating of those files, the generation of user responses
and related interfaces with the System Supervisor.

The CCNR is comprised of two separate but interrelated files.
The Computerized Criminal Name File (CCN) contains one record for each
FBI number, which includes personal descriptive data. The Compu-
terized Criminal Record File (CCR) contains the arrest records, which
is organized so that one record contains a separate date of arrest for
a specific FBI number.

There are four indexes to the CCN file. The Name Index is a
hierarchical structure permitting access to CCN records on a basis of
combinations of sex, name, and either high (blocked-out) fingerprint
classification or date of birth., For a 15-50 million subject CCN file,
the index will require 275,000 fixed length records and 20-40 million
variable index entries for certain common combinations of retrieval
parameters (Reference 1, pages 5-2, 5-3),

-

P .5 >




S8ocial Security Number (S8SN), and 3) Originating Agency Identification
(ORI) Number and Originating Agency Case (OCA) Number. The number of
records in each of these indexes depends upon the number of occur-
rences of the identifiers. For example, a 15~million subject file
will have 15 million FBI number indexes, but less than 15 million SSN
indexes. The ORI/OCA index records are purged from the index after

{i{ one year,

E The other three are unique identifier indexes: 1) FBI Number, 2J

The proposed system is based on each search being allowed &

4 maximum response time of 30 seconds, Seven sesconds is allocated to
the System Supervisor to process the request and initiate the search,
The seaxrch itself is allocated fifteen seconds and the remaining eight
t seconds are allocated to the System Supervisor for processing the

F response.

Figure 9-1 shows the logical flow of the Subject Search process.
The subject search is initiated by the data entry verification
i operator (VDENT A or B) through the Data Entry and Display Subsystem
] (DEDS) and the System Supervisor. The VDENT operator enters the first ;
‘ screen of data (60-80 characters) which is the data required for the ;
search (i.e., FBI Number, SSN, ORI/OCA, high-level fingerprint classi- |
fication, date of birth, sex, race, place of birth and name), While
the VDENT operator is entering the arrest data, the CCN file will be
searched.,

Searchaes can be initiated in one of the following ways: 1) FBI
Number, 2) SSN, 3) ORI/OCA Number, or 4) name., The name search is the
only one that is not based upon a unique identifier. A search by FBL
: Number has the highest priority, followed by the SSN, ORI/OCA Number
and name search.

A name search will automatically be initiated if no candidate is
found for a SSN or ORI/OCA Number, A routine name search must contain
first name, last name, sex and date of birth, If the high level or
blocked-out fingerprint classification is availuable, it will be used
with the name and sex for the search.

Potential candidates are retrieved from the CCN file based on
the exact matches of the search criteria. These candidates are then
scored, based on the other available information such as name, high-
level fingerprint classification, date and place of birth, sex and
race. The scoring process results in a relative score for ecach FBI
number retrieved. The SSRG subsystem selects candidates based on a
minimum threshold score of 1.0, The individuals whose score exceeds
1.0 qualify as candidates.

Figure 9-2 shows the internal and external functional data
interfaces of the Subject Search and Response Generation Subsystems.
A control function within the SSRG allocates the requests to the
appropriate subject search modules. The SSRG then notifies the System
Supervisor of the search results, and a response is returned to the
VDENT operator to route the fingerprint card for further processing.
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All the verified data that was entered by the VDENT operator is
stored in a Transaction Record (TR) file until a case disposition is
made, When the System Supervisor receives an authorization from
search review (SEAR) the TR file data is retrieved, and the CCNR files
are updated. The appropriate response is generated and sent to the
contributor. If the case results in an identification of an indivi~
dual already in the data base, search data is used to subsequently
update the data stored in the file for that individual, If an identi~-
fication was not made and a new FBI number is establiched for the
individual, the associated data is stored permanently in the data base.

B. AUTOMATED TECHNICAL SEARCH
1. Description

Technical search refers to identification searches based on
fingerprints as opposed to searches based on name or physical descrip-
tion, The Automated Technical Search Pilot System (ATSPS) is a
Rockwell~designed and developed system intended to:

« (1) Test the automatic technical search concepts.

(2)  Produce performance statistics on fingerprint searching
and matching operations in order to measure search
accuracy (sometimes referred to as reliability) and
selectivity in an operating environment.

(3) Provide a basis for estimating the costs associated with
an automated technical search system.

The ATSPS has been evaluated relative to the manual system and
as a stand-aloae system. The only requirement placed upon AIDS III
fingerprint search accuracy is that an automated search should perform
better than a manual one (Reference 23). The test results indicated
that the ATSPS does provide a lower miss rate than the manual finger-
print search.

Because of the limited size of the initial ATSPS data base,
additional tests on other segments of the file have been useful in
fully evaluating the technical search algorithms. Since the AIDS III
fingerprint search is intended for use in on~line retrieval and file
updating and the ATSPZ is operating in a batch mode, the interactive
search algorithms, on-line upddting of files, and computer interfaces
have yet to be specified. The procedures used by the AIDS LII System
may be differknt than those in the ATSES, but it is expected that they
WLJ:xbe equal to or better than those in the ATSPS.

Flgure 9-3 shows the log1ca1 flow of the Automated Technical
Search Pilot System and is described below.
i N

The Minutiae Master File is logically divided into 22 categories
or units of fingerprint classificatior, As of August 1, 1980, the
ATSPS Master File was limited t¢ one of the 22 flngerprlnt units o£
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the master file. The unit chosen (Unit 14) contains 560,415 male
fingerprint cards, which are broken into 1972 segments or bins. The
bin divisions were selected based on empirical analysis of the classi-
fication frequency distribution of 1.3 million cards. For comparison,
the entire 22 units rontain approximately 22 million master finger=-
print card records,

A request for a fingerprint search enters the system, is classi-~
fied by the National Crime Information Center (NCIC) fingerprint
classification (process 1), and is entered into the system (process 2).
The classification algorithms and search rules are applied to determine,
as a function of NCIC-FPC and sex, the bins to be searched., Based on
this classification, candidates are selected from the Minutiae Master
File (process 3).

The purpose of the next scoring procedure, the Filter (process 4),
is to eliminate obviocus non-candidate records in the selected bins and to
choose the best subset based upon similarities of fingerprint
classification, sex, date of birth, race and height. In the finger-
print classification scoring portion, a score of minus 1 to plus 2 is
assigned to each finger in the Master File subset. Each complete record
(10 fingers) will then have a score between minus 10 and plus 20,
Records with a score of 17 or higher are selected (process 5) to be
evaluated further by the personal history and physical description data
in the records, As result of thic evaluation, a subset of records is
sent to the Matcher scoring procedure {process 6).

In the Matcher scoring, the minutiae data of eight fingers
(omitting the two little fingers) on the request record is compared with
each record in the Minutiae Mister File subset. A raw score is assigned
for each finger comparison, and a raw score total is computed for all
records in the subset. The Matcher Evaluation Rules (process 7) increase
the accuracy and selectivity of the Matcher selection. These rules
weight the raw scores based on finger position and pattern type. One
rule selects passing fingers (those that have more than a minimum score),
a second rule weights the scores and a third rule ranks the candidates
based on this weighted score. The third rule also adjusts the
candidates' final scores by increasing the score of the top-rated
candidates and reducing the scores of all others.

In the ATSPS, the Interim Selection (process 8) evaluates each
record in the subset data set based on the Filter and Matcher scores. If
a candidate has high enough Filter and Matcher scores, the FBI number is
listed and the candidate's fingerprint card is manually retrieved for
positive identification (processes 9-10)

2. Test Implementation

ATSPS software testing began in May, 1979. To date, it consists of
three phases:

(1) Phase I (completed): Technical searches against known
identification to determine reliability.

9-10
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(2) Phase IT (in progress): Fingerprint card searches pro-
cessed in parallel through Unit 14 of the manual system
and the ATSPS.

(3) ©Phase III (test/evaluation mode): New software is
currently being tested and evaluated. Enhancements
include limiting the size of the data set passing the
Filter scoring, some Descriptor scoring (i.e., date of
birth, race and height), NCIC~FPC scoring, an interim
final selection process and update of the data base.

Fingerprint records for first-time offenders assigned FBI
numbers since, July 1, 1974, provide more information to the filtering
algorithms (as shown below) because these records have been converted

for name/subject search by AIDS II.

Post July 1, 1674 Pre July 1, 1974
Information Information
Sex Sex
NCIC fingerprint NCIC fingerprint
classification classification
Date of birth (year, Date of birth (year)
month, and day)
Race Not available
in the ATSPS

Height data base
Minutiae Minutiae

3. Test Results

a. Phase I technical search (against known identifications)
test results are shown below:

Number of
Searches Percentage
Identifications 283 93.4
Misses 20 6.6

303 . 100.0

The identification rate by data group:
Post July 1, 1974: 97.7%

~ Pre July 1, 1974: 90.1%

b, Phase II technical searches (in parallel with manual Unit 14) and
comparative statistics to May 24, 1980, are shown in Table 9-2.

9-11




Table 9-2. ATSPS vs Manual System Test Results

Misses in Manual
System Found in

Misses in ATSPS
Found In

ATSPS Manual Systems
Possilile No. of % Misses No. of % Misses
Date Number of Misses Miss Per Misses Miss Per
of Report Searches Identifi~- Rate Search Rate Search
cations
05-24-80 0.013 75 5.21 0.003

27,681 1,440 354  24.58

In addition to the tests ruyn in Unit 14, three representa-
tive vertical slices of other areas of the data base were
selected to make some additional tests,

these tests were to:

The purposes of

(1) Make a preliminary determination of search reliabil-
ity in portions of the file which provide extremes
of classifications, or which provide special prob-
lems for the minutiae capture/usage process.

(2) Determine and quantify the types of misses which

occur in each area.

(3) Make a preliminary determination of Automated
Technical Search selectivity in each area. A radial
loop-intensive segment (in Unit 3), an ulnar
loop-intensive segment (in Unit 5), and a balanced
area of female prints (in Unit 22) were chosen for
these tests. The results of the tests are ‘

summarized in Table 9-3.

The results indicate that the search algorithm does maintain its
reliability and selectivity when performing searches in areas outside

Unit 14.

Co.

Phase III was brought up on July 21, 1980 for testing
(Phase II will continue until the new Phase III software
is validated,) Because no' final test results were avail-
able, the evaluation of the technical search algorithms is
However,
preliminary results from Phase III1 testing indicate that
the software is improving the performance of the ATSPS.

based upon the results of Phase II tests,
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Table 9-3. Summary of the ATSPS Tests Outside Unit 14
UNIT 3 UNIT 5 UNIT 22
Not Not Not
Previously Previously Previously Previously Previously Previously
Identified Identified Identified Identified Identified Identified
NUMBER OF SEARCHES 70 108 . 128 93 105 107
FILE SIZE 78,405 78,405 114,230 114,230 106,773 106,733
IDENTIFICATIONS 67 - 119 3 102 1
RELIABILITY 962 - $32 - 97% -
CONSOLIDATIONS 2 - 2 - 5 -
FALSE DROPS 1 15 e 8 18 4 17
FALSE DROPS/SEARCH 0.014 0.14 0.06 0.19 0.04 0.16&
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4, Enhancements

The AIDS III Technical Search will incorporate enhancements that
have been designed for Phase III of the ATSPS., Figure 9-4 shows the
revised logic flow of the Phase IIT ATSPS, This is also the concep-
tual logic flow for the AIDS III Technical Search.

As in Phase II, the NCIC fingerprint clagsification is assigned
to the request card (process 1) and entered to the system (process 2),
The bins are selected (process 3), and filter scoring (process 4) and
selection (process 5) take place. The number of records which may
pass the Filter in a search is now limited to 250 (Reference 1, pages
5-461,

In Phase III, the NCIC-FPC (process 7) and some Descriptor scor-
ing (process 9) are taking place in parallel with the Matcher scoring
(processes 6, 8). The NCIC-FPC Scoring (process 7) will develop a
score based upon the similarity of the search FPC (and references) to
the FPC of each file candidate, NCIC-FPC Scoring involves the develop-
ment of a distance measure based upon the degrees of disparity (or
similarity) between the NCIC-FPC (and references) of the search print
versus the file print. Individual finger classification distances are
combined to produce a card level distance for each candidate. NCIC~FPC
scores are then derived as a function of the card level distances, the
rank ordering of the candidates, the distance differential between the
file candidate being scored and the file candidate which has the
smallest distance of all those in the search (Reference 35, page 12,
Reference 36, page 16),

Fourteen descriptors will be incorporated into the Descriptor
Scoring algorithm (process 9)., These descriptors are included in the
information normally recorded on a subject's fingerprint card and sub-
sequent captures by the data system (Requence 1, pages 5-51). It
appears that this data will be stored with the minutiae data for each
subject. File update procedures for this data have not been addressed
by Rockwell.

Rockwell has categorized the descriptors into three categories.
Physical descriptors include sex, race, eye color, hair color, height,
weight,; scars, marks, tattoos and skin tone., Personal history descrip-
tors include date of birth, place of birth, Social Security number and
name. Criminal history descriptors include place of arrest and type
of offense (Reference 1, pages 5-51 thru 5-53).

"~ A Final Selection procedure (process 10) performs the final,
automated determination as to which candidates (if any) will be
selected for comparison with the inquiry search card (processes 11,
12). Identifications and non-identifications are handled as appro-
priate (Reference 1, page 5-84).
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SECTION X
DATA BASE MANAGEMENT

The data base structure and management of that data are integral
parts of any information system, eapecially one of the size and
criticality of the one proposed in the AIDS III System Concept. The
development and maintenance costs of supporting the information
processes in AIDS III are significant, They are a major factor in
developing and utilizing the data being accumulated for identifying
individuals,

A make/buy evaluation of commercially available general-purpose
Data Base Management Systems (DBMS) for use in the AIDS III System
should be made. In the documentation received, there was no evidence
of such an evalution, nor that any data base management system tech-
nology assessment had been made. If evaluations have taken place, the
results should be reexamined to determine the exact justification for
rejecting the use of a commercially available DBMS, If such an
assessment has not taken place, it should be completed prior to addi-
tional expenditures in the development of specialized software to
support the FBI Identification Division function, This recommendation
is based upon the following considerations:

(1) AIDS III file structures are compatible with a
general-purpose DBMS,

(2) There are cost savings in implementation and maintenance.
a. automatic file access contrcl and data security,
b, automatic audit trial and backup.,

(3) Upgrades have a minimum impact.

a. operating systems,

b, CPU.

C. disks.

d. data element revisions and additions.

(4) DBMS parameters can be adjusted to meet specific needs,
(5) Query languages are available.

The use of a commercially available DBMS does not imply that a
single physical file or data base must be established., The rationale
behind the recommendation is to establish the required number of
physical data bases or files with common software support, and to
increase the ease of handling logical interfaces.

Prior to the evaluation, a set of funcfional and data usage
requirements must be developed for each logit¢al file anticipated in
the system. How the various commercially available DBMSs meet these
requirements on a cost-effective basis will be a major consideration.

i
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A, GENERAT, COMMENTS ON GENERAL-PURPOSE DATA BASE MANAGEMENT SYSTEMS

While the cost per bit of storage and execution cost per
instruction have both been decreasing, the same trend has not been
true of software development., Since software development has con-
tinued to be a people-oriented activity, a higher percentage of the
total system cost in acquiring and developing a computing system is
accruing to software development (Reference 28).

General-Purpose Data Base Management Systems are characterized
as software packages which provide a flexible facility for accommoda-
ting different types of data files and operations while requiring less
programuing effort than conventional programming languages. A DBMS
provides a software environment which is not tied to a particular seZ
of application programs or files, This provides tremendous flexi~
bility in utilizing program maintenance personnel,

In selecting or developing a software capability for data pro-
cessing functions, there are two extreme alternatives: 1) Design and
implement the system by tailoring it to a specific application,
without using any prepackaged software or 2) utilize a commercially
available DBMS, and build any necessary additional functions with
application programs (Reference 22).

The first way necessitates a large initial investment in data
base system design and implementation. Although a great deal of this
effort has already been invested in AIDS II, over $5.9 million remains
to be invested in computer subsystem software development, In the
development of a homegrown data base managment system there is gener-
ally a substantial time lag between system conception and implemen-
tation, especially if the hardware and operating systems are not known.

The reliablity and dependability of commercially available DBMSs
is continually increasing, Experience at JPL in the development of
homegrown data base management systems vs commercially available sys-
tems has shown that: 1) implementation times for commercial systems
are shorter, 2) reliability of commercial systems has been equal or
higher, and 3) costs have been less than if the systems had been
devcloped in-house,

B. FILE STRUCTURES

It does not appear that the structures of the files proposed for
AIDS IIL (Reference l4) are of a nature to preclude the use of a DBMS,
File maintenance and data updating is always complex. Reutilization
of freed storage space in the data base is automatically managed by
mhst DBMSs and is transparent to the user. Special utility programs
to do this will not be required. Establishing functional requirements
for the AIDS III data bases will greatly assist in the development of
hardware requirements.

ORIGINAL PLGE 18
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C. COSTS

An important fact to remember when designing a computer-based
system is that hardware is cheaper than software development, mainte-
nance or operation costs, 1If the present trend continues, this
differential will be greater and greater (Reference 28).

The proposed AIDS III system appears to treat the problem of
data base management as a software coding exercise, Large amounts of
specialized assembly language and COBOL software are proposed which
would be sensitive to environment and data changes, and would tend to
maximize both new development and long-term maintenance costs,

The basic problem to be solved by the AIDS III system is that of
managing an inquiry into a large collection of highly sensitive data,
The system proposed is a highly complex simulation of the manual
system containing electromechanical devices, electronic hardware and
human interfaces, If it is to support the FBI Identification Divison
in a cost~effective manner into the mid-1990's, it must be able to
respond to change, both technical and societal. As time passes,
equipment will be changed due to age and advances in technology.
Future social pressures may cause changes in the data and in its use,
Hence, the data base must remain adaptable and the system flexible,

Programming costs are an important factor in implementing AIDS
IIT. One means of determining program development time and costs
involves the average number of lines-of-code (LOC) produced per hour.
There are various standard rates that can be applied, but three
sources: Johnson (Reference 29), Brooks (Reference 30) and Walston
(Reference 28) are fairly consistent in stating LOC productivity
rates. Batch systems are in the 6000~7000 LOC/man~year range, com-
pilers, 2000-~3000 LOC/man~year, and operating systems 600-~800
LOC/man~year. Recogrizing that a data base managment system is more
complex than a batch szystem, but not as involved as a compiler or an
operating system, an extrapolated LOC productivity rate could be in
the 4000-5000 LOC/man-year range. Rockwell has stated that the coding
will probably be in asgsembly language which, being a lower level
lauysiage than COBOL, could have a different productivity rate. Using
5,000 LOC/man-year as an assumed rate and 500,000 lines of code
estimated for the task (Reference 15), this equates to about a 100
man-year effort. If only one~quarter of the estimated 500,000 LOC are
to be devoted to the data base managment system and related inquiry,
backup and operational procedures, 25 man-years will be applied to
development of the data base management system., Given the estimated
cost of $76,000 per man-year of programming effort (Reference 34), the
development cost becomes $1.9 million.

High~level software maintenance pecple will bi: required to
maintain the various data base files, The more varied the file
structures in a system, the wider the range of software maintenance
skills and knowledge required.
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The security of the information being utilized in AIDS III is
critical, Protection not only from unauthorized inquiries or data
manipulation, but also in the form of audit trails, backup, restoral
facilities and system integrity. Security is a major concern with
computer systems and is not sufficiently addressed in AIDS III.
Today's commercially available general-purpose Data Base Management
Systems provide this as a standard feature,

Data protection and security involve insulating a data base from
system failures, vandalism, natural catastrophea and the like, This
includes backing up multzple files contaxuxng tens of gigabytes (107
bytes) of data and restoring them in a timely manner. DBMSs provide a
natural facility in this area.

D, CONFIGURATION UPGRADES AND DATA ELEMENT REVISIONS

When a system is developed for a specific application utilizing
a specific hardware configuration, it may not be flexible and respon-
sive to Lnternal and external environmental changes, Upgradxng
cenktral process;ng units (CPU) or storage hardware, or using an
1mproved version of an operaclng system to take advantage of the
continuing improvements in the state of the art can have significantly
less effeut on a commercially available DBMS than on a homegrown
gystem in terms of both effort and costs expended,

Modifications or changes of data elements in the system will
require reprogramming and possible file restructuring. All data now
in the system may not be needed or required in 1990, If a commercial
DBMS is structured to permit elimination or separate handling of that
data, additional storage space can be freed and used for new file
records.

DBMS technology uses separate logical and physical data tase
descriptions to completely insulate user applications from changes to
the data organization and hardware environment. In the AIDS IIT
System Concept (Reference 14), it states that assembly language DSECT
macros and COBOL record descriptions will be used to provide data
independence. This means that, whenever a record element is changed
these descriptions must be changed, and all programs referencing these
data must be recompiled, retested, and recertified. If, for example,
a change from a 3 to a 2 byte minutiae file format is desirable, this
could require significant effort in making modifications to existing

" programs, DBMS technology requires modifications only to affected }

schemas/subschemas (data descriptions) and furthermore insulates users
from hardware upgrades, data reorganization, and all but major record
restructuring.

10-4
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E, ADJUSTMENTS TO MEET SPECIFIC USER NEEDS

Some NBMSs are structured to facilitate whatever specific
modifications may be necessary for unique search processing., In
information systems utilizing computers it is important to identify
any areas in the system where data flow is inefficient or ineffective,
and those areas where a slight improvement or modification in either
the software or hardware structure will produce a significant through-
put improvement. Generally speaking, commercially available DBMSs
provide statistical information and control information that can be
used to improve processing of throughput time, In addition, the
acquisition of a data dictionary, query language, report writer, aetc.,
could greatly extend and enhance the capabilities of the AIDS III
system while providing useful management information upon request
without extensive programming.

The structure of the dataz bases for various logical and physical
files must be such that they can handle greater than expected capa-
cities through the addition of hardware, rsther than needing repro-
gramming. Reference 14 (page 5) states "the tremendous volumes of
records to be processed by this system dictate that the files be
designed in a manner which will optimize processing efficiency.”

While this statement has validity when addressing processing through-
put, it does not address the software management complexity introduced
by the development of a homegrown system. It precludes or presumes
that commercially available DBMSs will be inherently slower and
adversely impact the ability of the overall AIDS III system to process
the inquiry in an acceptable period of time. In reality, DBMSs can be
tuned to meet the specific requirements of the user.

It is possible that a commercial DBMS package may require
slightly greater computer resources than a homegrown, tailored
system. The acquisition cost of more powerful hardware should be
considered as part of the evaluation. This additional cost can be
offset by savings in software and by improved implementation schew«
dules. In addition, the configuration of the system may be such that
any additional resources required are already available,

F.  QUERY LANGUAGE

In the AIDS IIX concept, a number of inquiry requirements are
identified and data files established to provide management infor-
mation, These queries will require computer programs to interface
with the files involved. There are also & number of files that
interact with each other and demonstrate a high complexity for those
inquiries known today. Inquiries handled in the future may be best
served by the use of the query language available as part of a
selected DBMS., In addition to management and statistical informa-
tion, a flexible query capability could enhance the performance of the
on-line query (QUERY) function.

10-5
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Reference 14, page S states that there are ", . . no plans to
xncorporate a generalized query capability to the AIDS IIL system.
AIDS III is a h1gh1y speciaiized system which is necessarily dedicated
to the processing of fxngerprxn, cards and related documents. Other
uses of the system are vntxrely secondary to this primary purpose."
While a general-purposs query gapabtlzty is not planned, "additional
specialized query capubilities’'will be incorporated...should the need
] arise" (Reference 14). To promote standardization and facjlitate
: ‘ expansion, it appears that a query language with syntax tailored to
g " AIDS IIT is already planned. Based on JPL's expermence in information
systema, the probability of query capabxlltles being needed is high.
vAs sOphlstxaatxon and a better understanding of the capabilities of
AIDS III are developed, there will be an increased inquiry demand.

o “ . 6. CONCLUSION
’ - For the above reasons, it is recommended that a make/buy evalu-
) ation of the use of a commercially available general-purpose Data Base
' Management System be made and incorporated in the implementstion of
# AIDS III. The 1mp1ementat10n of » data base managemient system proto-

type could greatly assist in this evaluation, and 'would be useful in

jf' determining the full benefits of commercially available general-
c {; purpose Data Base Management System.
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SECTION XI

FILE CONVERSIONS

Implementing AIDS III will require restructuring and reformat-
ting the Minutiae Master File (MMF) and Computerized Criminegl Name and
Record (CCNR) files. The same basic procedures (including testing)
used in establishing the Automated Technical Search Pilot System
(ATSPS) will be employed for the AIDS III conversion, Data file
structures and format requirements will vary depending on the hardware
and data base technology used, 'A brief general discussion of Rock-
well's file conversion concepts can be found in Referemce 16, Conver-
sion of source data and data files is addressed in Reference 12,

Conversion of the fingerprint card master file to microfiche is

mentioned in Reference 2. It was estimated that the conversion will

take 15.5 months to convert. The fingerprint card/microfiche conver-
sion plan briefly discusses costs, time and resources but does not
discuss how the conversion is to be done.

The complexity, scope and coordination required for a project of
this size cannot be overemphas;zed. A comprehensive validation test
and transition plan is planned for AIDS III, although it has not yet
been developed Details (both technical and management) for the
creation of AIDS III data and microfiche files require further con31-
deration and development.

AN

A. MINUTIAE MASTER FILE AND COMPUTERIZED CRIMINAL NAME AND RECORD

_ FILES

L

As of July 16, 1980, the Technical File Conversion Unit of the

Automation and Research Section had converted 12,701,591 fingerprint
master cards into machine-readable format for minutiae data. This is
out of a planned conversion of 14,500,000 cards. There is no expected
additional card conversion necessary when implementing AIDS III. Depend-
ing upon the hardware selected and the software utilized in establish-
ing and maintaining the minutiae files, a conversion from the current
format, file structure and equipment will be necessary. Data from the

- technical master file conversion is being archived and maintained on

magnetic tape.

The information contained in the Computerized Criminal Name and
Record (CCNR) file is being accumulated and maintained by the AIDY II

system on an ongoing basis, Rockwell anticipates that the CCNR | j

organization and file structure will be different in AIDS III than in
AIDS II, making a CCNR file conversion necessary (Reference 14, page
7). The CCNR data will be extracted from data and files in existence
at the time of AIDS III 1mplementatlon. »"he CCNR data will be extrac-
ted directly from the Technical Master Fiia's archived tapes and
existing CCNR files. At the time of the AIDS III operational atart-
up, the data bases will be cutrent and wiil contain records thut have

11-1
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time,

been subjected to extensive editing. Programs to extract data from the
AIDS II CCNR files and the Minutiae Master File (MMF) created during
the Technical File conversion do exist and have been utilized
extensively by the Automatic Technical Search Pilot System (ATSPS).
The value of these programs however, depends upon the hardware and
data bise management technology ultiustely selected. A detailed plan
for the management, development, test and integration is required
before a transfer from the AIDS II operational and AIDS III test modes
to the proposed AIDS III System can be expected,

Data entry screen and identification record response formats are
expected to be substantially identical to those implemented in AIDS II
(Refetence 14). Data screen file formats do not appear to require a
conversion but, depending on the final hardware and data retrieval
System selected, response data in the CCNR files may require a reorga-
nization.

A data base updste method has not been formulated for the AIDS
III design, In Refetiiice 14, it is stated that it "should be assumed
that updating will be'werformed on-line." Transactions will be
accumulated on a serial file device. In the event of a system mal- '
function, the file can then be rebuilt by a combination of restoration
and reapplication of the interrupted transaction. Extensive develop-
ment work is still vaquired in this area, The implementation of a
reliable and effective on-line data base update methodology is criti-
cal to the success of 'AIDS III (See Section X, Data Base Management).

The standards for software development will be based on the FBI
Technical Services Division Systems Development Standards manual that
Rockwell understands is now in preparation./ A review of these stand-
ards was not included in the evaluation.

MMF and CCNR file conversions should not bé considered as simply
extensions of the ATSPS conversion with scme fine tuning added, The
size and complexity of AIDS III is far greiter than ATSPS. It is
implied that the programs used in the ATSPS (where applicable) will be
used in the AIDS III conversion, It may be more effective to utilize
the system concepts but rewrite the programs, in view of today's
technologies. Whatever route is taken, the MMF and CCNR file conver-
sions will require a level of design testing and implementation
management which is not detailed in the implementation plan at this

i

It is implied that the FBI Technical Service Division will be
responsible for the development of the design requirements (meference
14, page 17). The line of responsibility between the concept or
functional requirements of the system and the system design require-
ments is not clear., Additional conceptual and design effort is needed
before reliagble time and cost estlmates for data file conversions can

" be established.

i
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B, MICROFICHE FILE

The only reference to fingerprint card conversion to microfiche
images was found in Reference 2, page 164, Costs, resources and
schedules were generally addressed. It is stated that, working 15
hours a day, it will take 15.5 months to convert the estimated 14
million fingerprint cards (from mid-1980 to late-1981). No discussion
of how this will impact the ongoing system or the computer subsystem
inter face requirements is noted. More detail is required in this
area. Converting fingerprint cards to readable microfiche “imuges is a
critical activity and will require an extensive effort.

=
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SECTION XII

FACILITIES

Development 0£ the facility requirements for the AIDS III Syscem
will rethre additional work before a realistic evaluation of require-
ments cail be made. AIDS III concept changes are not yet fully reflec-
ted. It is recommended that a further review of safety and fire

protection requirements be made,

A, EQUIPMENT LOCATION

In the AIDS III System Concept (Reference 1), it is not clear
whether Figure 6.6-6 is an update of Figure 6.6~1 or is complementary
to it. Much 6f the computer hardware shown in Figure 6,6~1 is not
reflected in Figure 6.6~6, while the process control number machines
and the microfilm image capture equipment are shown in Figure 6.6-6.

The revised plan (Reference 8, Figure 8-4) indicates a larger
floor area and does not specifically address the proposed computer
central processing units (CPU) or front end processors (FEPs). The
floor space requirements presentednin Reference 1, Table 6.6-1 must be
updated to reflect the space requirements for the work cell, the
transportation mechanlsms, and the number of work stations required.

In addition, safety requirements may require additional considerations.
Consideration of interfloor modes of transportation as well as between-
station convevor systems need further examinatisn.

B. CARPETED FLOOR .
N 2
Placement of carpeting on a computer room floor is not recom-

mended, Based on the experience JPL has had in its numerous computer
areas, there is a tendency for dust and dirt to gather underneath the
equipment and, in general, carpeting does not promote the cleanllness
required for a computer room environment as well as tile flooring

does. Carpeting in normal office work areas, including those having

terminals, is recommended.

C. SAFETY CONSIDERATIONS

The floor layout presented in Reference 1, Figure 6.6-1, with
all computers grouped in the center of the building, may generate a
safety hazard. Discussions of permanent walls and partitions, air-
conditioning ducts, various subfloor cables and glass walls around the
computer room do not reflect the application or consideration of RP-1,
Standard Practice for the Fire Protection of Essential Electronic
Equipment Operations, issued August 1978, by the U.S. Department of
Commerce, National Fire Prevention and Control Adm1n1strat10n (Refer~

ence 43).
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Using the same ducts to run air conditioning from the computer
area to the employee area raises the possibility of smoke being
transmitted through the building or work areas via these ducts in the
event of a fire, Provisions could be provided to expel smoke directly
to the outside of the building in the event of a fire. R?-1 should be
reviewed for further consideration in this area, In addxtxon, if
water is used as part of the air-conditioning system, appropriate
water detection devices should be placed in the raised floor area to
detrct possible water leakage.

Installation of any power transformers or Uninterrupted Power
Supply (UPS) Latteries on the same floor or within close promimity to
the work area could also present a hazard from fire and resulting
smoke. It is not recommended that power transformers or associated
power generating equipment of this nature be located neaxr either the
computer room or the general working area.

D. FIRE CONTROL

The discdﬁsion of fire prevention in Reference 1, Paragraph

6.6.7 should also be reviewed in light of RP-1, Using a Halon fire
extinguishing system within the control ronm should be reconsidered,
Halon is not a recommended method for controlling fires within a NASA
computer room. This iz due to the toxic nature of Halon, and the time
delay required for the evacuation of persons in the fire area {(Refer=
ence 40), 1In addition to COy extinguishers mounted on the walls for
electrical fires, Hy0 extlngulshers should be available in the event
of paper fires (especially those in wastepaper baskets),

The use of a 'wet' sprinkler system may be an alternative.
Problems in such a system are caused by contaminants in the water,
rather then the water itself, which can be controlled by regalar
flushing of the water system.

In order to ensure the best available fire protection, fire-
stops should be in the walls between the computer CPU area and the
employee working area. This includes the ducts through which all

~interconnecting cables pass, including cables between computers and
i their assigned peripherals. Cabling for terminals outside the, com~
© puter room should also pzss through fire-stop control walls. ‘lhere

should not be glass walls betwezn the computer area and the employee
working area.

E. POWER SUPPLY

Using the UPS as a meﬁgodology to shut down the computer system
until facility power is restored appears to be reasonable. Some
questions arise, however, regarding the exact power configuration that
would ultimately be required, which will depend upon the exact equip-
ment being used. UPS should not be utilized beyond graceful system
shut-down. ' Since lights, air-conditioning and power for individual

12-2
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terminals would not be available, it does not seem practical to keep
the computer running if it can be gracefully shut down., It is recom-
mended that procedures to haudle the controlled shutdown and start-=ap
of the system and be developed and thoroughly tested to ensure that no
data is lost in the input or inquiry front-end pro~- cessors. Since
pover cables and the like are located under the floor, smoke detectors
should be installed at the zame javel,

F. OTHER

As previocusly mentioned in the report, consideration must be
given to the need for controlled lighting at the image comparison and
verification function (ICI and ICV) and the Semi-Automatic Readers
(SAR). Activities associated with .mage capture on microfilm (MFILM)
and microfilm processing (FLAB) should be in a separately enclosed

room, properly ventilated, with appropriate fire protection. ,f

12-3 "

**“x“sﬂt" SR

oI e e

St

i

TE RS

s




Raiiche.. §

RS

B
!

1.

10.

1.

10,

AIDS TTT OPERATONAL FEASIBILITY
REFERENCE LTST
Burgard, J,F., et al,, Automated Identification Division System

(ATDS TII System Concept, Rockwell International, Anaheim,
California, January 1980,

Smith, W.V., et al,, Antomated Iderrtification Divison System
(AIDS T1I) Verification Subsystem Analysis and Design Status
Report, C€79-14/801, Rockwell International, Anzheim, .
California, Januery 1979.

Burgard, J.F., et al,, AIDS ITI System Study Status Report,
Rockwell International, Anaheim, California, April 15, 1979.

Norsey, W.S5., Requirements for Dynamic Analysis of AIDS IIT.
System, Technical Note, 79-005, Rockwell Interntional,
September 15, 1979.

ATDS TTI Concept - A Process Control Viewpoint, unnumbered
document, a briefing prepared for JPL at Rockwell International,
Anaheim, %alifornia, Mexch 17, 1980,

Burgérd, Y., et al., Revised AIDS III Workloads, AIDS Technical

Wote 79-00%5, Rockwell International, Anaheim, California,
May 1, 1980.

Hoban, T., and Burgard J., Revised AIDS IIT Workloads, AIDS"
Technical Memo 80-007J, Rockwell International, Anaheim,
naliforria, Mav 1, 1980,

Yamilton, D.D., et al,, AIDS TIY Process Control - Queuing,
ATDS Technical Memo 80-009J, Rockwell International, Anaheim,
0a11“orn1a, May 1, 1980.

Burgard, Ty and Ca1v1n, E., AIDS 17I Feedback and Control
Poncegfs, ATDS Technical Memo 80-009J, Rockwell International,
Anahelm,/ﬂaleornla, May 1, 1980.

/
Burgard Jey A]DS III Operations and System Support, AIDS
Technical Merip, 80-010J, Rockwell International, Anaheim,
nalifornia, May 1, 1980.

Tesko, E., and Davis, R., AIDS III Recurring Costs, AIDS Techni-
cal Memo 80-011J, Rockwell International, Anaheim, California,
May 1, 1980,

Knuap, G.M., AIDS TI to AIDS I17 Transition, AIDS Technical
Memo 80-~0127, Rockwell International, Anahexm, California,
Mav 1, 1980,

13-1

) /%' e

ST




ko). kvt

A LR A S

A TR R Ww.

13,

1&'

15,
16.

17.

Y 18,

N

19,

20.

21.

23.

24.

25.

24.

27

B A AR ¥R AT

Hilderbrend, R.E., Letter to B. Mulhall, re: Oaptmﬁal Cost Data
Rockwell Innnrnational Collins ‘ommunications Switching
Svstems Divsion, February 22, 1980.’
A e: . ent .
lferhyand Raketoha bR, 10185 futhall s FS8nR0E8; YaR2AE " Erems
vaxslon, March 21, 1980,

Hilderbrand, R.E., Letter to B, Mulhall, re: Data Management,
Rockwell Internstional, Washington Office, April 7, 1980,

Yilderhrand, R.E., Letter to B, Mulhall, re: Ull& Conversions,
Rockwell Internatxonal, Washlngton Office, Aptiil 16, 1980,

Burgard, J.F., Vendor Cost Estxmates For Selected AIDS IIT
Hardware, AIDS II1 Technical Note 79-002, Rockwell Interna-
tional, Anaheim, California, September 14, 1979.

Burgard, J.F. Facilities Concept, AIDS ITI Technical Memo
(unnunbcrpd), December 18, 1979,

Mouneimne, S., AFRS Throughput, JPL Interoffxce Memorandum
311.7~-05, January 1973,

The FINDER Automatic Fingerprint Reader ~ Architecture and
Functional Onaration, Document XM~-2478-X-8, Calspan Corp.,

Buffalo, New York, January 19713,

FB] Identification Automation: AIDS TIL Evaluation Réﬁort, Vol.

VTI, Top Down Functional Analysis, JPL Pub. 80-79, Jet
Propulsion lLaboratory, Pasadena, California, August 1980.

¥ong, E, Collica, J., and Masson, B., Six Data Base Management
Systems: Feature Analysis and User Experiences, NBS Technical
Note 887, U.S. Department of Commerce, Washington, D.C.,
Novembér 1975,

Stames, N.F., Jefter to R. Hilderbrand, re: AIDS IIT Desxgn
Guidelines, Federal Bureau of Investigation, Department of
Justxce, October 26, 1979,

Davis, R,E,, Major Component MTBF/MTTFfSummaryfand Availability
Design Goal, AIDS ITI Technical Memp, November 12, 1979.

Davis, R.E.,{at al, AIDS IT Operations and Maintenance Staffing
Estimate ~ Interim Release, AIDS III Technical Memo, February 8,
1980.

Preliminary Project Development Schedule, AIDS ITI Technical
Memo, February 19, 1980,

Estimates for;ATDSEIII Subject Search Hardware Requirements,
ATDS ITI Technicul Meme 80-004, Rockwell International, Anaheim,
California, Aprilyl6, 1980/ -

B3

. 13-2

e T ST

- L P




O

28,

29,

30.

31.

12

33.

34,

35,

3.

17.

38.

39.

40.

41.

42,

Walston, C., and Felix, C., "A Method of Programming Meaauremewt
and Esrxmqtau,“ In Working Papers of the Software Life Cycle
Managemenc Workshop, U.5. Army Computer Systems Command, August
2.1"’?-1, 19770

Johnson, J.R., "A Working Measure of Productivity,"” Datamation,
Vol. 23, No. 2, pp 106~110, February 1977.

Brooks, F., Mythical Man Month, pg 23, Addison Wesby, Reading,
Massachusetts, 1975. )

Automation of FBI Identification Functions: Feasibility Study

Work Requirements Statement, unnumbered document, Federal Bureau
of Investigation, Technical Services Division, May 22, 1979,

McCormick, E.J., Human Factors in Engineering and Design,
McGraw-Hill Book Coripany, 1976.

Miller, G. A., "The Magic Number Seven, Plus or Minus Two: Some
Limite on Our Capacity for Processing Information," Psycho-
logical Review, Vol. 63, pp. 81-97, 1956

Burgard, J,F,, AIDS ITT WBS-General Structure, AIDS ITI Tech-
nical Memo, (unnumbered), February 22, 1980.

Hamilton, D.0., Final Selection, AIDS III Tochnxcal Note 80-003,
Rockue11 International, Anaheim, Caleornla, April 9, 1980.

Federal Burean of Investigation, Identification Division Budget

Submittal, Decision Unit Overview, Department of Justice FBI

Fingerprint Identification -4F 13103, 1980.

card, S.K., Moran, T.P., and Newell, A., "The Keystroke - Level
Model for User Performance Time with Interactive Systems,"
Communications of the ACM, Vol. 23 No. 7 pp. 396-410, July 1980,

Technical Master File Conversion System Program Dosumentation,
unnumbered, Rockwell International, Revised April 5, 1977.

Hild»rbrand, R.E., Letter to B. Mulhall, re: Preliminary Project
Development Schedule, Rockwell International, Anaheim,
California, February 19, 1980.

NASA Safety Standard for the Fire Protection of Essential
Electronic Equipment Operations, (Draft), NSS/FS 1740.3., NASA,

Washington, D.C., January 1979,

Hansen, T.A., NCIC-FPC Scoring, AIDS Technical Note 80-002,
Rockwell International, Anaheim, California, April 4, 1980.

it

Gilchrist, M., Analysis of Recording Section Work Volumes, AIDS
Technical Memo 80-005, Rockwell International, Anaheim,
California, April 19, 1980.

i

ORIGINAL PAGE If
13-3 OF POOR QUALITY

-

D

Ll



43, SCandnrd Practice For the Fire Protecrion of Essential Elec~ ; "

tonics Equipment, RP~1, U.S, Department of Commerce, National

Fire Protaction and Control Administration, Washington D,C,,
Auguﬂt 1979,

Ak, Ferguﬁon, M.R,, Letter to T.A. Hansen, yo: ubjacc Sesrch Volume
Tegt and Operational Statistics, Rockwell Incarnatxgnal,
Washington Office, January 25, 1980, -

BT SR

} ” 13-4




APPENDIX A
OPERATIONAL COMPONENT SUMMARY
Tnble A=) containn a summary or the basic data gathered for each

operational component in the AIDS III System Concept. The data
contained for each component includes:

Acronxg:

An abbreviation used in the system to identify the opera~
tional component, Table A-l is in acronym order.

Deqcrigtion:

Complete description of each component can be found in
Appendix C,

Service Rate:

The processing rate of a single unit in the component,

Service Distribution:

Constant or exponential service distribution rate within
the compcnent.

Number of Un@;s:

The number of units prcposed in the AIDS IIT System
concept. If a component has units in the work cell, the
number of units in each work cell is also shown.

Interfaces:

Input: The source of the data enterlng the component
on an hourly basis, This is broken down by
percentage and voiume based on workload
gnidelines. Interfaces with computer sub<
systems reflect hourly messages and bytes/
message transfer rates.

Output: The destination of the data leaving the
component on an hourly basis. This is broken
, down by percentage and volume based on work
( S load guidelines. Interfaces with computer
\ . subsystems reflect hourly message and bytes/
2 h message transfer rates.

?f/ (Mean Time Between Failures) The average value of time

intervals between successive failures of equipment over
the total operating time.

SR N e

TR

A

B .. S




MTTR:

(Mean Time To Restore) The time from determination of
equipment failuve to locating the failure and repairing it.

% Availnbility:

The probability that the equipment will be able to perform
its intended function.
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Table A-1. Operational Component Summary
0 , ¥0. UNITS
OPERATIONAL COMPONENT SERVICE PER INTERFACES® z
- " - | ToTAL | woRK arer® | wrmr®| avari-
ACRONYM DESCRIPTION RATE? .. DIST CELL weur® ourerT® (srs) | cams)y | antuary’
AFRS Automatic Fingerprint Reader] 250% [ 5 NA CSORT-110Z (1033) Total-1033 7()1).!)h l.Oh 99.43
System : SAR-32 106.91f 2.0t |98.82
SEAR-97Z (1003)
IS8s
" e 1033 messages
® 2000 byres/message
. System Supervisor
o 1033 messages
e 10 bytes/amessage
AUTOCOR [Automated Correspondence 100 Pieces E 25 KA Total~2410 pieces MATIL ROOM{1)-2410 - - -
] .je F/P tards pieces
e SEAR{25)-19X (458}
e CLCK{19)-122 (282)
e WAND{B) -3Z (83)
o Documents
e VIENT-B{34)-2Z (60
® AUTOHESP{26) ]
e ILENTS-35Z (837)
e NJIDENTS-282 (680)
AUTORESP }Automated Response 2000 (Outputr | C 26 Ra Systen Supervisor AUTCCOR-Total 1517 400 2.0 99.30
| Generation {Documents) ® 1%17 messages {Output Docusents)
g ® 4y bytes/message e IDENTS-55Z (837)
SSRG ® NJIDENTS-45X (680)
® 1512messages Manual-294 Index Cards
® Unk bytes/message (plus urknown # of
new alias)
BLO {Block Qut 50 30 2 ENCK-10(T (720) DENT-5-100X (720) - - -
CLASS-A  |Classification-A 10 E 120 8 ENCR-200% (1137) DENT-A-100X {1137) 7000 . | 2.0 99.97
DEDS {Legible)
o 1137 messages
] ® 380 bytes/message
g (avg)
4 System Superviser
] e 1137 wmessages
. o 10 bytes/message

%Unless otherwise noted the data reflects cards at a per hout rute

"c = Constant Rate
E = Exponential Rate

“Yalues and 2 splits may not agree due to X rounding
Hean-Time-Between-Failure (excludes computer subsystem components)
EHearx--‘l‘i:ae;-tt:)~ll‘es;tm'e {Includes Response Time)

El) Does Not Include Subsystem vr Transportation Availability Data

MIBF

D MIBF + MNIIR

BypL Study Lata {Curvent Sereice Rate - 165 cards/hr, plus Rackwell proposed

AFRS modifications).
hRockHeH Data
iJ}’L Study [aca

-

jmz of cards leaving the function for the Mancal System reenter the Automated

System.




Table A-1l.

Operational Component Summary (Continued)

OPERATICNAL COMPONENT

SERVICE

;
§
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ACRONYM.

DESCRIPTIONR

RATE®

DIST

INTERFACES™

.ixppT™

orTeert

(HRS)

CLASS B

CLASS-C

CLCK

CSORT

DATE STP

1 DENT-A

DENT-B

Classification-B

Classification-C

Classification Check

Centeviine Sort

Date Stamp, Count and Log

Data Entry~Cards

Data Entry-Documents

10

20
45

90

1635/day
{Documents)

i 30

30
Documents

£y
(24

Total-395
VDERT-A-B5Z (335)
ISEAR~15Z. (60)

DATE STP-100Z (145)

Total-1315
VDERT-A-I552 (852)
CLASS B-1307 (395)
{SEAR-5% - (68)

ICLCR~100% (1033)

IL-1003 {1627/day}

otal-2244
BLO-32Y (720)
LASS=A-407 (1137)
ENCK-182 (397)

JENCDOC-100% (1220)

CLCK-100Z {(395)
DEDS (Legible)
e 395 messages
e 80 bytes/message

avg)

| System Supervisor

e 395 messages
‘@ 10 bytes/message

Manwal-1002 (145)

Total-1315
CSORT-79% {1033)
AUTOCOR-21Z {282}
DEDS (Legiblel

o 1033 wmts3ages

e 80 bytes/message
DEDS {Illegible)

e 282 wmessages

® 20 bytes/message
System Supervisor
(Legible)

e 1033 messages

e 80 bytes/message
System Supervisor
{IIlegible)

o 28 messages

e 20 byres/message
TSS

e 1033 messages

e 80 byres/message

AFRS-100% (1033)
SAR-Few

CLASS-C~100% (145)

VDENT-A-FO0T (2254)
DEDS(Scarch Paramcters)
® 2254 messages
e 160 byresimessage
{avg)
System Supervisor
e 22155 messages
e 10 byresimessage

VDENT-B-1002 {1220)

DEDS(Search Paramcoters)
* o 1220 messages

e 160 byres/message
System Supervisor

e 1220 msssages

o 10 bytes/message

7000

7000

A0

4000
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Table A-1. Operational Component Summary (Continued)
RO. UNITS -
OPERATIONAL COMPONENT SERVICE PER INTERFACES® x
— 5 | TOTAL | WoRk o : ) 1 arme? | arrr® AVATL-,
ACRONYM DESCRIPTION RATE® DIST CELL INPUTL ‘ouTPUT® (HRS HRS) ¢ ABILITY
ENC Encode Input Data-Cards 40 E 60 |4 |Toral-nass ENCK~100Z (225%) - - -
QC-80% (1805)
Manual-20X (449)
AAAA ENCDOC Encode Input Data-Documents | 35 UNK 35 NA Total~1220 ENDOC-100Z {1220) - - -
= Documents READ-87Z . (1060)
Manual-132 (160)
ENCK Encode Check-Cards 80 E 30 2 ENC-100% (2254) Total-225% = - -
DENT-A-182 (397)
) o BLO-32Z (720)
P . o CLASS-A-50Z (1137)
ENDOCK Encode Check—Docuueni:s 75 UNK 17 NA ) ENDOC-1D02 (1220) DENT-B-100Z {1220) - ~ -
Documents
FLAB Film Processiag/Composer 3000 Card ‘> i 2-Filq NA  |MFIIM-3037 Images FLOAD-1.5 Fiche - - 95.50 =
: Images . Proc. (64 copies)
AR ; . ] 2-Com- PICS
N - ] poser ® 3037 messages
- E 2~ ® 6 bytes/message
? Fiche System Supervisor
i w - Proc. ® 3037 messages
' . ® 6 bytes/message
. ICS
B . ® 3037 messages
T ’ ) # 6 bytes/message
; FLOAD Film Load Into Consoles 96 Fiche E 1 NA FLAB~96 Tiche ICI-3 Fiche/sta. - - -
\ (2000 Izage/ ICS . ICV-3 Fichefsta.
- Fiche) - ® 1264 diessages o 1CS -
: ) .= o ® & bytes/message ® 64 méusages
P ’ ® 4 bytes/message
; System Supervisor
® 64 messages
® 4 bytes/message
IcI Image Comparison 19 A 1FLOAD-3 Fiche/sta. 1cs 700
Identification System Supervise: ® 1233 messagoes
® 1233 miessages ® 40 bytes/message
® 40 bytes/message System Supervisor
Ics {¥on 1dent)
a e 1233 messages ® 190 messages N
® 40 bytes/message ® 40 bytes/message
Icv Inage Comparison 13 NA FLOAD-3 Fiche/sta. ics ) 100
Verification 11ICs e 843 messages
: ® 843 messages ® 40 byrres/message
® 40 bytes/message System Supervisor
* @ 843 messages
® 40 hytes/message
o— st
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Tabie A-l1. Operational Component Summary (Continued)
} NO. UNITS
OPERATIONAL COMPONENT SERVICE PER mrmacm‘ at . b4
2 5 TOTAL | WORK = - MIBF | MIIR AVAIL~
ACRCNYM DESCRIPTION RATE DIST CELL INPUT OUTPUT (HRS) (HRS){ ABILY -
MAIL Open Mzil and Sort 720 [ 6 NA Post Office 43,677/day DATE STP-4% {1.627) - - -
e 29,177 F/P Cards PCN APP-33% (14,500) .
® 14,425 Criminal PCN-63Z {27,550)
- e 13,125 Civil o Criminal-52%
: . 1,627 Other {14,325)  ° |
® 14,500 Documents @ Civil-482 (13,225)
e 10,050 Dispositions]
® 4,450 Misc, ‘
Requests %
MFILM Image Capture Microfilm $00 E 61In- | NA { Toral-3037 Jotal-3037 Inc. Incs | -
clud=- PCN-80Z {2849) {C-80T (2449)
dng 1 ‘| SEAR-10X (294) Temp. hold-10% (29%)
lsquare ( Temp. hold-10Z {294) Perm. file-10% (294)
used PICS
for «r @ 3037 messages
temp. o 6 bytes/message
hold System Supervisor
and » 3037 messages
perm. o 6 bytes/message s
file) SSRG P
® 3037 messages i
e 6 byte/message i
PCN Process Control Number 2000 c 2 NX | MATL-100% {2449} MFILM-100% (2449) ~ . ges’ 1.6}; 99.06
Application ~ Cards 1 o Criminal-52% PICS 126" 3.4 97.38
{1282) | e 70 messages
e Civil-4B% {1167) e 6 bytes/message
® Rushes-100/day Systea Supervisor
_ o 70 messages
- s & byres/message
SSRG
e 70 messages
& 6 hytesimessage
PCX Process Control Number 1300 E 1 NA MAIL-100% {1290) READ-100% {1290) - - -
. APPL Application - Documents {Documents)
Q¢ . lQuality Control Check 180 E 1% NA | MPIOM-100% (2449) Toral=2450 - - -
5 Manual-Few WAND-267 (635)
o ENC~74. {1805)
fUERY On iine Query 10 Calls E i1 NA | Telephone Requests- DEDS 000 § 2.0 99,97
80/day e 10 messages
».10 messages ® 20 Sytes/mossage "
& 10¢ byues/message System Supoervisor
. System Supervisor o 10 messages
B o 10 messages ® 70 bytesimessage
o 100 bytiosimessage SSRG .
SSRG o 10 messages N
o 10 messages o 70 bytesimessage N
e 100 bytes/message T
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Table A-1. Operational Component Summary (Cont'd)
o
NO. UNITS
OPERATIONAL COMPONENT SERVICE PER INTERFACES® 4 . x
" 5 TOTAL | WORK p - MIBF MTIR AVAYLL-
ACRONYM. DESCRIPTION RATE® DIST CELL INPUT OUTPUT {HRS} (HRS) | ABILY
READ Quality Control Check, Read, | 120 ONK 11 NA PCN APPL-100% (1290) Total-129G - - -
and Annotate Documents ENDOC-822 (1060)
~ R AUTOCOR-Manual~18% (230) ~
SAR Semi-Automaric Fingerprint 5 E 7 NA AFRS-100 (30)" SEAR-100Z {30) Inc. Inc. |-
‘CSORT-few TSS
= TSS (Query) ® 30 message y
® 30 messiiges ® 20 bytes/message -
® 6 bytes/message System Supervisor |
TSS (Minutflae) @ 30 m3ssages
® 30 messiges e 10 bytes/message
® 500 byre/message oo —
] =
SEAR Seaxch Review 150 E 15 NA ! Total-~1972 Total-1972 7000 2.0 99.97
VDENT-A-482! (939) AUTOCOR-24% (468)
AFRS-51X {1003) CLASS-%2<3Z (60)
SAR-1Z {30) CLCR-3Z {68)
System Supervisor MFILA-15% (204)
® 1972 messages Archival File-43% (838)
® 2 bytes/aessage Civil File-122 (238)
(Arg) Manual-0.3Z (6)
> DEDS JEDS
] ® 1972 mesiages ® 3944 messages
~ ® 40 bytes/messages - ® 11 bytes/message
= ] : (Avg) {avg)
- System Supervisor
i ® 3944 messages
: - @ I1 bytes/message
‘ {avg)
i SSRG
| ® 1839 messages
! ® 15 bytes/message
[ ) . (Avg) ]
he 1} a » : =213 T = ea
; . . ® 184% messages - o
g % . Sl g 15 byres/message
i:j; [ (avg) .
ke ]
VDENT-A | Verify Data Entry-Cards 30 | E S0 6 DENT-A-{2254)) Total-2234 4000 2.0 89.95
e ..g SSRG CLASS-B-152 €335) 3
et "5 ® 2254 pessuges CLCR-38% (852)
o :3} ® 20 bytes/message | SEAR-41T (939)
e ‘m System Supervisor .7 | Civil File-67 (128)
m ® 2254 aessage DEDS(Search Parameters)
PO ot ® 20 bytes/message ® 225% messages
g "n DEDS ® 70 bytes/message
® 2254 messages {Avg)
® 20 byres/message
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Table A-1. Operstional Component Summary (Cont'd)

§O. UNITS
SERVICE PER

OPERATIONAL COMPONENT

INTERFACES”

a B TOTAL { WORK
pist” | CELL weort

ACRONYM DESCRIPTION RATE

TP

(ERS)

{HRS)

VDENT-A
{Cont)

VDENT-B |Verify Data Entry-Documents }{ 30 eNR j42 NA DENT-B-[00Z {1220)
Documents SSRG

o 1220 aessages

e 20 bres/message
System Bupervisor

e 1220 messages

+ @ 20 bytesimessage
{ DEDS

o 1220 messages

& 20 byres/message

DEDS {Arzest Dara)

o 2254 nessages

e 90 bytes/xessage

(Avg)

System Supervisor
{Search Parameters)

e 2254 messages

e 70 bytes/aessage
System Supervisor
(Arrest Data)

® 2254 nessages

@ 90 byres/message
$SRG{Search Parameters)

® 225% wmessages

e 70 bytes/message
SSRG{Arrest Data)

o 2254 meéssages

® 90 byses/oessage
1S5S

o 2255 message

» 70 bytes/message

Toral-1220
ADTOCOR~-5% {60)
Manpal-95Z (1160)
DEDS(Search Parameters)
& 1220 wessages

e 70 bytesimessage
DEBS{Update Data¥

o 1220 messages

e 90 byres/muessage
System Supervisor
(Search Parameters)

o 1220 messages

® 70 bytes/message
System Supervisor
{Update Data)

® 1229 neslages

o %0 bytes/message
SSRG(Searc) Paramcters)

o 1220 messages

e 70 butesimessage
SSRG(Updare Data)

e 1220 messages

® 90 bytes/message

4000

]

99.93
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Table A-1. Operational Component Summary (Continued)
o . ‘
OPESATTONAL COMPONENT SERVICE PER INTERFACES® z
—jroar | wore - : — as? | | avarL-
ACRONYM DESCRIPTION RATH? DIST CELIL INPOT OUTPLT (uxs) | (amsy §AsrrrTy
WAND Wand Dut of System 200 E {5 fma |oc-1002 <365 1 toral-sss 1500 | 2.0 |9s.36
N AUTOCOR-13% {83) ,
e Manual-87% (562)3
DEDS
o 645 messages
o 235 bytes/message
: System Supervisor
| ~ o 635 messages
i g : ® 25 bytes/messages
‘ \\:Q{\\\‘;\‘ -
: >
. 1
: ©
3
4
:
¥
‘ Q{\ S
4 .
N o~




APPENDIX B
OPERATTONAL COMPONENT STATIC CAPACLTY SUMMARY
Table B~] reflects a summary of the operational component static
capacity analysis. The data contained for each component includes:
Acronym:

An abbreviation used in the system to identify an opera- -
tional component, Table B~l1 is in acronym order.

Deacrigtion:

Complete description of each component can be found in
Appendix G,

i Total Required Capability:

The number of units to be processed per hour by the
component, based on work load guidelines.

Service Rate:

The processing rate of a single unit in the component.

Number of Units Proposed:

Number of work stations proposed by Rockwell for the
component. If the component is in a work cell, the x
figure represents the total number of units, and the y
\ figure represents the number in each of the 15 work cells.
|

Productivity of N Units:

Number of units proposed m&}tiplied by the service rate,
; o Space capacity of N Units at IOOX(Availability equals:

Service Rate x N Units (Availability) ~ Required Capab111ty x 100 =
Required’ apablllty

% Space Capacity of N-1 Units at 100% availability equala:'

Service Rate x N-1 Units (Availability) - Required Capability x 100
- Required Capability

Calculated X Availability:

The probability that the equipment will perform its intended
function when required.
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% Space capacity of N Units at calculated availability:

Service Rate x N Units (Availability) - Required Capability x 100

Required Capability
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Table B-1. Operational Cemponent Static Capacity Summary

Operational Component Total Service a a | % spare Capacity™
Required Rate Number Productivity } X Spare Capacity” | ¥ Spare Capacity Calculated of X Pnits at
- Capabilicty Per Uait of Units of ¥ Units § of X Uaits at of X~ Units at z Calcwlated
Acronya | Description {Cards/Hour) Per Hour | Proposed (N} |  Per Hour 1002 Availability | 100% Availability { Availability b AvallabiYicy
AFRS Automatic Fingerprint 1,033 210°% 5 1,050 1.7 ~18.7 95.005 3.4
Reader System 98.82 . B.5
" 1,033 315 5 1,575 s2.5 219 os.005 | 5.8
. 95,82% 50.5
1,013 165t 5 825 ~20.1 -36.1 | 95.005 -24.1
£3.82 ~21.1
1,03 | 2s50° 5 [ 1,25 21.0 -3.2 . gg.ggj 13
1.033 19sf s . 815 5.6 ~2.5 :g.:gﬁ -3:.;
1,033 293¢ 5 1,465 51.8 13.5 ;i_ggg ':t:.;
L « 1033, | 2257 5 1125 8.9 -12.9 55.005 T 3.5
g 3 58.82 7.6
i3 =
- . = 1,033 338% 5 1,650 63.6 30.9 95,00 55.4
= ] 58.82% 1.7
5 ' w -
AUTOCOR Automated Correspondence 2,410 100 25 2,500 3.7 ‘ -0.& ) - -
Pleces {Manuval) - ¢ o
AUTORESP | Automated Response 2,000 Inc. 26 - - i - = -
o =) Ceneration Cutput
et :‘2 Docusments
-5 e B0 Blocking Out {Per : 48 50 30/2% fo0s | 108.3% 2% - -
8 % | Work Cell}
v A CLASS-A | Cfassiffcatfon-A 75 10 12078% | 80% 6.7% -6.7% | 99.97 &.6%
O {2er Work Cell} ) €
- by CLASS-B | Classification-B 2 10 45/3= 30% 15.4% “22.0% 89,97 15.4%
P = D | {Per Work Cell]
M - |
4 CLASS-C | Classificatica-C 145 20 8 160 10.0 -3.4 ; - -
;) {(Manual) ;
» | #per Work cett U111, Study Data e
: P Service Rate x N Unite (Availability) - Required Capabili i )
{ “Parcent Spare Capacity = Req “::d C=pability cquir apabllicy x 100 ‘m:nx:tt::lw Rate Incrcased 50 Raisod on Rockwc i Propooacd X8RS
@ Negative Figures Indicate Insufficieat Units to Handle Requied Capability ¥ !
o 0.02 Spare Capability Indicates Marginal Feasibility ’ ],Fs‘ Culdetiae: 20 2 15 &
® Does mot Includs Interfacing cosputer subsystem availabiiity data. “*’d data on this Jiae Is stated om o hork Coll hasis :
e Does not include tramsportation system availability data. 'Spnre Hachine Used to Process 588 Tomporary amd Pormomn: ol Mditioas Por I
j “Rockwell Data ) : Hour. g
e e B 3 -
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Table B-1. Operational Component Static Capacity Summary (Continued)
Operational Component ’ Total Service al al % Spare Capacky‘
Required Rate Nunber Productivity ] T Spare Capacity 3% Spare Capacity Ciloulated of X Baits sk
Capability Per Onit of Units of X Bairs of X Ualts at of ¥-1 Uaits at X Caloalaved
Acronym Description {CardsfHour} Per Hour |Proposed (X) Per Hoer 100Z Availabificy | 100Z Availability | Awailobility Avallability
CLEK Classificazion Check 88 45 45/3% 135% 53.4% 2.2% 59.97 53,4
{Per Work Cell}
CSORT Centerline Sorc 1,033 o6 1z 1,080 4.3 ~5.2 - -
| DATESTP Date Stamp, Couat and 1,635 1,635 (Mangal) 1,935 0.0 ~100.0 - -
Log -
DENT~A Data Entry-Cards 150 30 50/6% 180% 20,0% o.0* $5.55 19.9*
[Per Work Cell] o
e DENT-B | Data Eatry-Documents 1,220 30 az 1,260 3.3 o 95.95 3.z
ENC Encode Input Data-Cards 150 40 60/4% 160% 6.7% ~20.0% - -
[Per Work Cell) (Manual}
ENCDOC Eocode Isput Data- B 1,220 35 35 1,225 0.4 -2.5 - -
Documents 3 {Masual)
r ENCK. Excode Check—Cards 150 8 3072 160% 6.7% ~48.7* - -
[Per Work Cell]
¥ ENDOCK | Encode Check-D s 763 75 17 1,275 55 1.6 - -
s P {(Manual)
FLAS Fils Processing/Composer 3,000 3,070 2 §,140 104.7 2.3 99.50 191.5
4 Card
' Imigés
i FLOAD Film Lozt Into Cousoles . % % 1 6. 9.0 -100.0 - -
k : Fiche {Maneal)
i ~
‘ icr - Image Comparison 1,233 7z 1% 1,368 10.% 5.1 59,72 .6
b Identificacion Images
p 07 Inage Conparison 83 13 13 915 15.7 6.8 59,72 15.3
Verification Images
MATL ‘Open Mail and Sort 43,677 720 & 48,600 n.s ~1.3 - -
Pleces/Day (Manual) Per Day N
WM | Image Capture Hicroftix 2,888, e Sy 3,000 2.5 -2 9.9 22
3,037 {500 & 3,600 18.5 -1 95.%5 8.5
2oy P Control Fuad 2,449 2,000 2 4,000 3.3 ~18.3 99,045 1.8
. Application-Cards ©8.13 B
PCHAPP | Process Coatrol Nuaber 1,280 1,300 1 1,300 0.9 ~109.8 - -
Application-Documsents Documeats (Manual)
i
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Table B-1. Operational Component Static Capacity Summary (Continued)

Operational Component Total Service . - Z Spare Capactey”™
Reguired Rate Bumber Prodoctiivity § T Spare Capacity % Spare Capacity Catoulated »f X Bnits ac
Capability Per Bnir of Daits of N Buirs of X Taits at of B+1 Baits at z ;
Acroaym Description {Cards/Hour) Per Hour | Proposed (N) Per Hper 100X Availabiiity | JOOX Availability 1 Aeallability & Avallanilicy
Q¢ Quality Control Check 2,459 180 14 2,510 2.9 ~5.5 - -
QUERY On-Line Query 80 10 1 3 48,6 ~109.8 99.97 g5
Calls/Day Per Hay B
READ Quality Control Che:k, 1,290 120 1 1,326 2.3 -7.0 - -
o Read, and Asnotate . QMagual)
SAR Sem{-Automatic Finger- 32 -1 7 35 16.7 .0 Tnc. -
print Reader
SEAR Search Review 1.972 150 15 2,250 15,1 6.5 29,97 35,1
{ VDENT-A | Verify Data Eantry-Cards 150 30 90/6% 180* 20,04 0.0 99,95 19.5#
[Pexr Work Cell]s
VDENT-B | Verify Data Entry-B 1,220 30 42 1,264 3.3 0.8 .95 3.2
Document
WAND Wand Out of System 645 200 5 1,000 55.0 2.0 99,26 b
- Work Cell 2,382 153 15 2,385 0,0 ~6.5 - -
{Inc. 128
from
SEAR)

|
:
1




APPENDIX C
ESTIMATED OPERATIONAL COMPONENT/COMPUTER SUBSYSTEM
DATA TRANSFER REQUIREMENTS

| Data contained in Table C-1 reflects an estimate by JPL of the

| relative scope of the hourly message volumes and related record sizes
| that are proposed to be transferred between operational components and
the computer subsystems,
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Table C-1. Estimated Operational Component/Subsystem Data Transfer Requirements
.| Po¥ A MNAGE DATA EXTRY S mtsrene | recmtar DUGE STSTEM SSrERvISOR
_ | OPERATIONAL COMPOWENT |  CAPTURE 23D DISPEAY pullopbees vy | cowaRISos RECETVED -
3 : SUHSYSTEM SUBSYSTEM STESYSTEM ” SUBSSTEN ]
# WSS # SYIES| # MESS ¥ BYTES | # MESS £ NYTES [# MESS JUVTES | # MESS # SYTES | & MESS # DYTES ) ¢ MESS 4 BYSES
ACRONYN PERER PERER |PERHR PERAR | PERER PERER /PERHX PERMX IPERHR PERMR (PEREX PERER | PEmER PR R
| aFRs 1,033 2,056,000 1,031 10,3304 .
AUTORESP 1,517 60,680 ’ 1,517 em.5se
CLASS-A 1,137 90,960 J 1,137 §1,370%
CLASS-3 395 31,600 345 3,950
cLex 1,315 88,230 1,033 82,640 1,15 88,280 | 1,003 82,648
DENT-A 2,255 360,640 2,25%  27,540%
DENT-B 1,220 195,200 {1,200 2,200
FLAB 3,037 18,222 3,037 38,220 {3,637 18,222 § 3,037 1,:Y
F1080 2 s12 e st ;
1t 2,466 98,650 | 350 15,600 | 1,233 49,320 |
1y , 1,636 670 | 843 13,020
IFLDY 3,037 18,222 3,007 18,222 [ 3.017 1,202 § 3017 18,207
| pox a0 6 420 I I Y mo aw
-9 QUERY 0 1,700 20 1,700 b 500 % 170
» SAR , 50 15,7 ; 3 kL
SEAR 5,916 115,407 | 1,839 27,210 (1,85 27,410 3,8 80,511% | 1,571 74,850
¥DENT-A 6,752 405,720 | 6,508 360,940 (2,25  IS7.7¢0 [4,508 360,60 | 9,016 353,500
co YDENT-B 1 3.660 219,600 | 3,660 219,600 © 3,660 119,600 | 3,660 219.500
=i A LA 855 16,135 Pt e
fﬁ £ SUBSYSTEM TO/FROM 55 6,948 93,880 12,066 063,618 9,024 338,328
o 7o » MAKAGEMENT RPT i TRt Spafied | Sot Specufied
o~  COMPORENT STATLS Bor Speefiod || Bot Specufied |
= T o FACTLITY SIATUS Mot Speafied | Bor Speified
2 SUSTOTAL D826 asx 26,505 poem
"&; - TOTALS BY SUBSYSTEM | 6,143 R {23,32  L529% 121,599 83 18,320 IR {7,200 WH] 61,10 messages| 1,055 byres |
ESTIMATED INTERKM, 100 R1PS { 500 X1PS 5,250 KIFS 1,500 KEDS EEST S 250 KIES ;
PROCESSING REQUIRENENTS ey TR %
E AR LR R TR R P R R L A e e s e R L e gy S Y P e e R TR L PRSI 2, -obbl‘.hi"nvb‘..ﬁbh#'-»ﬂntth?t-’.’i‘bd‘ﬂt"ﬁ'.mh'j’
STBSYSTEM TO SYSTEM I Line i3 fanow I kine g Jame T Oimee 97 Dimes &30 Bl
SCPEKVISOR INTERFACES § 600 Baud H00 faud RK} Baud 00 Bauk! &y Kol 0 Qiow 830 Bwal
#Srargs Update PON & Work Statdon Identdfdvativn Estimated at {0 Bytos per Mossage
4 NN S ~ e A -




APPENDIX D

DATA SOURCES

The rates used in the evaluation process were from various

sources with varying degrees of consistency and rationale.

Where a

derivation of the rate was provided by Rockwell, this is so noted.

Estimates by JPL based on Rockwell data n¢ arrived at from other than

Rockwell sources 'iize also noted, If no remark is made, the rationale

or derivation for the data stated in the reference was not speci~-
fically identified.

Data sources are listed in fhis Appendix for:

(1)
(2)
(3)
(4)
1 (5)

(6)

Number of Work Stations
Service Rates _
Servis . Rate Distribution Function

Card/Document Volumes and Routing D1str1butxon

Maintenance
Data Transfer Message Volumes and 81ze

A, Number of Work Stations

Acrqnzm

AFRS
AUTOCOR
AUTORESP
BLO
CLASS-A
CLASS-B
CLASS-C
CLCK

CSORT

DATE STP
DENT-A
DENT-B
ENC
ENCDOC
ENCK
ENDOCK.
FLAB
FLOAD
1cT

v

MAIL
MFLIM
PCN

PCN APPL

Qc

“QUERY

READ i

L iad e R e adieos e csin

Description Source
Automated Fingerprint Reader System Reference 23, Page 4
Automated Correspondence Reference 7, Page 6
Automated Response Generation Reference 6, Page 16
Blocking Out . Reference 8, Page 26
Classification-A Reference 8, Page 26
Classification-B Reference 8, Page 26
Classification-C Reference 1, Page 4-7
Classification Check ‘Reference 8, Page 26
Centerline Sort Reference 7, Page 6
Date Stamp, Count and Log Reference 7, Page 6
Data Entry-Cards Reference 8, Page 26
Data Entry-Documents v Reference 7, Fage 6
Encode Input Data-Cards Reference 8, Page 26
Encode Input Data-Documents Reference 7, Page 6
Encode Check-Cards Reference 8, Page 26
Encode Check-Documents Reference 7, Page 6
Film Processing/Composer Reference 2, Page 57 ‘
Film Load Into Consoles Reference 1, Page 6-41 ;
Image Comparison Identification Reference 7, Page 6 :
Image Comparison Verification Reference 7, Page 6 :
Open Mail and Sort Reference 7, Page 6 ;
Image Capture Microfilm Reference 7, Page 6 i
Process Control Number Appl-Cards Reference 7, Page 6 i
Process Control Number Appl-Documents Reference 7, Page 6 . o §
‘Quality Control Check Reference 7, Page 6 ' :
‘Un-Line Query Reference 7, Page 6 :
Quality Control Check, Read, and Reference 7, Page 6
Annotate . ‘

D-1

e e




Acronym Description
SAR Semi~Automatic Fingerprint Keader
SEAR Search Review
VDENT-A Verify Data Entry-Cards
VDENT-B Verify Data Entry-Documents
WAND Wand Qut of System
- Work cell .
)
B. Service Rate
Acronym ) Description
AFRS - Automated Fingerprint Reader System
L
AUTOCOR Automated Correspondence
AUTORESP Automated Response Generation
BLO Blocking Out
b
- CLASS-A Classification~A
CLASS-B Classification-B
CLASS-f Classification-C
CLCK Classification Check
CSORT Centerline Sort
Q
DATE STP Date Stamp, Count and“Log

Source

Reference 1, Page 6-12
Rockwel’, experience
Reference 7, Page 6
Reference 8, Page 26
Reference 7, Page 6
Reference 7, Page 6
Reference 8, Page 27

Source

JPL Studies and Refer-
ence 6,page 12 - See
Appendix F

Reference 8, Page 13 ~
engineering estimate

Reference 7, Page 6

Reference 8, Page 13 -
Test resiults of 75
cards/hour derated

to 50 C/H to allow
designation of
possible illegibles.
Based on measurements
from similar
functions.

Reference 8, Page 13 -
FBI Standard for full
Henry Classification

Reference 8, Page 13 -~
FBI Standard for full

Henry Classification
Reference 1, Page 4-7

Reference 8, Page 13 -~
FBI-supplied estimate

of current performance

Reference 5, Page 9 -
Time and motion
estimate and file
conversion

Reference 7, Page 6 ‘

PPN P
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Acroﬂzﬁxf' Dencrigtion
DENT=-A" Data Entry~Cards

DENT~B

FNC

i ENCDOC

ENCK

FLAB

FLOAD

IC1

Icy

,:*:\\
B

Jm MAIL

MFLIM

ENDOCK

Data Entry-Documents
Encode Input Data-Cards

Encode Input Data-Documents

Encode Check-Cards

Encode Check-Documents

Film Processing/Composer
Film Load Into Consoles

Image Comparison Identification

|
{ [
Image Comparison Verification

Open Mail and Sort

Image Capture Microfilm

}

Source

Reference 8, Page 13 -
Based on 4800 key~
strokes /hour and

160 character/card

Reference 8, Page 13 -
Based on 4800 key-
strokes /hour and

150 character/card

Reference 8, Page 13 -
FBI-supplied estimate
based on AIDS I
performance

Reference 5, Page 10 -
Estimated

' Reference 8, Paée 13 -

FBI-supplisd estimate
based on AIDS I
per formance

Reference 8, Page 13 ~
Estimated

Reference 6, Page 8
Reference 7, Page 6

Conflicting data was
presented in Refer-
ence 2, Page 86
(Studies), Refer-
ence 5, Page 10
(which ' references Ref-
erence 2, Page 86),
and Reference 7,

Page 6. The service
rate stated in Re¢\fer-
ence 7, Page 6 was
selected as being a

- reasonable compromise

between the conflict-
ing data.

Reference 8, Page 13 -
Engineering estimate

Reference 5, Page 10 -
Model M600W/PCN Mods.

It
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Acronym
PCN

PCN APPL

Qc
QUFRY
READ

SAR

SEAR

VDENT-A

VDENT-B

WAND

e

Description

Process Control Number Appl~Cards

Process Control Number Appl-Documents

Quality Control Check
On-Line Query
Quality Control Check, Read, and

Annotate

Semi-Automatic Pingerprint Reader

Search Review /
I
i\

Verify Data Entry-Cavé§

Verify Data Entry-Documents

jovi

Al

Wan? Out of System

v

Work Cell

D=4

Source

Reference 7, Page 13 -

Derated from design
rating

Reference B,EPage 13 -

FBI-supplied estimate

Reference 8, Paée 13 -

FBI-supplied estimate

Reference 5, Page 10 -

AIDS 1I experience

Referetice 5, Page 10 -

Estimated

Reference 8, Page 13 -

Rockwell experience

on Rockwell's terminal

used in latent print
processing '

Reference 8, Page 13
Engineering estimate

Reference 8, Page 13
Based on 4800 key-
strokes/hour and
160 chaﬁacters/docu-
ment |

)

Reference 8, Page 13 ~

Based on 4800 key-
strokes /hour and

160 characters/docu-
ment

Reference 8, Page 13 -

Engineering estimate

JPL estimate based on
detiailed analysis of
card routing distri-
bicion shown in
Figure E-1
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N - = 2 »
SEAR — 253 . 10% | 100%
4 73 %
oc — 1457, — ' ‘ 19%
120 ENC  [100%| _ENCK 18% | DENT-A  (100%| VDENT-A | [3ge | _cCtex | [0
4 UNITS  [rzz=1 2 UNITS 77| SUNITS [mrel 6 UNITS retc®el 3 NiTS
MANUAL ——= 40 c/h 80 c/h 30 c/h 30 c/h Bceh | %
o - » 18
100%
| 75
. ,
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SEAR — 2P Vel 8 UNITS e SEAR
: 10 c/h
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C. Service Rate Distribution Function

In all cases where tne service rate distribution function is
used, it was obtained from Reference 8, Page 13,

D. . Card/Document Volumes and Routing Distribution

Acronym Description Source

AFRS Automated Fingerprint Reader System Reference 7, Page
AUTOCOR Automated Correspondence Reference 7, Page

AUTORESP Automated Response Generation Reference 7, Page
BLO Blocking Out Reference 7, Page
CLASS-A Classification-A Reference 7, Page
CLASS-B, Classification-B Reference 7, Page
CLASS-C Classification~C Reference 1, Page
CLCK Classification Check Reference 7, Page
’ : * CSORT Centerline Sort Reference 7, Page
| : DATE STP Date Stamp, Count and Log Reference 7, Page
; DENT-A Data Entry-Cards Reference 7, Page
: \ DENT-B M Data Entry-Documents Reference 7, Page
j i \x ENC Encode Input Data~Cards Reference 7, Page
: FENCDOC Encode Input Data-Documents Reference 7, Page
| ENCK * Encode Check-Cards Reference 7, Page
! ENDOCK Encode Check-Documents Reference 7, Page
] FLAB Film Processing/Composer \ Reference 7, Page
. ‘ and
; Reference B, Page
FLOAD Film Load Into Consoles Reference 7, Page
: ICI Image Comparison Identification Reference 7, Page
; 4 Image Comparison Verification Reference 7, Page
: MAIL Open Mail and Sort Reference 7, Page
, . . MFLIM Image Capture Microfilm Reference 7, Page
¢ PCN Process Control Number Appl-Cards Reference 8, Page
bl e i See Note A
: ~~ PCN APPL Process Control Number Appl-Documents Reference 7, Page
e Q¢ Quality Control Check Reference 7, Page
A\ QUERY On-Line Query Reference 7, Page
? e READ Quality Control Check, Read, and Reference 7, Page
l ? Annotate
| E SAR Semi-Automatic Fingerprint Reader Refurence 7, Page
. SEAR Search Review Reference 7, Page
g VDENT-A Verify Data Entry-Cards Reference 7, Page
! VDENT~-B Verify Data Entry-Documents Reference 7, Page
1% _WAND Wand Out of System Reference 7, Page

NOTE A: - There is a conflict between Reference 7, Page 6, Reference 8, Page
and Reference 10, Page 9, concerning the mix of input cards. Data
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from References 7. and 8 was used as it was the most consistent.
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E. Maintenance

Mean-Time-Between-Failures and Mean-Time~to-Repair data was not

identified by specific source or related to a specific operational

component,

The evaluation team used its best judgment based on the generic

data presented to relate the data to the operational component.

Mean-Time-to-Respond was stated in Reference 5, Page 47, to be

1.0 hour.

all Mean-Time-to-Repair data.

Acronym Description

AFRS Automated Fingerprint Reader System
AUTORESP Automated Response Generation
CLASS~A “Classification-A

CLASS-B Classification~B =
CLCK Classification Check

DENT-A Data Entry-Cards

DENT-B Data Entry-Documents

FLAB Film Processing/Composer

ICI Image Comparison Identification

IcV Image Comparison Verification

MFLIM Image Capture Microfilm

PCN Process Control Number Appl-Cards
QUERY On-Line Query

SAR Semi-Automatic Fingerprint Reader
SEAR Search Review

VDENT-A Verify Data Entry-Cards

VDENT-B Verify Data Entry-Documents

WAND Wand OQut of System

F. Data Transfer Message Volumes and Size

The subsystem interfaces between the operational components and

Source

JPL Study
Reference
Reference
Reference
Reference
Referenze
Reference
Reference

)]

In determining Mean-Time~to-Restore, this hour was added to

- Appendix H
24, Page 8
24, Page 8
24, Page 8
24, Page 8
1, Page 6-85
24, Page 8
1, Page 6-87

-~ Configured for on-
line backup

Reference
Reference
Reference
JPL Study
Reference

24, Page 6-8
24, Page 6-8
24, Page 8
- Appendix H
24, Page 8

[T

Reference
Reference
Reference

Reference

24, Page 8
1, Page 6~82
24, Page 8
24, Page 8

the various subsystems were derived from Reference 6, page 16, and the
various subsystem descriptions found in References 1, 6 and 7.

The message volumes between the operational components and the
computer subsystems were derived from the source indicated in Para-
graph E above, Card/Document Volumes and Routing Distribution.

When the operational component transmitted only PCN status
accounting information, to the System Supervisor, a value of
10 bytes/message was assumed.
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Other message sizes were obtained from the following sources:

Acronym

AFRS
AUTORESP

‘CLASS=-A
CLASS~-B
CLCK
DENT-A
DENT-B

FLAB
FLOAD

ICI
oy
MFLIM

PCN
QUERY
DENT
SAR

SEAR

VDENT-A
VDENT-B

'WAND

_Descrigtion

Automated Fingerprint Reader System

Automated Response Generation

Classification-A
Classification-B
Clasaification Check
Data Entry~Cards
Data Eatry~Documents

Film Processjng/Composer
Film Load Inko Consoles

Image Comparison Identificaticn
Image Comparison Verification
Image Capture Microfilm

Process Control Number Appl-Cards

On-Line Query

Semi-Automatic Fingerprint Reader

Search Review

Verify Data Entry-Cards
Verify Data Entry-Documents

Wand Out of System

Source

Reference 6, Page 26~17

Reference 7, Page 6 and .,

JPL estimates

Reference 6, Page 21
Reference 6, Page 2]
Reference 6, Page 21
Reference 8, Page 13 .
Reference 5, Page 10 and
Reference 8, Page 13
Reference 6, Page 19
Reference 1, Page 6-41
and, JPL extrapolation
Reference 2, Page 106
Reference 2, Page 10€
Reference 6, Page 19 and
Reference 2, Page 106
Reference 6, Page 19
JPL estimate based on
DENT and VDENT data

JPL estimates based on
the number of fingers to

“"be encoded (2) and

250/bytes finger

JPL estimates based on
the data requirements of
the various status
conditions of the cards
and extrapolations from
previously documented
processing information
Reference 8, Page 13
Reference 5, Page 10 and
Reference 8, Page 13
Reference 6, Page 20
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APPENDIX E
SPECIAL FINGERPRINT CLASSIFICATION TERMINAL

The fingerprint classification terminal requires more stydy and -
testing before a commitment to its use is made, There are two basic
design alternatives for this station, The first combines the classi-
fication process with the data entry process, while the second breaks
out the data entry as a separate position. Appendix E addresses the
human factors for these alternatives, as well as the design of the
proposed terminal itself, This decision will be based on the classi-
fication work station processes described in Reference 1. The human
factors will be identified and analyzed, and both advantages and
disadvantages of the alternatives will be addressed.

, If it is decided that the Special Classification Terminal is to !
: be implemented, wholly or partially, there are concerns with the
; keyboard design regarding data entry errors that it might promote.
} A, CLASSIFICATION/DATA ENTRY FUNCTIONS
=1, Task Analysis )

th The fingerprint classification process consists of the following
‘ individual tasks:

(1) Flnge:gA}nt analysis and classification - Specific charac-
: teristics of each print on the fingerprint card are
L translated into an alphanumerxc code. The throughput
? summary (Reference 1) indicates an expected 10 documents
per hour. After removing the time required for data
f entry, this translates into an average of one fingerprint
‘ & card every 5 minutes and 30 seconds.

(2) Classification data entry - The classification codes are
entered into a data entry terminal for storage,in the
| system. Assuming that each classification code is 2 ;
characters (for a total of 20 characters), and using the ;
: card keystroke model (Reference 37), the time required to 0 i
A enter the PCN and classification codes is estimated at 30

j@ o seconds, ) % é

(3) Classification data entry verification - The codes entered
into the data entry terminal are verified on the CRT
screen befors transmitting it to the System Qupervxsor.

N

e ‘\‘
i ! 2, Work Station Configuéktion Alternatives

“ The work station alternatives are the one-position work station ‘ i
and two-postion work station. In the one-position work station, the /
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technician classifies each fingerprint and keys the classifications
into a data entry terminal., The two-position work station separates
the classificaticn and data entry tasks,

Following are comments on pertinent issues:

(1)

(2)

(3)

Closure - Closura is the technical term for the degree of
satisfaction felt by an individual after completing a
task. A task with high closure is one in which the
completion is clear and well identified. A task with low
closure is one in which the completion of the task is not
clear, The classification task probably has a medium
level of closure. The closure for the classification task
is the completion of the classification codes. The
closure for the data entry is the completion of the input
keystrokes, Closure for the data entry verification is
when the visual data check is complete and the card
complete key is hit. We can expect the closure for the
data entry tasks to be lower than for the classification
task, It is not clear that the combined tasks of clagsi~-
fication and data entry have any higher level of closure
than the individual tasks,

Compatibility - The issue here is the compatibility
between the classification task and the data entry task.
The two tasks are essentially independent., Although they
are not totally incompa*tible, there is very little simi-
larity between the tasks, and no reason to combine the two
for compatibility.

Error Detecting - Combining the classification and data
entry tasks increases the error detecting capability of
the work station., For data verification tasks, the
operator/technician can relate the entered data back to
the original source, the fingerprint, making it easier to
recognize an erroneous data entry. For the two-position
work station, the data entry and verification rasks are
separated from the original data in the classification
task. Therefore, the data entry operator can only relate
back to the intermediate (handwritten) data. The data
entry operator did not participate in the original classi=-
fication code generation, and therefore does not have a
feeling for the validity of the entered data. 2

The advantages of increased error detection capability is
reduced in the one-position work station, since the
classification verification work station is expected to
detect data entry errors as well as classification
errors. It is conceivable that the increased error
detection of the one-position work station would allow a
reduction in the number of classification verification
stations, but it is not likely to be significant.,
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| (4) Skills - The classification technician is trained in the
' skill of classifying fingerprints using a particular
wmethod. The skills required to enter the data into a
terminal are quite different, There is nn advantage to
combining these tasks in terms of skill compatibility,
There is merit in separating the task assignments, in
order to capitalize on skill specialization in maximizing
throughput, )

; (5) Learning - Because the classification and data entry tasks
' are different, the learning (or training) process is
complicated. With separated positions (two-position work

stations), the technician is not burdened with having to
learn the data entry tasks at the same time as he is
i learning the classification task. This may not be gigni-
! ficant, as the data entry task would probably be fairly
; easy for a technician. In any event, separating the tasks
; { would reduce the learning load on the technician,
Q N
I
¥

() Job Variety - The two-position work station does provide a
| modicum o€ job variety for the classification technician.
r f Data entry and verification tasks require different

i activities, It is not clear whether this would be
L regarded as a welcome relief or as an added burden.
L Direct measurement would be required to determine how
classification technicians would react to this issue.
| Most likely, the lower skill level of the data entry task
[ : would provide little in the way of satisfactory job

| variety, The separated (two-position) work station would
A . provide another type of data entry task, which might
| provide more job variety for the operator.

? (7) Economics - There may be a cost savings in a two-position
? work station configuration. In the two-position configur-
ation, the classification task becomes completely manual
i in nature, and all mechanical and electronic equipment can
g be eliminated. The data entry task can be accomplished
& 5 with fewer terminals, although additional personnel may he
; ‘required. . The economic aspects require additional study,
i ? as the concerns for data entry following the CLASS-A
function are different than those following CLASS-B and
CLCK.

) i
’ 3. Advantages/Disadvantages of Configuration Alternatives

The one-position work étation has an advantage in increased
error detection for the data entry task. It may have a disadvantage,
however, in the economics and training areas. No advantage or disad-

; o vantage is seen with closure, job variety, or job skills issues,.
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The two-position work station may have advantages from an
economic and training standpoint. There are some advantages in the
areas of skill level and job variety. The only disadvantage to this
configuration is in error detection, which is mitigated by the classi-
fication verification function (expected to uncover data entiy errors
as well as classification errors),

' Recommendations

The two-position classification work station, in which classi~
fication and data entry taske are separated, is strongly recommended
for further analysis and study from both the human and economic
standpoints.

B. SPECIAL CLASSIFICATION KEYBOARD

The decision to use a special keyboard design (i.e., differing
radically from a conventional typewriter or QWERTY keyboard), should i
b¢ based on an analysis of the specific tasks to be accomplished and !
the characteristics of the special keyboard, The special keyboard
must offer significant advantages over a conventional keyboard format
to warrant its use, General task requirements include-the manual
identification of specific fingerprint characteristics, converting
them to a code, entering the code on the fingerprint card and entering
the code into the computer system. Functionally, it is assumed that
the major amount of timy will be spent in encoding the fingerprints.

Some time is required to enter the codes through the keyboard, and )
more time is required to verify the codes on the display. The princi- : ;
pal areas of operator attention are the fingerprint cards with indivi-

dual prints, the keyboard, and the data display on the terminal,

The encoding process is beyond the scope of this critique; it is ‘
primarily a customer skill. The verification process should be 3
straighiforward, since the display format is well suited to that '
application. It provides compatibility between the encoded display
and the original fingerprint card, reducing any adjustment required by ]
the operator when going from the display to the fingerprints.

1. LJDaCa‘Entry Methodology

It would be advantageous if the data entry procedure were an
overlearned process (e.g., touch~typing). If data entry is an over~
learned process, the operator has only two centers of attention: the
‘fingerprint and the coded ‘display. If it is not an overlearned process,
the operator has three centers of attention. In addition to the finger- ¢
print and coded display, he must also think about..the keybeard.
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Overlearning is a process that requires training and practice.
Ease of learning depends on the compatibility between the operatrr and
the process (Referenco 32)., The amount of training and practice
required depend upon the following compatibil!ity factors: wechanical,
conceptual and spatial. Mechanical compatibility concerns the ability
of an operator to physically accomplish the task. Conceptual compati~
bility is when the process feels natural to the operator (this may be
due to some inherent quality, cultural background, or a previously
learned experience). Spatial compatibility concerns the similarity of
phyaical arrangement betwren different elements of a process.

2. Special Terminal Keyboard Layout

It is interesting to compare the proposed special keyboard with
the conventional QWERTY keyboard in the context of the previously
outlined task scenario. Since 1975, sociaty has had a great deal of
experience with QWERTY keyboards. Investigations have indicated that,
although it may not be the optimum, it is sufficiently close. The
conventional keyboard fits the line of the fingers, and the keys are
comfortably spaced. With the touch system, each finger has to move
only twoe rows up, one row down, and one key to each side {each finger
is responsible for a limited number of keys)., With s shift key, the
entire ASCII character set is available. This large chavacter set
allows flexibility in the man/computer interface dialogue, which can
accommodate future expansions or changes in the basic process. With
operators trained in the touch-typing system, the QWERTY keyboard has
conceptual compatibility; they are familiar with it. Even operators
who have not had typing training and who use the hunt-and-peck system
find the QWERTY keyboard familiar. Although the QWERTY keyboard does
not have spatial compatibility with the fingerprint clagsification
process, this is not important since, in an overlearned system, the
physical configuration of the keyboard does not require attentiom.
What is important is that the man/computer dialogue design should be
conceptually compatible with the fingerprint classification process.
The QWERTY keyboard requires two hands, which could be a disadvantage
in some situations.

We have had no experience in using the special keyboard, so we
do not know whether is is better suited to this specific function or
not., However, we can analyze it as we did the QWERTY keyboard. The
physical arrangement of the special keyboard is not mechanically
compatible with the human hand, and the keys appear to be very close
together. The keyboard does not provide a reference key for hand
placement to support touch typing. It appears that the special
keyboard also requires two hands., Hand placement for touch-typing on
the special keyboard is closer than is required on the QWERTY keyboard.

Reference 1 states that the special keyboard complements the
classification function by providing a finger-block display layout,
similar to that of the fingerprint card, and special-purpose keys to
input preferred finger classifications and references, The display is
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both conceptually and spatially compatible with the fingerprint card,

but this does not apply to the keyboard., The keyboard layout is not é
related to the card layout., The key labels are conceptually compati~ :
ble with the fingerprint classification process (good for a hunt-and- §
peck typing system), but this is immaterial for an overlearned or g
touch-typing system, For ‘a touch-typing systam, the key position is !
the important issue. The special-function keys are appropriate when a

limited number of functions are to be selected, Nominally, the limit |
.is on the order of seven functions. This seems to be the largest
number of functions that the general population can easily distinguish
(Reference 33). The proposed special keyboard contains more than

seven special function keys, and these are mixed with transaction keys
such as "Card Complete," "Clear Card," etc., which increases the s !
difficulty of using the keyboard, R :

The numerical keyboard is a telephone~style format. This may

create some serious compatibility problems. The telephone format

places the number 1 in the upper left of the numeric keyboard with I

2 and 3 to the right, and 4 through 9 below, The most-used alternate

numeric keybuard configuration is the calculator format, where 1 is

placed on {he lower left, 2 and 3 on the right, and the remaining

numbers above. The specific difficulty with the telephone-style

numeric keyboard is that is is not compatible with the calculator-

style keyboard, Even though touch-tone telephones employing the

telephone-style keyboard are becoming more common, calculators are
. also widely used (especially in business). Also, the data entry :
X function is conceptually comwpatible with the calculator function :

(rather than the telephone-number-selection function), Standard :

keyboards on available computer terminals usually use the calculator

style for the numeric keyboard. Having two different styles increases

the difficulty of rotating operators within work stations for training

and upgrading of personnel. .

The location of the "Enter" key creates another conceptual
compatibility problem. This key signifies the completion of a data
element. On a typewriter, the same basic function is a carriage
return. On calculators, it is "=", "§", and ",", All of these keys
‘are to the right of the data keys. The more normal keyboard charac-
teristic is to use the little finger of the right hand for this ;
function. The special keyboard places the "Enter" key bolow and to @
the left of the numeric keyboard. This implies that the first or 4
second index finger would be used, which is clearly incompatible with
other data-entry activities. Again, this might create transaction
problems in rotating operators within work stations, and training
problems for new or upgraded operators.

Frequency of errors is another issue that needs addressing,

: ; When a data-entry system incorporates a significant possibility of an

[ o operator error, the system performance is reduced. If the operator i

' ! feéls that he must be very careful to avoid making an error, he must 4

i : then vork at a slower, wmore deliberate pace. If the operator inadver-

: . tently hits the "'Clear Card" key while expecting to hit one of the :
others in the normal data-eatry process, his previous work will be

cleared. This is quite frustrating, and, recovery is time-consuming.
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The same comment applies to the "Sign Off" key, which is located next
to the "9" key. A slight mistake, and the work station is
disconnected from the computer,

If a special keyboard is used, it is suggested that the keys

providing different functions be physically separated. The data entry |
keys should be located togather for a smooth, key-stroke flow, The |
error-recovery keys ("Clear Card," '"Clear Entry," etc.) should be f

; physically separated from the data—entry keys and the system-function |
4 ‘ keys ("Log On" and "Sign Off") should be together but separated from |
‘ the other keys. The "Card Complete! key should be separated from the i
- " other keys. 1Its function is to terminate the individual card trans- i
action, and it is initiated after the data has been entered and |

verified. This expanded configuration would localize functions for z ;
better comprehension and use, reduce errors due to misplaced key~ :
scrokes, and reduce the distraction of keys demanding the operator 8 : §
attention around the data-entry keys, making the keyboard easier to

use,

A back space key should be included for error recovery, Clear-
) ing the entire entry to a clear a character erpsr is a drastic action
which betomes especially frustrating when aii error is near the end of
the data item.

In Eoﬁcluuloﬁ, it is not clear that a data-entry terminal is
1 : appropriate for this app11cat10n, If one is used, the keyboard design
, should be improved to increase performance and reduce error rates,

A
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APPENDIX F

AUTOMATIC FINGERPRINT READER SYSTEM (AFRS) SERVICE RATE

A. SERVICE RATE USED FOR EVALUATION

Various service or throughput rate capabilities rfor the Auto-
matic Fingerprint Reader System (AFRS) function have been stated,
Reference 7, Page 6 indicates a value of 210 cards/hour. The FBI
Guidelines to Rockwell (Reference 8, Page 13) indicate a range of 210
+ 15 cards/hour (i.e., between 195 and 225 cards/hour). JPL studies
indicate a throughput capacity range of from 107 to 176 cards/hour
with a weighted average of 165 cards/hour (Reference 19). This rate
equates rather well to the overall fingerprint file conversion effort
average rate of 18,000 cards/day (Reference 35). Using 165 cards/hour
as a basic service rate, and assuming the successful implemention of a
50% AFRS productivity increase as a result of the modification pro-
posed by Rockwell (Reference 6), a service rate of 250 cards/hour was
used in evaluation of the AFRS component. Appendix B reflects the
details of the static analysis on the AFRS function for the varying
service rates,

The results of the JPL study (discussed in Paragraph B) were
based on data gathered from actual FBI worklogs processed by all five
AFRSs for the file conversion effort (i.e., reading all fingerprint
cards on file with subject date of birth 1929 and later, and storing
the minutiae data for use in Technical Search when AIDS III is imple~
mented). This conversion required reading several different versions
of the fingerprint card used over the years. Many of the cards pro-
cessed were dog-eared, frayed and required mending to process them
through the AFRSs,

Rockwell has stated (Reference 6, Page 12) that, for a modest
additional investment, the minutiae detection processor can be inclu-
ded in the hardware, increasing the throughput by 50%. According to
Rockwell, this modification has already been made on some of their
equipment, and a 507 improvement was seen. This has not yet been
demonstrated in a production environment to the JPL evaluation team.
Estimated costs for such a modification are included in the AIDS III
capital cost estimates.

The use of a service rate of 250 cards/hour provides a 21.0%
spare capacity with all five AFRSs in operation. With only four AFRSs
operating, a -3.2% capacity is experienced. Results of the simulation
model show that the 250 cards/hour rate does not adversely impact the
ability of the system to process cards in a given period of time at
the 1993 workload, with a 50/50 (criminal vs civil) mix.

The ongoing operability of the AFRSs as they ége could become a
problem. From an operability viewpoint, the primary concern in this
function is cards jamming due to their poor physical condition. The
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card dejamming procedure described on page 1-218 of the Calspan manual

(Reference 200) is complex and time-consuming. The procedure has been
substantially modified in the Rockwell-designed production AFRSs
(Reference 22, Page 4-2), Malfunctioning of the card hopper is
usually caused by an accumulation of paper dust, which can be avoided
by routine cleaning. The quality and newness of the inquiry finger-
print cards should greatly reduce this problem.

B. MEASUREMENT OF AFRS SERVICE RATE

To measure the AFRS production rate, statistics were taken from
the Automation and Research (A&R) Finder Room production data log
(Reference 19). The sample size used was 53 work periods distributed
among day, night and midnight shifts. The duration of each shift was
7.5 hours. Samples werc picked at random from the months of Septem-
ber, October, November and December 1979.

The criteria used to reject a sample were:

(1) When an AFRS was not operational because of lack of work.

(2) When no report was generated for a specific AFRS.

(3) When an AFRS was used for pilot test activity.

The statistics generated were weighted by sample size to reduce
the degree of bias.

The computation of the mean production rate yielded 165 finger-
print cards/AFRS/hr.

The calculations using the September 1979 production data log
follow: .

Sample Size Fingerprints/hr % Rejects
System 1 29 176 6.1
System 2 25 156 5.3
System 3 25 169 3.3
System 4 26 173 5.2
System 5 20 107 - | 9.5
F-2
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Net weighted average:

- 29 % 176 + 25 + 156 + 25 x 169 +56 x 173 + 20 x 107

125
_ 5104 + 3900 + 4225 + 4498 + 2140
125
= i%ggl = 159 fingerprints/AFS/hr

Weighted rejects:

e 29 x 6.1 425 x5.3+25x3.3+26x5.2+20x 9.5
125

o 176.9 + 132,5 + 82,5 + 135.2 + 109
125

= 5.7%

The October, November and December logs give the total number of -

fingerprint cards attempted per shift for the five AFRSs,

A 5% reject level was used to obtain the net fingerprint cards
processed.

Calculations from the October, November and December production
data logs give the following:

Total fingerprint cards attempted = 5025

Sample size n = 28
_ 5025 =

| Mean = 8 = 179

 Rejects = 5%

Net fingerprint cards read:
179 ( 1 - 0.05)

170 fingerprints/AFRS/hr

Combining the September samples with the October, November and
December samples yields the following:

=25 X 1595; 28 x 170 165 fingerprints/AFRS/hr
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APPENDIX G

SYSTEM COMPONENT DESCRIPTIONS

A.  OPERATIONAL COMPONENTS (FUNCTIONS)
1. AUTOCOR (Automated Correspondence)

At this function, all information about a subject (no identi~-
fication notification, rap sheet, wants, etc.) to be sent to the
contributor is accumulated (with fingerprint card, documents, etc. if
they are to be returned) and placed into an envelope, addressed, and
submitted to the mail room. Responses prepared in AUTORESP on fan-
folded computer paper are burst prior to placing in the envelope. No
identifications that are to be returned are hand stamped. Incomplete

or illegible fingerprint cards are also returned to the contributor
from this function,

2. AUTORESP (Automated Response Generation)

This function generates computer-printed responses that will be

returned to the contributor. It will, where possible, group responses

to the same contributor. The resuits of the searches in AIDS III and
one address label for each envelope (containing multiple responses to
a contributor) will be printed on high-speed line printers. These
responses are theén sent to Automated Correspondence (AUTOCOR). The
high~-speed printers will also print the name index cards to update the

Card Index name files (the manual system).

.3. AFRS (Automatic Fingerprint Reader System)

The Automatic Fingerprint Reader System (AFRS), consisting of a
card handler, a scanner, a control computer and a data output pro-
cessor, performs the function of taking the fingerprint image on the

fingerprint card and converting it to machine-readable format (Figure
G"l)l

The fingerprint card is transported from the input hopper via a
motor-driven belt and positioned under the scanner. The cards are
registered to read the fingerprint image and process control number.
The positioning and card movement are computer-controlled. At each
position, a pair of fingerprints is scanned. After all pairs are
scanned, the card is moved to the output hopper or, if a complete scan
was not made, to a reject hopper.

The main components of the scanner of the AFRS provide the light
source and the image sensing functions. 'The light source is a CRT
that is computer controlled in its X and Y axes to illuminate the scan
pattern. Within the control computer, the following functions are
performed: preprocessing scanner movement and illumination control,
postediting and encoding of the minutiae detected in the fingerprint
images.
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The AFRS Data Output Processor (DOP) processes the input minu-
tiae information through the registration algorithm, This includes
finding the core of the print image, determining the X~Y axes of and
referenced to that image, transplanting the X, Y and O minutiae
information to the image orientation and reducing the image area to
0.75 in x 0.75 in from the original area of 1.5 in x 1.5 in, This
information then constitutes the output of the DOP, and is the regis-
tered set of minnwtiae sent to the matcher. The matcher does the
actual comparison of the subject fingerprint (ata with data in the
technical file,

b, BLO (Blocking~Out)

All cards received by BLD are criminal cards without an FBI
number. A high level fingerprint classification is performed at this
function, Any prints that are illegible are flzgged so that the
arrest data is not entered at the data entry function (DENT-A and
VDENT-A) for the initial subject search, i

5. CLASS-A (Classification-A)

The classification process includes determlnlng the NCIC finger-
prxnt classxflcatlon, wrltxng the classification on the card and enter-
ing it into the system via a special purpose terminal., This activity
does a full NCIC fingerprint classification on all civil, military,
and Coast Guard cards. Reference to the greferred classification is
also entered on the card,

6. CLASS-B (Classification~B)

This activity receives all of the criminal cards for which no
candidates were found by the automated subject search or, if found,
were not identifications. The full NCIC fingerprint classification is
determined and written on the card., It is then keyed into the AIDS
111 system with the use of a special purpose terminal. Reference to
the preferred classification is also entered on the card.

7. CLASS~C (Classification-~C)

This function classifies all alien registration and personnel
identification cards. The classification is made and entered on the
card. The classification performed here is not as detailed as re-
quired for criminal searching, The cards are then forwarded to the
civil file for filing.

N

8. CLCK (Classification Check)

At this station, the NCIC fingerprint classification verification
is made and the cards are sorted into legible and illegible categories.
The classification check for civil cards is less extensive than for
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criminal cards.. A special purpose terminal is used in this function
in the verification of the data previously entered into the sysiem,

9. CSORT (Centerline Sort)

The fingerprint cards are inspected to determine the approximate
centerline of the inked fingerprints. A template is used to manually
determ:ne the centerline of the fingerprints., The cards are placed

{1 into one of the ten channels going to the Automatic Fingerprint Reader
. N System (AFRS), depending upon the centerline group to which they i
4 belong. Cards for which no centerline can be determined or which are 3 |

of low print quality are routed directly to the Semi~Automatic Reader
System (SAR).

10, DATE STP (Date Stamp)

This manual process handles only alien registration and personal
identification cards. The cards are date-stamped and counted. Once a
day statistics are logged to the computer, The cards are then classi- i
fied and forwarded to the civil files. There is no process control i
number application, subject search, or technical search required for f
these cards,

11. DENT-A (Data Entry~Cards)

‘ All data from fingerprint cards that is required for the auto-
- mated subject search and to update the Computerized Criminal Name and i
Record (CCNR) files is entered by a data entry operator. 4

Data is entered from the cards to formatted screens selected by
the operators. Data is stored in the front-end computer and will be
verified by the data—entry verification (VDENT-A) operation. In the
DENT-A function, there is no interavtion with the host computer. For %
a detailed description of this function and its relationship to
VDENT-A, see Sectlon IX, Paragraph A, Automated Subject Search Perfor~
mance, ¥

[ . S
' 12. DENT—B (Data Entry-Documents)

W1th1n the operation, document information from wants, flashes,
expungements, dispositions, etc., is entered into the system. The data
entere includes information required to generate a subject search for ,
1dent1—lcation purposes, and the appropriate data to be added/deleted/ :

revigsed on the 1nd1v1dual record (1.e., arrest Lnfotmatxon, sentencing, 4
} etc.). The data is key-entered and stored in a front-end processor ‘ %
? (FEP) to await verification (VDENT-B). The process in this component E
y is similar to DENT-A. Z

id
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13. ENC (Encode Input Data-Cards)

In this function, the data input formats are checked and the
criminal arrest data are encoded. The operator checks the charges on
the subiect fingerprint card against a list of standard charges, sel~
ects the most appropriate representation and enters that code number
on the card,

14. ENCDOC (Encode Input Data-Documents)

All dispositions and miscellaneous documents which generate
inquiries or updates against the master file are coded at this func-
tion. Many documents require that the coding be on forms which
accompany the source document, Examples of items coded include
offenses, date of birth, race, sex, etc.

15. ENCK (Encode Check-Cards)

This function is an independent validation of the charge codes
selected by the ENC operation. The operator compares the charge .code
on the fingerprint card against a set of standard charges to ensure
that the proper code has been selected., The cards are then sorted and
routed to the appropriate function downstream.

16. ENDOCK (Encode Check-Documeﬁts)

The encoding performed in function ENCDOC is reviewed and
verified at this operation.

17. FLAB (Film Processing and Fiche Duplication)

The Film Processing Lab receives 16mm cartridge film containing
1090 card images/cartridges from the Image Capture (MFLIM) stations.
It develops the film, then produces and duplicates ultramicrofiche at
a 10X reduction (containing 2000 card images/fiche).

18. FLOAD (Film Load)

This function is not a work station per se, but an activity. The
dupligated microfiche are distributed to each of the Image Compar-
ison (ICI) and Verification (ICV) work stations for insertion jin the
appropriate location in the microfiche carousels.

19. ICI (Image Comparison Identification)

The function of the Image Comparison Identification component is
to display fingerprint images for the examiners to compare subject
prints against candidates selected as a result of either a subject

,
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search or a technical (fingerprint) search. The examiner must deter~
mine whether a positive fingerprint match has been made.

The search inquiries are assigned to stations based on the
inquiry NCIC fingerprint classification of the particular candidates.
Each station contains microfiche fingerprint images of both the
inquiry subject and the candidate(s) selected from the fingerprint
microfiche master file, The inquiry and the candidate fingerprint
images are automatically displayed side-by-side. A keyboard accepts
comparison decisions and control commands from the examiner, A
ceparate text display prompts the operator and displuys system status,

The microfiche fingerprint card images at each work station are
stored in carousel-type storage and retrieval mechanism, Each station
contains 500 fiche, and each fiche contains 2000 images, giving a
total capacity of 2,000,000 images per station.

20, ICV (Image Comparison Verification)

The Image Comparison Verification function verifies the identi~
fication (if any) made in the Image Comparison Identification (ICI)
function, The process and work station facility is similar to the ICI
function, ICV has a smaller workload than ICI because it only veri~-
fies the ICT identifications.

21, MAIL (Mail Room)

Mail is receved daily from the post office, The input volume is
highly variable (from 17 cubic feet to 68 cubic feet per day). The
mail is opened and sorted into three basic categories:

1. Fingerprint cards (both civil and criminal).

2. Alien registration and personal identification fingerprint
cards.

3. Dispositions, flashes, wants, expungements, etc.

It then is routed to the next appropriate function,

22. MFILM (Image Capture Microfilm)

At the Image Capture function, fingerprint cards are microfilmed
at a 6.3X reduction. The associated PCN are read with an optical
character reader (OCR) and associated with the image in the Trans-
action Record. 1000 card images are produced on each 16mm microfilm
cartridge,
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23, PCN (Process Control Number Application-Cards)

A process control number (PCN), which is a unique, machine~
readable number, is printed on each inquiry fingerprint card as it
enters the system. The PCN is a 12-digit number structured as
YYDDDSSSSSCC where:

YY = digits of year

DDD = Julian date

SSSSS = Five digit sequence nuitber

CC = check digits

, As each PCN is generated, a Master Transaction Record (MTR) is
established, The MTR is the means by which the AIDS III System can
track the detailed status of each inquiry card from the time it enters
the system until it is disposed of at the end of the processing cycle.
The MTK consists of a series of fields which provide the means of de-
fining the detailed status of each card.

24.  PCN APPL, (Process Control Number Application~Documents)

All documents processed by the AIDS III system require & unique
process control number (PCN) which is stamped on the document (or an
attached routing form) via a "Bates" type stamp machine,

25. QC (Quality Check)

At this manual function, the fingerprint cards are checked for
completeness of information. Any incomplete or inappropriate cards
are returned to the contributor. Several hand stamping operatioms are
used to highlight special conditions,

26. QUERY (On-Line Query) .
To accommodate special requests from coatributors and FBI '
offices received over the telephone, via wires or from special corre-
spondence, one CRT work station is designated for on-line interro-
gation of the AIDS III files. Most requests will be satisfied by
reading information from the CRT screen at the work station. Some
requests will require data to be printed out from individual file
records on the Computerized Criminal Name and Record (CCNR) files and
sent to the requestor. Interfacing with the manual system for finger-

print cards, jackets, or photographs may be required.
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27, PR3AD (Quality Control, Check, Read and Annotate~Iocuments)

At this point, all documents and final dispositions are mixed
togutler. The dispositions are separated and sent on to the next
operation for coding, All remaining documents are given a quality
control cheek te ensure that information required for data entry is
correct., Documents found to be incomplete are sent back to the
contributor or to the manual system.

28, SAR (Semi-Automatic Reader)

Cards that have one or more fingerprints rejected by the Auto~
matic Fingerprint Reader System (AFRS) require manual minutiae en-
coding using the SAR. Fingerprints that cannot be manually encoded
are designated as rejects and returned to the contributor.

To encode the minutiae data manually, the PCN is keyed into the
system, and the finger number to be encoded is displayed on the screen.
That particular fingerprint is then placed under a high resolution
closed circuit television (one finger at a time). The print is
registered (squared-up and centeéred), and a trackball used to position
a cursor on the CRT screen. The point is registered with a button and
the cursor is then moved 1/4 to 1/2 in. (usually along a line of a
fingerprint and showing up as a darker line), then registered a second
time. This creates a short line. Using the center, x and y coordi~
nates, an angle is calculated. Once a sufficient number of minutiae
are encoded (usually 40 to 100 individual points) the data is regis~-
tered and then sorted on Y descending order, This data is then
transferred to the candidate minutiae file to complete the information
necessary for an automated technical (fingerprint) search.

29. SEAR (Search Review)

In those cases where an identification has been made and veri-
fied (ICI and ICV), this function authorizes the update of the arrest
data to the files. Where no positive identification has been made,
this function reviews the parameters used in the search. The search
parameters and statistics are displayed for the inquiry and if, in the
judgement of the SEAR operator, changes to one or more of these
parameters could bias the search process such that a new candidate or
candidates may be located, the operator may cause a new search to
begin at any one of several steps., For new criminal file additions,
the SEAR operator assigns a unique FBI number to the card, updates the
Transaction Record and routes the card back to be microfilmed (MFLIM)
for permanent addition to the file.

The search review operator also controls the secondary card
routing (i.e., non~identifications are routed to the proper functiox
to continue their flow through the system). Inquiry into the Master
Transaction Record provides the operator with the necessary informa-
tion to route the card.
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30.  VDENT=A (Verify Entry-Cards)

The VDENT=A function verifies the fingerprint carcd data that has
been entered by the data entry operator (DENT-A), The data paramaters
required for the automated subject search are entered first, When
this data (60-80 characters) has been verified, the automated subject
search is initiated. While the search proceeds, the VDENT-A operator
enters the remaining arrest data (average of 80-100 characters), The
search process is discussed in Section IX, Paragraph A, Automated
Subject Search Performance.

Based on the results of the subject search, a message is dis-
played instructing the VDENT~A operator where to route the fingerprint
card, If there are one or more candidiates, the card is sent to
Search Review (SEAR); if there are no candidates, but it is a military
card, it goes to the Civil file. Non-candidate criminal cards are
routed to be classified in more detail (CLASS-B), and non-candidate
civil cards are routed to have a classification check (CLCK) prior to
being submitted for an automated technical (fingerprint) search. The
search and arrest data, along with the search results, are stored in
the Transaction Record (TR) file to await final disposition,

31,  VDENT-B (Verify Data Entry-Documents)

At this component, document information entered in data entry
(DENT~B) is verified, After the descriptive data required for the
subject is entered, the automated subject search is initiated, As the
search is being conducted, the operator enters the remaining descrip-
tive data for verification. The VDENT-B operator is notified by the
system if an identification has been made, and routes the document
accordingly.

32, WAND (Wand Out of System)

This function receives from quality check (QC) any rejects or
incomplete fingerprint cards that are to be removed from the AIDS ITI
system, A card may be rejected by QC for the following reasons:

(1) only four fingers were fingerprinted,

(2) Information is missing.

(3) Search not required by law for the applicant card.

(4) A non-AIDS FBI number.

(5) Civil file name search required.

The PCN number is read by an optical charactey recognition (OCR)
wand, and the appropriate reason for removal of the card from the

system is entered into the system via a keyboard terminal. The cards
are then routed to either the manual system or automated correspon-

dence (AUTOCOR).
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B. COMPUTER SUBSYSTEMS

1. DEDS (Data Entry and Display Subsystem)

(1)

(2)

(3)

Dageription: The Data Entry and Display Subsystem con=
sistt of a series of free~standing computers used to
enter, validate, and buffer data prior to burst trans-
mission to the System Supervisor, Information can also be
returned and displayed on some of the DEDS equipment
(i.e., the results of a subject ssarch are returned to a
VDENT operator with routing instructions), The Data Entry
and Display Subsystems support the basic data entry,
verification and inquiry functions.

Configuration: The SEAR, WAND, and Classification func-
tions (CLASS A and B and CLCK) are all configured with
their own front~end processors (FEPs), One FEP is planned
to handle the SEAR and WAND functions, with a second used
as backup, Three sets of FEPs are planned to handle the
classification and classification check functions (CLASS A
and B, and CLCK), Each set conzists of a primary and a
backup FEP, The entry and verificatiop (DENT-A and B, and
VDENT-A and B) portinn of the DEDS consists of 9 separate
FEPs (Four Phase Equipment). each hooked directly to the
System Supervisor. There is no backup for this equipment
(that is, there is tu auxiliary FEP to switch to in the
event of a failure),

Interfaces; The main components of DEDS and its associ-
ated actions and interactions with the System Supervisor
are as follows:

a, Data Entry and Verificakion

Enter data for subject search from card and verify.

Send verified data to System Supervisor for subject
search,

Enter, verify, and transmit arrest data for criminal
cards. :

Enter, verify and transmit file update information
for documents,

Receive card routing information.

Responsa by System Supervisor

Updateyﬁésta; Transaction Record (MTR).

Update Transaction Record (TR) with subject search
information.

.G-10
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b,

C.

Initiate subject search.
Update MTR with search results,
Send card routing information to VDENT-A or B,

Format Image Comparison Request (ICRQ) and send to
Image Comparison Subsystem (ICS).

Receive and send additional eriminal card data to
Subject Sgarch and Report Generation Subsystem
(SSRG) for TR update,

Forward file update requests and information to SSRG
document,

Classification

Enter and verify full NCIC fingerprint classification.

Response by System Supervisor

Update MIR.

Send classification to Technical Search Subsystems
(18S) for TR update.

Remove illegibles from the system.

Wand Out of System

Transmit process control number and reason data on
those cards being removed from the AIDS III system.

Regponse by System Supervisor

Update MIR.

Close M:R for rejected cards.

Search Review

Request status information by Process Control Number.
Change search parameters and initiate a new search.
Remove cards from system.

Route cards according to search status.

G-11
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2.
D)

(2)

(3)

W
d

Assign new FBI number for criminal non-
identificutions (non-idents).

e. Response by System Supervisor

Send search status information from SSRG.
Close MTR for cards being removed from system,
Update MTR, TR, and search paramters for a new search,

Authorize updates or additions to the Computerized
Criminal Name and Record (CCNR) files and the Minutiae
Master File (MMF) as appropriate.

Authorize a response generation,

I1CS (Image Comparison Subsystem)

Description: The function of this subsystem is to compare current
subject prints against candidate prints (both sets of prints are
on microfiche and are displayed automatically).

As a result of a subject or technical (fingerprint) search, a list
of one or more candidates may be generated. The image comparison
functions (ICI and ICV) compare the fingerprints on the current
subject against the fingerprints of the candidates on the list. A
simple ident or non-~ident response for each candidate is given.

For rush requests, the FBI number can be entered at an image
comparison terminal and the fingerprint location will be found.
The microfiched print is then displayed and compared with the
inquiry hard copy fingerprint card. No response to the System
Supervisor is entered. |

Configuration: For the ICS, all of the image comparison consoles
are hooked into a single front-~end processor {FEP). One FEP is
expected to handle the processing requirements of the subsystem,
although a second FEP for backup is provided. These two FEPs are
joined by switchable controllers.

Inter faces: The main components of the ICS and its associated

interactions with the System Supervisor are as follows:

a. Image Comparison Consoles

Request fiche location by FBI number (for rushes).
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3.
(1)

2

(3)

Receive image comparison request and send microfiche
retrieval information to the microfiche file hard-
ware,

Transmit image comparison results.

b, Response by System Supervisor

Form and send image comparison requests using PCN
and FBI number with fiche locations.

Receive image comparison results,

Update MTR with search results,

PICS (Process Control Number and Image Capture Subsystem)

Description: The PICS subsystem is primarily a message handling
function, The information collected, Process Control Number
(PCN) and microfilm loaction are buffered and them sent to the
System Supervisor., For each fingerprint card that enters the
AIDS ITI, a PCN is assigned. This number is used to track the
card and access any pertinent information. The fingerprint
cards are microfilmed and then microfiched with the appropriate
location information appended to the Transaction Record (TR).

Configuration: In the PICS subsystem, the PCN machines, micro-
film cameras and the microfiche composers are all hooked into a
single front-end processor (FEP). One FEP is planned to handle
the processing requirements of the subsystem, bhut a second FEP
is provided for backup. These two ave jointed by switchable
controllers. The facility sensors are tied directly to the

System Supervisor and do not interface with th{ PIC subsystem
FEPs. : :

Interfaces: The main components of the PICS subsystem and its

associated actions and interactions with the System Supervisor
are as follows:

a. PCN Machines
Transmit last valid PCNs.
Transmit invalid PCNs.

Actions by System Supervisor

Create MTR and TR for each PCN.

ORIGINAL PAQE tu
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. b. Image Capture Cameras

Transmit PCN, frame no., type (permanent,
current, temporary), and roll no.

Rosponse by System Supervisor

Update MIR.

Update TR to show location on microfilm.

c. Microfiche Composer

Transmit PCN, fiche no., type, frame no,

Respongse by System Supervisor

Update MIR.
Update TR to show location on microfiche.

Based on fingerprint classification, calculate
which ICI and ICV consoles the permanent
microfiche should be routed to.

4, SS (System Supervisor)

(1) Deacription: The System Supervisor is comprised of three main
functions: system monitoring and control, system simulation and
management report generation. The latter two are discussed
separately in paragraph 4. The main function discussed here is
that of system control and monitoring. The handling and routing
of information is the major effort involved in this portion of
the System Supervisor.

Each of the subsystems, and their associated components, trans-
mit information to the System Supervisor. B2xxt of the infor-
mation is kept by the System Supervisor while other parts of the
information are routed to other subsystems. Some of the infor-
mation requires manipulation and a response to one or more
subsystems, Myriad combinations of data routing can occur,
making the overall interaction very complex.

The main functions handled by the System Supervisor are:

Monitors, controls, and interacts with all of the related
subsystems and with the card allocator system.

Maintains responsibility for card routing and process
control.

(G-14
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(2)

Acts as link between all subsystems,
Controls the Management Reports and System Simulator.

Creates, updates and closes Master Transaction Record
(MTR),

Purges all references to a PCN for a closed MIR.
Creates, updates, purges a Transaction Record (TR).
Controls and authorizes response generaticn.

Controls file updates and authorizes updates of specific
files (CCNR, MMF, etc.).

Polls various systems for information.
Maintains Equipment Status files. .-

In addition, each subsystem, computer and component will have
monitoring devices connected in some undefined fashion. These
devices can range from very simple (an empty hopper indicator)
to very complex (switchover to a backup unit due to impending
failure)., A brief list of capabilities and/or functions is as

- follows:

Equipment Status - i.e., sensors linking a component and
its subsystem computer — may relate operational status,
queue sizes, etc.

Operating Limits - i.e., overload or underload condition..

Measurement Data - inputs to count workloads, queue sizes,
response times, etc., for both a subsystem and/or indivi-
dual station (especially as relates to deflectors and
allocators).

Diagnostics for failures, including:

Automatic switchover to backup functions.,

On-line fault isolation diagnostics.

Fault isclation for non-standard devices.
Configuration: For the System Supervisor, one CPU is planned to
handle the processing requirements, with a second planned for
backup, The two CPUs are joined by switchable controllers. The
system management terminals, management reporting facilities,

and program development facilities are also tied into the System
Supervisor CPUs.
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(3)

(4)

Interfaces: Interfaces with each of the subsystems as detailed
in the description of the respective subsystem,

Management Report Generation and System Simultion (MRGSS) Task

[ 1Y

Description: The MRGSS task is part of the System Super-
visor. Different files (hardware status, PCNs, manpower,
etc.) are accessed and the information contained within
these files is used to create Management Reports. There
is no definition as to the content or frequency of these
reports, therefore, no specific rates or information
transferrals can be implied, The real-time interactive
nature of monitoring suggests a very detailed set of
informational files. This set of files is proposed to
provide a mechanism for data collections, report genera-
tion and system performance monitoring.

A software simulator which models the system operation is
proposed for predicting volumes, queues, etc., given _
variations in card mixtures, missing components, or other
dynamic portions of the system, This simulation is
inclusive down to the component level (i.e., the effect of
removing a single component or station from operation can
be evaluated). The simulator package will have access to
many of the same files utilized by the management report
task. This feature of the System Supervisor is only
generally addressed at the highest conceptual level.

Configuration: This task is a part of the System Super-
visor and the combined configuration is addressed in the
configuration discussion, above.

Interface:

Management Report System Simulator Task

Real~time interactive monitoring of stations
Real-time monitoring of hardware availability
Receive inputs from System Supervisor reflecting:

Hardware status

Manpower configuration

Queue lengths

Productivity of individual stations

Card mix and routing

G-16
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Accumulate data and generating reports . ' %

Interactive System Simulator

Responses by System Supervisor

Send status of any part of the system

Send rates for an individual station or a set of
stations on demand

Send diagnostic data and keep the information files .
updated )

5. (SSRG) (Subject Search and Response Generation Subsystem)

(1) Description: The System Supervisor formulates a search
request and sends it to the SSRG subsystem., After a
search of the Computerized Criminal Name (CUN) file, a
list of candidates (if any) is returned to System Super~
visor, which routes the name of a candidate(s) to the data
entry verify operator (VDENT~A and B) with a response from
search review (SEAR),

A positive ident from the Image Comparison verification
function (ICV) results in an authorization to update the
CCNR files. Responses are generated, and those that
require return of the original cards are matched with
their responses and sent to the mail room.

The SSRG subsystem also maintains the information about
the inquiry subject in the Transaction Record (TR). This
information is compiled and then used in the updating or
creating of records in the Computerized Criminal Name and
Record (CCNR) files.

| (2) Configuration: The SSRG subsystem, consists of response

5 generation line printers, and an estimated 3 or 4 Subject
Search Modules (SSMs). The SSMs are envisioned to be
computers with any 3 of the 4 able to handle the load.
The extra is a backup in case of failure or some other
iorm of system degradation.

The SSRG architecture calls for two CPUs. Under normal
operations, the two are to operate in a load sharing mode
! ' ’ (i.e., the prime CPU controls the search and file update
‘ “ processes while the secondary CPU handles the response
generation process). The CCNR files are shared between
' the two CPUs.

If one of the CPUs is down, the prime function subject
Co search will presumably be executed in the up machine, with
P response generation cccurring as time allows.
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(3)

Interfaces:

a, SSRG Computer

Receive Subject Search Request
Return list of candidates (if any)
Receive arrest record for criminal cards

Store data for probable file update in
the TR

Store data with new FBI number if
non-ident in the TR

Update CCNR files from data in the TR when
authorized by SEAR

Generate responses

b. Responses by the System Supervisor

Format Subject Search request and send to SSRG
Update MTR with search results

Obtain microfiche location for Subject Search
Candidate list

Send card routing information to the VDENT
function

Send Response Generation Authorizations

Send CCNR Update Authorizations

6. TSS (Technical Search Subsystem)
(V)

Description: This subsystem attempts to match the inquiry
subject fingerprints with a set of Minutiae Master File
(MMF) fingerprints., Additional data similar to the
subject search data plus the NCIC fingerprint classifi-
cation is used in the technical search process. This
subsystem automatically reads the fingerprints, extracts
minutiae data, and seeks a possible match, The Automatic
Fingerprint Reader System (AFRS) and Semi~Automatic
Readers (SAR) are used to "read" the fingerprint and
calculate minitiae data. . The minutiae data are compaxed
against the MMF data (by NCIC classification bins) in the
Search Processor Modules (SPM) to obtain the most likely
candidate. :
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(2) Configuration: For the TSS, all of the Search Processor Modules
(SPM ~ estimated at 5 to 15), all 5 of the AFRS, and the FEPs
§ for the SARs are hooked directly to the subsystem computers.
One CPU is planned to handle the load, but a second CPU is
; proposed as a backup. These two are joined by switchable
controllers,

(3) 1Interfaces: The main components of the TSS and the
, ‘., associzted interactions with the System Supervisor are as
o follows:

? a, TSS Computers

% Receive full NCIC fingerprint classificaticn (plus
references) and search data

|

§~ Transmit results of search including 113@ of gandi-
3‘ dates (if any) i |
j

Transmit search statistics (parameters) toHSEAR
Receive authorization for updates or additions to
Minutuae Master File (MMF)

b. SPMs

Receive data required to perform technical (f1nger-
print) search

Send search results to TSS

c. Response by System Supervisor

Send full NCIC fingerprint classifications (plus
references) and subject data

Receive search results

Send search results

Update MTR
_ Form Imsge Comparison Request
E Send search statistics to SEAR

E ' Send authorization for updates or ‘zdditions to MMF

G-19
B

Q

W e e T e i e el o i S e e e e

i




c. TRANSACTION FILES

(1) MIR (Master Traniaction Record)

The data record contains tracking data on each fingerprint caxd
and its related microfilm image as it flows through the AIDS IIX
System, Ttie record is maintained by process control number (PCN) in a
file associated with the System Supervisor, The basic activity
against the record is that, whenever a fingerprint card (identified by
a PCN) is processed by a function with a computer interface, notifi-
cation of that fact is transmitted to the MIR. This audit trail is
effective in jidentifying cards in the system over a specified length
of time #nd by the last automated function in which the card had been
processed. Sixty-four bits of storage are proposed., Other data
contained in the MR includes: card type and priority, identification i
status, card disposition, and file maintenance status.

(2) TR (Transaction Record)

! Although not fully defined, the TR is used to contain subject
and arrest information that is stored temporarily (i.e., the informa-
tion that will ultimately be used for updating an existing record or
creating a new record on the Criminal Name and Criminal Record

files). Various steps through the process add data to the fransaction
. Record. Both the technical and subject searches use the information

; contained in the TR. Information contained in the TR includes PCN,

‘ microfilm location, microfiche location, subject search information,
arrest and any additional information, NCIU fingerprint classification
and references, and the FBI number.
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APPENDIX H
STUDY RESULTS OF AFRS AND PCN AVAILABILITY

A. AUTOMATIC FINGERPRINT READER SYSTEM (AFRS)

An analysis of FBI maintenance logs for the Automatic Finger~
print Reader System (AFRS) currently being used in the fingerprint
card file conversion and the Automated Technical Search Pilot Study
was made. The basis for this analysis was the Technical Maintenance
Unit Processing Section System (maintenance) Logs for all five AFRSs
for the period June 1979 through December 1979. These logs covered
unplanned maintenance (operation code 72), a few planned maintenance
records (operation code 71), repairs, operation/service codes,
assembly involved, and a description of the problem and correction.
Table H-1 reflects the results of the analysis of the unplanned
maintenance of the five AFRSs. (Preventive maintenance data is not
included in the table). v

Table H-1. AFRS Availability Including Processors

Response
Maintenance Service MTTR Time MTBF Unit
System Period Number In Hours In Hours 1In Hours Availability
Number In Weeks Repairs  (Note 1) (Note 2) (Note 3) (Note 4)
1 27 26 0.61 1.0 140.2 0.9886
2 21 31 0,84 1.0 91.5 0.9803
3 25 45 1.74 1.0 75.0 0.9648
4 25 31 0.72 1.0 108.9 0.9845
5 22 25 1.07 1.0 118.8 0.9829
Average 1.00 1.0 106.9 0.9816
Neotes:
1. Mean Time to Repair - actual service time in hours,
excluding travel.
2. Period of time from machine failure to start of repair work (based
on Rockwell response time estimates as stated in Reference 5).
3. Mean Time Between Failures _ 135 hr/week x Maintenance Period

Number of Service Repairs
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b Unit availability MTBF
MTTR + Response Time + MTBF

The availability for the ARFRs (including processors) derived in

Table H~1 is 0.9886, which is somewhat better than tine availability of

0.9500 indicated by Rockwell in Reference 24, page 6,

The following is a tabulation of the maintenance information for
the AFRSs excluding the processors.

Table H-2.

AFRS Availability Not Including Processor

Response
Maintenance Service MTTR Time MTBF Unit
System Period Number In Hours In Hours In Hours Availability
Number In Weeks Repairs  (Note 1)  (Note 2) (Note 3) (Note 4)
1 27 19 0.76 1.0 191.84 0.9909
2 21 22 0.74 1.0 128,86 0.9867
3 25 37 1.21 1.0 91,22 0.9763
4 25 28 0.76 1.0 120.54 0.9856
5 22 17 0.78 1.0 174.71 0.9899
Average 0.85 1.0 141.43 0.9883
Notes:
1. Mean-Time-to-Repair - total service time in hours,
excluding travel,
2, Period of time from machine failure to start of repair
work.
3. R ot e - 135 hr/week x Maintenance Period
Mean-Time~Between~Failures Number of Service Repairs
4, MTBF

Unit availability = MITR + Response Time + MTBF

5
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Table H-2 gives an overall MTBF of 141.43 hours, which is
considerably less than Rockwell's 700 hours (Reference 24, page 6),.
The FBI log MTTR (0.85 hours), plus the Rockwell estimated response
time (1,0 hr) equals 1.85 hours which is shorter than Rockwell's
estimated 4.0 hours (3.0 hours, given in Reference 24, page 6, plus
the estimated l-hour response time from Reference 5, page 47),

The empirical JPL data was used in the development of the ;
simulation model, It was felt that this data reflected a more realis-
tic view of actual conditions, A concern of AFRS availablility is the
potential decreasing MTBFs and increasing MITRs as the equipment

ages. No experience was presented which would assist in this projec-
tion.

B. PROCESS CONTROL NUMBER (PCN) MACHINES

An analysis of FBI maintenance logs was made for the period
September 1978 through April 1979. Table H-3 reflects the results of
this analysis. The average MIBF for the PCN machines during this
period was 126.14 hours. This compares to 168 hours stated by Rock-
well (Reference 24, page 6). The average Mean-Time-To-Restore from
the FBI log is 3,39 hours as compared to the Rockwell Mean-Time-

To-Restore of 1.6 hours plus (a repair time of 0,6 hours, and an
estimated 1 hour response time).

Using the Rockwell numbers, the average availability for the PCN
machines was 0.9906 whereas based on JPL study information, the
average was 0.9738., This difference did not seem to have a signifi-
cant effect on the system availability unless a prolonged failure
occurred, This component had the lowest availability factor and, if

the two machines proved to be unreliable, a significant queue could
build up at this point.

The empirical JPL data was used in the development of the
simulation model, It was felt that this data reflected a more realis-
tic view of actual conditions. A concern of PCN availability was the
potential decreasing MTBFs and increasing MITRs as the equipment

ages. No experience was presented which would assist in this projec~
tiono »
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Table H~3 PCN Printer Availability

Mean-Time
Ta=Repair Response Time
In Hovrs In Hours MTBF In Hours Availability
PCN Systems (Note 1) (Note 2) (Note 3) (Note 4)
1 2,70 1.0 158.82 0.9713
2 1,08 1.0 93.46 0.2782
Average 2.39 1,0 126,14 0.9738
Notes: o
1. Total-Service~Time in Hours, excluding travel.
2, Period of time from machine failure to start of repair work.
o e ot 135 hr/week x Maintenance Period
3. Mean-Time-Between-Failures = Nomber of Service Repairs
4. Unit availabiiity = MIBF

“Repair Time + Response Time + MIBF
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APPENDIX [

DISCREPANCIES BETWEEN WORK LOAD VALUES

Figure I~1 shows the Design Work Loads for the AIDS III
processing functions in which the work €low is measured in cards/day.
In Figure 2, all figures have been converted to cards/hour during the
day shift, using the formula:

cards/hour (day shift) = % x 713 cards/day

to provide for the 2:1 ratio of the day shift over the night shift.

The Rockwell AIDS III Operating Concept Chart displays a view of
the system in terms of cards/hour, based upon the Design work loads in
Figures I-1 and I-2, Using the work load information provided in the
Operating Concept Chart, Figure I-~3 was drawn. It was found that
there are certain discrepancies between the two sets of numbers.

In order to analyze the meaning of these discrepancies, Table
1-1 was created, It lists the percentage values at which the workflow
splits at selected nodes in the system. These nodes correspond to
nodes used for the computer simulation studies that were conducted for
the AIDS III Fvaluation Report. The model is shown in Figures 4 and
5, where the selected nodes are identified as NODE 1, NODE 2 and NODE
3. The Table also includes information on other percentage values of
special significance.

The two percentage numbers given for each item in the Table
correspond to values calculated according to the information provided
in the Design Guidelines of the Identification Division of the FBI and
the Operating Concept Chart of Rockwell, respectively.

The disagreements between the two sets of numbers can be seen by
observing Figures I-2 and I-3. Most of the differences are small and
probably of little significance, except for the fact that they do
exist., After examining Figures I-~2 and I~3 and Table I-1, a few
observations can be wmade:

(1) 1In the Design Guidelines, 52% of the total number of cards
' that go to Subject Search (SS) are criminal cards,
compared to 49.56% in the Operating Concept Chart
(Table I-1).

TR L R e A R TR TR




v

RETURN TO ALEN * Pl >
CONTRIBUTOR jl63s TO CIVIL FILE
: ’ MIL + CG {EXCEPT PORTSEC) NON-IDENT
FINGERPRINT REJECT { Q { ) -
CARD INPUT I356 2125
] I CIVIL
it 14404 | 12769 ILLEGIBLE -
14760 ! 1568
B RECORDING i RETURN TO
CRIMINAL 13840 { CRIMINAL CONTRIBUTOR
14417 ' ILLEGIBLE
ILLEGIBLE
REJECT 3045 10796 1679
577 i
9538 1 3305__ o FILE ADDITIONS
F8l NO, |NON-IDENTS NAME | NON-IDENTS | TECHNICAL | NON-IDENTS A
SEARCH  [FEwW SEARCH {35609 SEARCH Va ;_,503 ZCWP’& FILE
R
5 2\ RETURN TO
n
IDENTS IDENTS IDENTS
; ' 3045 st 11106 CONTRIBUTOR
L RETURN TO 58
¥ | CONTRIBUTOR B ) e
: = CIVIL IDENTS
2 = 164
. Q2
SE £25
3 =7 P
; '8 :g —— Vil RETAINED
> —— CRIMINAL & ) CRIMINAL
- m IDENTS
-
< &7 >
Figure I-1. Design Guidelines Work Loads - Cards/Day

PO

et oy ot



| +
RETURN TO L >
CONTRIBUTOR 1 10 CIVIL FILE
.3
FINGERPRINT ElECT | MIL + CG {EXCEPT PORTSEC) NON-IDENT
CARD INPUT 135 | 189
1 I CiviL
CIvIL 1280 | 1135 ILLEGIBLE -
1312 ] | 139
RECORDING } RETURN TO
CRIMINAL 1230 I CRIMINAL CONTRIBUTOR
1282 ILLEGIBLE
REJECT 271 seo| | [1e
51 |
' i
848 —="—#= FILE ADDITIONS
FBI NO, |NONZIDENTS | NAME ~ |NON-IDENTS | TECHNICAL | NON-IDENTS
SEARCH  [FEw SEARCH 499 SEARCH - ;% CIVIL FILE
SEEEEEE—
e
| IDENTS IDENTS IDENTS | CONTRIBUTOR
Y 271 46 I 78
RETURN TO 7 !
L5 _
CONTRIBUTOR ™ | rerained
CIVIL IDENTS
—» 103
36 - H
cviL  RETAINED
—— CRIMINAL ~—&= } CRIMINAL
IDENTS
. 787
Figure I-2. Design Guidelines Work Loads - Cards/Hour (Day Shift)




xS

&

aﬁ#ﬁ%’?ﬂl“‘ >

2594

FINGERPRINT
CARD INPUT

1312

CRIMINAL
1282

r——

RETURN TO ,%:;EN i -
3 1
CONTRIBUTOR | TO CIVIL FILE
* I MIL + CG {EXCEPT PORTSEC) NON-IDENT
REJECT | -
] 128
i i CIVIL
1282 | 1137 ILLEGIBLE -
1 178
RECORDING % RETURN TO
17 I CRIMINAL CONTRIBUTOR
- i ILLEGIBLE
e
REJECT 720 105
397 |
! 294 -
852 }—=Z - FILE ADDITIONS
. e ——
FBI NO. [NON-IDENTS )  NAME ~ [NON-IDENTS | TECHNICAL | NON-IDENTS
SEARCH  [FEW SEARCH 135 SEARCH < TO CIVIL FILE
= /238
, - RETURN TO
IDENTS IDENTS IDENTS CONTRIBUTOR
y 48
RETURN TO 107t %)
CONTRIBUTOR RETAINED
CIVIL IDENTS
—
843
. >
== oV RETAINED
—— CRIMINAL —  } CRIMINAL
) IDENTS
-

Figure I-3.

535(+)

{+) ASSUMING A FLAT 31.83%
FALSE DROP RATE

Operating Concept Chart Work Loads -~ Cards/Hour (Day Shift)

PRIV




——

(2)

(3)

The percentage of cards with FBI numbers (both as a
fraction of the total number of cards, and as a fraction
of the total number of criminal cards) is significantly
higher in the Operating Concept Chart (11.44% against 18%
and 22% against 35.54%, respectively). This differential
should result in a higher success rate by the Subject
Search function, with off~-loading of the Technical Search
Function as a consequence, This is confirmed by the
percentages of cards with unverified SS candidates of
35.08% (FBI) against 42% (Rockwell). However, the total
number of cards idented by the system is equal in both
cases (37%), and the percentage of Criminal Cards with
verified SS candidates is 59.49% (FBI) against 47.87%
(Rockwell), which seems contradictory. The most likely
reason for the apparent contradiction is that the Design
Guidelines contain information only on verified idents,
On the other hand, the Operating Concept Chart shows
information on unverified idents, and gives an overall

false drop rate after the Image Comparison (Verification) -

function has been completed. This makes comparison
between figures in both charts difficult. The figure of
47.87% was calculated using the 31.63% false drop rate as
the Table indicates which, in this case, was probably not
a very accurate approximation. The false drop rate will
vary depending on the card type even though, overall, it
will stay approximately at the 31.63% level.

From Table I-1, the percentage of cards with verified
Technical Search idents and no SS candidates is 5.74%
(FBI) against 19.49% (Rockwell). However, the figure of
19.49% was calculated using the alreadymentioned false
drop rate of 31.63%, which might not be accurate for this
card type.

In the Rockwell chart, an alternative to calculating the
number of TS idents is to apply the TS success rates for
civil and criminal cards as deduced from the Design
Guidelines. Using Figure I-1:

The probability of finding TS candidates for civil
cards, given that no candidates were found in SS:
58

5333_156g x 100 = 0.7%

The probability of finding T§ candidates for
criminal cards, given that no candidates were found
in S§S:

625

§€6§:Tg7§ x 100 = 15-9%
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TABLE 1-1
Identification Rockwell
Division Design Operating Concept
Guidelines Chart
NODE 1
Full Classification (Civil & Military) 47.99% 50%
Blucking-out (Criminal w/o FBI #) 40.57% 32%
: With FBI # 11.44% 18%
NODE 2
Crimina} w/o Candidates 21,08% 15% i
Civil w/o Candidates 35.85% 38%
Cards with SS Candidates (unverified) 35,05% 427%
Military w/o Candidates 7.99% 6% :
NODE 3 |
To CSORT 4b.72% 43.4% 4
To Civi} Fi 7.99% 5.4% /
To ) 35.10% 39.47 !
To 12.20% 11.8%
MISQELLANEOUS
, \ ‘
% of Crimina) Cards with FBI # 22% 35.54% f
% of total no\, of Cards idented 37.66% 37 .4% i
% of Cards with TS idents (verified) i
given they had no SS fandidates 5.74% 19.46% * k
% of Cards with\TS idents (unverified) i
given they hal no SS Candidates N.A. 28.467% ﬁ
% of Civil Cards Y\ith SS Caundidates 4
(verified) 8.66% 10.64% * 4
E % of Civil Cards with SS Candidates 4
(unverified) : N.A. 15.56% 3
% of Criminal Cards with $S Caudidates . %
(verified) j 59.497% 47.87% * &
% of Criminal Qards wf&h SS Candidates :
(unverified) . N.A. 70% §
% of Criminal Cards in the mix of ¢ivil i}
and Criminal Cards that go to Subject :
Search 52% 49.56% i
| "
i ;
_ *Assuming a false drop rate of 31.63% ﬁ
. :
i I-6 ;%
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Applying these results to the Operating Concept Chart:
(1) civil cards:

Of the 852 cards/hour withcut SS candidates, 15% (see
Rockwell Technical Memo 080-010, page 5, item #5) are

illegible.
852 - 852 x L2 = 716 cards/hour
‘ 100

.7% of 716 = 5 civil cards/hcar idented in TS (verified).
(2) Criminal Cards:

Of the 335 cards without SS candidates, 30% (see Rockwell
Technical Memo 080-010, page 5, item #5) are illegible,

30 _
335 - 335 x 160 234 cards/hour
15% of 234 = 35 criminal cards/hour idented in TS

(verified)

The total number of cards idented and verified in TS (with no SS
candidates) according to the success rates deduced from the Design
Guideline is 35 + 5 = 40 cards/hour.,

In Figure I-6 we see that, according to the Operating Concept
Chart, there are 294 cards/hour for which TS has found (but not
verified) candidates.,

Combining both results:

294-40
294

This surprising result shows, again, an inconsistency between
the work load values under consideration as they appear in both charts.

x 100 = 86% false drop rate in TS!

We find in Table I-1 that the percentage of cards with
(unverified)
TS idents and no SS candidates is 28.46%. This is much too high,
confirming the inconsistency of some figures in both charts.

Work Loads Used in the Simulation Model:

The work load information provided in the Identification Division
Guidelines is not enough to create an Aids III model that can be used
in the simulation. The Rockwell Operating Concept Chart contains a
study of AIDS III work loads that is more comprehensive. It contains
additional information that was obtained from outside sources and
direct measurements, and is a consistent set of numbers in itself.
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For these reasons, the work loads in the computer model utilized
for the simulation studies were either taken directly from the
Rockwell Operating Concept Chart or were derived from it,

By way of reference, a listing of the calculations made to
create Table I-1 is given below.

A. PRE-SEARCH (NODE 1):

1. Design Guidelines:

Input to node: 13840 + 12769 = 26609 Cards

(a) Full Classification (Civil & Military Cards):

12769 -
26609 * 100 = 47,99%

(b) Blocking Out (Criminal Cards w/o FBI number):

%%%%g x 100 = 40.57%

(¢) Criminal Cards with FBI number:

3045

76600 * 100 = 11.44%

2. Operating Concept Chart:

(a) All values are taken directly from the Chart.

B, SUBJECT SEARCH (NODE 2):
1. Design Guidelines:
(a) Criminal Cards w/o SS Candidates:

5609

-2'6'6"079' x 100 = 21.08%

(b} Civil Cards w/o SS Candidates:

9538 . 100 = 135.85%
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(c) Military Cards w/o 8S candidates:

5%%—3% x 100 = 7,99%

(d) Cards with 85 candidates (unverified):

This information is not available in the Design
Guidelines chart. Inasmuch as the sum of all four

branches of this node must be 100, the percentage
for this branch is:

prsm, 7

c.

100 - (21,08 + 35,85 + 7.99) = 35,082

2. Operating Concept Chart:
(a)

All values are taken directly from the chart,

POST-SEARCH (NODE 3):
1. Design Guidelines:
(a) To CSORT (Subject Search Non-Indents)

(9538 + 5609 ~ 1568 - 1679) = 11900

11900 _ - -
26609 x 100 = 44.72%

(b) To Civil File (Military Non-Ident)

5—2—%—%—3— x 100 = 7.99%

(c) To MFPHOLD (Subject Search Idents):
3045 + 5118 + 1106 = 9339

9339 - ,
36609 X 100 = 35.102

(d) To AUTOCOR (Illegibles):

156841679 _ v
~ 36609 x 100 = 12,20%

I-12
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2. Operating Concept Chart:

Input to Node: A feedback loop sends a total of
60 + 68 = 128 cards back to Technical Search from SEAR. In the Cell
Model, this feedback loop (point B in Segment 1 of Figure 5) reenters
at the cell input, The systam that is being modeled includes the cell
concept; thus, the input to NODE 3 that is used for the calculations

is:
2254 + 128 = 2382 cards/hr.
(a) To CSORT (Subject Search Non-Idents):

1033
2382

x 100 = 43.4%
(b) To Civil File (Military Non-Ident):

f};g% x 100 = 5,4%

(c) To MFPHOLD (Idents):

5%%% x 100 = 39.4%

(d) To AUTOCOR (Illegibles):

282

7382 x 100 = 11,8%

D. MI SCELLANEOUS:
1. Design Guidelines:
(a) % of Criminal Cards with FBI number:

1%%%% x 100 = 22%

(b) % of total number of Cards idented:

3045+5188+1106+4625+58
13840+12769

x 100 = 37.662

(¢) % of Cards with TS idents (verified) given they had o

no SS Candidates:

62'5+58 i}
953875609-1568-1679 * 100 = 5.742
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(d) % of Cards with TS idents (unverified) given they
had no SS Candidates:

The Design Guidelines do not include the Image
Comparison (verification) Function with the False
drop rates,

(e) % of Civil Cards with Subject Search Candidates
(verified) :

T%%%% x 100 = 8.66%

(£) % of Civil Cards with SS Candidates (unverified):
All figures in the Design Guidelines are for
verified idents only, Unverified idents do not

appear in the work load chart,

(g) % of Criminal Cards with SS candidates (verified):

304345188 » 100 = 59.49%
(h) X% of Criminal Cards with S8 Candidates (unverified):

Not available from the chart.

(i) % of Criminal Cards in the mix of Civil and Criminal
Cards that go to Subject Search:

1230
123041135 X 100 = 52%

2. Operating Concept Chart:

The Operating Concept Chart contains information about the
false drop rates in the form of a uniform ratio in the mix of Civil
and Criminal Cards for which Subject Search or Technical Search has
found potential candidates, From the information in the Chart, the
percentage of the card mix verified as idents in Image Comparison is:

843 . 10 o
1933 x 100 68.37%

This result has been used in the Table to calculate the
percentages of verified idents for the Operating Concept Chart column
for both Civil and Criminal Cards with Candidates from the searches,

(a) % of Criminal Cards with FBI number:

397

7974730 x 100 = 35.54%
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(b)

(c)

(d)

{e)

(£)

(g)

(h) 2 of Criminal Cards with $S Candidates (unverified):

% of total numbeyr of Cards identeds

5%%% x 100 = 37.4%

% of Cards with TS idents (verified) given they had

no SS Candidates. In Figure 6:

1233 - 939 = 294 Cards with Candidates (unverified)

68.37% of 294 = 201

T%%% x 100 = 19.46%

% of Cards with TS idents (unverified) given they

had no SS candidates:

- . N\N
From Figure S:
o 1233 -~ 939 = 294
) 294
1633 28.46%

% of Civil Cards with Subject Search Candidates
(verified):

Civil cards with SS Candidates:
1137 - 128 ~ 852 = 157

TTS%g%EE;x 100 = 15.56% (unverified)
68.37% of 15.56 = 10./64%

% of Civil Cards with SS Candidates (unverified):
From above: 15.562

% of Criminal Cards with SS Candidates (verified):

Criminal Cards wtih SS Candidates:

397 + 720 - 335 = 782
gg;géia x 100 = 70% (unverified)

68.37% of 70 = 47.87%

i

‘Frbm above: 70%

"1-15




(i)

% of Criminal Cards in the mix of Civil and Criminal
Cards that go to Subject Search.

s x 100 = 49,56
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ACS
AFRS
AHU
ATDS
ANS

ATS
ATSPS
AUTOCOR
AUTORESP
A&R

BER

BLO

CCA’

CCH

OIR
CLASS~A
CLASS~B
CLASS-C
CLCK

CNR

COA

CPU

APPENDIX J

ACRONYMS

Automated Classification System

Automated Fingerprint Reader System

Anti-Halation Underlayer

Automated Identification Divigion System

Automated Name Search

Automated Technical Search

Automated Technical Search Pilot System

Automated Correspondence Station (part of AIDS)

Automated Response Generation (part of AIDS)

Automation and Research Section of Identification Division

Bit Error Rates

Blocking Out
Computerizer
Computerized
fomputerized
Computerized
Computerized

Computerized

Contributor Abbreviated Name

Criminal History (part of NCIC)
Criminal Name

Criminal Name and Record (part of AIDS)
Criminal (Arrest) Record (part of AIDS)

Ident Response File (part of AIDS)

Nlassification—-A

Classification-B

Classification~C

Classification Check

Computerized

Cutoff Age

Non-Ident Response File

Central Processing Unit ‘ ]
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CRS
CRT
CSORT
DATE STP
DBRMS
DFDS
DENT
DENT-A
DENT~B
DOA
DOB
FCL
EMI
ENG
ENCDOC
ENCK

ENDOCK

FTFO
FLAD
FLOAD
FPO

FPCS

£/p

Computerized Record Sent File (part of AIDS)

Cathode Ray Tube

Centerline Sort

Date

Data

Data

Data

Data

Data

Date

Date

Stamp, Count and Log

Base Management System

Entry and Display Subsystem {part of AIDS III)

Entry

Entry-Cards
Entry~Documents

of Arrest (on £/p card)

of Birth (on £/p card)

Emitter Coupled Logic

Electromagnetic Interference

Encode Input Data—-Cards

Encode Input Data-Documents

Encode Check~Cards

Encode Check=Documents

Update Error File

Color of Eyes (on £/p card)

Federal Bureau of Investigation

Front End Processor

First-In-First-Out

Film Lab Prncessing/Computer

Film Voad

Fingerprint Classification

Fingerprint Correspondence Section of the Identification

Division

Fingerprint

J~ 2
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GDBMS
GEO
GPSS
HAI
HGT
IBM
ICI
ICRQ

ICS

ICV

Ip, I.D.
IDENT
JPL

KIPS

LEAA
MATL
MFI1M

MIPS

MOE
MTBF
MTR
MTTR
NAM
NASA

NCIC

General Purpose Data Base Management System
Geographic Location (on £/p card)

General Purpose Simulation System

Color of Hair (on f£/p card)

Height (on £/p card)

International Business Machines Corporation
Image Comparison Identification

Image Comparison Request

Image Comparison Subsystem (part of AIDS IIX, actually
used for iwage retrieval for manual comparison)

Image Comparison Verification
Identification Division
Identification

Jet Propulsion Laboratory

Thousands of Instructions per Second (as executed by a
computer)

Law Enforcement Assistance Agency
Open Mail and Sort
Image Capture Microfilm

Millions of Instructions per Second (as executed by a
camputer)

Minutiae Master File

Measures of Effectiveness

Mean Time Between Failures

Master Transaction Record

Mean Time to Restore

Name (on £/p card)

National Aeronautics and Space Administration

National Crime Information Center
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NCR
0CA
OCR
OMB
ORI
PCN
PICS
PMT
POB
Qc
QUERY
RAC
READ
RFL
RH

RVF

SACS

SAR
SEAR
SEX
SID
SKN
soC
SPM
SS

SSM

" SSRG

National Cash Register Company

Local Identification Number (on £/p card)
Optical Character Recognition

Office of Management and Budget
Originating Agency Identification Number (on £/p card)
Process Control Number

PCN and Image Capture Subsystem (part of AIDS III)
Photomultiplier Tubes

Place of Birth (on f£/p card)

Quality Control

On-Line Query

Race (on £/p card)

Quality Control Check, Read, Annotate
Radio Frequency Interference

Relative Humidity

Ridge Valley Filter

Semi-Automatic Classification System
Semi~Automatic Fingerprint Reader

Search Review

Reported Sex of a Subject (on f/p card)
State Identification Number

Skin Tone (on £/p card)

Social Security Number (on £/p card)

Search Processor Module

System Supervisor Subsystem (part of AIDS III)

Subject Search Module

Subject Search and Response Generation Subsystem (part of

AIDS IIT)
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TFC Technical File Conversion
TR Transaction Record
TRC Transaction Control File
TSS Technical Search Subsystem (part of AIDS III)
TTL Transistor - Transistor Logic
VDENT-A Verify Data Entry-Cards
] VDENT-B Verify Data Entry-Documents
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