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FOREWORD

The State Criminal. Justice Telecommuoitations, (STACOM),
roject,consistsOf two major study tasks. The fir*t entails a study

oi.Criminal"justite XeledommuniCation system user requirements and system,
traffic' requirementk through the year 1985. The second investigates least-.
Cost network-alternatiVes,to meet'theSe specifiedetraffic requirements.

Major docOMentation,of the STACOM Project is organized
four .volumes

. A...

Title

State Criminal stice Telecommunications2
(STACOM) Finat,Report - Volume, I: ExecOtive
Summary V

State Criminal
.
Justice Telecommunications

( STACOM) Final Report - Volume II:. Requirementi.
Analysis and Design of Ohio Criminal Justice
Telecommunications Network

State Criminal ,Irj.lstice .Telecommunications

d -(STACOMf Final Report - Volume III: Requirements
AnAlysis and Design-of Texas Criminal Justice
Telecommunications Netwerk

,

State Criminal Justice Oecommunications
. 77-53

(STACQM) Final Report - Volume IV: Network Vol. IV ,
Design Software User's' GUide

"
The above material is also organized in an additional four

volumes which 'provide a slightly different'reader orientation as follows:

in

Document No.

77-53
Vol.

'77,53

Vol. II

\77-53

Vol. III

.

Title
,

Document No,

State Criminal Justice Telecommunications 5030-43*
(STACOM) Functional Requirements - StWe of Ohio

State-Criginal-Justice-Telecommunfcati6ns--- 5030-6141
(STACOM) -Functional Requirements - State ;f Texas

State Criminal Justice Telecommunications
(STACOM) User Requirements Analysis

.

State Criminal Justice lelecouTunicatidns
(STACOM) Network Design and.Perfocpance
Analysis Techniques

*Jet Propulsion Laboratory internal document

iii

4?

5630-80* I/

5030-99*



ThisidodUment No. 77 -53, Volume I, entitled "Executive
S mmary," describes, in summary form, the methodologies and results of.tha
1per requirements analysis and state criminal juttice CommupicatiAons net -

rk design tasks of the STACOK project: It summarizes the more Detailed
escniptionSiand resultsfound in volumes II"(Ohio (Texas
esults), and IV (network design software users' guide):of this final report.

It'presents the-results of one Phase of research carried out
jointly by the Jet propulsion Laboratory, California Institute of TeChnology,
and the States of Ohi0 and Texas. The work at the Jet Propulsion Laboratory
was performed b the 'Systems Division, Telecommunications Science andFW.
Engineering D isiop, and Information Systems Division under. the cogniXsoce
of the STACOM Project. The project is sponsored by' the Law Enforcement'-
Assistance Administration, Department of Justice,,through the National
Aeronautics and Space Adminittration (Contract: NAS7-100).

14.
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4 GLOSSARY OF ABBREVIATIONS ,.AND ACRON4iMS,

.

Ail/points bulletin

r'

Ohio Bureau of Criminal Identification m0 e s ig ti n
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FBI Federal Bureau of Investigation

1

ICR Identification and Criminal Records DivisionOf Texas
Department of Public afity

LEAA Law Enforcement ssistance Adcbinistration
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Information System

OBSCIS Offender Based State Corrections Information System
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OBTS Offender Based Transaction Statistics
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'\%.
N.

.---

0CR Ohio Criminal History

ODRC Ohiollepartment ofRehabill.tation and Corrections

.0SP Ohio State Patrol

PD Police Department.

RCC Regional Computing Center
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RSC Regional Switching Center
, Amp

'SEARCH System for Electronic Analysis and Retrieval
Histories
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WI Search Group, In.

)
SIFTER System for Identification of Fingerprints

Search of Encoded Records

SJIS State Judicial Information System

SO : , Sheriff Office

SPA State Planning, Agency

.

STACOM State Criminal Justice Communications

TCIC
%

TDCP Texas Department of Corrections

THP Texas Highway Patrol

Texas Crime Information Center

TJC

TLETS

I'
of Criminal

by Technical.
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Texas Judicial Council

Texas Law. Enforcement Telecommunications System
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47C Texas Youth Council
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ABSTRACT

S

P

An executive overview is provided in Volume I of the Final
Repott for the major dy components and a.summary%of a State Criminal
Justice Telecommunica ons (STACOM) project sponsored by the Law Enforpe-
ment 'Assistance Admin stration (LEAA).

The project has developed techniques for identifying user
requirements analysis and network designs for criminal justice networks -

on a state wide basis. Techniques developed for user reqbirements.-:
analysis involve methods for determining data required, data collectiOn,
(surveys), and data organization procedures, and methods for forecasting ;
network trafficvOlumes. Javeloped network design techniques center

d.around a computerized topology program which enables the user to gen*ate,
least cost network topologies that satisfy network traffic requirements,
response time requirements andotter specified functional requirements,.

Id,

The developed techniques were applied in the states of Ohio
and Texas and results Of these studies arepnesented:

1
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SECTION 1 .

. ,

INTRODUCTION.

to Criminal Justice Telecommunications, CSTACOM),
ed techniques for identifying user requirements
c designs for .criminal justice networks on a statewide
developed for user requirements analysis involve
ling data required, data collection, (surveys),

prdcedures, and-methods for forcasting network
rveloped networkesign techniques center around
Logy Program mhich enables the uier to generate
;opologies,that satisfy network traffic:requirements,
'ements and other specifiedfunctionalre'quirements..

)ject, these techniques were applied in two model
cas. This doeument provides all executive overview
)jectiveg, a brief description'of the analytic tech-
id. a Summary of application results in, the. two model

JUSTICE NETWORK. COMPONENTS'."'

dized statewide digital "Criminal jUaticetelecommUni-:
lepicied in. Figure, 1-1. NetWork system terminations
;h regional switching" centers, (RS0%.to.data'baSe.:

general....caSe,-RSCS service the syStentlemination. in
nrwarc4ndsreCeive messa es to and from central
age. atilities The Alms, a.single:RSC in the net-.
RSCs is determined-by 'co and performance factnis.

meeting a number, of terminals-on,a common transmission
pping,. aashown,inthe.Fignre'l-lf d,:s.a' typical' -

Ine costs when applicable.

JUSTICE NETWORK FUNCTIONS

function of:statewide.digitalj'Oriminal justice
etworks is to process-inquiry/respOnsemessages
agencies to and'fromnentralized:state and national,

CoMpatibility for point-to-point transmission of
ges is. also provided. In law e4orcement applications,
to base inquiries initiated by,fIeld:officers is of
Work carried out in Ohio' and :Texas:_' that a
le digitalcriminal justice network"Sf law enforcement'
accessing of,yelicle related files-. .This emphasis
emergence of Oneed'nfit previously envisioned,
isiona. which have)cnowingIy, (or unknowingly);
as traffictgrowth in this direction. In,either
'that'inquiry traffic into vehiclee-reIated files .

)f criminal juatice. networks MeritafUrther analysis,
administrators as it may provide a focal point
P network cost effectiveness. Otherlaw enfordement



RSC - REGIONAL SWITCHING CENTERS

SYSTEM TERMINATIONS.

A General Communiciiions.Setwoik



uses Include inqUiries:into files containing.data.on drivers licenses,
stolen' proPerty,'wentS/warrants and.computeritea criminal histokes.....,
Criminal justice agencies other than law enforemefitlagencies use statewide
criminal justice communication networks primarily for Tialess to CCH,,
SJIS, OBSCIS,and OBTS functions.

.1
1.3' , STACOg:PMOJECT OBJECTIVES

TheSTACOM Projept objectives are:

(1) To:develop-and documentechniques for 'intrastate
traffic Meadurement, analysis of measured data, and
oedictionnf traffidgrowth.

Tb develop and document techniques for intrastate
networkdesign,.performance analysis, modeling and
simulation.

(3) To illustrate applications. of network design and

analysis techniqueS on typical,exiating network
configurations and new oriMproved configuratiOns:.

(4) To deVelap.and illustrate a methodoldgy4orestablishing
-priorities :for cost effective expenditurls to improve
capabilities in deficient areas.

To support these overall project goals, an exercise was under.,
takg9,,to develop. and apply.procedures for predicting future criminal
jusIce communications traffic. These procedures. include techniques .

-of etatistical analysis for extrapolating past trends into future traffic
predictions, and survey and interviewing techniques: for estimating
futuietraffic indata typethat do not yet exist. The effort was
therefore divided -into .two phases; a study of past trends in existink
data types to projeA future trends ih communications traffic for these.

,
data types; and a study of-new data types that do not yet exist, but

.'which are anticiPated., to estimate their future traffic volume..

In addition, a Network FUnotional Requirements document was
,

7developed which specifies in detail what' the.netWork must do to Meet
user requirements. These. specifications include traffic levels which

; be handled, desired response times; system:availability goals and
other performance requirements:. ,

.

Network. designers then used thedevelOpedlunetional requirements:
tastUdy-futUreintrastate network optional desighs that minimize cost
and-still: satisfy performance. requirements...; Knowing estimated traffic
volumes over a decade;'Iletwork designers can also suggest the.. best

! -
. imea.tO upgrade computers or communication lines maintain performance'

Within required,limits and assure minimUmiaOsts. 1,

The developed.analYaisand design technique's. have been applied
in the. States of.Ohia and Texas leading to new or improVed network designs.



Finally, a major STACOM'obJective hasyOeen to docuMent:the,
developed'adalysis and design techniques wit the:*al of providing a

gUidefOr other statea to carry out similar studied. 1

1 ,

- 1 .4' STACONI SES1.1,LTS

: 1
. 7 li .

Traffic predictions and-maJo 'network des gn findingsresulting

from the STACOM Project are as follows: .

. .

Traffic Forecasts

A
Statewide criminal. justice information system traffic projec-

lions. in average messages,ger:day for, the 'states of. Ohio'and Texas,are

Presented in Figures 1-2.0.anSVI - . .

.

Atipio

The major,'"coniributora tOtraffictOtals'arethe'existing
:.law.enforcement data types andlaw enforcement'vse of CCH/OBTS dta..

-A

1.4,2 Network Design.

Itv.bothl.he7States Of OhiO.and TeXas, the least cost Statewide:

network; amongoptionsoonsidered, consists Of:a:Single sWitcher. dats'Oase:

facilityilocate'd at the state capitol serving .system terminations throughout *

the state oveemultidropped'commUnication lines. In both cased, line sav-

ings due to the use, of distributed 'regional switcheraare not sufficient !

to offset. additional costs incurred for regional-switcher hardware, sites,
.

_

personnel, interregion lines. and; increased engineerinuCests.
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Figure 1-2. Ohio Statewide Criminal Justice Information System
Trafficl5rojection.in Average. Messages per Day
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SECTION. 2,

USER REQUIREMENTS

.

Inorder'to design communications and computer facilities
. that will satisfy:stated needs over 4 limber of yearS, it id necessary, .
to projectfbture usdr needs. User needs are meaningful to system
designers in two forms. The first expresses the demand on the-system-
and is given in terms/of the amount of communication traffic to. be
transmitted over the state criminal justice telecommunication system,
The Aedond is the levelof performance required of the system whi6
.includes measures such Is reqiirid response times, and reqUired SyStem
availability. Given thesltwoformsof user requirements, designers

2
can, devise systems that handle thecomMunications traffic while
operating at required performance levels.

Paragraph 2:1 of this report describes the methods used to
.determine current communication-message volilmes d ethods used in.
predicting future message Volumes. Basic step of these methods are:

4

(1)' Determination of req data

(2) Data collection

(3) Data organization '

(4) Development of forecasting techniques,

(5) Application of forecasting techniques

Since there are always. uncertainties. contained in forecast' it becomes
necessary for the analyst to make assumpkfons about future events. The
major assumptionsUired for each of 'above steps will be emphasized..

-',:r
. ParagraPh22'.discusses required performande levels of the.

-state criminal justiceit4eeptmunications syste., The, steps required
to establish these funpilonal requirethents as'well 'as a statement of
the requirements-in the irra*Odell'atates will be presented.

Two categories of-.future communicatibn traffic were defined.
The first was future traffic intcy:eitisting dap bases and the second
was future traffic into new data bases. Because of differences in
the availability of operations infOrmation, two distinct methods Were
used to predict future message volumes of these message categories.
Subsequent discussions will thus separte into-existing data types
and new data_tirpe sections. .

2 -1. -
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-

. MESSAGE 7bLumg DETERMIN /ON
.

Existinig Data Types
.

Determination of Resuirtd Data
,

To determine current message volusie4 and to
volumes :the fbllowing categories of-rgarhation

#

forecast future
are required.

(1) A historical description of the state criminal justice
_telecommunications system.

(2) Statistics op past and current message "volumes and_
message characteristics.

(3) Opellational policies that'impact traffic /ekels.

(4) Planned upgrades"or changes to the'communichtion
system -that may impact traffic levels.. '

The historical syStem description should cover the'last
five years and include information on types of rec9rds maintained,
a list of system users, tqpology'of the-cohimUnicatlion'hetwork, and the
location of major system components. Changes to the system configuration
having major impacts on traffic volume should be carefully documented:

# Past traffic statiStics'should also be.obtained for the Ore-
vious five years. Both the number of communication messages and the-
number of computer transactions are required. It_.is necessary to break
out messages by type, and the distribution of messages to system users
isdpso needed. Message length'by message. type is required.

, '_Any operational policies that, impact traffic volume should be
4.identified. Examples are automitic.generation of messages by computer or
restrictions to entry of data bases. ..

. . .

Finally any planned improvements to the syStem-.or changes
..

to the operating.procedures that would increase traffic must be known.
Rossibleexamples are replacement of low-speed communication lihes
with high speed lines,4ddition of new'system usert, or-a4ditionof
new record types. .-

.

Q
2.1.1.2' Data Collection

Data collection was accomplished by the use of surveys.
' Surveys were directed to the state agency responsible for operating

the state criminal justice telecommunications system, to the state
criminal justice planning agency and to system users. The operating
agency provided information on system description, traffiostatistics,,
message characteristics, and operational policies. State planning
agencies have traditionally provided funding for system upgrades and
thus provided information on planned futurb improvements. Finally

.c'
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4Iw

user agencies Verified the traffic statistics and provided a qualitative
statementeof the-iffect3Neness`of the state system in meeting their y

.needs. .

:..'
.

.

2.1.1,:3 Data Organization .

Data'collected from the above sources were organized\to provide'
. the felloWing products:

-t* 10 -

(1) An historical traffic growth curve which showstraffic
levels each month for the last-five years

'(2) .Descriptions of the communication system oven the
' last fiVe years. Complete sY-stem descriptions are

given for quarterly periods overt the past 5 'Years
including.info u7tion on data base contents and sites,

'switcher sites, c...unication iine'tObology, and
lists of system us rs

A

(1); Overall system message rengths
, .

(4) Distributions of traffic by message type for each
month over the last five years

(5) DistributiOns of traffic by user agency for the last
3 months of available traffic statistics

The experienjes with the model states in data organization
suggest that extreme care must be taken in the. analysis of traffic ,

data. Problems encountered included inconsistencies in definitions,
changes 01,,er, time in methods of collecting traffic statistics and errors
in codpUter statistics gathering packages. Because of these problems
it is important for the analyst to work closely with state ancy personnel
responsible for using and maintaining the traffic statistics.- ItAip
also advisable to validate traffic levels by using independent data
sources. Unfortunately this is not always possible. An example of
a case where validation. is possible concerns national traffic where
the amount of traffic recorded by the state as being sent to national
systems should equal the amount of traffic recorded by the national
system hs coming from the state.

2.1.1.4 Forecasting Teciques

The.basic forecasting framework postulates that past traffic
growth is caused by two factors. The first is an increased demand by
users and the second is communication system improvements. We assume
that growth in traffic due to the first'factor will continue in thefuture
as it has in the past. however, growth in traffic due to communication
system improvements will depend on the rate of future system improve-
ments. The estimates of these two components of traffic are combined
to

isting data types.
the prediction of total Suture communic on traffic levels-

into

2-3
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The historic traffic growth curve is analyzed to deterdine
the fraction of growth caused by increased utilization,Aballed baseline
growth, and the reaction of growth caused by system improvements.
The\Ampacts of systems improvements are assessed by measuring sudden
increases in traffic immediately following the improvement. Future
traffic forecasts are obtained by projecting forward the baseline growth
-curve and by surveying' state planners regarding. future system improvements.
It is essumed that traffic increases in thefuture due to a specific,
improvemfhtyill be proportional to tiaffic.inereases in theepast when

40, that improvement was made. ? -

.

.

Once total traffic is forecast, the analyst must distribute
this traffic to themany systeCusers. It is assumed that alltraffic
flows between user agencies and data bases. Relevant characteristics

--\were collected for all c iminal justice agencies and relationships were
developed between traffic olumes and user characteristics. These
experiences were then used to distribute future traffic as a function
of future user characteristics.

2%1.1.5 Application of Forecasting Techniques

Figure 2-1_shpws the historic growth patterns of communication
messages in the mo41-States of Ohio and Texas. Over the last five years
both states have experiedced continual and substantial traffic, growth.
Figure 2-2 displays the causes of the substantial growth in traffic in
.0hio and Texas. Basitine growth in both states accounts for approximately
half the traffic increase. System impr27ements inclwdedthe conversion
to high speed'communication lined and to the:addition of new,
users, the addition of new data bases, the implementation of mqbile

i digital terminals the automatic generation of messages to the National
Crime InformatiOn Center and the implementation of regional information,
systems..

Baseline growth cdrves were-projected.forward as shown in
Figure 2.7:i3. Straight line approximatifts were used with two differegt
growth rites. The higher growth rate was projected to occur when growth

.

is not constrained by systamotapacity with the slower growth rate occurring
when actual traffic is close to system capacity. It is assumed that there`
will only be short periods of time in the future where growth is constrained

. by system capacity.

Surveys of state planners identified the following future
system improvements: Addition of new users, conversion to high speed
communication lines and terminals, implementation of regional information
systems, impleMentation of mobile digital terminals, and message handling
changes. Table 2-1.showsthe effects of these system improvements
on future traffic in Ohio and Texas.

Baseline traffic groyth is combined with growth dtatiq
system improvements. growth in new data .Sepe messages to pre dt
total system traffica System capacity acts as a constraining factor
on total system growth.

.
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Time
Period

'

.Table 2-1. Future Traffic Increases due tlp Communication System Improvements
(Units are Avorage Coin unication Messages per day.)

New Users

Ohio Texas

77, -0 l 0

77/7b 7,300

78 0

78/79 0 0

79 U j 0 4

79180 0

80

80/81 0

81 '0

81/82 0 0

82 0

84/il 0

83 0

831844;

'84 0

84/85 0 0.

High-Speed pines

Repot-Cal
Information
System

7--

Mobile Digita' j Message
Terminals II . Handling

Ohio

6,00.)
s
6,000

6,000

0

0

6

0

0

0 0

0

0

0

0

85 0

0

0

7,300

0

0

0
It

0

0

0

0'
0

18. 000

Text_,_,, Ohio
I

31,300

0

0

0

0

0

0..

0

0

0

0

0

0

0

0

lif,3 00

co

0

0

0

0

0

0

0

0

0

0

Texas' Ohio

0

0

0

0

1,200

2,200.

2,400

1,400

1,400.

ZOO

600

400

400

400

403

0

0

0

0

0

0

0

0

0

0

2,400

2,400

'2,400

2,403

2,400

2,400

.2,430

2,400

2/400.

/2,400

0

\

*41,030 24,000

Texas ()hick Texas

1

U

0

0

1&,800.

0

0

0.

0

0

0

10,500

0

0

0

0

23,300

0

0

13,800

6

0

1,
0 0 -*

0 o

0
.

o,
0

0

0

0

13,800

S. 4
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Application of ForecastingTechniqUes
. .

Key criminal justiee'statiatiOSWere used to determinethe

.frequency of criminal justice functiol*w4Ch%when combined with:Jiata
_requirements pbr flinction lead to.the calculation of traffic. olume.

Arrest statistics were used to,forecastCCfrand fingerprint:traffic,

number of inmates wa.lusedto forecast OBSCIS traffic and number of

court disPOsitionsigas'used.to forecast SJIS traffic.

_ For predicting'CCH traffic in OhiosAnd Texas, criminal justice.

flow diagramSyere develOped whichdescrited-an.loffenders/ progress-
throUgh the criminal jUstiCe system;.: TunctionS:along this ;path requiring:-

interaction with the.Cdli filewere identified,and their freqUency:was
AetermineduSing-arreSt statistics.. .PredictIons were made of future,

arrest rates so that, forecasts' could be made:of.CCH:traffie
Law enforcementcburts, corrections and' .dentificationbureauS.
t0.1 be users of. the,:;CCH dats_files.

.

.

*Classifiedfingerprint traffic projectionsWere also based on .

arrest statistics.- It was_aasumed that..fthe equiPment.for.fingerprint

lencoOng, claasification and'; transmission availableonlyinthe
'largest cities since it Iseipensive and requires a large fingerprint

.vOluMe to'justifyAL7 The number of fingerprint transactiops Per arrest

is based on past statistics maintained: by the,FBI.: In Texas, transmi4sion
of fingerprints:Will begin in Dallas-Fort. Worth-in 1981:an0v1985
Housto,. San Antonio-and .El. Paso will Alsotrinsmit fingerprints:. In

Ohio, Clevelandwill_begin transmission by 1981 and ColumbuS,.Cincinnati,.

TOledoi Dayton and'Akron7Will be... on

The OBSCIS .data file.servesthe Management: needs ofporred-

tional institutions. Traffic is forecast based on'thenuOlier.of traniac-
.

tions,With4thesYstem v eet inmate -day. AnestiMatofthejrequencY.of
inquiry or Update for each inmate was provided.y state correctional.

institutions.: In Ohio OBSCIS traffic is assumed to. begin. in1981and
.

all correctional. institutiongLareAssuinaii tObe'om line by'1983.. In:.

Texas, OBSCIS lidplementation77111 alsb in'1981 however, it'is

assumed thatnOt until'1985 will all correctional institutionibe on

r

TheSJIS data file serves the management needs Of the courts.'

-SJIS-trAffic-it-estimated;based-onTthe-number-of-transactions-per7courtH---,------ --
disposition Including both. criminal and:Civil cases' in the.courts that

- handlefelonies and non-traffiC misdemeanors. The majority of court:

.manageMent traffic -will be confinedto.the local leveland.the'State-..ft,

level traffic 1111I:beconfined to.statistical'rePorting:4 Thus the

.!.number:of SJIS transactions perliispodition'has been taken:as 16 in
bothstates., In Ohio, iMpleOntation of SJIS begins in-. 1919 and is
oompleted in 1981..' Texas SJISis forecast to begin implementation'
by 1983 And to .be complete by 1985.:

. ,

;Figure 211 shows. new. data :traffic growth tbrecastsfor. .

,Ohio and Texas.' The largeatobmponentof new data type traffic-Will'
'-be lawenforcetheneuse of criminal histOry.filesf4.

ta
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-*''.
2.2 FUNCTIONAL REQUIMENV

At the completion of, state system:Surveys, and after sufficient

interaction with state planning personnel, and prior to any specific net-
work design activity, a tcument was-produced Specifying Network Functional
Design Requirements. Th s document provides network perforthance criteria
sikich are to be met in subsequent designs. The Funptibnal Requirements
dfedify what the network must do,'and do not address at this level the
specifics of how requirementS are to bt met..

The .Functional. Requirements document specifies characteristics
asperfOrmance for the following network parameters:

Message types

for

Message content

'..)Message length

Message routing

Line 'protogols

Message codidt

Error detedtion

.Statu8 meSsages

System terminations

Regional-sWitcher operation

: Security and privacy:
,

constraints

Message response time

Netsiork. availability

Network traffic volumes

and control

Table.24 lists two functional
Ohio tnd.Texasi mean responsetime-and

requirements of major importance
network availability.

Table 2-3 lists traffic re4uirementsfor Ohio and Texas for the
ye4m 1977;:1981 'and 1985.

41
..

Table 2-2. .Functional Requirements. for Ohio.and.Texas Response Time
and NelOork'Availability

Parameter Ohio

Mean-ReSponse Time (seconds)
II

.Network Availability 0.9790

Texas

.9

, 0.9722
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. .

Table2-3.' Functional Requirements tor Ohio and Texavs Traffic
(Average Msg /Day in 11)005)

Ohio Texas

. Year Leads V New_ Data .*New'Data

. -

1977 '147 9 ...0. -14. 138 *8

1981. 214 85 142
. 247. 24..

1985 284 , 98.. , .170 . 311 -. 986'

4

1=
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SECTION. 3

NETWORK ANALYSIS AND DESIGN

1 The principal goals of the-network analysis and design tasks11 carried out in the STACOM project are:

.(1)* To develop and document techniques for intrastate network
design, performance analysis, modeling and simulation.

(2).. Illustrate of network design and analysis
.

-techniques on.typical existing network configurations and
on new or improved connorations that meet the specified
functional requirements foetne''States of Ohio and Texas.

Major tasks carried out in the mmtwork inalysis and design
phase, and the results of theae activities are summarized in the following
paragraphs. '

3.1 "':DEFINITION'OF ANALYSIS AND MODELING TECHNIQUES
.

.

. A taskwasg.Undertaken to define. anddevelop spedific analysis
and:Modeling tools ,tdm.general use in intrastate Syitems. The principal

-tool developed is the STACOM Communidations Network Topology Pregram.
This.prograM4 Written' in FORTRAN V and implemented on a UNIVAC 11087compUter,.underibe EXEC-8 Operating system, enables a user to find
least 'cost inOldropped statewide networks as a function'of traffic
levelllemandsand °the% functional performance requirements!

.

The major inputs to'the program are:,
.

(1) Graff g levels at each system termination on the network,

(21r'' 'Deal d response time at network system terminations,

(3) Line riff structures.

y.

L

(47 .Locations of System terminations-using_Hell_System_L
Vertical Horizontal (V-H), coordinates.

(5) 'Theinumber of desired regionalswitching center,
1RSC), facilities. 'RSCs serve system terminations
in their'defined regions and are interconnected to
form total networks.

1

Principal outputs of the topology program are:

(1)'-.Linscapicities and layouts servicing system terminations,

(2). *Fixed and annual'recurringoosts for lines, modems,' and
service terminals. RSCs are prioed separately.
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(3) Line performance characteristics such as average
line utilizations and mean response times.

A.

-A second major analysis technique enables network designers
to determine the reliability andiavailability of network configurations
produced by the toporcilki program..

Finally, a network response time model, used in the topology
program is alio useful in underitanding present and future performance
requirements for switching and/or data base computers in the network.
This is true because the respo e time model involvesa queueing analysis
which includes queueing times ncountered at computer facilities.

3.2 ANALYSIS (3 EXIST

. ,
This task develo

determine the'extent to whic
statefunctional requirement

-3.2.1 Existing Ohio LE

The LEADS. Networ

configurations serving 102 0
Baud,multidropped lines sery
The network also provides li
System, the Cleveland PO.,
System, NLETS and the NCIC.

NG NETWORKS

d and applied design and analysiti tools to
'existing statewide networks conform to
.\ Areas of discrepancy are noted as follows:

1

1
A

DS Network

presently consists of ten, 2400 Baud line
1.0 State Patrol Offices'and twenty, 150
ng 287 Sheriff and'Police Departments.
ei for the Uranus County, (Toledo), NORIS
fie Hamilton County (Cincinnati), CLEAR

The present netw k meets all FdnotApnal Requirements for
the State of Ohio with the ex ption of response times on the low, speed
lines and on the high speed 1 nes during peak-traffic loading hours:
Figure 3-1 shows present mean responie time performance for the 2400
Baud lines. Figure 3-2 shows resent mean response time performance
for the 150 Baud lines. Tfie$TACOM functional requirement goal for
mean response time is .9 sec

3.2.2 Existing_Texss TLET Network

The presentTLETS system serves 431 law enforcement agencies
Consisting of police departments,.sheriff offices, and State Department
of Public Safety offices. The TLETS network is topologically distri-
buted from three regional switching centers located in Garland, Austin
and San Antonio; Terminals on the network are served from ..these
switchers by 75,110 or 1200 Baud multidropped lines. Network users,
have access threfthethe Austin Switcher.to data bases located in Austin
consisting of the TCIC, LIDR and MVD data bases.

The present network meets all Functional requirements for
the State of Texas with the exception of response times on the 75 and
110-Baud,lines,. response times on 1200 Baud lines during peak traffic
lOading, and the TCLC /LIDR data base availability.,

3-2
:33 .
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Figures 3-3, 1:4 and 3-5 show present mead response time
performance for the 1200, 150 and 75 Baud lines respectively. The
encom functional requirement goal for mean respodse time is 9 seconds.

The present system availability is calculated at 0.915
Which corresponds to 122.5 minutes of outage per day. Improvements
in the TCIC/LIDRIata base such as an MTTF of 145 hrs and an MTTR of

re1.7 .hrs would It in a system availability of 0.974 which meets '

the functional requirement goal.

3.3 GENERATION OF NEW OR IMPROVED NETWORKS

After specific studies of interest were Identified with state
personnel, STACOM design and analysis techniques were employed to study
statewide network configuration alternatives, (options), and additional
tradeoff studies of interest.

3.3.1 Ohio Network Studies

In the State of Ohio, four basic network options were con-
sidered for the LEADS system. These involved determining %cost and

'performance measures under theMulti-Sehedule Private Line, INTL),
tariff for LEADS configurations employing from zero to three RSCs In
addition.Wthe switcher and database facility in Columbus. The four,
options Oere:-

Option 1 - switcher and data base located in.Columbus
'(dneregion).

Option 2 .- switcher and data base located in Columbus
plus an RSC in Cleveland (two regiOns).

Option 3 - switcher and data base located in Columbus
plus RSCs located in Cleveland and Cincinnati,

,4 three regions).

Option 4 - switcher and data base located in Columbus
plus RSCs located in Cleveland, Cincinnati
and-Toledo, tfour regions).

Four more network options were studied in Ohio involving the
possible integration of BMV and New Data Networks with the LEADS Network.
These options were:

Option 5 - costs for maintaining sep- arate LEADS and BMV
networks.

Option 6 - costs for integrating the LEADS and BMV networks
into a single network.

Option 7, - costs for maintaining separate LEADS and New
Data networks.



25

15

10

5

cj

0

100 150

TRANSACTIONS/DAY, IN 10013s
1200 BAUD 10 TERMINALS

Figure 3-3. Texas 1200 Baud Network Mean Response Time to;ITIC

37

200



100

so

1

Z 60

40

20

so

Figure 3-4.

100 150

TRANSACTIONS/DAY, IN 1000s

TLETS Mean Response Time 110 Baud Lines

r 38

200



100

ri

so 100

I. -

150

TRANSACTIONS/DAY, INIWOs

4

Figure 3-5. TLEp Mean Response Time 75.13add Lines

'e

39

200



77453, Vol. I :

Option 8 - costs for integrating the LEADS and New Data
networks into a single network.'

i .

..* -

-.
Two additional network performance studies carried out -inn

Ohio included consideration of LEADS network coat increases as terminal
response times are reduced, and an inquiry into the impact on network
coat and performance due, to adding digitized classified fingerprints
as a traffic type td.lhe,LEAD8 system.

3.3.2 Ohio Study.ResuXts

Figure 3-5 sumiatizes total eight-year costs'foreoptions 14
threugh 4 and shows an -eight'-year cost estimatefor continuation of the

-present LEADS system% The least cost LEADS Networl; is a'single region
configuration with a switcher/data base facility 14cated'in Columbus..
This network is depictea in Figure 3-7. The single through four region
STACOM Network/all meet Ohio Functional Requirements.

Eight-year cost tradeoffs between integrated and separate BMV
and LEADS networks are shownin Figure 3-8. There are no meaningful coat
*livings to be realized through the integration of LEADSand BMV systems If'
,the integrated network is priced with the M. tariff. If the integrated*.
'.netwOrk could be priced as an intrastate network, an eight-year Bost
approximateli47 million would result. Figure.3-9 shows the STACOMIepti-

i/ mixed SHY -network under an intrastate tariff and Figure 3-10 shows the
integrated BMV and LEADS network under the interstate HPL tariff. Results

I are verliodependent on the definition of intrastate f and interstate networks.
-b. C nge in these definitions would necessitate additional analysis.

Figure 3-11 presents initial and Annual coat estimates far
s parate versuk-integrated LEADS and New DataIype Networks. There are
no signiiicinrcost savings to,be-realized through the fitegration of New .

Data Types into'the LEADS system over maintaining separate networks for
an eight-year od.

Figure 3-12 presents results of the response time cost sensi-
tudy. LEADS network response times for the STACOM/OHIO single

reg case can be reduced from 9 to 7 seconds before additional,coats are
incurred. RedUction to 6 seconds increases annual line coats approximately
..21-__.Redumfan_to_5 seconds-inereasea annual-line-oosta-approximately 13%.

.

Finally; digitized classified fingerprints data can be added
to the LEADS networg as specified in this report without compromising t

performance of the STACOM/OHIO LEADS System.

These results amine that 'the mean service time per transac-
tion in the Columbus switcher/data base computer is imTediately reduced
to 470 ma. In 1981 the required mean service:time per transaction is
425 as and in 1985 340 as is required in order to me functional require-
ments f traffic growth. A 4 X.4 processor (4,centr processing units),
confi ion is called for in 1981.

o

V



.

TOTAL 8,YEAR .

RECURRING.COSTS

IINSTALLATION COSTS
ONE TIME

. .
. .

12.4

fig. 4-

*

5St ?. 1978 Thr.ough 1,985 0ptrons
gh. and Present System , ,

Ohio

..PRESENT' SYSTEM
. CONTINUED.

FOR EIGHT YEARS





ONE TIME . .

.11. INSTALLATION COSTS

El ANNUAL
RECURRING COSTS

1.6

1;5

TOTAL 8 YEAR COST
. = 59,658,000 .

TOTAL 8 YEAR COST
= $9, 600, 000

0

1.0 0.99

BMV = 0.19

0.5

> LEADS = 0.80

SEPARATE BMV AND
LEADS NETWORKS

Figure 3-

INTEGRATED BMV. AND
. LEADS NETWORKS

Separate vs Integrated BMV and LEADS Network
Ohio*





4

Figure 3-10. Integrated LEADS and BMV Network

4E



1.7

0.88

1111 ONE TIME
INSTALLATION COSTS

h: ANNUAL
RECURRING COSTS

do,

1.6

0.88

TO 1980 1181-1985

SEPARATE NEW DATA
AN( LEADS NETWORKS

Figure,3-11.

TO 1980 1981-1985

. INTEGRATED NEW DATA AND
LEADS. NETWORKS

4.

Separate Vs Integrated New Data and LEADS Network for Oh"

4



0

(

a '61, . 650

ZZ

iot

0-
, 01

6: 11r
o VW

W
I.

:
UO

aZ

I&J

(<
Z 550

4,

4 5 6

MEAN RESPONSt TIME, sec

Figure 3.12, Recurring Line Costs vs Mean Response Time

1

; j

PP :id,

VDI .

1,1, j

;



77-53, vol. I

3.3.3 Texas'Network Studies
,

Injhe State of Texas, three basic network options were
.considered for the TLETS Network. These inioilled the study. of cost
and performance measures for one, two and three region networks as
follows:

Option 1 - a single switcher located in Austin (one region).

Option/2 - a switcher located in Austin and a second RSC'
located either in Dallas, or Midland, or Lubbock,
or Amarillo (two regions).

Option 3 - a switcher located in Austin, and. a.second
RSC located in Dallas with a third RSC located
either in Houston, or San Antonio, or Midland,
or Lubbock, or Amarillo. I i

Two additional options were studied inv0,fitig the possible
integration of New Data types in Texas with the TLETIS4AS follows:

.

Option 4 - costs of maintaining separate TLETS and New
Data networks.

Option 5 costs of integrating the TLETS and New Data
networks into a single network.

Three additional network studies were considered, (1) network
cost increases as terminal mean response times were reduced, (2) the

.

impact of network cost and performante due to adding digigzed class',
fied fingerprints as a data type to the TLETS system, 4ise(3) the relative
difference in network costs between maintaining and abbuidoning TLETS
Network line service oriented towardsthe existing regional Councils"
of Government (C.O.G.$).

3.3.4 Texas Study Results

-Figure9713 summarizes the least total eight-ye4r costs for
Aktions 1 through 3. The two region case has switchers in+Dallas and

The best three region case employs switchers in_DallaS, Austin
and San Antonio, and thus represents an eight-year cost estimate for
eontinuation of the preterit-system. Allnetworks meet Teias'functional
requirements. The single region, least cost network, is.shown in
Figure 3=14.

Eight-year cost tradeoffs between integrated and separate
New Data Type and . TLETS networks are shown in Figure 3-15. The eight-
year cost savings for integrating is approximately $900,000.

Figure 3-16 Pesents results of the response time verso's cost
sensitivity study. TLETS network response time for di STACOM/TEXAS:-
single region case can be redu6ed from 9 to 7,secondebefore.adddtional.
costs are incurred. Reduction to 6 seconds increases'ennual line Costs

...1

3-17

4-

;'
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;tem.
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7.ineline:coSt.saiings due tothe abandonment
is-estimatd. at 118,.5160..-:'COnpeqUently,

Aot 'in the manigementktcisiOnJto.continue.
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s'. assume the roll:owing- system. upgrades

I5PData Base coMPUter is immediately
exhibit an availability of 0:9814:.

1 switchers aeiused; their availability
Upgraded to 0.:997:.:

ines4o the TCIC/LIDR.Data Base -from. the.
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ine-ivtOthe MVD Data Base.from the.Austin-
re immediately'lupgracied t'd-../4800 Baud;

,
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ervice time per' transaction in the Austin

s immediately reduced 'to 130 ms. In'1981,
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'his will be sufficient through 1985.
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Frbm .1981 to 10 tSe mean service time

Lotion required is 200 ins.
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