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o SR . " The State Griminal Justice Telecommunications, (STACOM),
'f;t<i;,ﬂvj Eroject conststs. of two major study tasks. The firgt entails a study )
vfﬁ- ~“. of criminal. %ustice teledomunication system user requirements and systemr
P traffic requirements throuvh the year 1985. The second investigates least ",
) .j. cost network alternatives Jto-meet’ these specifiedatraffic requirements.
3 o ) A
i L S s e MaJor doqumentation of the STACOM Project is organized in
N four volumes as: follpws; i . . .. -
) ; | . f" I ! . Document No.
- . State Criminad }hstice Telecommunications . '77-53.
~ (STACOM) Final, Report - Volume I: Exécutive “Vol. I
Summary -~ Vf oL _ . :
) State Criminal Justice Telecommunications a 77453
(STACOM) Final Report - Volume II:. Requirements.' Vol., II
Analysis and Design of Ohio Criminal Justice L7 o
Telecommunications Network . . ’ ' - N
-~ -' - Y . ’ , . :
t : ‘State Criminal,Justice Telecommunications ’ _ 17-53 _
" (STACOM) Final Report - Volume III: Requirements . .Vol. III .
* + °  Analysis and Design: of ?exas Criminal Justice XD .
e Telecommunicatione Network - .
‘. e - 1" . . . .
N State Criminal Justice %%@ecommunications ’ - . 77=53
’ ~ (STACQM) Final Report -"Volume IV: Network : Vol. IV
: Design Software Users' Guide : :
- . , *

\ . v

The above material is also organized in an additional four
volumes which provide a slightly different reader orientation as follows:

y
) ]

" Title . L I pgcument No,
o o State, Criminal Justice Telecomnunications oo o 5030-43*
; (STACDM) Functional kequirements - Stqﬁe of Chio
—-~-—--»?~~--~~;»-—~:——--~—-»---~~——5tate Criminal -Justice- Telecommuntcatuyny e —~»-~-———~»503o_61' -
4 (STACOM) Functional Requirements - State )f Texas  ~ o
. ~ , * B
State Criminal Justice Telecommunications - . 5030-80* ‘/7
(STACOM) User Requirements Analysis =~ ° o .
N "I L °

State Criminal Justice Ielecommunications. o & 5030~-99*
(STACOM) Network Design and. Perfogmance S .
Analysis Techniques - . ‘

. . A\

M » ' . ,"’ » ’ ¢
*Jet Propulsion Lahoratory internal document
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ark design tasks of the STACOH project.’ ;
A-escniption% and results found in volumes II "(Ohio results), ‘11X (Texas
7 esults), and IV (network design software users' guide) of this final report.

L It presents the- results of one phase of. research carried out

' Jointly by the Jet Propulsion Laboratory, Calffornia Institute of Technology,
-and thé States of Ohio and Texas. The work at the Jet Propulsion Laboratory
was performed by the Systems Division Telecommunications Sciepce and 7 : *

- Engineering Difision, and Information Systems Division under. the cogniﬁance
of the STACOM Project The project is sponsored by the Law Enrorcement
ARssistance Administpation, Department of Justice, through the Natﬁbnal )
Aeronautics and Space Adminﬂbtration (Contract NAS? 100)
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- ABSTRACT . . X

. g ’ ’

- An executive overview is prbvideg in Volume I of the Final

'Repoét for the major dy components and a. sumnary ‘of a State Criminal

Justice Telecommunicatdons (STACOM) project sponsored by the Law Enforce-~
ment ‘Assistance Admisd stration (LEAA). - .

The project has developed techniques for ideéntifying user
requirements analysis and network designs for criminal justice networks -
on a state wide bﬁgis. Techniques developed for user reqUirements -
analysis involve methods for determining data required, data collection,
(surveys), and data organization procedures, and methods_for forecasting
network traffic volumes. ﬂ@veloped network design techniques center .
around a computerized -topology program which epables the user to gen%?ate¢
least cost network topologies that satisfy network traffic requirements,

_respanse time requirements and.otﬁer specitied functional rgquirements?

. . x .
The developed techniques were applied in the states of Ohio
and Texas -and results of these studies are- presented. :
‘ - ’

.
.
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SECTION 1 . ... [ ss

INTRODUCTION . .- f-%f}:;j;ff- .ot
te Criminal Justice Telecommunications, (STACQM),
ed techniques for . identifying user requirements
¢ designs for criminal Jjustice networks on'a statewide.
ieveloped for user requirements analysis involve ‘
1ing. data required data collection, (surveys), - .. -
on procedures, and-methods for forcasting network
:velopéd network de31gn techniques center around
logy program which enables the user to generate o
sopologies, that Satisfy ‘network traffic requirements,
~ements and other spec1fied functional requirements.“u
yject, these- techniques were applied in- two model .
tas. This document. provides an executive overview L
Jjectives, a brief descriptlon of the analytic tech-- -';'f
d a summary. of applicatlon results in the. two model R ¥

_-. ,<
aES T d

. JUSTICE NETMORK: compoNE'N'Ts*m o

‘..

tlized statewide digital criminal Justice telecommuni- C o
lepicted in. Figure. 1-1. Network system terminations
th regional switching centers, (RSC),_to data base * o
general case, RSCs service the systen terminations in -
orward“%nd~receive messages to and from central . y
ase. ﬁphlities. The §a .single 'RSC in the net-
: RSCs is, détermined. by co and performance ﬁactors.t[
mecting a number, of terminals‘on .8 common transmission
‘opping, as shown in ‘the Figure' l—l; ls a typical ST
ine costs when applicable. N -
JUSTICE NETWORK FUNCTIONS

function of -statewide digltal criminal Justice
etworks is to process’ Inquiry/response .messages . .~ .
agencies to and from ‘centralized .state and national

. Compatibility for p01nt-to-point transmi331on of .
ges is. also provided. - In law enforcement applications, . -
ta base inquiries initiated by field officers is of

Work carried out in Ohio: and Texas:} uggests that a _ L
le digital criminal justice networks by law enforcement”™ . °
accessing of vehicle related files. .This emphasis

emergence of aﬁnEed ngt previously envisloned
isions which have knowingly, (or unknowingly),
18 trafficggrowth in this direction. ' In either
~that inquiry traffic: into vehlnle related files
f eriminal Justice networks merits further analysis

administrators as it may prov1de a focal poirt
F network cost effectiveness. Other law enforcement

5 {R1-113""_" R

oo
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uses include 1nquiries into flles containing ‘data on drivers licenses, N |
_ stolen' property, wants/warrants and- computeriZed criminal histor‘ies._v ~
'Criminal justice agencies other than law enfortement .agencies use statewide
crimmnal Justice communication networks pr1marily for a/cess to CCH,

. SJIS OBSCIS and OBTS functions. 4 : . » Lo
) ) ~a b_ ' . . . .
! . I . / _ ) : . . 'S
1.3 .- STACOM PHOJECT OBJECTIVES L A ' '
nThe STACOM Projept objectlves are.,“'. l»". ;. S s

i;_.(lyt To . develop and ‘document’ techniques for intrastate o
. .- traffic measuremént, analysis of measured data, and
.predictlon of traffic growth. :

o _V;;ig(Z) fTo develop and document techniques for intrastate
' v o network deslgn, performance analys1s mod@llng and
'.31mulatlon. ‘ L -'f~' o .

s

. '_‘_' e \ - .

o (3) _To illustrate appllcatlons of. network de31gn and - .
S __g;___analysis techniques on typ1cal existing network o
! S SR .}configuratlons and new ore improved configuratlbns.'

_f(w)f ;To develop and 1llustrate a methodoldgy or~establishing
. " ..priorities ‘for cost.effective expendltu §s to improve "
‘ ?capabllities in deficlent areas. - , o '

L‘ To support these overall proJect goals, an exercise was. under-
taken to develop and apply.procédures for predictlng future criminal .

Justice communications ‘traffic. .These proceduressinclude techn1ques ..l o

-of.. statlstlcal analysls for extrapolatlng past trends 1nto future trafflc
predlctlons, and survey- and 1nterv1ew1ng ‘techniques:for est1mat1ng
future traffic in data types. that do not yet exist.. The effort was
therefore d1v1ded into two phases: a study of past trends in ex1st1ng
data types to projegt future trends ih communications traffic for these

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

'”which are ant1c1pated to estimate the1r future traffic volume.u :

k]

N |

, In add1tlon, a Network Functlonal Requlrements document was
developed which. spec1f1es in detail what' the network must do to meet -
f_user requ1rements. These spec¢ifications include traffic levels which
 must be handled, des1red response times, system availablllty goals and
_ other performanqe requlrements., .o .

~
7

Network designers then used the developed ;nnctlonal requ1rements _7

to study future ‘intrastate network optional deslghs that minimize cost
- and "still: satisfy performance.requ1rements.; Knowing estimated traff1c
n rVolumes over a ‘decade, metwork’ designers can also suggest the, best

Y

times to upgrade computers or communication lines. ip ma1nta1n performancef' )

within requ1red limits and assure minimum.costs. h

. in the States of Ohlo and Texas lead1ng to new or 1mproved network des1gns.~

1;3".

The developed analysis and. des1gn techniques have been applled .

e



. from the STACOM Project are-as follows.

. 1;uu1 : Traffic Forecasts ,*"' - ,f- B

. , , ) /.' . ' \ o ./_-:_ '.".\ ‘

5 ST 7953, Vol. I - /

B : Finally, a major STACOM objective has been to’ document the,
developed -analysis and design techniques withr the: goal of providing a .
g de for other states-to carry out similar studies \ : )

o ._(, , , o . e

1 "STACOM RESULTS - : ; .0 R '

. . ¢ ,

. Traffic predictions and majo network de;fgn findingsfresulting

i
[}

! B . o . . A

A y
Statewide criminal justice information system traffic projec-.
tions in aVerage messages , pér day for the states of OhioAand Texas are

presented in Figures 1-2. ran@’~1 3. A %’ :
B . T : /5 .

l'
The major/contributOrs to traffic totals are the existing :

law enforcement data types and. law enforcement -use of - CCH/OBTS data. "Qf'

S e

l.Q; . - s D A
. Lo P . .

.

-

u;1.ﬂ}2.V s Network Design S -Q; ['“L L . 4;:'_1 o 'h”%?: .

o R B | )
, TInm both the States of/Ohio and Texas, the least- cost statewide’
network among’ options oonsidered consists ‘of ‘a: single switcher data- base:

--facilityilocated at the state capitol serving . system terminations throughout .
. .the state over. multidropped ‘communication lines. In both cases; line sav-

ings due to the use of distributed regional switchers ‘are not sufficient ’ ) :

to offset: additional costs incurred for regional: switcher hardware, sites, _——
personnel interregion lines and increased engineering 'osts . :
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v R ' - SECTION. 2, . _

' : . . . ° . USER REQUIREMENTS \ o
J - T ' - . Co ' '

. In brderto desigh'cohmqpicationq and computer facilities
> that will satisfy, states needs over 3 number of years, it is necessary
s £o project: future user 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

. pransmitted over the state crimindl justice telecommunication system.

". The 8econd is the level of performance required of the system uhikh
-includes measures such as reqﬁirkd response times, and required syStem
‘availability. . Given 'thesg _two"'fbrms.of user requirements, deésigners i
, can devise systems that handle the,communicatigns traffic while ;o
operating at required ‘performance, levels. - ;

: » , N
Paragraph 2.1 of this report describes the methods used to

- + determine curreht communicabion- message volimes and. ethods used in.
predicting future message volumes. Basic steps/of these methods are:
- . - . - y

s . . 'y

(1) Determination of réq

) Data collection T
" (3) -Data organization * - i E co s

o - (4).% Development of forecasging techniques
e S (5) Application of forecasting erhn;ques

. Since there are a;ways.hncertainties'contgined in forecastl it becomes
necessary for the analyst to make assumptions about futyre events. The

T+ major assumptions.ggquired for each of "above” steps will be emphasized..
ras 7 red Y : -

T Paragrapﬁveaéfdiscu$ses required perrormanCe'leVEIS of the

- state criminal JusticéHtéIeppmmpnications system.. The steps required

to establish these fungtional requirements as'well as a statement of
the requirements-in the fﬁé@gpgel*atates will be presented. -

Two categories of?fﬁpufe communjcatibn traffic were defined.
- The first was future traffic jnto:existing dafa bases and the second
was future traffic into new data bases. Eecause of differences in
* the availability of operations infp¥mation, two distinct methods were
‘used to predict future message volumeés of these message categories.
Subsequent discussions will thus-sepagﬁpe into- existing data types

"and new data_type sections. s e
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2.1 HESSAGE LUME DETERMINKTION ) -
. I ) .
2.1 Existing Data Types ’ " . :
) , - ’ » .
2.9.1.17 Determination of Reguired Data . ‘\\r )
. ~ . .

To determine eurrent- message volune and to forecast future
message volumes the following categories of Thfdrmation are required.
. #

. o (1) - A historical description of the state criminal Justice
':ié; . telecommunications system,

(2) Statistics op past and current message v°lumes and
message characteristics. .4;

(3) AOpeJational policies that impact traffic Ievels.

Yo L] ’ LI ’ -
(%) Planned upgrades ‘or changes to the communication
_system that may impact traffic levels.. 4

a

L 4
. The historical system description should cover the last
five years-and include information on types of records maintained,
a list of system users, tqQpology“of the cohmunicav?rn network, and the -
location of major system components. Changes to the system configuration
having major impacts on traffic‘volume-should be carefully dogumented.

£ Past traffic statistics should also be obtained for the pre-

vious five years. Both the number of communication messages and the

‘number of computer transactions are required. It is necessary to dreak
out messages by type, and the distribution of messages to system users
is"nso needed. Message length by message. type is required

Any operaticnal policies that impact traffic volume should be
identified Examples are automatic generation of messages by computer 0r

'7 restrictions tq entry of data bases. = _/ e

3.

*

2.1.1.2°  Data Collection o -

Finally any planned improvements to ‘the system or changes
to the operating.procedures that would increase traffic must be konown.
Bossible. examples are replacement of low speed communication lines
with high speéd lines éddition of new system users, or addition of
new record types. ) L . : S

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

the state criminal justice telécompunications system, to the state - -

criminal Justice planning agency and to system users. The Operating
agency provided information on system description, traffio statistics,,
message characteristics, and operational policies. State planning

" agencies have traditionally provided funding for system upgrades and

thus -provided information on planned future improvements. Finally
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‘ user agencies Veririedgthe traffic statispics and provided a qualitative .
. . statement'of the- effectiveness of the state System in meeting their 'yﬁ )
" needs. . e _ . _ : i’
. . ) : ‘i . \' e . : | . )
. . . C, . . . ° L4 \ ‘
2.1.1.3 Data Organizatien soe ‘. .

\ A . B > . ! 0
' Data ‘collected from the ?bove sources were organized\to provide

v the ﬂellouing produc;s

L PN . . 7~ ’ -
o . v ‘ (1) An historical traffic growth curve which shows, ‘traffic
. ' levels cach month for the 1ast-five years

"

(2) .Descriptions of the communication system over thé\
* ® last five years. Complete system descriptions are’ o
‘ given for quarterly periods ovegpthe past 5 Yyears R
including, info tion on data base contents and sites,
" switcher sites, nmmunication 1ine topology, and
N lists of system users , R

(i); Overall system meSsage Ibngths '

’O

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

o _ (5) Distributioas of traffic by user agency for the 1ast
: . ' 3 months of available traffic statistics
L .
The experiehjes with the model states in data organization L
suggest that extreme care must be taken in the. analysis of traffic - , q.‘"”
‘ data.  Problems encountered included inconsistencies in definitions, , :
changes over. time in methods of collecting traffic statistics and errors /
in computer statistics gathering packages. BRecause of theSe problems
it is important for the analyst to work closely with state aggney personnel
resporisible for using and .maintaining the traffic statistics. It 4\ .
also advisable to validate traffic levels by using independent data E .
. sources. Unfortunately this is not aluays possible. An example of
-~ d case where validations 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 is coming from the state. ..

® .

.

2.1.1.4 Forecasting Tec iques .
w® < -

. . The basic rorecasting framework postulates that past traffic
groutb 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 the- future
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 fo the prediction of total future communicatfon traffic levels ™
.into existing data types. '

-

k3




S ’ ' 77-53, Vol. I
- . v : % -]
: The historic traffic growth. curve is analyzed to determine
the fraction of growth caused by increased utilization,‘balled baselfne
. 8rowth, and the fraction of growth caused by system improvements.
The\impacts of systems improvements are assessed by measuring sudden
increases in traffic d{mmediately 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 assumed that traffic increages in the future due to a specific
improveméht .will be proportional to traffic inereases in thefpast‘when

A that improvement was made. Y, -
. * \

»

i Onge total traffic is forecast, the analyst must distribute
this traffic to the.many systai users. It is assumed that allr traffic
flows between user agencies and data bases. Relevant characteristics
were collected for all ¢riminal justice agencies and relationships were
developed between traffig\xolumes and user characterfistics. These
experiences were then used)to distribute future trar¥ic as a function
of future user characteristics.

Z.1.1.5 Application of Forecasting Techniques'

Figure 2-1_shpws the historic growth patterns of communication
messages in the model states of Ohio and Texas. Over the last five years
both states have experienced contlnuil and substantidl traffic. growth.
Figure 2-2 displays the causes of the substantial growth in traffic in
_Ohio and Texas. Bas&ine growth in both states accounts for approximately
‘half the traffic increase. System imprbgements inclyde the conversion
to high speed ‘communication lines and t minals, the addition of new,
users, the addition of new data bases, the implementation of mQbile

T - digital terminals, the automatic generation of messages to the National
: Crime Information Center and the implementation of regional information
systems.. : _ _ :
7 . a

. Baseline growth curves were- projected . forward as shown in-
Figure 2-3. Straight line approximatidns were’ used with two differegt-
growth rftes. The higher growth rate was projected to occur when growth
is not constrained by systam’!apacity 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 grouth is constrained
. by system capacity. .

Surveys of state planners identified the following future
systea improvements. Addition of new users, conversion to high speed
coomunication lines and terminals, implementation of regional information

s SYstems, implementation of mobile digital terminals, and message handling
changes. ' Table 2-1. shows the effects of these system improvements
on future traffic in Ohio and Texas. o .

¢ S Baseline traffic gropth is combined with growth duegig
- system improvements and growth in new data 5'pe nessages to predict
total system traffioa System capacity acts'as a constraining factor
T on total system growth. . _ ‘ .

v - ) ) . * ';—.‘
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‘ : Key criminal justice statfstiqs were used to determine the .
_frequency of criminal Justice functions wh

" requirements per function “lead to .the calculation of traffic volume.‘

" Arrest statistics ‘were used to. forecast  CCH -and fingerprint traffic,
number of -inmates was used. to forecast OBSCIS traffic and number- of -
court dispositions was used to forecast SJIS traffic. ;

o For pred1ct1ng CCH trafflc in 0hio,and Texas, criminal justice
cE : flow diagrams’ were developed which described ‘an,offenders' progress..’ R
: o through the criminal justice system, Functions.along this ‘path requiring
’ interaction with the ccH file were identified.and: their frequency- was:

determined using- arrest statistics.: Predictions were ‘made: of future.,

‘arrest rates sgithat forecasts ecould be made “of .CCH- traffie levels.,v';’_7'

B ... Law enforcement, courts, correctionsﬁ and identification bureaus wilI
_‘all be users of the CCH data‘files. - . K ST

iwarrest statistics. It was_assumed that-the equipment for . fingerprint
Zencoding, classification and transmission will e available only- in the
_'largest cities since it is expensive and requires a large fingerprint -
.volume to justify 4t.:  The number of fingerprint transactioys per arrest _
_is based on past statistics maintained: by the-FBI. -In Texas, transmission

- of fingerprints will begin in Dallas-Fort Worth in 1981 and-by .1985
.Houston, San Antonio and El Paso will also transmit fingerprints. In

- Ohio, Cleveland- will begin transmission by 1981-.and Columbus, Cincinnati,

v Toledo Dayton and Akron;will be on line in 1985 rv;, f-ﬁ

The OBSCIS data file serves the management needs of- correc-

o

. tional institutions.i Traffic is forecast based onthe numbér of transac-‘

'-_tions withgtheksystem per inmate-day An. estimate of the: frequency of .
inquiry. or update for each inmate: was provided by state correctional -
~institutions.. In Ohio OBSCIS traffic is assumed to. begin in’ 1981 and -
_all correctional institutiong are. assumed to be on: line by 1983..

- .Texas, OBSCIS implementation Will ‘also begin in 1981 however, it is
‘asSumed that - not until 1985 will all correotional institutions be on k. .-
'line. . : . o

r

- when combined with data ”’_.»

Classified fingerprint traffic projections were also based on

The SJIS data file serves the management needs- of the courts.

f"“”“““”‘““SJIS“*raffic is—estimated;based~ on*the*number'of transactions—per court
© .77, -disposition ‘including both criminal ‘and. ‘eivil cases in the courts that
~ .. handle felonies and non-traffic misdemeanors. The majonity of court
R management trafffc -will be confined to-tHe local level,: and.the state'.
: level traffic w1ll be. con@ined to. statistical reporting. Thus the -
g 'number ‘of SJIS transactions: per disposition has been taken :as 1.0 in
"3 : both: states. In 0hio, 1mpleQ tation of SJIS. begins in- 1979 and is".
completed in 1981. .Texag SJIS-is fbrecast to begin implementation 'i,
by 1983 ‘and to be’ complete by 1985.. ' 5 o

- -‘Q -j fFigure 2-& shows new. data\traffic growth forecasts for
‘ Ohio and Texas. The largest component*of new data type traffic will
~ vfy be law enforcement use of criminal history filgs‘v

-
S
d N e
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. -

At the completion of state system surveys, and after sufficient
‘interaction with state planning personnel ,- and prior to any specific. net-
. work design activity, $cument was ‘produced specifying Network Functional
 Design Requirements. Thi ] document provides network performance criteria-.
g ich are to be met in: subsequent designs. The Functibnal Requirements
' iLcify what the network must do, and do not address ‘at this level the -

/o ‘ specifics of how requirements are to be met. o

: The Functional Requirements document specifies characteristics f

a/d‘pprformance for the following network parameters'

1;’ e e ) o Message types '; ‘e - System terminations='
’ ‘. Messagekcontenti' e Regional switcher operation
B " - ) ’ ST and control
e R | '_zMessage length e g
' B . N Security and privacy T
K . * Message routing . constraints
. ’ e Z'L}ne protocols S *'of ' Message response time.
L e :;Message coding'.:}< o 'Network availability
Fb ‘. Error'detection o - Network traffic volumés o
) . ' ’ ) X r . . . - ) .
’ . ~'.Status messagesw” o

ok ’ . . ' H

" for tho and Texas~ mean response time and network availability.

Table 2-3 lists traffic requirements for Ohio and Texas for the

years.1977, 1931 ‘and 1985

Table 2-2 lists two functional requirements of major importance'

-~ ’ ‘
’ v . ‘ R ,‘ ’ N
S Table 2-2. Functional Requirements for Ohio and Texas Response Time ’
. ¢ and Ne‘ﬁork Availability ' o
. = |
: N » - — x —_ ?“
. . Parameter f"' o - "d Ohio = ~ Texas B
MeanfResponse'Time (seconds) - . 9 ‘U o9 .’,.“
’ ' Network Availability — = 10.9790 .~ 0.9722
. v o .
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i

N ) J’ ; . . . . . ~ :
. Ohio ) - * Texas
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| 3.1'; : DEFINITION OF ANALYSIS AND MODELING TECHNIQUES

LT 11463, ol

- iy \
.

szcrron 3 ,'\g" -

.t Nzrwonx ANALYSTS AND nzsrcn |

~

“

T -The principal goals of the network analysis_and design tasks
carried out in the STACOH project are: - v
(1) To develop and document techniques for intrastate network
design, perrormance analysis, modeling and simulation.
S (2) IlIustrate applications of network design and analysis .
. A -techniques on: typical existing. network»conrigurations and

o © on _new or improved configurations that meet the speciried :

X runctional requirements’ ror*the'States of Ohio and Texas.

e HaJor tasks carried out in the fnetwork- analysis and design

'phase, and the results or ‘these activities are summarized in the following _4;.f'

»paragraphs. o

a3 .
A task was undertaken to derine and develop specific analysis
‘and . modeling tools rdp general use in intrastate systems. The prineipal

L “tool developed is the STACOM Communications Network Topology Pregram.
" This progran, written in FORTRAN V and implemented on a UNIVAC 1108

computer under the EXEC-8 operating systen, enables a user to find
least ‘cost m g;fidropped statewide networks as a function of traffic

leve1 demands and othe; runotional perrormance requirements. L I

The maJor inputs to "the program are.,:

(1) .Irart e levels at each system termination on the network,

ﬁ(?”ﬂ Desi d response time at network system terminations, .

(3) . Line ftariff structures. .fW"

)] 'jLoca'ions of system terminations -using Bell System

e
..

Vertical Horizontal (V-H), coordinates.

(5) . The number of desired regional switching center,
" .(RSC), facilities. 'RSCs serve. system terminations.
o . -~ in their defined regions and are interconnected to
L, - form total networks. : S |
.o ﬁ{incipal outputs or the topology program are. ’
(1) ~Line capacities and layouts servicing system terminations,
: - %
i ' (2)" 'Fixed and annual reourring costs for lines, modems, and
o - service terminals. RSCs are priced separately. ’ :

. w,... B "(<\;.
"J',‘._"v 311 . é}za.,

RN
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’ C Nt

(3) Line performance characteristics such as av%rage
. line utilizations and mean response times.
‘ i -
N A second major analysis technique enables network designers
. to determine the reliability and/availability of network configurations
b T WMWwbymeme@pmywu A .
' ' : : Finally, a netwofk response time model, usedzin the topology
program is also useful in understanding present and future performance -
‘requirements for switching and/or data base computers in she network.
“ This is true because the resporse time model involves a queueing analysis
SO - which includes gueueing times ncountered at computer facilities. '

3.2 . ANALYSIS @F EXIST ING NETWORKS

:d;and applied design and analysis tools to ;
‘existing statewide networks conform to
. % Areas of discrepancy are noted as follows:

< - , ’ ] )

: ~ . & This sk develo
- ‘determine the “extent to whic
state functional requirement

' % : L N .

DS’Network .

LI

~3.2.1 . Existing Ohio LE

pbesently consists’ of ten, 2“00 Baud -line
ig State Patrol Offices’ and twentyys 150

ng 287 Sheriff and- Police Departments,
eB for the Lmous County, (Toledo), NORIS
he Hamilton County (Cincinnati), CLEAR

L -The LEADS Networ
configurations serving 102 0
Baud multidropped lines serv
The network also provides 11
System, the Cleveland P.D.,
System, NLETS and the NCIC.

.
"
.

The present netw

- ' Baud lines. Figure 3-2 shows' resent'mean response time performance
' : for the 150 Baud lines. The. STACDH functional reQuirement goal for
mean response time is 9 sec 2

~ «
)

v
>

- 3.2.2 Existingﬁroxas TLETv Network

- The present.TLETS system serves 431 law enforcement agencies
éonsisting 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 5

. switchers by 75, .110 or 1200 Baud mdltidropped lines. Network users -
' have aceess thr gh-the Austin Switcher: to data bases located in Austin.
by . 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 traffie '
. loading, and the TCIC/LIDR data base availability.

i | L :3.3 B
- . . . . ' L . .4.:'
e Lo
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" Figures 3-3, 3-4 and 3-5 show present mea{ response time
perrormance for the 1200, 150 and 75 Baud lines respectively The
-STACOH functional requirement goal for mean resporse 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/LIDR $ata base such as an MTTF of 1MSNﬁF§*and an MTTR of
1.7 hrs would res@lt in a system availability or 0.974. which meets °

the runctiﬂgal requirement goal.

3.3 ' -GENERATION OF NEW OR IHPROVED NETHORKS

* After specific studies of interest were tdentitied with state
personnel STACOM design and andlysis techniques were employed to study
statewide network configuration alternatives, (options), and additional
tradeoff studies of interest. s S

’

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 wcost and
“performance measures under the-Multi-Sehedule Private Line, TMPL),
tariff for LEADS configurations employing from zero to three RSCs $n
addition“/g\the switcher and data base facility in Columbus. The four
options ere ’

Option 1 - switcher and data base located in Colunbus
' *(dne. region). - ,
’ Option 2 .- switcher and data base located in Columbus - R '
: Plus an RSC in Cleveland (two regiéns). gﬁ;?
Option 3 -~ switcher and data base located in Columbus

. ,  Plus RSCs located in Cleveland and Cincinnati
b, % (three regions).

A Option 4 - switcher and data base located in Columbus
: plus RSCs located in Cleveland, Cincinnati

and"Toledo, (four 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 separate LEADS and BMV -
networks. W
N Option 6 -~ costs for integrating the LEADS and BMV networks
into a single network. ;v
o~ . Option. 7, - costs for maintaining separate LEADS and New
P T “ . Data networks. .

3 ) ' ’ 3_5

E’t;'. S S
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Oﬁtion'a - costs for 1ntegrat1né?iﬁe?LEADS and New Data
T networks into a single network.’ .

'»;;'
' »"c_‘ . _.—“."

" Two additional network performance studies caryied ouf -in

Ohio included consideration 6f LEADS networkK cost increases as terminal _
response times arerreduced, and an inquiry into the impact on network -
cost and performance due, to adding digitized classified fingerprints

as a traffic type to {he. LEADS systenm.
- 'Y

¥

-

3.3.2 Ohio Study Results ' -~
: R

. , ¢ Figure 3-6 summarfizes total eight-year costs’ forsoptions 14 -
« ¢ through ¥ and shows an eight-year cost est{mate for continuation of the |
e - present LEADS system. ' The least cost LEADS Networ is a'single region
- configuration with a switcher/data base facility located in Columbus..
This network is depictea in Figure 3-7. The single through four region
STACOM Networks all meet Ohio Furictional Requirements. L.
. Eight-year cost tradeoffs between integrated and separate BMY
ang LEADS networks are shown in Figure 3-8. There are no meaningful cost
savings to be realized through the integration of LEADS ‘and BMV systems. if "
a i¢he integrated network is priced with the MPL tariff. If the integrateds .
Y network could be priced as an intrastate network, an eight-year eost oft-- -
. approximately.$7 million would result. Figure. 3-9 shows the STACOM ‘opti-" '
/ _ ’{.nized BMV metwork under an intrastate tariff and Figure 3-10 shows the -
integrated BMV and LEADS network under the interstate MPL tariff. Results .
v 5 are very dependent on the definition of intrastate-and interstate networks.
" Change in these definitions would necessitate additional analysis,

- . Figure :3-11 presents initial and annual cost estimates for
s'barate.versug-lntegrated LEADS and Néu’Da&énype Networks. There are
‘no significqﬁtﬁcést savings to be'realized through the !btegrntion of New .. ’
Data Types into’the LEADS system over maintaining separate networks for ’
an eight-year od. ) . .

; Figure 3-12 presents results of the rgsponse time cost sensi-
-3Mtudy. LEADS network response times for the STACOM/OHIO single - -
case can be reduced from § to 7 seconds before additional ,costs are
incurred. Reduction to 6 seconds increases annual line costs approximately
_,h“___r____«ggl_dﬁeduﬂﬁfﬁn_to_s_seconds_indnease;-annual—l1no~oosta~approx@m&te}ym43$:--—~—"~*~

]
L} ’

., . Finally, digitized classified fingerprinf’data can be added -0
to the LEADS network as specified in this report without compromising
performance of the STACOM/OHIO LEADS System. o g

£

These results assume that the mean service time per transac-
o ’ tion in the Columbus switcher/data base computer is 1m,odiate1y reduced
- to 470 ms. In 1981 the required mean service time per transaction is
425 ms and in 1985 340 ms is required in order to me .functional require-
ments fogbtraffic growth. A 4 X 4 processor (4 centr :.processing units),
: ion is called for in 1981. ! .

. .
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3.3.3 Texas'Netyork Studies

.+ In_the State of Texas, three basic network optioné were
<onsidered for the TLETS Network. These involved the study of cost
and performance measures for one, two and three region networks as
follows: ’

Option 1

a single svwitcher located in Austin (one region).

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

~ Option”2

a switcher located in Austin, and. a . second

RSC located in Dallas with a third RSC located
either in Houstorr, or San Antonio, or Midland,
or Lubbock, or Amarillo. - . g

Option 3

-’f‘"‘:l:?"...

. P e .o

_ Two additional options were studied 1nv§1¥$€h the possible
integration of New Data types in Texas with the TLETSis follows:
Option 4 - <costs of maintaining separate TLETS and New

Data networks. ‘ . L

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

.-

. , : . .
Three additional network studies were considered, (1) network
cost incre@ses as terminal mean response times were reduced, (2) the .
‘impact of network cost and performahice due to adding digiti'zed classi- *
flied fingerprints as a data type to the TLETS system, ghd' (3) the relative
difference in network costs between maintaining and ab ﬁaoning TLETS
Network line service oriented toward the existing regional Councils
of Government (C.0.G.s). : ~ :

| e
3.3.4 " Texas Study Results S 2

. ‘Figure ©3-13 summarizes the least total eight~year costs for
tions 1 through 3. The two region case has switchers invDallas and
ustin. 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 preSent system. All.networks meet Texas'functional
requirements. The single reglon, least cost network, is.shown in
Figure 3214. _ o o

Eight-year cost tradeoffs between 1n;egratéd 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. _ LT
. Figure 3-16 apesents results of the response time versus, ébsp
sensitivity study. TLETS network response time for t%e STACOM/TEXAS = ~ & . »
single region case can be reduéed from 9 to 7‘secondsfbgrore,adgitiongl;
costs are incurred. Reduction to 6 seconds increases’ annual linétcpbts- S
: : . « 3
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. Figure 3-14. Single Region TLETS Network
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3¥as is’ estlmated at $48,000. Consequently, T

»%op in the management‘ﬁeclsion to. continue - .

lhe< . . . i ’ y'! ) .“ )

S L B g RS

s assume the’ following system upgrades i -
Ry .- - T Do o

. ) T -
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Iﬁﬁﬁbata Base computer is 1mmediate1y
> exh1b1t an avallablllty of 0.9814; .
1 switchers are: used, the;r availabiiity

upgréded to D. 997 o “‘; co __'. LW

ines to the TCIC/LIDR Data: Base from the.
tcher are: 1mmed1ately upgraded to HBOO

o P
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ervice time per: transaction in the Austln
s, 1mmediately reduced ‘to 130 ms. In"1981,
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'his- will be sufflc;ent through 1985
wl.,.. T
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