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ABSTRACT

The State of Texas has over 75,000 miles of highway on the state-
maintained highway system. Data collected and stored for these on-system
highways consist of roadway environmental and traffic data, detailed acci-
dent data, bridge inventory and appraisal data, railroad crossing inven-
tory data, and construction and maintenance history data. Processing of
this volume of data for purposes of network and project planning activities
is not a simple task. Over 1,000 distinct pieces of information have been
identified in previous research studies for possible inclusion in a com-
prehensive data base structure.

The State Department of Highways and Public Transportation (SDHPT)
consists of 24 districts that oversee the daily project activities of the
Department. In addition, 14 centralized divisions and various administra-
tive sections are involved daily in the network and project planning activ-
ities necessary for the monumental task of maintaining a highway system
of this size.

The integration of all pertinent information on every point or seg-
ment of the 75,000 miles of roadway into a‘comprehensive data file struc-
ture is a priority issue, necessary to meet the current and future require-
ments for information by SDHPT, cooperating research agencies, and the
Federal Highway Administration (FHWA). Other states have also recognized
this need and are developing just such an integrated system to provide
better access to information. Few states however, have to contend with
the problems associated with storing and accessing such a large base of

information.



The primary purpose of this study was to determine the best approach
to meet the Department's requirement for current and readily accessible
data by means of an integrated data file storage technique. Based upon
the approach recommended herein, a transportation network data base
(TRANSNET) can be designed which will incorporate the required informa-

tion.
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SUMMARY

This report describes the existing automated system for roadway in-
formation in Texas, the problems inherent with a system developed over
20 years ago, and the need for access to current information for the
daily planning activities of the Department. The report addresses the
evolution of file access methods which are now at the stage of handling
the coordination of data required and the flexibility to change as needs

for information change.



IMPLEMENTATION STATEMENT

This study indicates that problems do exist in the existing auto-
mated system for storage of roadway information. Recommendations are
made for additional research in the following areas:

e the feasibility of a statistical data base to handle the large
volume of historical data, particularly in relation to techniques
for projecting missing data.

e continuation of previous research performed to determine what
variables should be retaiped, for what time period, and in what
physical file structure.

e design of a file storage mechanism utilizing relational data
base software techniques that will provide the flexibility to

respond to changing needs for information. -

DISCLAIMER
The contents of this report reflect the views of the author who is
reponsible for the facts and accuracy of the data presented herein. The
contents do not necessarily reflect the official views or policies of
the Federal Highway Administration. This report does not constitute a

standard, specification or regulation.
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CHAPTER I
INTRODUCTION

The State of Texas has over 75,000 miles of highway on the state-
maintained highway system. Data collected and stored for these on-system
highways consist of roadway environmental and traffic data, detailed acci-
dent data, bridge inventory and appraisal data, railroad crossing inven-
tory data, and construction and maintenance history data. Processing of
this volume of data for purposes of network and project planning activi-
ties is not a simple task. Over 1,000 distinct pieces of information
have been identified in previous research studies for possible inclusion

in a comprehensive data base structure.

The State Debartment of Highways and Public Transportation (SDHPT)
consists of 24 districts that oversee the daily project activities of
the Department. In addition, 14 centralized divisions and various ad-
ministrative sections are involved daily in the network and project
planning activities necessary for the monumental task of maintaining a
highway system of this size.

The integratidn of all pertinent information on every point or seg-
ment of the 75,000 miles of roadway into a comprehensive data file struc~
ture is a priority issue, necessary to meet the current and future require-
ments for information by SDHPT, cooperating research agencies, and the
Federal Highway Administration (FHWA). Other states have also recognized
this need and are developing just such an integrated system to provide
better access to information. Few states however, have to contend with
the problems associated with storing and accessing such a large base of

information.




A specific requirement for an integrated data system in Texas is
related to current efforts to develop a comprehensive pavement manage-
ment system. As outlined by Epps, et al. (1, p.2.2) one of the improve-
ments which should be made for pavement management is

". . . the development of a comprehensive data bank of

information which could be used to more objectively

identify present and past history of design, construc-

tion, maintenance, and performance. At the present time

most highway agencies lack a central, readily accessible

data bank."

BACKGROUND

In 1937 SDHPT began maintaining information about the highway system
using control/section and milepoints to identify each location. The Road-
way Information System (RIS) was developed in 1964 to automate the road-
way data which were previously maintained manually. The RIS evolved as a
set of individual files for specific information as each application was
identified. Primarily the applications were based on the need for report-
ing certain information to meet federal requirements. For this reason,
each file was initially designed as a historical record of activities that
had occurred during each year.

In subsequent years it became apparent that this stored information
could provide valuable input to the administration, planning, design,
construction, maintenance, and safety activities of the Department. This
change in perspective, however, requires that the data must be stored in
a manner that allows access in a much more timely fashion than has been
possible in the past. Engineering and management decisions must be made
based on current conditions and valid, comprehensive information. Data

that are several months, and in some cases years, old will no longer

suffice.



OBJECTIVE

The primary purpose of this study was to determine the best approach
to meet the Department's requirement for current and readily accessible
data by means of an integrated data file storage technique. Based upon
the approach recommended herein, a transportation network data base
(TRANSNET) can be designed which will incorporate the required informa-

tion.




CHAPTER II

ROADWAY INFORMATION SYSTEM

The Roadway Information System (RIS) is composed of eight individual °
files of data and a mechanism for retrieving information from each of the
files (2). The eight files are:

o Accident file

e Bridge Log file

¢ Railroad Grade Crossing file

e Road Life file

e Road Inventory and Traffic Log file

e Bridge Inventory and Inspection file

e Milepoint Equivalency file

e Milepoint/Milepost Equivalency file
Each of these files depicts information pertaining to the state-maintained
highway system. Individual records on each of the files are keyed to a
milepoint, or a range of homogenous milepoints; within a control/section.
The specific beginning and ending milepoints of each range are coded to
thousandths of a mile and ranges may vary from file to file.

The file structure of the RIS was initially designed in the late 1960's
utilizing the type of software prevalant at the time. While random access
of individual records is possible, most processihg is done in a sequen-
tial manner. The files were generally designed and optimized for one appli-
cation; that is, supplying historical data to meet federal reporting require-

ments.



RIS FILES

The Accident file contains information describing accidents that
occurred during the year on the state-maintained highway system. Each
record consists of 66 pieces of information describing an individual ac-
cident. These records are formatted according to the Texas Department
of Public Safety coding instructions (3), with control/section and mile-
point added to identify each Tocation. On-system accident information
from prior years, as well as any off-system accident information, is not
readily accessﬁbie. Over half of the 458,01? accidents which occurred in
Texas during 1981 were not on the state-maintained highway system (4, p. 2)
Access to this information would be beneficial (e.g., over 60 percent of
the Bridge Division activities is on off-system roadways). _

The Bridge Log file contains records describing each bridge located
.on the state-maintained highway system, and on the federal-aid metropoli-
tan and topics systems. Records contain 75 fields of data describing
each structure, and the location of each bridge is generally identified
by control/section, milepoint, job number, and bridge number. Most of
the fields are coded from manual bridge records when bridge construction
and reconstruction projects are completed. Other fields are duplicated
from the Road Inventory and Traffic Log file also in the RIS. 1In addition,
the descriptive information available for each structure on the Bridge lLog
file is duplicated to update the Bridge Inventory and Inspection file in
the RIS.

The Railroad Grade Crossing file contains information for each rail-
road company at each crossing location. Records consist of 53 fields

describing each crossing on the state-maintained highway system,



city streets, and county roads; and the Tocation of each crossing is identi-
fied by control/section and milepoint.

The Road Life file consists of both historical and active information
pertaining to the construction and cost of state-maintained highways. Sev-
enty-nine fields of data are coded from the final construction plans and
cost folders after a project has been completed. The Road Life file gen-
erally uses control/section and job number for location identification.

For records coded after 1976, beginning and ending milepoint are also avail-
able. Codes used to describe the roadway (e.g., surface and base materials)
were developed many years ago, and do not reflect newer materials now in use.

The Road Inventory and Traffic Log file contains roadway characteristics
and traffic data for homogenous segments of the state-maintained highway
system. Roadway descriptive data are coded primarily from the manual road-
way inventory strip maps which are updated when final plans are submitted
upon the completion of a project. The records are keyed by control/section,
as well as, the beginning and ending milepoints for the range of milepoints
described. Information pertaining to maintenance projects is not always
available from the district offices for processing, and construction data
may not be available on the automated file for six to eight months after
the project has been completed. Codes used to describe certain aspects of
the roadway (e.g., pavement type) were developed in the 1930's and do not
reflect newer materials now in use. '

The Milepoint file and the Milepoint/Milepost Equivalency file are non-
substantive files required to maintain the location keys on the other RIS
files. Only after the road inventory strip maps are updated, and the mile-
points are established, can mileposts be available to field personnel for

location identification. In addition, when a roadway has been moved
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during reconstruction, a record of the previous milepoint is not retained.

RIS LOCATION IDENTIFICATION

The Texas State Department of Highways and Public Transportation uses
two primary roadway reference methods:

1. County, Control/Section, Milepoint

2. Highway System, Highway Number, Milepost

The Milepoint Method is a document-oriented reference utilizing road
inventory logs to determine mileage from the beginning of a Control/Section.
Control/Sections are defined for homogenous segments of roadway, with dis-
continuities usually resulting in a new Control/Section. This reference
method has been used in Texas since 1937. In 1964 these road inventory logs
were automated as- part -of the Roadway Information System.

The Milepost Method is a sign-oriented reference used for locating the
idistance ffom the beginning of a route while actually in the field. The
Department began placing mileposts in 1956, but did not complete the place-
ment. This effort was renewed in 1968, and most roads are now posted.

There has been considerable debate within the Department about which
reference method to use, with the result that either one or both methods
have been used to locate particular data. The Milepoint/Milepost Equiva-
lency File was developed to cross-reference data files which use different
location schemes. Older systems tend to use the milepoint method of loca-
tion identification,while the systems designed mere recently generally use
the milepost method of location identification.

In referring to various methods of Tocation identification, NCHRP Syn-

thesis 21 (5, p. 20).states:




". . . there is really not a great deal of fundamental dif-

ference between the several most common]y used methods ...

all use a distance measurement from an “incident' to a known

point. The characteristics are the same whether the cal-

culation for true.milepoint is done in the field, accom-

plished:manually in the office from a straight-line diagram,

or performed by the computer.”

Both the milepoint and the milepost reference methods, when used consis-
tently, meet the three criteria of known point, direction, and distance.
Table 1 modified from the NCHRP Synthesis 21 (5, p. 13) gives an overview
of the advantages and disadvantages of both methods.

Since there really is not a "fundamental difference" between the
two used methods, the critical question becomes "Should duplicate ref-
erence methods be maintained?" Many of the problems identified by users
of the current Roadway Information System stem from the use of multiple
identification references: Combining information from different files
can be difficult; data are out-dated after being processed through all
the steps required in the office; accuracy of location identification is
not consistent. While combining information from a variety of files can
be accomplished now with cross-reference files and experienced program-

ming personnel, the data are not structured in such a way that this can be

done by the average user on a routine basis.



Advantages and Disadvantages of Location Methods

MILEPOINT

Special signs are not needed

When construction changes
require revisions to diagram
or log milepoints and street
maps, steps must be taken to
ensure that users of the
method receive the revisions

There may be instances of
misspelled names, street
and road names that are
similiar or identical,
roads and streets with no
names or numbers, or roads
with more than one name
that require special
consideration

MILEPOST

ADVANTAGES
Because signs reflect mileage, which
is familiar to most people, this me-
thod can be easily learned
There is fairly uniform spacing, so
the user does not have to proceed more
than some fixed distance to find a
marker

The numerical sequence provides easy
orientation

The signs apply to all concurrent routes

-DISADVANTAGES

Changes in the length of route after
initial placement of signs result in
numbers not reflecting true milepoints

Where there are concurrent routes, the
numbers and the signs reflect mileage,
for-only one of the routes.

The placement of signs can create
problems for maintenance forces.

Table . (5)




CHAPTER III
DATA BASE CONCEPTS

The existing files and systems used by the Department have been de-
veloped over the last twenty years to meet specific needs and applica-
tions as they arose. This development has been based on data processing
capabilities and file structures available at the time.

The stage 1, or elementary data files shown in Figure 1 were predom-
inant in the early 1960's. This file structure requires that data be
stored essentially the same way as it is entered (e.g., if each record is
an 80-character card, then 80-character images of those cards are stored).
The description of each record and file has to be a part of every program.
Since the data are usually restricted to one application, the same field
(e.g., AADT) may be repeated on many different files. If the field is up-
dated, all of the various files with that field must be updated. If the
description of any file changes, all computer programs accessing that file
must be updated as well. Many of the first files of roadway information

used this file storage technique,

STAGE 1: Elementary Data Files (Predominant i the sarly 1960's)

Logical Physical data
file [serially arganized}

* Files organized in-serial manner,
+ Physical data structare essentially the same as logical
fite structure.

* Batch-p: ing with no real-time access,

= Several copies stored of the same filg because previous
generations of data are kept.

Simple . » Software handles oniy input/output operations,

input/outpust = Application programmer designs the physical file layouts
H and embeds ther in the application programs.

= If the data structure or storage device are changed, the applicatior
pragram must be rewritten, recompiled, and retested.
= # Dats is usually designed and aptimized for one
, * Hence the seme data is rarely used across applications.
:. ® High level of redundancy between data files.

Figure 1. (6, p.24)
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In the late 1960's, the Department developed the current Roadway In-
formation System (RIS) using the Stage 2 file access method depicted in
Figure 2 which was prevalent at the time. This method for file access
and storage makes it possible to directly access a record without pro-
cessing all records in the file. While access of each record was improv-
ed over the stage 1 sequential access, this technique does little to man-
age the data; data redundancy is often.necessary across vardous appli-
cation files. The merged Accident and Roadway data file developed
by the University of North Carolina is another example of this access

method (7).

STAGE 2: File Access Method (Predominant in the late 1960%s)

Logical Logicat Direct access
file Serial data set file data sets
j—
I
— 1 —
Access method | | .| Access hod
L | {with addressing |
et pe
= ]
= 1

. ® Serial access or random access is possif:le to records (not fieids}.

‘& ® Processing is batch, in-line, or real-time.

+ ® Logical and physical file organization are distinguished but the
relationship between them is fairly simple.

® Storage units can be changed without changing the application
program.

® Data structures are usually serial, indexed sequential, or simple
direct access.

. ® Muttiple-key retrieval is generally not used.
® Data security measures may be used (but are rarely very secure),
® Data still tends to be designed and optimized primarily for one
application,
® Much data redundancy still exists.

o |t hierarchical files are used, the programmer usualty has to
construct the father-san relationships.

® The software provides *“access” methods but not “data management

Figure 2. (6, p.24)

During the 1960's the term "data base" began to be used to replace

“files of data" and "data sets". As often happens with a new term,

to data base, without changing their nature to include nonre-

". . . many users promoted their files by changing their title

11



dundancy, data independence, interconnectedness, security
protection, or 1n many cases,

(6,

p.22)

real-time accessibility."

In the earlty 1970's, however, true data base systems became prevalent

and better data management was possible.

With this stage 3 software,

depicted in Figure 3, data redundancy can be reduced or eliminated, and

diverse applications can use the same information (e.g., if AADT changes,

the field can be updated one time, and all programs which use that infor-

mation will use the new value).

STAGE 3: Early Data-Base Systems {Predominant in the.early 1970's)

Application
programmer’s
logicat

filey

=

Physical

data-base

« The' mﬁe data can be accessed in different ways by applications with

drﬁemiyt requirements.
- Scﬂwlﬁ! -provides-the means to lessen data redunsdancy.
¢ Data eléfnents are shared between diverse applications,
» Absence of rachindlancy facilitates dots integrity.
* The physicst starage organizatior is ind dent of the

1: * Multiple differentlogicsl files can be derived from the same physics! data.
i

it may be changed often in order to improve the data-base performance

= 3
3 1 T
I )
P ) 1
| Sonem—— bt S——
“l T r 3
5| s - "L
. i
i - o Y I
Ed
\\\\ / 7 /
. ,
W

management

ithout-applicaticn program modification,

* The data isaddressatile at the field-or group fever.

* Multiple-key retrieval can be used,

o Complax forms of data organization are used without complicating the
spplication programs.

Figure 3. {6, p.25)

Many of the more advanced automated systems for pavement management acti-

vities use this stage 3 data base software.

Arizona DOT designed a pave-

ment management system using IMS data base software ( ), which is a hier-

archical file structure accessed by Arizona DOT users interactively.

Figure

4 shows an example of the hierarchical fite structure used by'the U. S.

Army Construction Engineering Laboratory for the PAVER system (9, p.149).

particular example of the stage 3 file access method uses System 2000

software.

12
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el

FACILITY

IDENTIFICATION
MAINTENANCE
POLICY
SECTION
IDENTIFICATION
‘ SECONDARY CONDITION WORK PAVEMENT TRAFFIC
SHOULDERS ORAINAGE I} STRUCTURES | | HISTORY RECORD STRUCTURE RECORD
- - -
SAMPLE LAYER
UNIT MATERIAL
IDENTIFICATION PROPERTIES
PAVEMENT
DISTRESS

Figure 4. PAVER Data Base File Structure (9, p.142)




Use of hierarqhica] data base file structures has been a giant step
forwara for making information available to a variety of users and appli-
cations by allowing the user to access individual fields by name without
any concern as to where the data were physically stored. However, not
all applications are conducive to a top-down hierarchical approach. Using
the PAVER data base file structure in figure 4 as an example, if a cer-
tain application wanted to report pavement distress on shoulders, the pro-
;essing would have to proceed from the pavement distress record up to
sample unit identification, condition history, and section identification,
then down to shoulders and back again. Such searches for data consume vast
amounts of computer time and in some complex hierarchies can be impossible
to carry out.

The Stage 4 data base access method which came into prominence in the
late 1970's, evolved to correct the awkward data relationships imposed on
the user with the hierarchical structure. The Stage 4 structure is depict-
ed in Figure 5. Network data base management systems allow the user greater
flexibility in deciding how various data items will relate to each other.
Changes in these relationships can be made fairly easily as the needs of
the users change. The pointers used to establish these relationships re-
quire additional storage, however; and thus, increased flexibility is off-
set by an increase in the use of the computer resources.

The second type of stage 4 access methods is the relational data base
management system. The Adaptable Data Base (ADABAS) software used by the
Department for its Management Information Systems, is an example of the

relational type of data base. In very simplified terms, a relational data
base is a way to organize data items in tables made up of rows and columns.

Access procedures based on relational calculus or relational algebra are
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used to map the various combinations of data items the user decides to

relate to one another.

STAGE 4: Today's Requirement in Data-Base Systerns
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Figure 5. (6, p.25)

One reason that data storage and access capabilities have evolved
from sequential files is to allow greater flexibility and timeliness in
responding to the changing needs of the users. Use of systems, whether
manual or automated, is rarely static but, rather, evolutionary over time.

"Ai data base in an organization is no more-a static entity
than are the contents of an organization's filing cabinets.

The details of data stored, and the way it is stored, change
continuously." (6, p.26)

While allowing flexibility for future changes, the implementation of any
data base management system can be a very expensive and long term project.

Indeed, "unless the implementation is very carefully conceived and exe-
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cuted, a DBMS will all too often bog down hopelessly when a certain crit-

ical level of data volume and/or complexity is achieved." (10, p.19)
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CHAPTER IV

RECOMMENDATIONS FOR A
TRANSPORTATION NETWORK DATA BASE

There are three major objectives to be met by a transportation-—net-

work data base (TRANSNET) system:
o ATl pertinent information for individual points, as well as contig-
uous sections of roadway, must be accessible
¢ Data must be input in a timely fashion and easily retrieved
e Maintenance and enhancements to the system must be responsive to
the growing needs for information by the Department, federal agen-
. cies, and cooperating research agencies.
Although each user has specific needs, these requirements represent the
general concern of all users. Since the Department has been using the
RIS for the past 20 years, there is a natural tendency to keep the exist-
ing programs and procedures that have been developed. It is more criti-
cal, however, that TRANSNET be able to interface with future needs. The
desire for compatibility with the past has resulted in excessive "patch-
ing" of existing software and has pointed out more than ever the need for
a file structure that can change with the Department.

The development of TRANSNET, a comprehensive data base of roadway
information, using Stage 4 data base software such as ADABAS, will meet
the three major objectives stated. In addition, the problems outlined
in Chapter II can be alleviated. Since Mark IV software can interface
with ADABAS, many of the existing programs which are still useful could

be retained.
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RECOMMENDATIONS FOR DATA INPUT

The steps taken to automate the roadway inventory data are cumbersome
arid allow many opportunities for errors to occur. A more appropriate
method for automating this information would be to enter data from each
district office; Data entry close to the source of the data collection
will decrease the opportunity for random errors and will improve the time-
liness of -data availability by several months.

Automation of data from the district offices can be performed on a
microcomputer, through the regional minicomputer, directly to the large
computer mainframe, or any desired combination of the various network lo-
cations. (The Regional Network is illustrated in Figure 6). While
the district offices should be responsible for their own roadway infor-
mation, certain data constraints and edits can be established by the Data
Base Administration (DBA) for consistency throughout the state.

During the design and construction phase of a project, preliminary
data are automated for the Design and Construction Information System (DCIS).
The DCIS was designed using ADABAS software (11). An automated interface
between the DCIS and TRANSNET will provide skeletal data which can be ex-
panded as the project is completed. Other existing systems should be ex-
amined to determine the feasibility of automated interfaces to provide

data, thus reducing the necessity for repetitious data entry.

RECOMMENDATIONS FOR ACCESS KEY

The use of a single location reference key will simplify access to
the stored information. Accuracy of data will improve when only one

reference location method is used for all data, and Department personnel
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are consistently using the same method. Improving the timeliness of the
data can only be accomplished by reducing the number of steps required
between the source of data collection and the source of data entry. Since
the system is to consist of data related to the roadway, the logical
source of input is from each district office.

If it is agreed that roadway data should be input from each district
office and only one reference method is to be used, the decision as to
which method should be used becomes clear. The method most effectively
~ used in the field consists of Highway System,inghway Number, and Mile-
post. A recommended key to. identify all locations is shown in Table 2 .
There are many advantages to the Department of using this lecation method.
The major expenses in any highway department are in the area of construc-
tion, rehabilitation, and maintenance. These project-level activities
must be coordinated to reduce cost and inefficiency and must be performed
at the right location. Using field reference identification will allow
the quickest and most convenient way to locate job sites,and will improve
the efficiency of the Department personnel who perform the most cost-in-
tensive activities. Data for planning will be available in a more timely
fashion. In addition, the data will be more accurate when fewer manual
procedures are required to input the data to an automated system, and
when the data are entered by personnel familiar with what is actually

occurring in the field.

RECOMMENDATIONS FOR DATA ITEMS

Over 1,000 variables were identified by Department personnel using

the Delphi process in research performed by Bush (13). By including
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RECOMMENDED PRIMARY ACCESS KEY

POSTED NUMBER OF ‘ NON-POSTED
ROADWAY CHARACTERS ROADWAY
FIPS County Code 3 FIPS County Code
Control/Section ~ 6 FIPS City Code
Priority Highway 6 Primary Street Code
System/Number
Beginning Milepost 6 Intersecting Street
Code
Direction‘From Milepost 2 Direction From Inter-
section
Displacement From Milepost 6 Distance From Inter-
section

Note: Federal Information Processing (FIPS) codes are recommended for
counties and cities (14).

Priority Highway System number is the highest classified highway
when more than one highway is posted along the same route.

Table 2
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only those variables identified by the Department users as moderately im-
portant to imperative in regard to pavement management activities, over
900 variables would be included in the TRANSNET data base for each loca-
tion on 75,000 miles of roadway. While a data base of this magnitude
could be built, it is not recommended. The Bush Study should be updated
and carried forward to its Togical conclusion. Several more iterations
may be needed, as well as a study to verify the use and need (real rather
than perceived) of these data. It is imperative that "Care should be
taken to avoid collection of data which would be interesting as compared
to data which is necessary" (1,p.2-10) for pavement management activities.
Many users expressed a desire for readily available historical data.
Because of the volume of data involved, it is not recommended that his-
torical data be maintained on-Tine for quick access. However, there is
a way to compensate for the lack of this information. In relational data
base management systems, such as ADABAS, the facility exists for relating
two separate data bases, the current real-world and the "ideal-world"
statistical data based on prior information. A request for information
that does not exist on the current data base can be processed against

data that do exist on the statistical data base as shown in figure 7. .

— transformed
Statistical query answer
Preprocessor - 7
N ——
:>-?¥Wior - Data Base
Information

Figure 7. (15, p.475)
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Not only can this method be used for obtaining historical data, but can
also be used for generating values for missing data that correspond to
existing data.

It is essential before creating this statistical data base that a
study of pertinent variables be performed to ensure that appropriate
statistical measurements are retained. The statistical data base can be

_periodically updated when the real-world data base values change. While
it is recommended that each real-world data base be on a district level,
the statfstica] data base shou1d be centrally residentlfor access by all
districts. By utilizing the concept of distributed data processing, the
central processing facility can be used for summary data required for

planning purposes.
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